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The purpose of my periodic 
column, under the title of “A 
David Levy Sky” is to add a 

little inspiration to the idea that there 
is a sky out there and, on any clear 
night, that sky beckons to us, is calling 
to us. 
Let’s assume that it has been 

sometime since you have been out 
under the sky, and that you are 
unfamiliar with almost all of the stars 
up there. Begin by looking toward 
the north; if you do not know where 
north is, try looking up and finding the 
Big Dipper. At this time of year you should have little 
trouble detecting the seven lonely stars that forever 
circle the North celestial pole. Once you find the 
dipper, move your eyes to the two stars at the end of 
the bowl. Form an imaginary line from those two stars 
towards the direction of the horizon. Extend that line 
about five times the distance between the two stars. It 
should then encounter a lonely star.
Congratulations! You have just spotted the North 

star — Polaris. Every hour of every night, Polaris will 
greet you in this position. Next, try looking at Polaris 
using a telescope, even a simple telescope. Because 
Polaris is the North star it should remain in the field of 
view for many hours. If you look closely, it is possible 
you’ll see a faint star right next to Polaris. That faint 
star is the companion of Polaris, and it proves that 
the North star is actually a double star. There! In less 
than 15 minutes you have located the North star, 
determined which direction is north and found out that 
the North Star is a binary system. You do not need a 
dark country sky to do this because Polaris is easily 
visible from most cities.
By doing a simple exercise like this, you will 

certainly not become immediately one of the most 
famous astronomers who ever lived. However, let’s 
look at this from the other direction. Almost every 
astronomer who became well-known, and who knows 
or knew the sky, had to learn this at some point in her 
or his education. This simple lesson lies at the very 
basis of thoroughly enjoying the night sky. 
If you can do that, then move on a little, then a little 

more, then a little more after that, and you will gain 
the experience that is needed to fully enjoy the magic 
of the night sky.
If the dipper is high enough, draw an imaginary 

curved line connecting the three stars of the dipper’s 
handle. Continue that curved line away from the 
dipper until you light on a bright, orange star. You 
have just found Arcturus, my Dad’s favorite star. Now, 
continue the line in the same direction until you reach 
another bright, this time blue, star. You have just found 
Spica.
Before you go on, there is one caveat. As you get 

more and more involved with the sky, you may 
actually catch a bug, a cold, an illness of some sort. 
The symptoms are primarily, that you want to spend 
more and more time out there learning and enjoying 
the constellations. You may actually see a falling star 
– actually a meteor – that will get you even sicker. You 
may even want to join an astronomy club. You may 
soon realize that there may not be a cure for this, and 
that it could give you a happier life.
Or… You may just want to enjoy the night sky on 

your own. It doesn’t matter if you do not know all the 
constellations. In fact, it’s often better if you don’t 
because you have the fresh sky spread out in front of 
you. Out of it you may invent your own constellations, 
each one relevant to something in your own life. 
Whatever you decide to do, the night sky beckons 

you to make the most of it.
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on the cover
In this NASA file photo from December 1993, Astronaut Story Musgrave, anchored 
on the end of the Remote Manipulator System arm, prepares to be elevated 
to the top of the Hubble Space Telescope to install protective covers on the 
magnetometers. Astronaut Jeffrey A. Hoffman inside Space Shuttle Endeavour’s 
payload bay, assisted Musgrave with final servicing tasks on the telescope, 
wrapping up five days of space walks.
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Catch the astronomy buginside

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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May 6 – Eta Aquarids Meteor Shower Peak
The Eta Aquarids have a good chance 

of putting on a particularly nice show 
this year because the annual meteor 
shower’s peak will coincide with the New 
Moon on May 6. The shower is caused 
by the Earth’s passage through debris left 
behind by the famous Halley’s Comet, 
which is also the source for another 
meteor shower — the Orionids — every 
October. Especially amazing for southern 
hemisphere observers, who could be 
treated to 30 or more meteors per hour, 
the Eta Aquarids appear to radiate from 
the Aquarius constellation. 

May 22 – Mars at Opposition 
If you are looking to get to know our 

celestial neighbors, May presents an ideal 
opportunity to see Mars truly shine. On 
May 22, the Red Planet will be positioned 
directly opposite of the Sun when viewed 
from Earth. This means it will be in a 
prime viewing situation for most of the 
night. To the naked eye, Mars will appear 
as a red-hued point of light in the Scorpius 
Constellation, but those with moderate 
telescopes should be treated to some 
surface details. 

June 3 – Saturn at Opposition 
Saturn and its dazzling rings will be on 

prominent display as the planet reaches 
opposition in early June. During this event, 
Saturn will be positioned directly opposite 
of the Sun when viewed from Earth. It 
will rise as the Sun sets and stay up all 
night, which provides for ample viewing 
time. In addition to delving into Saturn’s 
fascinating ring system, small telescope 
users might want to look for Titan, the 
largest of Saturn’s moons, and the dark 
groove in the rings that is identified as the 
Cassini Division. To the naked eye, Saturn 
will appear as a steady, gold point of light. 
Following opposition, the planet will 
remain a brilliant showpiece of the night 
sky for several months. 

July 28-29 - Delta Aquarid
Meteor Shower Peak

A thin crescent Moon should provide 
little interference for the Delta Aquarid’s 
loosely-defined peak on July 28-29. 
With a radiant point in the Aquarius 

If someone asks 
you what aliens 
look like, you 

can answer with 
confidence: They look 
like bacteria.
At least, the 

overwhelming majority 
of them do. 
Consider the past 

history of life on 
Earth. We don’t know 
exactly when biology 
began on this planet, 
but it was earlier 
than 3.6 billion years 
ago. For more than 
35 million centuries, 
our planet was 
exclusively carpeted 
by tiny wiggling 
organisms that you’d 
need a microscope 
to see. Only in the 
last half-billion years 
has the type of life that fills the local natural 
history museum been present on our world 
– trilobites, tyrannosauri, and tigers are all 
recent arrivals, and Homo sapiens may be the 
most recent of all.
In other words, if a Klingon scientist 

examined Earth at a random time in the 
history of our solar system, he’d have a 
more than 80 percent chance of finding 
only microbes. And it’s still true today 
that – whether you tally by number or by 
weight – bacteria dominate the biological 
census. Their estimated number is a thousand 
billion billion times more than the number 
of people (despite the fact that there are a lot 
of people!) They outweigh us by a factor of 
five thousand, more or less. Your average alien is minuscule and 
mute. 
These blunt statistics, together with the observation that bacteria 

can survive in environments intolerable for humans, account 
for the fact that the majority of our efforts to find life beyond 
Earth target microbial life. These include the hunt for single-
celled aliens living deep under the sands of Mars, or sequestered 
beneath the icy crusts of Europa, Ganymede, Callisto, Titan or 
Enceladus.
It’s hard to dispute that most aliens will be small, innocuous, 

and unpracticed in polite conversation.
But of course, intelligent aliens – which would neither be 

microscopic nor likely to be living underground or underwater 
– are the ones we’d be most interested to find. Sure, pond scum 
may dominate the universe, but they don’t dominate TV or the 
movies. They don’t write interesting poetry. We would most like 
to find intelligent beings.
Given the rather more restricted environments that could sustain 

complex life, not to mention the long evolution time needed to 
produce it, we assume that, while biology might be nearby, the 
nearest thinking beings will be farther – at least light-years away, 
and possibly hundreds or thousands of light-years.
Detecting such creatures may seem daunting, given those 

distances. But there’s a mitigating fact that can help: aliens 
that have developed technology will produce evidence of their 
presence that could stand out against the natural noise of the 
universe: Radio signals, giant astroengineering projects, or 
even industrial gases in their atmosphere. These are artificial 
phenomena, and are the types of clues sought by a small 
group of researchers looking for sentient beings elsewhere 
in the cosmos. These researchers haven’t yet succeeded, but 
improvements in technology are speeding their search. It’s not 
impossible that we’ll learn of intelligent life elsewhere within a 
few decades.
Intelligence may be rare, and it may be far. But like an orchid 

among pansies, it will both look different and be worth our efforts 
to find. 

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

Looking 
For ET

Pondering your average alien 
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what’s up in the sky 

Mercury to transit sun in May
One of 2016’s standout astronomical 

events will happen on May 9 as our 
solar system’s innermost planet transits 
the Sun. 
During this fairly rare event, Mercury 

will follow a path between the Sun and 
the Earth — making it appear as a small 
dark disk marching across the blazing 
backdrop of the Sun. 
Since this is a solar viewing event, 

observers MUST take precautions 
to avoid looking at the Sun — either 
unaided or aided — without proper 
protective eye gear. Even momentary 
visual contact with the Sun’s light rays 
through a telescope or optical device 

not outfitted for solar observation can 
instantly cause irreversible damage to 
your eye(s). 
The best way to safely observe this 

event is to project the image of the Sun 
through a telescope and onto a white 
screen. The transit, which will run from 
11:12 to 18:42 Universal Time, can be 
seen from any location where the Sun 
is up during the transit hours. It can 
be enjoyed in its entirety from parts 
of western Europe, western Africa, 
eastern North America and South 
America. 
The last transit of Mercury occurred in 

2006, and the next will be in 2019. 

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. 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 - Perseid Meteor Shower Peak
Although the waxing gibbous moon will 

present some interference, the always-
anticipated Perseid meteor shower 
should still produce some real stunners 

when it peaks around Aug. 12. 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. 

Aug. 27 - Venus and Jupiter Conjunction
The closest planetary pairing of 2016 

will occur on Aug. 27 as Venus and Jupiter 
cozy up in the night sky. The brilliant duo 
will appear within .06 degrees of each 
other in the western sky just after sunset. 

COURTESY OF ESA/NASA/SOHO
This time-lapse image shows Mercury transiting the Sun in 2006.



After a nearly 5-year journey, NASA’s 
Juno spacecraft will reach its final 
destination on July 4 as it eases into a 
polar orbit around our solar system’s 
largest planet —the gas giant Jupiter. 
Juno, which began its long trek to 

Jupiter on Aug. 5, 2011, is tasked with 
uncovering the secrets of the cloud-
shrouded planet to provide detailed 
insight into its origins and evolution. 
Mission highlights will include 

mapping Jupiter’s magnetic and 
gravity fields to discover the planet’s 
interior structure; studying the polar 
regions and auroras; and observing deep into the atmosphere to measure 
factors like composition and circulation. 
After making 33 orbits of Jupiter, Juno will wrap up its mission on Oct. 16, 

2017. At that time, the spacecraft will plunge into Jupiter’s atmosphere and 
burn up in a maneuver designed to protect Jupiter’s satellites from being 
contaminated by any stowaway microbes from Earth. 
For more information on the Juno mission, click here.  

— Compiled by Patricia Smith, Source: NASA/JPL
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on the horizon 

constellation corner 

Offering up a feast of intriguing 
galaxies, the Virgo constellation 
is an ideal May target for 

stargazers in either hemisphere. As the 
second largest constellation, Virgo covers 
1,294 square degrees of celestial real 
estate and is visible from 80° North to 
80° South.
Before dipping into all of Virgo’s 

galactic offerings, a new observer 
can get their bearings by locating the 
constellation’s standout star — Spica. 
Also known as alpha Virginis, this multi-
star system dominated by a blue giant has 
an apparent visual magnitude of 1.04. 
To easily locate Spica, find the Big 

Dipper asterism and follow the arc of its 
handle as it points to Arcturus, an orange 
giant star in the Bootes constellation. 
Once your eye finds Arcturus, continue to 
follow the same gentle curve to the blue-
white beauty Spica. 
Some of Virgo’s other stellar treats 

include Porrima, a binary star system that 
can only be resolved with large aperture 
telescopes; Auva, a red giant with 
variations in brightness; Vindemiatrix, 
a yellow giant with an apparent visual 
magnitude of 2.826; Heze, a white dwarf; 
and Zavijava, an often-occulted pale star 
that stays cozy with the ecliptic plane 
and gained a bit of notoriety when it was 
used by Einstein in 1922 to determine the 
speed of light in space.
Virgo really starts to shine when it 

comes to deep sky observing targets. 
One of Virgo’s most dynamic deep 
sky treasures is the Sombrero Galaxy 
(Messier 104), which is located about 
11.5° west of Spica. Featuring between 
1,200 to 2,000 globular clusters, this 
unbarred spiral galaxy has a bright 
bulging center ringed by a pronounced 
dark dust lane. 
The huge constellation also is home 

to the massive Virgo Cluster, which 
teems with a versatile mix of well over a 
thousand galaxies. 
Among its offerings are Messier 49, 

an elliptical galaxy with a 9.4 visual 

magnitude that makes it the cluster’s 
brightest member; Messier 87, a giant 
elliptical galaxy with a 9.59 visual 
magnitude that lies near Virgo’s border 
with the Coma Berenices constellation; 
Messier 58, a barred spiral galaxy; and 
the lenticular galaxies Messier 84 and 
Messier 86. 
The cluster also includes the Siamese 

Twins (NGC 4567 AND NGC 4568), 
which are colliding spiral galaxies; the 
Eyes Galaxies, which includes the barred 
lenticular NGC 4435 and the hard-to-
categorize NGC 4438; the bright Messier 
88 and Messier 90 spiral galaxies and 
the challenging Messier 91 barred spiral 
galaxy.  

— Compiled by Patricia Smith 

May 1-8 — Texas Star Party
The 38th Annual Texas Star Party will 

kick off on May 1 at the Prude Ranch six 
miles northwest of Fort Davis, Texas. In 
addition to offering extremely dark skies 
that are ideal for seven nights of observing, 
the event also offers tours of the nearby 
McDonald Observatory, presentations 
by astronomers and telescope makers, 
workshops and more. Attendees can also 
enjoy attractions like Big Bend National 
Park and the Marfa Lights. For more 
information, click here.

May 14 — Astronomy Day
Promoted and organized by the 

Astronomical League, National Astronomy 
Day is scheduled for May 14, and events 
are being planned around the country to 
celebrate. Organizers describe the day as 
a grass roots movement with a mission 
to expose as many people as possible 
to the wonders of astronomy. For more 
information, click here.

May 26-30 — RTMC Astronomy Expo
The Sun will take center stage at this 

year’s RTMC Astronomy Expo, which is 
held annually at YMCA Camp Oakes near 
Big Bear City in southern California. In 
keeping with this year’s “Fun With Our 
Sun” theme, the event will include solar 
observation and presentations on solar 
science. The multi-day festivities also will 
include evening observing, an expanded 
star party, lectures, an astrophotography 
workshop, a swap meet and a wide range 
of outdoor activities for children. For more 
information, click here. 

June 29-July 3 — Golden State Star Party
Astronomers of all levels can enjoy four 

nights of observing under California’s 
darkest skies at the Golden State Star Party, 
which is held annually at Frosty Acres 
Ranch in northeastern California. The event 
offers ideal skies, an unobstructed horizon, 
a scope walkabout, a swap meet, barbecue 
dinners, a vendor area and more. For more 
information, click here.

June 30 - Asteroid Day
Far from simple fodder for sci-fi 

doomsday blockbusters, asteroids present 

a very real threat to our world, and this 
global threat requires global action! With 
this in mind, Asteroid Day was launched in 
2015 to raise awareness of the hazards and 
encourage a drastic acceleration of efforts 
to detect and track near-Earth asteroids. A 
range of Asteroid Day events will be held 
around the world on June 30. For more 
information about Asteroid Day and how 
you can get involved, click here.

July 31 – Aug. 5 — Nebraska Star Party 
Stunning dark skies await attendees of 

the 22nd annual Nebraska Star Party, 
which gets under way on July 31 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, nightly constellation 
talks 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. 
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NASA’s Juno spacecraft 
arrives at Jupiter in July

COURTESY OF John O’Neill

COURTESY OF Mike Wiles

Virgo is a galactic treasure trove

COURTESY OF NASA/JPL-Caltech
This artist’s concept depicts NASA’s Juno 
spacecraft in orbit around Jupiter. 

Did Juno?
• In January 2016, Juno became the most 
distant solar-powered explorer when it 
surpassed the record set in October 2012 by the 
European Space Agency’s Rosetta spacecraft. 

• On each of its 33 expected orbits of Jupiter, 
Juno will come within 5,000 kilometers (3,100 
miles) of the planet’s distinct cloud tops. 

• Juno’s cargo includes three special Lego 
minifigures representing the Roman god Jupiter, 
his wife Juno (the spacecraft’s namesake) and 
Galileo, who discovered Jupiter’s four largest 
moons. 

— Source: JPL/NASA

The Sombrero Galaxy (Messier 104) is one of Virgo’s most stunning deep sky treats. 
Astrophotographer John O’Neill captured this image of M104 using an Astro Tech 10” RC 
astrograph. 

The huge 
Virgo 
Cluster 
teems with 
a versatile 
mix of 
galaxies. 
Mike Wiles 
took this 
photo of 
the bustling 
region with 
an Edge HD 
1100 and a 
Canon EOS 
60D. 

https://www.nasa.gov/mission_pages/juno/main/index.html
https://texasstarparty.org/
http://www.astroleague.org/al/astroday/astroday.html
http://www.rtmcastronomyexpo.org/index.html
http://www.goldenstatestarparty.org/
http://asteroidday.org/
http://www.nebraskastarparty.org/
http://exploreone.com
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rising star

Astronomy
ambassador

As a 4-year-old in the war-torn Republic of 
Kosovo, Pranvera Hyseni witnessed what would 
become her own defining event — the August 
11, 1999, total solar eclipse. 
As the sunlight dimmed, her passion for 

astronomy sparked to life. 
“I remember very well how my grandfather 

showed the eclipse to me by looking at the 
sun’s reflection in a bucket of 

water through dark glasses,” 
she said. “That event really 
made me think a lot. Why 
it is becoming dark? What 
is in front of the Sun? Why 
does that happen? How 

do celestial objects move? 
Immediately, I started showing 

an interest in this field.” 
Now 20, Hyseni lives in Vushtrri, Republic 

of Kosovo, and is in her last semester at the 
University of Pristina.
As the founder and director of the nonprofit 

Astronomy Outreach of Kosovo, she is driven 
by a desire to encourage others to find their own 
inspiration in the sky.  
“Our mission is to spread astronomy and 

science to the people — especially young 
people — by providing opportunities to 
observe celestial objects with different kind of 
telescopes, giving lectures and teaching skills 
like how to read sky maps.” 
Even though it only began in January 2015, the 

organization Hyseni founded has become the 
largest nonprofit astronomy outreach program in 
the Republic of Kosovo and has received some 
impressive accolades. One of the most recent 
was from NASA’s Night Sky Network.  
“We couldn’t believe that we got recognized 

from NASA for doing lots of outreach and 
inspiring the youth about NASA’s missions,” she 
said. “Truly, this made us hope much more for 
the future.”
In this “Rising Star” Q&A feature, Hyseni 

discusses how her organization started and 
where she sees it going. 

University student leads 
outreach efforts in Kosovo

In Kosovo, there is not a university offering an astronomy 
degree. We do not even have enough astronomy books in 
my native language. Gradually, after learning English, I could 
use English astronomy books and even the Internet to search 
for more. By necessity, I am self-taught in astronomy. I don’t 
have any other hobbies except astronomy. I try to introduce 
astronomy into everything else that I do. I love astronomy and 
that’s what I’m born for.
After I got my first telescope — a 76/700mm reflector — as 

a gift from astronomer Dragan Radmilovic, I began bringing 
it to school nearly every day. Students loved observing, I 
participated in lots of fairs using that small telescope. On 
January 10, 2015, an idea came up about founding a club of 
astronomy. I named it Astronomy Outreach of Kosovo, and it 
has now become the largest program here.

At the center, our optical equipment includes an 8” f/4 
Newtonian telescope, a 102mm refractor, a 90/900mm 
refractor, a Lunt LS50 H-alpha solar telescope, a 7” 
Maksutov-Cassegrian and a Solarscope. We also have 
planetary cameras, solar filters, sky maps and more. 
All of this equipment was donated to us from different 
international astronomers and societies, and I want to 
thank them very much. This has taken us a big step further. 
In every solar outreach event we do, we always hand out 
solar glasses for free, which are supplied from Stephen 
Ramsden, director of the Charlie Bates Solar Astronomy 
Project. He named AOK as his chapter in Kosovo. 

At AOK, we organize activities at schools 
and colleges, and we work with the public by 
setting up telescopes in the squares of different 
cities. In one year, we managed to organize 
more than 35 events and shared 1,600 pair 
of solar glasses for free at different places, 
including our neighbor countries of Albania 
and Macedonia. We also have participated 
in the NASA Space Apps Challenge twice with 
different projects.
Our largest event until now was the solar 

eclipse occurrence on March 20, 2015, which 
was visible even from Kosovo. We invited 
people to join us at our public event in Pristina, 
to observe the eclipse in a safe way from our 
solar telescopes. We handed out hundreds of 
solar glasses, and the event was attended by 
around 1,000 people.
Other extraordinary events we have 

participated in include Star Party in June 2015, 
AstroFest in August 2015, Star Party 2 in March 
and a lunar eclipse observance.
In January, our club was visited by German 

astronomer Daniel Bockshecker. He honored us 
by being part of our first anniversary.    

COURTESY OF Astronomy Outreach of Kosovo/Likimedia Photography
Pranvera Hyseni, 20, founded the Astronomy Outreach of Kosovo 
organization in January 2015. 

How did you come up with the idea for the 
outreach organization that you founded? 

How does the AOK organization 
practice astronomy outreach? 

What kind of equipment does AOK have? 

Above, Hyseni 
lectures fellow 
students at the 
University of 
Pristina. Left, 
Hyseni conducts 
a solar outreach 
event in Shtime, 
Kosovo, while 
representing 
both Astronomy 
Outreach of 
Kosovo and the 
Kosovo chapter 
of the Charlie 
Bates Solar 
Astronomy 
Project.

COURTESY OF Astronomy Outreach of Kosovo/Likimedia Photography

COURTESY OF Astronomy Outreach of Kosovo/Likimedia Photography

mailto:m.d.reynolds@fscj.edu
http://explorescientificusa.com
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Cellular worlds unite in this microscope outfitted 
with an adapter that allows user to secure their 
smartphone to the eyepiece in order to easily 
document and share their discoveries.This digital microscope 

uses a high-resolution 
3.5” screen as an eyepiece
to provide colorful specimen 
views and has a 2 mega 
pixel camera that can 
take photos or videos 
for later analysis.

This traditional compound scope adds a digital twist with the 
inclusion of a USB eyepiece that allows users to connect the 
scope directly to a computer for comfortable viewing, easy 
sharing and image capturing.

Discover The Details

©2015 National Geographic Society

©2015 National Geographic Society

©2015 National Geographic Society

©2015 National Geographic Society

LCD
Microscope

40x-640x Microscope

40x-1024x Microscope

*laptop not included

*smartphone not included
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The mission of the AstronomyOutreach 
network (AOn) is to encourage outreach 
efforts by astronomers of all levels. 
Each year, AOn celebrates a select few 

of those that have invested substantial 
energy into introducing others to the 
marvels of the cosmos by presenting 
them with the organization’s Outreach 
Award or “Astro Oscar.” 
The two individuals honored at this 

year’s ceremony, which took place in 
February at the Winter Star Party in the 
Florida Keys, were:  

Dr. David Dunham  
For decades, Dr. David Dunham has 

been pushing amateur-sourced and 
crowd-sourced observations of lunar 
occultations. In 1983, he founded 
the International Occultation Timing 
Association (IOTA), which is a volunteer 
organization with a mission to encourage 
observations of occultations and eclipses 
and promote the importance of studying 
such phenomenon. In addition to 
providing detailed predictions for such 
events, IOTA offers advice on the best 
equipment and techniques for viewing 
occultations, conducts and publishes 
research based on data obtained from 
observing these occurrences and guides 
astronomers of all levels into the role of 
“citizen-scientists.”

Shelley Bonus
A television entertainer and award-

winning writer turned astronomer, Shelly 
Bonus has devoted years to educational 
outreach in astronomy.  In addition to 
providing standout public lectures, she 
is the session director of the Mt. Wilson 
Observatory 60-inch Telescope by night 
and teaches astronomy and writing at 
UCLA Extension by day. She also has 
worked as a science educator/writer for 
the IPAC team at Caltech, providing 
the content for the Infrared Astronomy 
website: CoolCosmos, and she authored 
“The Planetary Guide,” on behalf of 
the Planetary Society (founded by Carl 
Sagan), for the film “Quantum Quest: 
A Cassini Space Odyssey.” Bonus has 
received a NASA Group Achievement 
Award for her work as an Astronomy 
Outreach Specialist and was honored 
by having Asteroid 10028 BONUS 
named after her by the International 
Astronomical Union for her work as an 
astronomy educator. Most recently, she 
has added the role of sky interpreter and 
lecturer on cruise ships to her resume.

We are going to represent Kosovo at the International SUNday 
conference, which will take place in Home Hill, Queensland, Australia 
in June. I will stay there for 40 days to study more about our Sun and 
astronomy, do outreach and meet lots of international astronomers. 
This is the first time that Kosovo is participating at an international 
conference about astronomy.
Coming up in August, we are going to have special guests and 

astronomers visit Kosovo. They are Stephen Ramsden, Robert Black 
and Clay Lowe. Together, we will visit schools and do new projects. 
We also have had a dome (observatory) donated to us from 

Raymond Convie in the U.K., but unfortunately we cannot bring it to 
Kosovo at this time due to expensive travel. 
I believe that one day Astronomy Outreach of Kosovo will be a 

scientific institute, working hard on educating the youth to get us 
off this planet and back into space. My last message to the people 
is: Keep looking up, searching the skies, exploring and discovering, 
because you never know what you are going to find up there.

What does the future hold for AOK? 

rising star

COURTESY OF Ramiz Beqaj/Likimedia Photography/Astronomy Outreach of Kosovo
Star trails over Kosovo 

COURTESY OF Astronomy Outreach of Kosovo/Likimedia Photography

Right, Hyseni  
readies a 

telescope at 
a star party 

event hosted 
by Astronomy 

Outreach of 
Kosovo.

http://exploreone.com/collections/national-geographic?nopreview
mailto:tricia@astronomyoutreach.com


will appear smaller and an annular 
eclipse or a hybrid (annular along 
part of the path and total at the path’s 
center) will occur. A partial eclipse 
is seen by those outside the path of 
totality or if the Moon’s pass in front 
of the Sun is not central.

Location, Location, Location...
August 2017 eclipse chasers will 

have a long path along which to 
attempt to observe the eclipse. 
A number of people will select 
the closest point near their home. 
Excellent highways and roads will 
allow for fairly easy transportation. 
There are a number of large airports 
as well and numerous small airports 
the eclipse chaser may choose to fly 
into, and then drive to the eclipse 
center line. If flying, just remember to 
consider what equipment you might 
want to take to the eclipse versus 
airline luggage constraints.
You will want to get as close to the 

center line as possible to enjoy the 
maximum totality duration unless you 
want to observe a grazing eclipse by 
setting up along either the northern 
or southern limit to see extended 
Baily’s beads and diamond ring. 
Many uninformed individuals will 
think you can be close to the northern 
or southern limit to see totality. This 
is one thing we can all do within 
our communities, especially those 
close to the eclipse path, is to inform 
people they need to be within the 
totality eclipse path to see totality. 
Otherwise they will see a deep partial 
solar eclipse and truly miss the beauty 
of totality.
Experienced eclipse chasers – unless 

on a ship or planning to ‘fly’ the 
eclipse path – choose a preferred 
location based on several variables, 
such as site access and weather 
prospects. They also look for weather 
alternatives and routes that can get 
them to clear(er) skies. Excellent 
maps and online resources are 
available:
• Bill Kramer’s Eclipse Chasers’ 

Map

• NASA’s Eclipse Page
• NASA’s Animated Map
• NASA Eclipse Path Table 
• NASA Interactive Google Map
• Xavier Jubier’s Interactive Map

Weather Prospects
Successful eclipse chasers will tell 

you that one of the most-important 
aspects of eclipse expedition planning 
are the weather scenarios. A lot of 
reliable historical weather pattern 
data, from rainfall to cloud cover, is 
available. 
You want to maximize your chance 

of observing the eclipse! There are 
numerous ways to research location-
specific meteorological data and 
weather patterns around the date of 
the eclipse. And the advantage is that 
several people have already done 
much of that research.
Some of the best pre-eclipse 

forecasts and summaries since 1979 
have been produced by Canadian 
meteorologist Jay Anderson (http://
eclipsophile.com/), an avid total solar 
eclipse chaser with twenty total solar 
eclipses. 
Other meteorologists will produce 

excellent weather forecasts; based on 

today’s satellite imagery and multiple 
U.S. ground stations. The best advice 
is to be tuned to forecasts prior to 
the eclipse and have alternate sites 
planned.

Observing the Eclipse
How do you plan on observing the 

eclipse? Is this your first eclipse? 
Will you be with a group of people 
that will want you to detail what is 
going on? Do you have photography 
or video plans? Or will you be doing 
some sort of public outreach for the 
eclipse — which is an awesome way 
to bring astronomy to people!
You have several options to observe 

the partial phase of the eclipse, from 
a telescope with a solar filter to a 
telescope or binoculars which project 
the image onto a surface. 
Do not forget SAFETY! 
Totality itself will not harm your 

eyes. The unaided Sun, whether 
partially eclipsed or not, will do the 
damage. Order filters in advance 
because prior to the eclipse there will 
be a big demand.
Viewing safety is paramount — 

from a proper telescope filter to 
naked eye protection.
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2017 will deliver 
total solar eclipse
for U.S. observers

Gear up for an eclipse encounter

By DR. MIKE REYNOLDS
Guest Contributor

On August 21, 2017, the United 
States will experience its first total 
solar eclipse since February 26, 1979. 
All of the continental United States 
will experience at least a significant 
partial solar eclipse. For those 
fortunate enough to live along the 
narrow track of totality, or travel to 
the path of totality, up to 2 minutes 
and 40 seconds under the shadow 
awaits viewers.
The Moon’s shadow first comes 

ashore in the northern Pacific, 
moving west to east. Totality first 
crosses the west coast of the United 
States at Oregon, then to Idaho, 
Montana, Wyoming, Nebraska, 
Kansas, Missouri, Illinois, Kentucky, 
Tennessee, North Carolina, Georgia, 
and South Carolina before going 
out to sea. There are a number of 
cities near the path of totality, with 
several smaller communities very 
close to if not directly on the center 
line. Interstate highways and state 
roads should make accessibility to the 
center line easy.

This eclipse will attract a great deal 
of attention, both internationally and 
within the United States, from amateur 
and professional astronomers, the 
general public and media. 
It is best to make plans for the 

eclipse early — there are already 
hotels completely booked. Things to 
consider in advance include where 
you are going to go, how you are 
planning on observing the eclipse, 
local eclipse circumstances, weather 
contingency, etc.

An Eclipse Primer
The Earth finds itself in a marvelous 

Solar System location, with a moon. 
These dynamics allow for a possible 
lunar eclipse at full moon and a 
possible solar eclipse at new moon. 
Eclipses do not always occur due to 
the orbital planes of the Sun-Earth 
and Earth-Moon.
One of three events occurs with a 

solar eclipse, depending primarily on 
Earth-Moon distance. If the Moon is 
at or near apogee (furthest point), it 

COURTESY OF Fred Espenak, MrEclipse.com
This graphic shows the path of the August 21, 2017, total solar eclipse across the 
continental United States.

March 29, 2006, total solar eclipse

COURTESY OF Dr. Mike Reynolds
This image of the July 2010 total solar eclipse is an unusual one because it shows shadow bands 
across the diamond ring and sky. The image was taken on Easter Island using an Explore Scientific 
80mm apochromatic refractor and a Canon EOS 5D Mark II camera. 
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June 21, 2001, total solar eclipse July 11, 2010, total solar eclipse

http://www.eclipse-chasers.com/tseCalculator.php?TSE=tse2017d
http://www.eclipse-chasers.com/tseCalculator.php?TSE=tse2017d
http://eclipse.gsfc.nasa.gov/SEmono/TSE2017/TSE2017.html
http://eclipse.gsfc.nasa.gov/SEanimate/SEanimate2001/SE2017Aug21T.GIF
http://eclipse.gsfc.nasa.gov/SEpath/SEpath2001/SE2017Aug21Tpath.html
http://eclipse.gsfc.nasa.gov/SEgoogle/SEgoogle2001/SE2017Aug21Tgoogle.html
http://xjubier.free.fr/en/site_pages/solar_eclipses/TSE_2017_GoogleMapFull.html
http://eclipsophile.com/
http://eclipsophile.com/


Binoculars and Telescopes 
Nearly any binocular or telescope 

you own would provide satisfactory 
views of the total eclipse. Some 
observers prefer binoculars because 
it gives them the ease of observing 
other eclipse phenomena and then 
easily go back to totality. Others 
like the telescopic view. Do not use 
too high a magnification if this is 
your first eclipse; remember that the 
solar corona can extend several solar 
diameters. A mount that tracks will take 
away one potentially-distracting factor: 
continuing to center the Sun during the 
eclipse. Regardless of what equipment 
you use, be prepared to quickly put 
back on the proper solar filters at the 
third contact diamond ring.

Eclipse Imaging
If you decide to photograph the 

eclipse, check out your equipment 
well in advance, from your system’s 
focus to exposure. Focus is one of 
the most-critical factor to assure you 
take excellent images. Understand 
your system’s field of view; you 

do not want to miss out coronal 
features unless you are planning 
high-magnification imaging. Video 
will also provide a way to image 
the eclipse. Time lapse images of 
people – which also show changes in 
sunlight – can be fascinating.
Many first time imagers will set their 

cameras to auto focus (if using the 
camera’s lens instead of a telescope-
camera system) and auto exposure. 
The camera will ‘look’ for focus and 
have difficulties finding the focus. 
This is not something you want to 
be dealing with during totality. You 
should pre-set the camera at manual 
focus and infinity; just make certain 
the lens infinity setting is actually 
infinity.
Seasoned eclipse imagers make 

certain they have fully-charged and 
reliable batteries and plenty of space 
on recording medium. Have extra 
batteries and recording medium 
available; you do not want to shoot 
so many partial phase photos that 
you discharge your battery or use all 
available card space. Many prefer to 

image in the highest quality possible 
— usually “raw.”

Look up!
Finally make certain you look at 

the eclipse! Look for planets and 
stars right before and during totality. 
Notice the shadow as it approaches 
your site. Look for the sunset-sunrise 
effect: colors around the horizon. 
Look at Baily’s beads and the 
diamond ring, the signal that second 
contact – and totality – have arrived. 

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.
m.d.reynolds@fscj.edu
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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 5th grade students at 
Central Riverside Elementary 

School in Jacksonville, Fla.  

?s10
1 What inspired you to become an astronaut? 

Exploration! Scientific frontier, intellectual frontier and physical frontier. Put yourself in a 
place you’re not evolved to be in .... It’s important to understand. You know people always 
ask did you always want to be an astronaut. In the 1930s, I didn’t want to be an astronaut. 
Not in the 1930s. There was no space program. I was in graduate school by the time 
Sputnik went up. 

2 What degrees do you need to become an astronaut?
You just need a bachelor’s degree. If you’re going to be a scientist / mission specialist kind 

of astronaut, you won’t be very competitive, but it’s enough. It’s all they require. 

3 When did you become an astronaut?
1967 – My 50th anniversary is coming up. 

4 What was your job description for NASA?
I had 20 or 30. Project manager, designer, engineer, pilot. I flew once in a while. Out of my 

30 years for NASA, I would say I dedicated 10 of those years to the flying business. And that 
is developing missions, training for them and flying them. Twenty years of the 30 (were) as a 
project manager or designer, you know engineer, building the next program. I joined before 
Apollo. I helped a little bit for Apollo to get off. I did a lot of development for Sky Lab – our 
first space station. I worked a lot on that development and then you had Apollo-Soyuz, then 
you had the Shuttle, then you had the Space Station, it just kept going. So I had to build all 
those programs along the way. Hubble - you know I was the lead mechanic to go fix it, but I 
spent 18 years on that thing. So it’s not just a flying business.

5 What is it like in the spaceship?
Well, a spaceship is a big closet. It’s a big airplane. There’s not as much space as it looks. 

You’ve got all the escape suits — the orange escape suits and the EVA suits and the spacewalk 
suits — and all the scientific experiments and everything else put together. You can barely 
move at all, so it’s a pretty full ship. Otherwise, it’s pretty much like an airplane with all the 
controls and displays and the monitors. It’s got a great window. We spend a lot of time in the 
window because there’s great stuff to see out the window. Space life is three things. It’s the 
magic of free floating – a lot of funny stuff happens because you were about to be there. So 
that’s part of it. What you see out the window is another part and the smoothness that you 
conduct the mission. You try to conduct a seamless mission. It’s not just checklists. It’s not just 
throwing switches. You and Mission Control work together to get the job done. It’s Mission 
Control’s mission, not yours. It’s not your mission. It belongs to Mission Control. That’s why 
they’ve got that name. So you’re their in and their eyes up there. The sooner you realize that 
the sooner you realize how to work with them to get the job done, the better it’s going to go 
for you. 

COURTESY OF NASA

A true explorer: 
NASA Astronaut
Story Musgrave

53 days, 9 hours, 59 minutes — That is the amount of 
time NASA Astronaut Story Musgrave has spent in orbit, but it is not 
where his adventures in exploration began.  
“I am a farm kid, raised in nature, the fields, forests, rivers and the 

sky,” he said. “I was an explorer at age three, then 25 years later the 
space program happened.”
During his 30-year tenure at NASA, he flew on six spaceflights. 

Over the course of these missions, he performed the first shuttle 
spacewalk on Challenger’s first flight, was a pilot on an astronomy 
mission, conducted two classified Department of Defense missions, 
was the lead spacewalker on the Hubble Telescope repair mission 
and operated an electronic chip manufacturing satellite on Columbia.
His Earth-bound NASA highlights include serving as the 

communicator in Mission Control for 25 missions, working on the 
development of the Skylab program and participating in the design of 
all Space Shuttle extravehicular activity equipment. 
In this installment of Sky’s Up’s “10 Questions feature, Musgrave 

talks about his experiences in space exploration. 

http://www.astronomyoutreach.net/audio/Story_Musgrave_Q1.mp3
http://www.astronomyoutreach.net/audio/Story_Musgrave_Q2.mp3
http://www.astronomyoutreach.net/audio/Story_Musgrave_Q3.mp3
http://www.astronomyoutreach.net/audio/Story_Musgrave_Q4.mp3
http://www.astronomyoutreach.net/audio/Story_Musgrave_Q5.mp3
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6 What does it feel like in a spacesuit?
You always work the ergonomics of how you’re going to get stuff done. That’s why you’re 

in the suit in the first place. You’re in the suit to get something done out there. People do 
understand it’s bulky. They do understand there’s a lot between you and what you’re going 
to touch, what you’re going to move. But they don’t understand, it doesn’t have your 
body. It doesn’t have a shoulder joint. A shoulder joint is ball and socket, so a shoulder 
joint you can move 360 degrees any direction any time. That’s not true in a suit because 
a suit doesn’t have a shoulder joint. You do, but it doesn’t. The position of the joints and 
the movement of the joints — it doesn’t have the same body so you’ve got to get used 
to a different body. Here I’m eating, I reach for my fork, I don’t have to think about is 
my hand going to get to my fork. I know all the forces I’ve got to put and which muscles. 
It’s thoughtless. That’s not true in a spacesuit. You’ll miss by a foot. You can’t put in the 
normal things it takes. You can’t touch your nose. You have to study how you’re going to 
do that, because you’ll miss. It’s also very bulky. People know about that one. Another 
thing is, of course, you’re working in a freefall condition. Everything is moving around. You 
do have mass. You may not have weight, you may not have force between you and some 
object, like the big spaceship or shuttle you’re in or something like that but you do have 
mass. My mass is 480 pounds. That’s me and my backpack. My backpack is 280 pounds by 
itself. But you add it all up and you’ve got 480 pounds. So you want to move somewhere, 
you’ve got to get 480 pounds going, you’ve got to get it stopped. So you can just think 
about that. If you think you’re going to move around like a nimble squirrel with just 
your fingers and wrists. Well you do, but you have 480 pounds you’ve got to pull and get 
stopped. And you also have the same rotational inertia, too. 

8 How can you survive for long periods of time in outer space?
Well, how to survive. You’ve got to look at the showstoppers that are going to hurt you. 

You can come right to radiation, right to going to Mars. We don’t have the answer to 
radiation. That’s a no go at the moment. We just need to get the answer for radiation. 
You don’t have the protection of the Earth’s atmosphere. It captures high energy particles 
and really kind of neuters them. I’m very optimistic about a lot of things. We have never 
designed machines to counter what we call Zero G. We have exercise machines adapted 
from treadmills on Earth, bicycles on Earth, rowing machines on Earth. But those machines 
were never intended to counter the sedentary effects of the free fall condition. So we 
need to design machines right from the start for that purpose. And I’m optimistic we can 
do that. They’re always talking about losing density of bone. We can do something about 
that. Stretch the bone, it will take care of itself. So there’s a lot of things we can work 
around. If we’re going further out, we’ve got to work on psychology, too. When the Earth 
disappears, when you lose Earth altogether, and it’s only a bright star — that’s going to be 
an impressive sight when the Earth disappears. But the radiation – radiation is number one 
I think in terms of a tough problem to deal with right now. 

7 How heavy are the spacesuits?
It depends. In the total mass, you include your body in it too because your body kind 

of moves. Me, in particular, I had about 480 pounds. Again, we know what we’re talking 
about — it’s mass. 

9 What types of foods can you eat in space?
You eat every kind of food in space it’s just preserved a little different. It comes in cans, 

it comes in powder and you rehydrate it. Sometimes it’s canned, and it’s just filet mignon, 
and man, it’s just like steak down here. It’s gorgeous. And we have not had freezer or 
refrigerators since 1973. We haven’t invested in that. Skylab, our first space station, had 
a freezer. We had actually frozen food, and a refrigerator. A big problem early on is we 
said you can’t handle food in Zero G. Well, you can. If it’s wet, it sticks. If it’s wet, it sticks 
and it sticks hard. So a drop of water on my finger is not going to fall off in Zero G. It’s 
got nowhere to go. And so it sticks really hard. We made problems for ourselves that 
we never had. So food is the same as down here really. Baked cookies (are avoided in 
space) because you’ve got crumbs. If food is dry, you can’t manage it. If you’re going to 
eat cookies, the cookie needs to be small so that you take the whole cookie and put it in 
your mouth and then close it. You can’t bite on a big cookie because the crumbs are made 
when you’re teeth are biting in, and the crumbs get free and they go off and they could 
get anywhere. The air conditioner fans will pick them up but meantime you may have 
them in your eye. 

10 What is the farthest you’ve traveled from Earth?
The Hubble mission is the highest the shuttle goes. So that’s 370 statute miles — nautical 

miles 320. So that’s the highest the shuttle goes - 370. It’s a nice place to have Hubble. The 
further out the better. We’re not going to be able to fix the Webb telescope. It’s going to 
be millions of miles away. 

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

Astronauts 
Story Musgrave, 

left, and Don 
Peterson float 

in the cargo 
bay of the 

Earth-orbiting 
space shuttle 

Challenger 
during their 

April 7, 1983, 
spacewalk 

on the STS-6 
mission. 
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By STEVE EDBERG
Guest Contributor

America’s National Aeronautics and 
Space Administration, NASA, has 
been exploring space for more 

than 55 years. Pioneer 4, its first 
successful effort to venture into 
the Solar System – the Moon and 
beyond – came just over a year 
after its first successful mission 
to Earth orbit with Explorer 1. 
The history of NASA’s, and the 
rest of the world’s, exploration 
beyond Earth orbit is filled with 
both failure and success — a true 
human endeavor. 
Humanity’s robotic exploration 

of the Solar System can be 
characterized by the stages it 
follows. 
Remote observations are made 

by robotic observatories in geocentric 
(Earth-centered) or heliocentric (Sun-
centered) orbits. Often left out of the 

discussion, these spacecraft have not only 
provided distant reconnaissance. They have 
also allowed us to monitor the goings-on 
on planets and in their atmospheres long 
after planetary spacecraft have left the 
scene and long before the next (or first) 
generation of robotic visitors arrives. In 
addition, they extend our view, and our 
understanding, to much wider regions 
of the spectrum, some inaccessible from 
Earth’s surface.
Reconnaissance is initiated with one 

or more flyby spacecraft. These scouts 
usually make one pass by the target 
body before either continuing on or, 
occasionally, intentionally colliding with 
it. Natural satellites (“moons”) orbiting it 
are sometimes studied as well, within the 
limitations of the short period when the 
spacecraft passing by is close to the planet.
Surveys are made by orbiters. The long 

duration of orbital missions is used to 
thoroughly map the target body, both 
geographically, topographically and 

compositionally. Close-up views of any natural satellites 
orbiting it are often possible. 
Surface exploration usually commences with stationary 

landers. Even after exploration with rovers is occurring, 
stationary landers with more tightly focused investigations 
have been used with excellent results from their cameras, 
drills and composition experiments. The craft landing 
on planets or moons with an atmosphere usually carry 
weather instruments with them. Radiation detectors are 
also sometimes included on the payload.
The atmospheric exploration of planets and satellites 

follows similar lines, though obviously adapted to flight. 
Ballistic probes may be delivered by a flyby vehicle or an 
orbiter or may enter the atmosphere directly. Even during 
the heated entry portion of the flight, measurements 
are made. After slowing to somewhat above the speed 
of sound in the atmosphere, the probe may deploy a 
parachute for an even slower descent, during which more 
detailed measurements are made as the package falls. 
Sealed balloons carrying instrument packages have also 
been deployed (Venus) and designs for “hot air” balloons, 
gliders and even powered aircraft are actively being 
considered for Mars and Titan (Saturn). Atmospheric 
probes to Venus and Titan have survived on the surfaces 
of their destinations for short periods, providing useful 
measurements.
Sample return and finally human exploration round out 

the exploration approaches. Robotic sample returns of the 

solar wind, a comet, the Moon and an asteroid have been 
completed to 2016, with additional visits and returns in 
the offing. Human exploration of the Moon with sample 
returns was begun in 1969 but there have been no crewed 
trips there (or beyond) since 1972. This should change in 
the next decade or so. 
A number of missions are currently expanding our 

knowledge around the Solar System. Studying Earth are 
a large number of spacecraft, too many to outline here. 
They are orbiting Earth at a variety of altitudes. On the 
low end, the International Space Station’s astronauts and 
attached instruments conduct studies. Other satellites 
orbit at geosynchronous altitude. Some are in solar orbit, 
circling the Earth-Sun Lagrangian 1 point about 1.5 
million kilometers (about a million miles) from Earth 
towards the Sun. 
Active spacecraft studying the Sun include: 
• Active Composition Explorer (ACE), 
• Interstellar Boundary Explorer (IBEX), 
• Interface Region Imaging Spectrograph (IRIS), 
• Reuven Ramaty High Energy Solar Spectroscope 

Imager (RHESSI), 
• Solar and Heliospheric Observatory (SOHO), 
• Solar Dynamics Observatory (SDO), 
• Solar Terrestrial Relations Observatory (STEREOs: A 

and B), 
• Voyager 2
• Wind 

Pushing
the limits

“We shall never cease from exploration
 And the end of all our exploring
  Will be to arrive where we started
   And know the place for the first time.”

— T.S. Eliot

Space exploration reveals
our Solar System’s secrets

Technicians use 
an overhead 
crane to lower 
NASA’s Juno 
spacecraft onto 
a fueling stand 
where the 
spacecraft will 
be loaded with 
the propellant 
necessary for 
its mission to 
Jupiter. The 
image was taken 
at Astrotech’s 
Hazardous 
Processing Facility 
in Titusville, Fla., 
on June 27, 2011.

COURTESY OF NASA
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These craft range in 
distance from above Earth’s 
atmosphere to Sun-Earth 
L1 and on to the outskirts of 
the heliosphere (the volume 
of space controlled by the 
Sun’s magnetic field and 
solar wind). Most of them 
are observatories but some 
carry instruments to directly 
measure the environment they 
are in. 
It is notable that Voyager 

1 ended its studies of the 
heliosphere in 2012 when 
it entered interstellar space. 
It is escaping the Sun but 
is still influenced by solar 
gravity while it sails through 
the interstellar medium. It will continue making 

measurements of this new environment 
probably into the 2020s before its power 
wanes too much for instrument operations.
Presently there are no spacecraft 

operating at Mercury. Studies of Venus are 
currently being carried out by the Japanese 
Akatsuki orbiter. 
Robotic exploration of the Moon has been 

revived over the last 25 years. NASA’s 
Lunar Reconnaissance Orbiter continues 
monitoring our nearest neighbor in space 
even after additional missions from 
NASA and other nations have ended their 
activities.
The last of the terrestrial (rocky) 

planets is Mars. After the Sun and 
Earth, it is receiving the most attention. 

NASA currently has the orbiters MAVEN, Mars 
Reconnaissance Orbiter and Mars Odyssey keeping 
watch. In addition, two rovers, the Mars Exploration 
Rover Opportunity and the Mars Science Laboratory 
Curiosity, continue their exploration of the planet’s 
surface and studies of its atmosphere and radiation 
environment.
Further out, rocky bodies are found in the asteroid 

belt. NASA’s Dawn spacecraft finished its orbital 
exploration of Vesta and used its ion engines to move 
to the dwarf planet Ceres where it will conclude its 
mission. 
Jupiter is presently without robotic companions. That 

will change on July 4, 2016, when NASA’s Juno orbiter 
fires its rocket engines to begin a 20-month mission.
Saturn has had the companionship of NASA’s and the 

European Space Agency’s (ESA’s) Cassini/Huygens 

mission since 2004. The Huygens probe explored 
Titan’s atmosphere and surface in January 2005 before 
succumbing to the extreme cold there. Cassini has 
continued its orbital tour of the Saturnian system and 
is scheduled to end in September 2017, diving through 
the ring system three times before entering Saturn’s 
atmosphere. 
Uranus and Neptune have not been visited since 

NASA’s Voyager 2 went by them in 1986 and 1989, 
respectively. But the outer Solar System hasn’t been 
entirely without monitors as the Voyagers cruised 
through the heliosphere. In 2015, NASA’s New 
Horizons made a successful flyby of the Pluto system 
returning eye-popping images of a dwarf planet that is 
apparently far more active than anyone would imagine 
for an object so far from the Sun. If additional funding 
is granted, New Horizons will go on to a flyby of a 
Kuiper Belt Object, one of the debris left over from the 
origin of the Solar System, on January 1, 2019. 
NASA’s observatories have been busy, too. Besides 

studying the planets of the Solar System, they have 
been actively investigating exoplanets: planets that 
orbit other stars. The Hubble Space Telescope has 
investigated exoplanet systems found by ground-based 
observatories and by NASA’s Kepler mission that is 
seeking exoplanets and their population statistics in 
the Milky Way galaxy. The Spitzer Space Telescope 
has taken advantage of Kepler discoveries to measure 
temperatures, cloudiness and the atmospheric 
composition of exoplanets.
Your friends and acquaintances, family members, 

even you yourself might wonder why we observe with 
telescopes and devote tax money to instruments and 
robots for even better views. We explore because that 
is part of being human. Exploring permits us to view 

other worlds, something our ancestors were themselves 
doing hundreds of thousands of years ago, literally, as they 
pressed out from their home ranges. 
Our innate curiosity moved certain individuals to push 

the boundaries of knowledge. Fortunately they share their 
discoveries, bringing us along on their explorations. We 
remember them in our collective history. 
Part of this exploration in astronomy goes beyond new 

sights. We recognize that Nature is giving us the opportunity 

to view and learn from “experiments” we could never carry 
out. In our own Solar System, nature offers us, among the 
planets and debris we observe, a variety of
• Planetary atmospheres
• Planetary surfaces
• Planetary magnetospheres and
• Planetary interiors
We have learned to build the technology to investigate all 

of these subjects. By simply observing other planets and 

By STEVE EDBERG
Guest Contributor

The search for planets orbiting Sun-like stars had its 
first results in 1995. Since then, using a variety of 
techniques, we have discovered a growing number 

of exoplanets ranging in size from Mars to several times 
Jupiter’s mass. And that first discovery was surprising 
too: It was the first of a class of planets known as “hot 
Jupiters.” This planet orbits closer to its host star than 
Mercury orbits the Sun.
Sometimes even the most obvious assumptions turn out 

to be mistaken: Planetary orbits may not be circles, a hint 
Mars was giving us but not considered to be an indicator. 
Sometimes more subtle assumptions turn out to be 
mistaken. The orbits of planets may not be in the same 
plane. (Figure 1) And evidenced by Mars and the dwarf 
planet Pluto, planets’ seasons may also be profoundly 
different. All of these examples broaden our perspective 
and push us to try and understand the full ranges of 
possibilities offered by nature.
The tidy view that rocky planets are close to the host 

star (and true with the Galilean satellites of Jupiter) with 
gas giants found in the outer portions of the system of 
planets has taken a beating, too. Hot Jupiters and planets 
not represented in the Solar System, “super-Earths,” are 
found in other systems. And the mass- and composition-
ordering of planets outward from their host stars comes 
in many varieties. 
Here in our Solar System, of four terrestrial (rocky) 

planets, only two have satellites (moons). Their moons 
are vastly different, too. Earth’s Moon has more than 
1% of Earth’s mass, more than 25% of its diameter, 
and its orbit is canted a few degrees from the plane 
of Earth’s equator. Mars’ Phobos and Deimos are tiny 

and orbit in Mars’ equatorial plane. The gas giants in 
the outer Solar System have sets of “regular moons” 
with near-circular orbits in the host planet’s equatorial 
plane and large numbers of “irregular moons” that 
orbit in elliptical orbits canted in many directions and 
angles from the host planet’s equatorial plane. Why is 
Neptune’s largest satellite, Triton, orbiting opposite the 
planet’s direction of rotation when all the other regular 
moons orbit in the same direction? How did tiny Pluto, 
on an orbit distant from the Sun and elliptical, end up 
with 5 satellites orbiting in or close to its highly tilted 
equatorial plane? The largest, Charon, has enough 
size that it is reasonable to call Pluto-Charon a double 
(dwarf) planet. 
What is Nature’s message hiding in all these clues?

Planetary 
possibilities

Looking perpendicular to the plane of the Solar System, it is easy to 
conclude that planets’ orbits are nearly perfect circles. When the star 
Upsilon Andromedae was found to have planets, the determination 
of their motions showed one of its planets had a highly elliptical 
orbit. From an oblique angle Upsilon Andromedae’s system shows 
that Planet d’s orbital plane is profoundly different from the orbital 
plane of the other planets. 

Illustration Credit: NASA, ESA, and A. Feild (STScI)
Science Credit: NASA, ESA, and B. McArthur (University of Texas at Austin)

COURTESY OF NASA/JPL-Caltech
This artist’s concept depicts NASA’s Voyager 1 spacecraft entering interstellar space.

By simply 
observing other 

planets and 
other planetary 

systems, we gain 
perspective. By 
understanding 

our neighbors, we 
better understand 

our home.
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other planetary systems, we gain 
perspective. By understanding our 
neighbors, we better understand our 
home.
Everyone who has looked at the 

Moon through a telescope or visited 
Meteor Crater in Arizona knows 
what an impact crater looks like. 
Spacecraft studying other hard 
surfaces in the Solar System usually 
find craters. At first blush, they look 
the same. But a little more careful 
examination shows that there are 
differences in forms and internal 
structure. Nature has provided us 
with samples of cratering on icy and 
rocky surfaces and the differences 
in the craters’ appearances 
bear witness to the surface and 
subsurface materials and their 
physical behavior under stress and 
in the temperature regime at their 
distances from the Sun.
These are just a few examples 

of what we observe of Nature’s 
experiments. 
Our exploration of the planets, 

exoplanets and beyond will 
continue. Our robots extend our 
reach and soon humans will be 
seeing new planetary vistas with 
their own eyes. We are fortunate to 
be able to share this exploration and 
to ponder it. 

o o o

Steve Edberg is an astronomer at 
JPL and an amateur astronomer 
at home and at his observatory 
in California. He has worked 
on Galileo to Jupiter, Cassini to 
Saturn, and other NASA projects. 
He served as Coordinator for 
Amateur Observations for the 
International Halley Watch. He 
is an avid eclipse chaser and 
expedition organizer and was 
Executive Director of the Riverside 
Telescope Conference, Inc. for 22 
years. He has been honored by 
the International Astronomical 
Union with the formal naming of 
the asteroid 1985QQ as (3672) 
Stevedberg.

Cosmic commonalities:
Dunes
Erosion of one or more types 
on a planet or satellite creates 
sand. With an atmosphere, thick 
or thin, present, the sand can 
form dunes. Sand dunes inform 
us of wind speed and direction 
on places like Venus, Mars and 
Saturn’s satellite Titan. Top right, 
optical images of dune fields on 
Earth show a good match with 
radar images of dune fields on 
Saturn’s satellite Titan, middle 
right, and radar images of Venus, 
bottom right. Far right, optical 
images of Mars match another 
type of dune field found on 
Earth. Note the “ripples” near 
the bottom right section. Wind 
direction in dune fields is usually 
perpendicular to the near-
parallel lines of dune peaks and 
valleys.

Deltas
Flowing rivers often 
produce deltas at 
their ends. On Earth 
and Mars the rivers 
were water. On Titan, 
the liquid is a mix 
of liquefied gases, 
methane and ethane. 
The landforms look 
similar. Top left, 
Earth’s Okavango 
Delta in Botswana 
is the largest inland 
delta in the world. 
The river does not 
empty into the ocean. Bottom left, Mars displays 
several ancient river deltas. Above, the synthetic 
aperture radar on NASA’s Cassini shows two river 
deltas on the western shoreline of Titan’s Lake 
Ontario caused by liquefied gases flowing over 
and eroding the surface of water ice.
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Explorations have 
shown similarities
in our Solar System

Volcanoes
Volcanoes are found on Earth in a variety of 
forms such as the Hawaiian shield volcanoes 
Mauna Loa and Mauna Kea, pictured to the 
right. Although these are giant, they are small 
compared to Mars’ shield volcano Olympus Mons, 
pictured in the middle. The first active volcanism 
found elsewhere in the Solar System was found 
and studied by NASA’s Voyager spacecraft. Old 
volcanism and new types of volcanoes have been 
recognized on Venus and there is some evidence 
that Venus may still be volcanically active. Far 
right top, a large volcano on Venus (with its height 
exaggerated in this radar view) shows lava flows. 
Far right bottom, Venus exhibits other novel types 
of volcanoes including these “pancakes” found 
during radar mapping. Bottom left, Jupiter’s 
innermost Galilean satellite, Io, is now known 
to be the most volcanically active place in the 
Solar System. Some of its active volcanoes can be 
monitored with Earth-based telescopes. Io’s active volcanoes are constantly changing its appearance. This 
set of three images from NASA’s Galileo spacecraft show dramatic changes in Io’s Pillan Patera region. The 
first image was taken in April 1997, the second in September 1997 and the third in July 1999.
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Landslides
Landslides are common on Earth 
and have a distinctive look. 
However, a variety of landslides 
have been seen on both rocky 
and icy surfaces and in low and 
higher gravity situations around 
the Solar System. These images 
show recognizable landslides 
on the Moon, Saturn’s satellite 
Iapetus, Mars, the asteroid Vesta 
and Saturn’s satellite Hyperion. 
With ongoing monitoring, we have 
seen landslides in action, such as 
the one on Mars that is captured 
in the third image on the top row. 
The image below that shows an 
unusual landslide created by an 
impact crater on Mars. The far 
image of Hyperion, which has an 
unusual shape and a tumbling 
rotation shows a regional collapse 
that preserved the surface features 
inside the collapse zone.

Precipitation 
cycles
It is natural to wonder where 
the liquid comes from on other 
planets. In the case of Mars, 
the bulk of water that came 
during its formation is now 
gone, or at least well hidden. 
Precipitation cycle refers to the 

transfer 
of a liquid 
between 
various 
sources 
and “sinks” 
on a planet 
or satellite. 
Earth has 
a water 
cycle while 
Titan has 
a methane 
cycle.
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Eruption 
plumes
Eruption plumes are seen on a 
variety of objects in the Solar 
System, although the specific 
process causing the eruption 
plume may not always be 
understood. Some of the examples 
pictured here include: eruption 
plumes entering the vacuum of 
space from “jets” on Saturn’s 
Enceladus (salt water) and on 
Comet Hartley 2 (gas with dust) 
and Jupiter’s Io (sulfur). On 
Earth, geysers eject liquid water 
into a thick atmosphere. Triton’s 
plumes have colored the surface, 
apparently directed by the wind 
in a very thin atmosphere. The 
mechanisms that lead to the 
eruptions are not well understood 
except on Earth and Io. The results 
of searches for plumes above 
Jupiter’s Europa are disputed by 
planetary scientists.

Earth

Moon

Mars

Hyperion

Vesta
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Auroras
The presence of an atmosphere 
allows many comparisons. Earth, 
Mars, Jupiter, Saturn, Uranus 
and Neptune all exhibit auroras. 
Most auroras are a result of the 
interaction of the solar wind with 
a planet’s magnetic field. The 
exception is Mars because it lacks 
a field. The magnetic field provides 
a pathway for solar wind particles 
to enter the planet’s atmosphere 
near the planet’s magnetic poles. 
The auroral oval structure is 
common. The direct collision of 
the solar wind at the top of the 
Martian atmosphere leads to 
auroral glow that is much less 
defined over Mars. These images 
show the auroral ovals of Earth, 
Jupiter and Saturn. 

Atmospheric circulation
George Hadley published a theory 
explaining the circulation of Earth’s 
atmosphere in 1735. He suggested 
that convection cells spanning from 
Earth’s equatorial zone to its poles 
carried heat to higher latitudes. Now 
called Hadley cells, this circulation 
would make the poles warmer and 
cool the temperate latitudes as the 
air flowed back to the equator. It 
turned out that he oversimplified 
Earth’s circulation pattern (there 
are two large convection 
patterns and plenty of 
complications as well in 
each hemisphere) but he 
got it right for Venus. 
Atmospheric circulation 
can get interesting at 
planetary geographic 
poles. A polar vortex on 
Earth plays a role in the 
Antarctic ozone hole, that 
is now repairing itself 
thanks to the withdrawal 
of chlorofluorocarbons 
(CFCs) from production 
and dispersal. But our spacecraft have shown us very interesting polar vortices 
around the Solar System. Clockwise from top left, the polar vortices on Venus, 
Titan, Saturn and Earth are similar phenomena but exhibit very different 
appearances.

Storms
Storms are seen around the 
Solar System — on every planet 
and satellite with a substantial 
atmosphere. Surface wetting 
and flooding from rain is familiar 
on Earth and also seen on Titan. 
Convection storms, some including 
lightning, are seen on Earth, 
Jupiter, Saturn and Titan. Cyclonic 
storms are observed on Earth, 
Mars, Jupiter, Saturn and Neptune. 
Spiraling cyclones are found 
throughout the Solar System.

Dust Storms / 
Dust Devils
Wind carries dust on planets and 
satellites with atmospheres and hard 
surfaces. While Mars can suffer planet-
wide dust storms (one of which was 
under way when NASA’s Mariner 9 
arrived at the planet in 1971), smaller 
dust storms there are more common 
and frequent, and they can look eerily 
familiar. We also see local effects that 
combine to make familiar dust devils 
in unfamiliar places. A dust storm on 
Mars (top right) shows flow very similar 
to dust blowing off the Sahara over the 
Atlantic Ocean (top left). Dust devils 
on Earth and on Mars can extend high 
into the atmosphere and track across 
the ground for long distances. No one 
knows if Titan has dust devils. They 
cannot be seen easily from above 
through its hazy atmosphere.
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the STEM zone
By Dr. Daniel Barth

When we first look up at the sky, the Moon is probably the 
first thing we notice. It fascinates us, child and adult alike, 
with its changing phases, the markings on its surface, and 
the way it seems to change size as it moves from horizon 
to zenith. If you are lucky enough to own a telescope, the 
Moon was probably one of the first things you looked at, 
and it still draws the gaze of professional and amateur 
astronomers alike every cloudless night world wide.
But the Moon puzzles as much as it fascinates; once we 

start noticing the changing phases of the Moon, we cannot 
help but ask, “How does it do that!” As an astronomy 
teacher, this is one of the first, and most persistent questions 
that my students asked of me. Textbooks and websites 
try to explain the phases of the Moon with diagrams and 
drawings, but these left almost every student (and parent) 
unsatisfied. The best way I found to understand the way the 
Moon works is to make a model of it. 
Fun, easy, and inexpensive – this activity is perfect for 

parent and child or teacher and student, and it works as 
well in home school and Scout meetings as it does in the 
public school classroom. I even teach this activity to young 
teachers in my university classes.
Let’s start with something fun — and delicious. You will 

need seven chocolate sandwich cookies (I like Oreos!), and 
a plastic knife. Begin by “unscrewing” the first cookie – 
one half is a dark circle, this will be your New Moon; the 
other half is a white circle, this will be your Full Moon. 
Unscrew your next cookie and use the plastic knife to cut 

a crescent shape into the cookie filling, and carefully scrape 
away the larger portion of filling. The thin white crescent of 
filling represents your Crescent Moon – make two of these 
shapes. 
For your next two cookies, use the plastic knife to cut the 

filling exactly in half, scraping the unneeded portion of the 
filling away as before. These represent your First and Third 
Quarter Moon.
For the last two cookies, use the plastic knife to cut a 

crescent , just as you did before; but this time, scrape away 
the smaller crescent leaving the majority of the filling 
behind. These represent the Gibbous Moon.

Now that you have all of your “Moons” ready, place them 
on a sheet of paper or a plate in the order shown in the 
diagram to the right.. 
Label the phases you’ve created, starting with New, at the 

12 o’clock position, then moving clockwise, label Crescent, 
Quarter, Gibbous, Full, Gibbous, Quarter and Crescent. If 
you have a cell phone with a camera on it, take a picture of 
your diagram so you can use it to refer to when you are out 
observing the Moon.
You can label the right half of your diagram waxing 

(evening), and the left half of your diagram waning 
(morning). The waxing Moon is in the process of getting 
larger each night, leading up to the full moon phase – this 
phase is best seen in the early evening just after sunset, an 

ideal time to use your telescope or 
binoculars. The waning Moon is in the 
process of getting smaller each night, 
leading up to the new moon phase, 
when there is no moon visible in the 
sky at all. The waning Moon is best 
seen in the early morning, just before 
or after sunrise when the sky is still a 
bit dark. If you get up early for work or 
school, this is an ideal time to try and 
catch a glimpse of the waning Moon.
Now that you have your Moon Phase 

diagram, you can use it to predict what 
will happen next to the Moon in your 
night sky. You can save your diagram 
on a plate covered with a piece of 
plastic wrap, or if you’ve taken a 

photo of your diagram – you can enjoy 
your “Moon Cookies” right away. 
Remember to share them with your 
classmates or siblings – Mom & Dad 
may enjoy one, too.
Once you have spotted the Moon 

in the night sky, what phase does it 
most resemble? Try drawing the phase 
yourself – an easy way to do this is to 
trace around a coin or jar lid on a piece 
of paper with a pencil, and then shade 
in the part of the circle that represents 
the dark portion of the Moon’s disk 
as you observe it. Make a lunar 
observation sheet and record the date 
and time of your observation after you 
finish. 

Although you 
may want to go 
outside and watch 
the Moon every 
night as I often do, 
keep in mind that 
each phase we’ve 
labeled lasts 3-4 
days. For the Moon 
to go from New 
to Quarter phase 
takes about a week, 
and the entire lunar 
cycle takes almost a 
month, a little more 
than 28 days. We 
call this complete 
cycle of lunar 
phases a Lunation. 
With your cookie 
phase diagram, you 
will understand the 
Moon better, and 
have fun watching 
the changing of the 
lunar phases in the 
night sky.
This diagram 

helps us see the 
progression of the 
Moon’s phases 
through the month, 
but it raises as 
many questions as it 
answers. 
Next time, we will 

use simple materials 
to build a model of 

the Earth-Moon system, and use it to 
see how the lunar phases actually work.

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.

Lunar learning with a tasty twist
Make a moon phase
diagram with cookies

COURTESY OF L. Eric Smith III
It only takes a small stack of chocolate sandwich cookies, a plastic 
knife and a steady hand to make a lunar phase diagram.



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

Last night, as I struggled to get one of my telescopes 
working again, I understood just how difficult modern 
astronomy can be for an amateur astronomer. I stopped 
for a few minutes, looked up at the sky, and tried 
to grasp what was up there. I’ve looked at the sky 
thousands of times, and the sky has always responded 
nicely. But last night was a little different. Instead of a 
known set of constellations bright and faint, and stars 
with which I was always familiar, the sky presented 
a panorama of celestial treasures from which I could 
choose. As I looked around the sky, it seemed as though 
that sky was all new to me, and I had but to choose from 

the plethora of gifts.
This is the magic of the sky that is available 

to each of you. I hope you never tire of the 
newness, the freshness, of the night sky. What 
the night sky has to offer each different evening 
is truly amazing, and after more than 60 years I 
still find interesting things that I have not seen 
before. The placement of the planets as they 
wander about the Sun is just one aspect. 
A couple of weeks ago while taking in the 

morning sky at dawn, I witnessed no fewer 
than five planets in a line coming up from the 
southeast. Near the horizon was faint Mercury. 
Nearby, but quite a bit further up, was brilliant 
Venus, and, further along, Saturn shone brightly 
near the bright star Antares, the brightest star in 

the Scorpion. Antares is Latin for “rival of Mars,” and in 
fact Mars itself was not far to the west. Well past Mars is 
Jupiter, king of the planets, and finally, partially hidden 
by a tree, shown the waning gibbous Moon. 
Once I got a photograph of this panorama, I set up 

Echo, my very first telescope that I have used since 
1960. Using it, I inspected each of these wonderful 
planets. Mercury displayed a clear disk, and Venus, near 
its full phase like Mercury, also displayed an old nice 
round view. Next came Saturn, whose A and B rings 
were obviously visible even with the small telescope. 
Mars also was disk like. Finally Jupiter, my favorite 
planet, presented a lovely view complete with its four 
bright moons Io, Europa, Ganymede and Callisto. And 
last but not least, the waning gibbous Moon shone 
brilliantly high in the west. I love watching the planets 
when they get into conjunctions like this; with just a 
single look I can see multiple worlds.
Do I have a favorite planet other than the Earth? I 

certainly do. It’s Jupiter, and here’s why:

1) With my 60-year-old first telescope Echo, Jupiter 
was the first thing I looked at on the evening of 
September 1, 1960. I saw that night the planet with 
its two equatorial dark bands, and I saw its four large 
moons much as Galileo saw them.
2) During the 1960s Jupiter’s great red spot was far 

more visible than it is at present, and I remember doing 
multiple drawings of the belts, the bright zones in 
between the belts, and the red spot during my first full 
decade as a passionate lover of the night sky.
3) I have spent several nights watching the moons and 

their shadows cross over the face of the mighty giant.
4) Jupiter and I share something deeply personal. On 

March 23, 1993, I loaded films into the 18 inch-diameter 
Schmidt camera atop Palomar Mountain where the 
Shoemakers and I took photographs that included the 
planet Jupiter. Two afternoons later, Carolyn discovered 
Comet Shoemaker-Levy 9 on these photographs; in July 
1994 all the fragments of this broken-up comet collided 
with Jupiter. The remaining impact spots were the 
most obvious features ever witnessed on Jupiter since 
Galileo first saw the planet in 1610. It is hard to justify 
a friendship between a human being and a planet, but 
Jupiter and I share something that I certainly will never 
ever forget.
What happened in 1993 and 1994 was just a part – 

a big part admittedly – of a lifelong passion I have 
enjoyed with astronomy for more than 60 years.

32 Sky’s
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on the road with David Levy

What the night sky 
has to offer each 
different evening 
is truly amazing, 
and, after more 
than 60 years, I 

still find interesting 
things that I have 

not seen before. 

There’s lots to love in the night sky

COURTESY OF NASA/Hubble Space Telescope Team
This July 1994 file photo of Jupiter shows eight impact sites 
from some of the fragments of Comet Shoemaker-Levy 9. From 
left to right are the E/F complex (barely visible on the edge of 
the planet), the star shaped H site, the impact sites for tiny N, 
Q1, small Q2, and R, and on the far right limb the D/G complex, 
which shows extended haze at the edge of the planet.
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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



Curious contrasts appear on this region of the 
moon. The Carpathian Mountains course 
diagonally across the lower margin of the 
image and yield to broad, flat plains known as 
Mare Imbrium. Other mountains rise above 
the plains near the left of the image, such as 
Mons Vinogradov and the unnamed peaks to 
the lower right of the Mons. Additionally, two 
isolated mountains rise from the plains on the 
upper right of the image: Mons La Hire, and 
the unnamed peak to the right of Lambert. 
Only a handful of craters more than 20 km in 
diameter mark the region, and even the small 
craters are few and far between. 
Mountain building on the moon is almost 

always due to collisions of large objects — such 
as meteors, asteroids and comets — with the 
moon over the eons of its existence, so all the 
mountains on this image must be related to 
crater-forming impacts. Over all, the jagged 
edge of the Carpathian Mountains forms a bit of 
an arc, revealing that it is a remnant of a huge 
outer crater rim. Other views of the moon reveal 
that this rim surrounds Mare Imbrium and the center is 
north and east of this image. But it was no ordinary crater. 
It was so large it created multiple concentric rings and 
is known as an impact basin. Mons Vinogradov is likely 
related to the formation of this basin and Mons La Hire 
and the unnamed peak east of Lambert may be exposed 
portions of a mostly buried inner ring. 
The colossal collision that excavated the basin also 

created deep cracks through the lunar exterior that 
provided conduits for molten material to flow up to 
the surface. Molten lava arose and spread across the 
terrain and covered most of the scars of the impact. 
Mountains, craters and large portions of the basin rings 
were overflowed by the lava. After hardening, the lava 
still appeared as if it were a great sea lapping against the 
remnants that managed to remain above its surface. Early 
observers imagined that it truly was a sea, hence they 
called such an area a “mare,” which is Latin for sea. Mare 
is pronounced “mahr’ ay” and its plural form is maria, 
pronounced “mahr-ee-uh.”
The lava, also known as mare basalts, flooded not only 

the impact basin, but other craters emplaced after the 
basin formed. The basalts also provided a smooth surface 

on which other craters later occurred. Lambert 
and Lambert R represent both extremes of the 
time scenario. Faint ridges encircle the “R” on the 
upper right of the image and reveal the presence of 
a buried crater that once resembled Lambert, just 
above it on the image. However, it was completely 
covered by the lava and only the barest wrinkles 
hint of its existence, hence only a shadowy reminder 
of its existence remains. 
Other craters that nearly suffered the same fate 

include Gay-Lussac, Tobias Mayer and Natasha. 
Note their rings rising over lava that surround their 
rims and flood their floors. Three medium-sized 
craters — Euler, Pytheas and Lambert arrived after 
the lava stopped flowing. 
On the majority of Mare Imbrium, tiny craters 

outnumber larger ones, and reflect the relative 
abundance of small versus large meteors striking 
the moon. However, not all of the impacting objects 
arrived directly from space. Irregularly shaped 
small craters by Draper, Pytheas and by the “Mare 
Imbrium” label are secondary impact craters from material 
ejected from the formation of Copernicus, south of this 
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Mountains, craters & plains
— Images and text provided by Howard Eskildsen

image. The powdery-white ray markings crossing the 
entire image came from Copernicus as well. 
Even though this area of the moon has relatively few 

craters, much has gone over the eons of its existence, and 
many more questions arise about the processes and time 
involved. For further discussion see Quadrant 29. 



Once again the predominant features on 
this image are the broad, flat lava plains of 
Mare Imbrium as well as Sinus Aestuum. 
They cover parts of mountain ranges and 
older craters and are the bed upon which later 
craters formed. Obviously the partially buried 
features existed prior to the lava flows, while 
the fresh craters and their associated scars 
appeared after the basaltic lava hardened. So 
relative time scales can be readily discerned 
from the image, though the actual time 
involved cannot. Also, the partially buried 
features raise questions as to what else might 
lie beneath the basalt “seas.” 
At the lower part of the image both the 

Carpathian and the Apennine mountains 
dip downwards toward a gap that was 
overflowed by basaltic lava, and suggests that 
they are connected beneath the plains and 
are part of the same outer ring of Imbrium. 
Also, on the upper right of the image other 
highlands near Beer and Feuilee dip below 
the basalt plains and perhaps connect beneath 
the surface with the peaks near Euler. Indeed this area 
does look like it could once have been a great molten 
sea, but there is no way to tell from this image if it was 
or not, however unlikely that might be. 
The answer finally came a few decades ago from the 

crater Pytheas when it was photographed by Apollo 17. 
Pictures of its walls revealed that many layers of basalt 
had been laid down through its 2.5 km depth and must 
have taken very long periods of time for each layer to 
be emplaced, solidify and weather before the next layer 
formed. Other satellite and earth-based imaging have 
revealed differing elemental composition of various 
mare regions as well, so there were many lava flows 
of many different compositions that produced the final 
flat-looking surface. Additionally, Apollo lunar samples, 
spectroscopic studies and other dating techniques reveal 
that the Imbrium basin was excavated about 3.85 billion 
years ago with the most intense lava flows occurring 
between about 3.7 and 3.3 billion ago. Some of the 
youngest lava flows may be around 2.5 billion years 
ago. Wow! Life was only in its earliest stages on Earth 
when the final flows cooled on the moon. 
It is apparent that very few large craters have 

appeared in the past 2-3 billion years on the 
moon. The craters Eratosthenes, Timocharis, 
Lambert and Euler, visible on this image, are 
all thought to have formed between 3.2 and 
1.1 billion years ago. Even smaller craters like 
Draper and Draper C fall into the same time 
range. On this entire quadrant, the only sizeable 
craters that are likely less than 1.1 billion 
years old are Pytheas and Copernicus, and 
Copernicus may well be 800 million years old 
based on Apollo 12 data. Wow, so much time, so 
little activity!
Two other craters on this image deserve 

discussion. Wallace is a worn, partially buried 
crater that is well over 3 billion years old. At very 
low sun angles it can appear as a bright partial 
circle surrounded by darkness, quite an exquisite 
and rare sight. In stark contrast, it is hard to 
believe that the diminutive pit barely discernible 
at the tip of the arrow between Wallace and 
Timocharis has a name. This 2 km wide crater known as 
Pupin (the “u” is pronounces as “oo,” and is guaranteed 
to make kids laugh and parents blush) is very difficult 

Lava flows raise questions
 Quadrant 29:
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— Images and text provided by Howard Eskildsen

to observe from the ground, and had it not been named, 
nearly all of us would have been forever unaware of its 
existence. It, too, is between 3.2 and 1.3 billion years 

old and will serve as a nice comparison to a similar-
sized crater (Linné) that is much younger and will be 
the topic of future discussion. 



The first thing that enters my mind when I 
view this part of the moon is: What a mess! 
Rocky rubble litters both sides of the image 
with a strange array of craters intermixed. In 
between the rubble, dark lava plains course 
from top to bottom of the central image, all 
pocked and marked by craters and rays. The 
craters themselves seem chaotically varied in 
size, form and degree of disarray. How can 
any sense be made of it all?
Starting with the craters, it is apparent that 

some are quite old, while others are fresh and 
new. The most noticeable young craters are 
24 km-diameter Lalande, just to the right of 
center, and 26 km-diameter Mösting at the 
upper right. They are the largest youthful 
craters on the image and show very little 
wear. Their rims are well defined, and rays 
radiate from them across lava and rubble 
in all directions — Lalande’s rays being 
the brightest. Only a few other smaller 
craters have rays of any sort and all are quite small in 
comparison. Mösting A, for example is only 13 km 
in diameter, and the rest of the rayed craters are much 
smaller. 
In contrast, the larger craters on the image show 

various degrees of wear. Schröter and Sömmering 
in the upper right image have fragmented rims and 
filled floors as do Bonpland, Parry and Guericke 
on the lower left of the image. Additionally, the rims 
of Ptolemaeus and Alphonsus are worn and scarred 
by gouges known as Imbrium sculpture. The crater 
Flammarion has nearly been obliterated. Other craters 
such as Gambart, Tolansky and Davy formed after the 
Imbrium event and have intact rims, but were nearly 
filled by mare basalt lavas that also partly buried some 
of the rocky rubble and “embay” the margins of the 
rubble. 
Another unusual, but not unique feature, is the Davy 

Crater Chain in the lower right corner of the image. 
Lunar tidal forces broke up the incoming object that 
created the chain into a series of smaller fragments. 

The fragments spread apart slightly and then 
machine-gunned themselves onto the surface in a 
series of craters. 
So the story of the area starts with a now-buried 

surface in which massive impacts created the 
large craters, such as Ptolemaeus, Flammarion, 
Bonpland and others. Sometime later, a super-
massive impact to the north of this image 
created Mare Imbrium and sent mountains of 
debris flying across the landscape. It buried or 
scarred everything in its path leaving the debris 
fields on both sides of the images and creating 
the deep gouges known as Imbrium sculpture. 
The cataclysm took only minutes to wreak its 
devastation across the surface of the moon. 
Lava flows emerged over long periods of time 

through cracks created by the massive impact and 
eventually flooded any low lying areas, filling 
craters that existed both before and after the 
massive Imbrium event. 
Other objects then cratered the solidified basalt, but 

their rays were since erased by space weathering over 
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Craters create chaotic scene
— Images and text provided by Howard Eskildsen

eons. Finally the youngest craters appeared from later 
impacts, and their rays are still splattered like graffiti 
across the landscape. As a final insult, the Davy chain 

pocked across the moonscape like a drive-by shooting, 
and the area now appears quite chaotic, but for some 
very good reasons. 
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the art of astronomy

Opposing streams of dust, gas and stars trail off from 
this chaotic tangle between two spiral galaxies — NGC 
4038 and NGC 4039 — in the Corvus Constellation. The 
pairing is one of the nearest and youngest examples 
of colliding galaxies, and their tumultuous crash will 
eventually end in the formation of one large elliptical 
galaxy. O’Neill took this mesmerizing image with an 
Astro Tech 10” RC astrograph. Exposure times were five 
600 second subs of LRGB.

Antennae Galaxies

Jellyfish Nebula

Astrophotographer: John O’Neill

IC 443, which is also known as the Jellyfish Nebula, is 
a supernova remnant that has two very different halves 
that exhibit different radii, structures and emissions. It 
is also likely home to a spinning neutron star, or pulsar. 
O’Neill captured this image with an Explore Scientific 
ED127-FCD100 Air-Spaced Triplet and an SBIG ST-10 
XME camera through narrow band filters of Ha, Oiii and 
Sii. Exposure times were five 600 second subs through 
each filter. Processing was done with CCD Stack and 
enhanced with Photoshop.

Rosette Nebula
 The enormous Rosette Nebula is a 

standout feature of the Monoceros 
Constellation and is home to the open 
cluster NGC 2244. O’Neill captured this 
image with an Explore Scientific ED127-
FCD100 Air-Spaced Triplet and an SBIG 
ST-10 XME camera through narrow band 
filters of Ha, Oiii and Sii. Exposure times 
were five 600 second subs through each 
filter. Processing was done with CCD 
Stack and enhanced with Photoshop.

Iris Nebula

the art of astronomy

Astrophotographer: John O’Neill

43Sky’s
Up

The Iris Nebula is a beautiful reflection 
nebula blooming in the Cepheus 
Constellation that is closely associated 
with the open star cluster NGC 7023. 
The nebula’s “petals” span about six light 
years. The image was taken with an Astro 
Tech 12” RC astrograph. Exposure times 
were five 600 second subs of LRGB.

https://www.youtube.com/watch?v=Zz6ve1zXjZI
https://www.youtube.com/watch?v=Zz6ve1zXjZI
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Astrophotographer: Jack B. Newton

Comet Catalina

NGC 2264

Comet Catalina, otherwise known as 
C/2013 US10, blazes across the night sky in 
this image that Newton captured using a 
14” Hyperstar at f/2 and a Canon 40D with 
an exposure time of 10 minutes. Originally 
misidentified as an asteroid, this stunning 
Oort Cloud comet was discovered on Oct. 
31, 2013, by the Catalina Sky Survey. After 
its brush with the Sun, the comet is likely on 
a trajectory that will take it out of our Solar 
System.

In this image, Newton showcases one 
of the Monoceros Constellation’s most 
outstanding features — NGC 2264. The 
diverse components of this celestial 
treasure include the star-rich Christmas 
Tree Cluster, the brilliant star system S 
Monocerotis and the Cone Nebula, which 
is 7 lights years long. It was taken with 
an Explore Scientific 6” apochromatic 
refractor, an SBIG STF-8300C camera and a 
total of 245 minutes of exposure time. 

44 Sky’s
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the art of astronomy

The bright, double-lobed Dumbbell Nebula shines in this 
image by Sibole. Easy to find with binoculars and amazing 
in a telescope, this resident of the Vulpecula Constellation 
was the first planetary nebula ever discovered. As an 
added bonus, the white dwarf that lies at the heart of the 
Dumbbell Nebula is larger than any other star of its kind. 
To get this image, Sibole used an Explore Scientific 102mm 
apochromatic refractor piggybacked on a 10” Meade LX200, 
a Starlight Xpress SXVF-H9 camera and a True Tech 8-position 
filter wheel.

M27 — Dumbbell Nebula

NGC 3628

Astrophotographer: Mark Sibole

NGC 3628, which is also known as the Hamburger Galaxy, 
is an edge-on unbarred spiral galaxy. It also is the faintest 
member of the Leo Triplet galaxy group, which also features 
the spiral galaxies Messier 65 and Messier 66. Sibole 
captured the image using an Explore Scientific 102mm 
apochromatic refractor piggybacked on a 10” Meade LX200, 
a Starlight Xpress SXVF-H9 camera and a True Tech 8-position 
filter wheel.



the art of astronomy

Astrophotographer: Chuck Kimball

46 Sky’s
Up

This tiled panoramic image by Kimball captures two worthy emission nebulae in the Cygnus Constellation. Located near the 
brilliant star Deneb, the North American Nebula (NGC 7000), left, and the Pelican Nebula (IC 5070) are separated by a dark lane. 
Equipment used to acquire this image includes an Explore Scientific ED80 f/6 with an ES field flattener, a Canon XT/350D DSLR 
modified by Hap Griffin and a custom saddle on a modified Meade LX200gpsR fork. Exposure times were 414 minutes for IC 5070 
plus 132 minutes for NGC 7000.

NGC 7000 
& IC 5070

NGC 6791
Kimball took this photo of 

open cluster NGC 6791 in 
the Lyra constellation using 
an Explore Scientific 208mm 
Newtonian with an ES coma 
corrector, a Canon XSi/450dH 
DSLR modified by Hutech and 
a custom saddle on a modified 
Meade LX200gps fork. The 
final image is a stack of 37 
five-minute exposures. Kimball 
said, “This cluster reminds me 
of Trumpler 5, but seems to be 
older, at least part of it is. It is 
another oddball, having stars 
of three different age groups: 
one group of white dwarfs at 
4 billion, another group at 6 
billion, and the ‘normal’ stars 
at 8 billion years. Most open 
clusters contain only similarly 
aged stars. I will watch this 
since it really challenges some 
core methods of aging stars. 
I like the possibility that the 
younger set may actually be 
doubles which would naturally 
appear brighter, and skew the 
results.”

What will you discover?
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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

Dates based on Mountain Standard Time

http://www.wil-tirion.com/
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“It has been said that astronomy is a humbling and character-building experience. There is perhaps no 
better demonstration of the folly of human conceits than this distant image of our tiny world. To me, 
it underscores our responsibility to deal more kindly with one another, and to preserve and cherish the 

pale blue dot, the only home we’ve ever known.”

COURTESY OF NASA/JPL
This narrow-angle color image of the Earth, dubbed ‘Pale Blue Dot’, is a part of the first ever ‘portrait’ of the solar system 
taken by Voyager 1. The spacecraft acquired a total of 60 frames for a mosaic of the solar system from a distance of more 
than 4 billion miles from Earth and about 32 degrees above the ecliptic. Earth lies right in the center of one of the scattered 
light rays resulting from taking the image so close to the sun. 

— Carl Sagan, Pale Blue Dot: A Vision of the Human Future in Space


