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Mars fever is heating 
up as opposition nears

As July comes to a close, the Red Planet will cozy up 
to our own Pale Blue Dot to reign in the night sky. 
Mars reaches opposition on July 27, putting it and 

the Sun on directly opposite sides of the Earth. 
Four days later, it will makes its closest approach to 
Earth since 2003. These circumstances mean — for 
the next few months— Mars will outshine Jupiter, 
which is usually the third brightest object in the 
evening sky. It also means it will be an ideal time to 
try your hand at viewing the Red Planet. 
In honor of the big year Mars is having, we 

have devoted most of this issue to our intriguing 
neighbor.  
Inside, you will find columns exploring 

humanity’s fascination with Mars and our efforts 
to understand it; observing activities and advice 

to maximize your opposition experience; and a 
gallery of some of the stunning images the Mars 
Reconnaissance Orbiter has been collecting since 
its arrival in 2006. 
In addition, our recurring 10 Questions feature 

spotlights Ansley Barnard, who recently wrapped 
up an eight-month stint as the engineering officer 
for Mission V of HI-SEAS — an analog project that 
will likely play a crucial role in eventually launching 
a crewed mission to Mars. 
Mars has dominated this issue just like it will 

dominate the night sky as it makes its move in late 
July. We encourage you to learn more about the 
Red Planet and take some time to observe it in all 
of its burnt-orange glory. 
Clear skies!  

COURTESY OF David Crisp and the Hubble Telescope’s WFPC2 Science Team (JPL/Caltech)
These images of Mars were taken by the Hubble Telescopes Wide Field Planetary Camera-2 on March 10, 1997, just before Mars opposition, when the 
red planet made one of its closest to the Earth (about 60 million miles or 100 million km). The pictures were taken during three HST orbits that were 
separated by about six hours. This timing was chosen so that Mars, with its 24-hour 39-minute day, would rotate about 90 degrees between orbits. 
This imaging sequence therefore covers most of the Martian surface.

http://www.astronomyoutreach.net
https://explorescientificusa.com/
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Have you ever taken a voyage 
through time? Have you had a chance 
to visit an earlier time and place? I 
hope that you will have the chance 
someday to visit Chichen Itza. This 
issue of Sky’s Up is about Mars — a 
planet of wonder and mystery. And 
in this article, I want to provide some 
insight about how an ancient culture 
from more than a thousand years ago 
observed Mars.
We arrived at the city of Chichen Itza 

on the afternoon of Feb. 16, 2018. 
The site was jammed with tourists and 
people wanting to sell crazy souvenirs, but none of 
that took away from the idea that here was a visit to a 
distant and all-but-forgotten time.
The observatory, El Caracol, was not visible from 

the front entrance. But when we walked down a trail 
through shrubbery, we encountered it — the largest 
structure in all of Chichen Itza. Larger in area than 
the two pyramids, larger in area even than the sports 
stadium, El Caracol faces the sky with the questions, 
answers and ideas of a great civilization.
All of this brings us to the theme of this issue of 

Sky’s Up — the planet Mars. The planet has an 
extraordinary history, but what many readers might 
not be aware of is how far back humanity’s fascination 
with the planet goes. That story goes back at least 
as far as the Mayan civilization. More than 1,300 
years ago, men, women and children were looking 
at the sky from there. They were asking questions 
like we do and wondering. If these people from long 
ago lived at Chichen Itza then they knew about an 
observatory building there. Although we know that 
this observatory specialized in Venus, it also was set 
up to study Mars. 
El Caracol was built no later than 900 AD, more than 

1,100 years ago, and long before that the people were 
looking at the sky. The observatory provided a way 
for the Mayan people to observe changes in the sky. 
By climbing the steps and looking through viewing 
portals, observers could view the sky above the dense 
local vegetation.
Mayan astronomers were excellent record keepers. 

Their records were necessary to develop and to perfect 
their solar calendar, which consisted of 360 days 
plus five extra days set aside for celebrations. But I 
imagine an additional reason for their records. These 
Mayan astronomers believed that writing things down 

by David
Levy

A David 
Levy Sky

Mayans kept a close eye on Mars

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. 

added permanence to what they were seeing. If they 
didn’t write things down, they hadn’t completed their 
observations. 
Sometimes their records were fortunate enough to 

form part of the Mayan official codices that charted 
the positions of the planets — including Mars. The 
Mayans learned how Mars orbited on a period of 
about 780 days, or more than two Earth years. The 
Mayan culture knew about these cycles and paid 
close attention to them. If they didn’t, then our own 
civilization would have a far more limited knowledge 
of the motions of the planets and we would probably 
not be able to send spacecraft to them. Instead, we 
have several spacecraft still roving about Mars right 
now, finding out things about which we never could 
have imagined.
One thing the Mayans calculated was the synodic 

period of Mars. It is defined as the time required for 
Mars to return to about the same location in the sky 
relative to the Sun as seen by an observer on the Earth. 
It involves the time needed for the Earth to overtake 
Mars as both go around the Sun. Mars’s synodic 
period, we now know, is 686.98 days. The Dresden 
codex, one of the central headquarters of Mayan 
records, shows a Mars table of 702-day intervals that 

is close to their understanding of the motions of Mars. 
The Mayans might have enjoyed this issue of Sky’s 

Up, with all the information about Mars itself that 
they had no access to. They were interested in Mars’s 
changing positions in the sky, and not in its physical 
appearance. They couldn’t be, because all they could 
see was a bright point in the sky, a light that moved 
among the stars over time. The reason they could 
never really see Mars is that they had no telescope. 
But they did keep incredibly good records on where 
Mars was in the sky at any given time. Because of 
that, we now enjoy seeing Mars close-up, either with 
a telescope from our back yards or using a camera 
attached to a spacecraft that sits directly on the 
planet’s surface.
In this issue of Sky’s Up you will get a sense 

of what we now know about Mars, from the 
understanding passed on to us by the ancient Mayan 
astronomers at their El Caracol observatory all the 
way to the latest images of a rock sitting in the 
Martian Sun. This issue shows that despite all we 
have learned over the eons, in important ways we 
haven’t changed much. Mars is still there. It is still 
mysterious and, more than ever, it beckons our 
curiosity and our wonder.

The largest structure 
at Chichen Itza is El 
Castillo, the major
pyramid.

COURTESY OF David Levy
The El Caracol observatory in Chichen Itza looks like its dome could house a telescope, but it just provided a space for viewing ports. 

COURTESY OF David Levy



 Although it rides the celestial 
equator like all of the Zodiac 
constellations, the often-overlooked 
Ophiuchus is actually a member of 
the Hercules family of constellations. 
Visible from 80° north to 80° south, 
Ophiuchus covers a 948 square degree 
area filled with a plethora of stellar 
and deep sky offerings that make it 
a perfect target for a long night of 
stargazing. 
Far from the Serpent Bearer’s 

brightest, Barnard’s Star is one of its 
most well known residents. One of 
the fastest-moving stars in the sky, 
this red dwarf flare star, which has 
an apparent magnitude of 9.54, is the 
fourth closest known individual star to 
our Sun. 
Ophiuchus’ brightest star is 

Rasalhague, which has an apparent 
magnitude of 2.07. This binary 
system consists of a white giant star 
and an orange main sequence dwarf. 
A few other options include Sabik, 
a challenging-to-resolve binary of 
two white dwarfs with an apparent 
magnitude of 2.43; Zeta Ophiuchi, 
a blue variable star; Delta Ophiuchi, 
a red giant that forms a naked eye 
double with the yellow giant Epsilon 
Ophiuchi; Beta Ophiuchi, an orange 
giant; Theta Ophiuchi, a multi-star 
system with a spectroscopic binary; 
and 70 Ophiuchi, a binary system with 
two orange dwarf stars. 
Although it is a star no longer, 

Kepler’s Supernova remnant is 
another notable inhabitant of the 
Ophiuchus Constellation. The 
supernova was originally observed in 
1604 and was the brightest object in 
the sky besides the Moon for weeks. 
The constellation’s abundance of 

star offerings can easily fill a night 
of observing, but Ophiuchus also has 
a bounty of deep sky beauties that 
demand their chance in the eyepiece. 

One of the most striking might be the 
Dark Horse Nebula, a dark nebula 
that obscures part of the Milky Way’s 
upper central bulge. Appearing as a 
silhouette of a horse, this large dark 
nebula is actually a combination of 
smaller dark nebulae, including the 
Pipe Nebula and the Snake Nebula, 
which has a distinct S-shape. 
In terms of clusters, some of the 

standouts are Messier 10 and the 
less-concentrated Messier 12, a pair 
of brilliant globular clusters that lie 
close to each other and are similarly 
sized; Messier 19, a very dense oblate 
globular cluster; IC 4665, a scattered 
open cluster with about 30 stars that 
might be visible to the naked eye 

under a very dark sky; and NGC 6633, 
an open cluster that is nearly as large 
as the full Moon and has an apparent 
magnitude of 4.6. 
Other deep sky treasures include 

NGC 6572, a planetary nebula that 
looks like a colored star at low 
magnification and can appear blue to 
some and green to others; the Little 
Ghost Nebula, a planetary nebula 
with an apparent magnitude of 12.9 
and a distinct ring around the white 
dwarf at its center; NGC 6240, a faint 
ultraluminous infrared galaxy with 
two distinct nuclei and an irregular 
structure; and the Rho Ophiuchi Cloud 
Complex, a close star-forming region 
that is riddled with very young stars.
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Ophiuchus is full of stunning sights

COURTESY OF NASA, JPL-Caltech, WISE Team
Dust clouds and embedded newborn stars glow at infrared wavelengths in this tantalizing false-
color composition from WISE (Wide-field Infrared Survey Explorer) of the Rho Ophiuchi Cloud 
Complex. This view from WISE spans almost 2 degrees and covers about 14 light-years at the 
estimated distance of the Rho Ophiuchi cloud.

July 28-29 – Delta Aquarid Meteor Shower 
Peaks

With the Delta Aquarids set to peak on 
July 28/29 and the legendary Perseids on 
the horizon, meteor shower enthusiasts 
should be actively scouting out their 
favorite dark patch of sky. Although the 
Delta Aquarid shower usually produces 
15-20 meteors per hour at its peak, the 
nearly Full Moon will obscure all but the 
brightest. With a radiant point in the 
Aquarius Constellation, the Delta Aquarids 
begin their annual amble across the sky in 
mid-July, bloom in late-July and fade out in 
the third week of August.

Aug. 12-13 – Perseid Meteor 
Shower Peaks

A sliver of Moon will present no 
interference as the always-anticipated 
Perseid meteor shower peaks around 
August 12/13. During its peak, the meteor 
shower has been known to produce 
80-100 meteors per hour, and many 
of these display impressive persistent 
trains. Caused by the Earth’s passage 
through debris left behind by Comet 
Swift-Tuttle, the annual Perseids appear 
to radiate from the Perseus constellation. 
However, observers should actually look 
at a dark patch of sky about 90 degrees 
away from the radiant point to see the 
most meteors. The shower does favor 
northern hemisphere viewers and occurs 
in the perfect season for a long night of 
languishing under the stars.

Aug. 17 — Venus at Greatest
Eastern Elongation

As the third brightest object in the sky, 
Venus is consistently an inspiring celestial 
target for both casual and avid sky 
watchers. But on Aug. 17, the brilliance 
of Venus will be even more pronounced 
as the planet reaches its greatest eastern 
elongation or its furthest point to the 
east of the Sun. Although visible to the 
naked eye, a small telescope will further 
define Venus, which will lie in the Virgo 
constellation in the western sky right after 
sunset.

Sept. 7 — Neptune at Opposition
The fact that Neptune was first found 

by mathematical prediction rather than 
actual observation reveals how elusive our 
planetary sibling can be. On Sept. 7, the 
blue-hued Neptune will reach opposition, 

what’s up in the sky 

Don’t miss the Summer Triangle
Northern Hemisphere observers 

would be remiss if they did not check 
out the Summer Triangle currently 
reigning in the night sky. The popular 
asterism is, as its name suggests, 
a simple triangle formed by three 
brilliant stars – Vega, Altair and Deneb. 
A resident of the Lyra Constellation and 
easy to find in the eastern sky, Vega is a 
blue-white beauty that is the brightest 
in the trio and the fifth brightest star 
in the sky. A member of the Cygnus 
Constellation, Deneb lies to the lower 
left of Vega. Although the blue-white 
supergiant is the least bright member 
of the asterism, it is actually the most 
luminous. Its distance is what gives it 
its third place ranking. To the lower 
right of Vega, you can find the fast-
rotating Altair, an oblate spheroid 
that is the brightest star in the Aquila 
Constellation. 
Although they are worthy sights, 

these three stars are not the only 
reasons to check out the Summer 
Triangle. Another notable stellar 
offering is the amazing double star 
Albireo that awaits in the middle of 
the triangle. When viewed through a 
telescope, this point of light becomes 
a wonderful contrasting pair made up 
of a blazing golden yellow star and a 
subtle blue star. 
Deep sky favorites lurking in 

the neighborhood include the 
appropriately named Ring Nebula 
(M57), which blooms around a bluish 
dwarf, and the hourglass-shaped 
Dumbbell Nebula (M27), which 
was the first planetary nebula ever 
discovered. In addition to all of these 
treats, a grander sight will be revealed 
under a dark sky when you see the 
dusty, glowing Milky Way cutting a 
stunning swath through the midst of 
the Summer Triangle.

COURTESY OF ESA/Hubble/A. Fujii
This wide field image taken with a ground-based telescope showcases the Summer Triangle 
asterism, which is composed of the three bright stars Vega (top left), Altair (lower middle) 
and Deneb (far left). 

which means it will sit directly opposite 
of the Sun when viewed from our planet. 
Around the same time, it also will be 
making its closest passage to Earth. These 
circumstances translate to an excellent 
observing opportunity. Located in the 
Aquarius constellation, Neptune will be 

highest in the sky at midnight local time 
and will have an apparent visual magnitude 
of 7.8. Although it is the fourth largest 
planet in our solar system, Neptune is not a 
naked eye object. To see it as more than a 
brilliant point of light, you will need to use 
at a large-size telescope.



Few, if any, discoveries 
would be more consequential 
than finding extraterrestrial 
beings, right? Evidence for 
aliens would shake up the 
world.
Well, consider this: every 

day an average of 30 
Americans say that they have 
that evidence. They’re not 
SETI researchers, nor are 
they men-in-black submitting 
their daily incident reports to 

some covert federal agency. They’re 
merely members of the public who 
think that they’ve seen something 
in the sky that’s more than passing 
strange: a UFO.
Still, the world is not shaken up.
The reason is simple. The hard 

evidence for visitation is missing 
and the anecdotal evidence is 
as unimpressive as a $40 suit. 
Every day I get phone calls and 
emails from people who have 
seen something odd above their 
heads – something they believe is 
immensely important because, don’t 
you know, it’s compelling evidence 
for E.T. My computer disk is replete 
with videos sent to me that show 
peculiar spots of light flitting around 

the sky like bacchanalian fireflies. The spots 
often seem to pulsate in size and sometimes 
have strange markings.
My guess is that the majority of these UFO 

videos are shot with cell phones aimed at 
airplanes or perhaps an iridium satellite. The 
autofocus feature on these devices is easily 
confused by a small, bright object against a 
dark background, and “hunts” around trying 
to sharpen the shot. This, of course, causes 
the light to grow and shrink, and the spot 
often exhibits the kind of diffraction pattern 

you last saw in high school physics. 
Unfortunately, many of the people who 

send me these videos have forgotten high 
school physics. They mistakenly interpret 
these patterns as structure on the alien 
spacecraft. The wild movement of the spots 
is simply the inevitable consequence of 
hand-holding the phone.
Of course, such prosaic explanations 

seldom satisfy those who’ve made the 
videos. Additionally, the recent revelation 
that the Pentagon spent five years (and $22 
million) investigating anomalous aerial 
phenomena has strengthened the belief that 
Earth has extraterrestrial houseguests. UFO 
proponents argue that the best evidence is 
still being kept under wraps by government 
drones concerned that the citizenry will go 
gaga if Washington reveals what it knows.
That’s conspiracy theory, but there’s more 

to this story and it involves the work of 
amateur astronomers. In 1997, a set of lights 
seen falling from the sky were observed 
over Phoenix, Ariz., together with some 
mysterious high-altitude craft. This incident 
was atypical because there were hordes of 
witnesses. The Phoenix Lights were quickly 
inducted into the pantheon of credible UFO 
stories.
The military insists that the lights were 

flares being dropped behind the Sierra 
Estrella mountain range by planes from 
Luke Air Force Base, west of Phoenix. 
Fair enough. But explanations for the high-
altitude craft were less straightforward. 
Maybe they were alien spaceships? 
It turns out that a 20-year old amateur 

astronomer, Mitch Stanley, spotted them 
with his 10-inch Dobsonian reflector and 
claimed they were unmistakably “planes”. 
The local population didn’t believe him. 

But let’s face it: the public is hardly expert 
at interpreting what they see in the night sky. 
Amateur astronomers, on the other hand, 

by Seth 
Shostak

Looking 
For ET

Amateur astronomy and alien visitors

If you do the 
math, you’ll 
realize that 

amateurs are 
collectively 

peering through 
an area 

equivalent to the 
entire celestial 

canopy ten times 
a day! Since the 

first modern UFO 
sightings in the 
1940s, all those 
hobbyists have 
done this more 

than 200,000 
times.
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are. So, can this hobby say anything useful about 
alien visitors?
A simple calculation may help with the answer. 

We first ask how many amateurs exist world-
wide who haul their ‘scopes outdoors on clear 
nights. No one seems to have an accurate count, 
but estimates vary from hundreds of thousands 
to a million or more. Let’s assume 500,000, and 
that half of them spend one hour per week with 
their telescope. One hour per week! Now no 
matter what their observational interest, most of 
that time is spent with the ‘scope tracking the 
sky – either with a motorized system or by hand. 
The typical telescope-and-eyepiece combination 
produces a field of view of approximately one 
square degree, so roughly speaking each amateur 
looks at about ten square degrees per week. 
Conservatively.
It doesn’t really matter that, in an extreme 

case, they might all be looking at Jupiter or the 
Andromeda Galaxy. The amateurs are spread 
around the planet, so each of them is peering 
through a different part of Earth’s airspace. That’s 
important, because the UFOs won’t have fixed 

equatorial coordinates. 
If you do the math, you’ll realize that amateurs 

are collectively peering through an area equivalent 
to the entire celestial canopy ten times a day! 
Since the first modern UFO sightings in the 1940s, 
all those hobbyists have done this more than 
200,000 times.
Sure, they’re not looking at the skies over the 

oceans or the poles. Amateurs are in places 
inhabited by people. But those are the same 
locales from which those 30 daily sightings are 
made.
Bottom line: If strange craft fly the night skies 

of Earth, they should be seen, not just by the 
populace wielding their cell phones, but many 
times a week by amateurs. 
Apparently, they’re not. 
You may believe that the government won’t come 

clean about saucer-sailing aliens. But I think you 
can trust the amateurs behind the eyepieces. 

o o o
Dr. Seth Shostak is the senior astronomer and 

director of the Center for SETI Research at the 
SETI Institute.
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By DR. MIKE REYNOLDS
Guest Contributor

This summer we are in for an astronomical 
treat: the red planet Mars will be fairly close to 
Earth. This is called an opposition, which in this 
case Mars is on one side of Earth and the Sun on the 
other; opposite of each other. Oppositions of Mars 

occur about every 26 months.
Mars is a favorite of many amateur 

and professional astronomers. 
Because of its proximity to the 
Sun, surface features, clouds which 
occasionally are seen to form and 
polar caps, a number of 19th and 
20th century astronomers thought 
Mars harbored life — perhaps even 
intelligent beings. Some observed 
what they thought were Martian-built 
canals and oases. 
Astronomers realized that the 

planet was barren with the Mariner 
4 spacecraft fly-by of Mars in July 
1965. Yet Mars seems to be a good 
place for at least microbial life, 
and there are some hints found by 
Martian landers, rovers and orbiters 
that Mars had flowing water on its 

surface at one time and might still have some sort of 
underground water.
The orbits of Earth and Mars are not perfect 

circles. Add to that these orbits do not stay the 
same distance apart. So some Martian oppositions 

are better than others. Sometimes the Earth-Mars 
distance is such that Mars is not very impressive in 
small telescopes. But when oppositions of Mars are 
close, the Red Planet can be quite spectacular. And 
this Mars opposition is a REALLY good one! Mars 
will be about 35,785,537 miles from Earth. This 
close approach also means that the Red Planet will 
be very bright.
Mars sports two diminutive moons: Phobos 

and Deimos. Both were discovered by American 
Astronomer Asaph Hall at the United State Naval 
Observatory in 1877. Phobos means fear or panic 
and Deimos terror or dread. Both moons are not 
even close to being spheres in shape. Phobos at its 
largest is about 13.8 miles in diameter, and Deimos 
is about 7.8 miles in diameter.
The best opposition of Mars in the last 60,000 

years (yes, you read that right!) occurred in 2003. 
We were only 34,646,418 miles away from Mars. 
That very close opposition will not be repeated until 
2287.
You might see some text messages, Facebook 

posts, emails or other social media which state Mars 
will be so close to Earth this summer that it will 
look as large as the moon! Don’t believe it. This 
same message circulated during the 2003 Mars 
opposition, and a number of people believed the 
story. Think about what it would mean for Mars 

to look as large as the Moon as seen by Earth… Mars 
would have to be a lot closer for it to look that big. The 
Moon’s average distance is some 238,900 miles. For 
Mars to look that big, the Red Planet would be about 
500,000 miles away. For this to be true, some scenarios 
would mean that Mars is orbiting Earth, has a new orbit 
much closer to the Sun or is no longer in its orbit and is 
moving through the Solar System. The chances for an 
Earth-Mars collision in this case? Well, let’s not think 
about that one – for now!
Mars will be in opposition July 27 with closest 

approach to Earth on July 31. But do not – and you 
should not – wait until July 27 to begin observing 
Mars. First, look at the vivid color. Even though Mars 
is called The Red Planet, it is more of an orange-brown 
to me. Some have referred to the color as butterscotch. 
However The Butterscotch Planet just does not sound 
right to me.
I remember my first telescope view of Mars when 

I was 11 years old in March 1965. It was not a great 
opposition – and my small telescope wasn’t very good 
either. In fact my first telescope was awful! Mars looked 
like a fuzzy orange-brown disk through my telescope. 
But I could see the color, and could tell it was not a star.
This summer even small telescopes will show the 

Martian disk. Start with low magnification or power 
with your telescope. Make sure you have a good focus, 
that Mars appears the sharpest possible. I will often 
first focus on a star or the Moon to make certain I have 
the best focus possible. Now look at Mars – not just a 
sudden peak; really look at it! You will get instances 
of clear air which will give you momentary wonderful 
views of our neighbor.
The best view of Mars that you will have is when the 

planet is higher in your sky. When Mars is close to the 
horizon, you are looking through thicker air. If you live 
in a city and are surrounded by houses and building, 
heat off of these structures will also interfere with your 
best views of Mars or for that matter any object.
Go to a higher-magnification eyepiece. Again, check 

your focus first. Again, look at Mars. Are you seeing 
any surface features? Are the polar caps visible? These 
white features always seem to stand out first for me. 
You cannot miss the Martian polar caps. In our Solar 
System, two planets have this polar cap characteristic: 
Mars and Earth. The Martian polar caps change shape 
as Mars goes through its season changes. And the 
Martian polar caps are made of frozen carbon dioxide 
(CO2) with underlying water ices. You might have 
seen frozen carbon dioxide. We often call it dry ice; it 

has a temperature of -109.3° F. Dry ice is very cold; 
you should never hold or even touch it without using 
specific equipment and adult supervision.
Beyond the polar caps you might be able to glimpse 

other Martian features. You should consult one of the 
online Mars maps; that will help to make your Mars 
exploration more meaningful if you can resolve some 
of these features. As you spend some time at your 
telescope’s eyepiece, you might note another Martian 
characteristic: it rotates on its axis, like Earth and the 
other planets in our Solar System. What is interesting 
here – and was also alluring to those astronomers of the 
19th and 20th century – is that the length of the Martian 
day is similar to that of Earth: about 24 hours and 37 
minutes compared to Earth’s 23 hours and 56 minutes.
Know that seeing many of the Martian surface features 

can be challenging, yet the rewards are well worth the 
time you invest. Again, do not take a quick glance; 
really study Mars. 
So this summer get out and look up at Mars! The more 

you look, the more you will see. And know how special 
this Mars opposition is; the next opportunity to view 
Mars this close to Earth is September 2035. That is, 
unless you are one of the first astronauts to visit Mars…

o o o

In addition to being a longtime STEM advocate, Dr. 
Mike Reynolds is a dean and professor of astronomy and 
physics at Florida State College and a recognized expert on 
meteoritics. He participated in NASA’s Teachers in Space 
Program and has served as executive director of the Chabot 
Space & Science Center. 

Sometimes the 
Earth-Mars 

distance is such 
that Mars is not 
very impressive 

in small 
telescopes. But 

when oppositions 
of Mars are 

close, the Red 
Planet can be 

quite spectacular. 
And this Mars 
opposition is a 

REALLY good 
one! Mars will be 
about 35,785,537 
miles from Earth. 

Get your telescopes 
ready for a big show

Mars 
attacks!

COURTE
SY

 O
F N

AS
A

This mosaic of Mars’ Valles 
Marineris hemisphere 

is composed of 
102 Viking 

Orbiter 
images.

Want to know more? 
For more about Mars, Dr. Reynolds suggests visiting this links: 

NASA
https://mars.nasa.gov/allaboutmars/

facts/#?c=inspace&s=distance
https://mars.nasa.gov/allaboutmars/nightsky/

opposition/
https://spaceplace.nasa.gov/all-about-mars/en/
https://solarsystem.nasa.gov/planets/mars/overview/

Association of Lunar and Planetary Observers
http://www.alpo-astronomy.org/
http://www.alpo-astronomy.org/jbeish/2018_MARS.htm

Google Maps
https://www.google.com/maps/space/mars/@0,-

81.482819,22963938m/data=!3m1!1e3
Space.com

https://www.space.com/47-mars-the-red-planet-fourth-
planet-from-the-sun.html
https://www.space.com/16871-how-big-is-mars.html

https://mars.nasa.gov/allaboutmars/facts/#?c=inspace&s=distance
https://mars.nasa.gov/allaboutmars/facts/#?c=inspace&s=distance
https://mars.nasa.gov/allaboutmars/nightsky/opposition/
https://mars.nasa.gov/allaboutmars/nightsky/opposition/
https://spaceplace.nasa.gov/all-about-mars/en/
https://solarsystem.nasa.gov/planets/mars/overview/
http://www.alpo-astronomy.org/
http://alpo-astronomy.org/
http://www.alpo-astronomy.org/jbeish/2018_MARS.htm
https://www.google.com/maps/space/mars/@0,-81.482819,22963938m/data=!3m1!1e3
https://www.google.com/maps/space/mars/@0,-81.482819,22963938m/data=!3m1!1e3
https://www.space.com/47-mars-the-red-planet-fourth-planet-from-the-sun.html
https://www.space.com/47-mars-the-red-planet-fourth-planet-from-the-sun.html
https://www.space.com/16871-how-big-is-mars.html
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In this recurring feature, 
Sky’s Up gives students 
the opportunity to ask 

10 Questions to leading 
astronomers, space 

explorers, scientists and 
cosmologists. 

o o o
The questions for 

this installment were 
submitted by students

 at Bellaire High School in 
Bellaire, Texas.

?s10 1 What inspired you to pursue this project, and how did you get 
selected to go on this mission? 
During my bachelor’s degree in engineering, I learned a little about analog missions and knew that 

I wanted to participate in one. I always feel most satisfied when I’m training for a goal and improving 
myself in some way. I regularly challenge myself to try things like using less water or making less 
garbage, just to see if I can. I also hope to visit space someday and wanted to prove to myself that I 
had what it takes to complete a similar mission. HI-SEAS accepts applications online periodically. The 
selection process itself is currently being researched, but I can say that it’s important to have some 
diversity and also some complimentary personal preferences with the rest of the crew.

COURTESY OF 
Ansley Barnard

Close encounter Extended simulation gives engineer insight 
into challenges of crewed mission to Mars

At 13 years old, Ansley Barnard watched a tragedy unfold as 
the Space Shuttle Columbia disintegrated during its re-entry on 
February 1, 2003, killing all seven astronauts aboard. 

“Rather than feeling frightened, I started to wonder what was 
worth these folks risking their lives to learn,” Barnard recalls. 
“Shortly after, I told my dad I wanted to be an astronaut, and 
apparently confided in him my worry that my mom wouldn’t let 
me go into space, but he helped me research the requirements 
anyway and set me on a path to study aerospace engineering in 
college.”

In 2012, Barnard graduated from the University of Washington 
with a bachelor’s degree in aeronautical and astronautical 
engineering and an impressive resume that already featured 
posts at NASA. 

Although she has not yet made it into space, Barnard recently 
wrapped up an eight-month stint as the engineering officer for 
Mission V of HI-SEAS — an analog project that will likely play a 
crucial role in eventually launching a crewed mission to Mars. 

Operated by the University of Hawai’I at Mánoa and funded 
by NASA, the HI-SEAS program involves installing crews for 
extended duration Mars mission simulations in an isolated 
habitat positioned on a desolate slope of the Mauna Loa volcano 
in Hawaii. The purpose of the missions is to study crew dynamics 
and behaviors while researching some of the critical challenges 

that will be encountered during an extended mission to Mars. 
The geodesic habitat has a ground floor with 878 square feet of 

usable space that incorporates a kitchen, dining area, common 
workspace, exercise area, a lab and a bathroom with a shower. 
It also includes a loft of just over 400 square feet that houses six 
separate sleeping chambers and a half bath. During her mission, 
which ran from January to September in 2017, Barnard shared 
the compact space with five other crewmembers. 

“I learned so much from my crew mates about facing conflict 
in healthier ways and finding joy in a simple life,” Barnard said. 
“Since my return, I’ve found myself peeling away from social 
media and constant electronic companionship. HI-SEAS was a sort 
of social detox. I’m more focused on treating my body well with 
exercise, hydration and sleep – these simple things make a huge 
difference in stress tolerance and overall comfort.”

Since emerging from the habitat, Barnard has been working 
on publishing a paper based on her research during the mission 
while channeling the “collaborative and experimental” experience 
of HI-SEAS into rediscovering her passion for the arts and creative 
hobbies. While she still hopes to make it into space one day, for 
now, she is enjoying “reconnecting with her Earthly life.”

In this installment of 10 Questions, Barnard discusses the impact 
of the HI-SEAS project and the challenges of living and working in 
an isolated habitat. 

2 How were you able to create a realistic Martian environment in a 
habitat on Earth? Were you able to simulate Mars having a weaker 
gravitational constant? What were the main differences in the HI-
SEAS experience as opposed to an actual mission to Mars?
Realism is a tricky concept in an analog mission because we never will, and in many cases do not 

need, to get everything the same as Mars. We aren’t able to simulate Martian gravity at HI-SEAS, 
neither do we ever forget that the air outside the habitat is breathable. Since we largely focus on 
the psychological and emotional challenges facing astronauts in isolation, we can accept limitations 
on the unrelated physical conditions. My mission focused on how astronaut crews are selected to 
be successful in isolation for a long time. So it was most important that the habitat was remotely 
located in a desolate environment and there was no direct interaction with people outside the crew. 
There were 20-minute communication delays to simulate the journey a message takes between 
Earth to Mars.

Left, Ansley 
Barnard 
served as 
engineering 
officer for 
HI-SEAS 
Mission V 
from January 
to September 
in 2017. 
Opposite 
page, Barnard 
sits in an EVA 
suit near the 
solar panels 
that power 
the habitat. 
To stay true to 
the simulation 
experience, 
crew members 
had to wear 
EVA suits any 
time that 
they ventured 
outside of the 
dome. 

COURTESY OF Ansley Barnard
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4 What sorts of experiments did you conduct? What was involved in 
performing those experiments, and can you share any results?
All the crew members in HI-SEAS are both researchers and research subjects. We’ve conducted 

studies on many things like plant growth, 3D printing and synthetic biology. We were the subject 
of several studies on crew psychology, operations and scheduling. I conducted a study on how we 
prioritize resources in the mission, and I used optimization software to figure out our overnight 
minimum power limits. I also studied how my crew mates, a diverse group with different desires and 
needs, assign importance to things for our limited power budget. I found out that running calculations 
can be easy, but trying to find a solution that supports everyone’s needs is tricky. Most of the main 
research will be published in a few years because the researchers need mission replicates to confirm 
their findings.

3 How much of the equipment that you utilized in HI-SEAS is 
equipment that can be used for actual missions to Mars?
Our mission had a Veggie system for plant growth, a version of which is currently on ISS. We also 

worked on research tasks dealing with virtual reality and conflict management that astronauts 
may utilize in the future. The habitat has a biology lab, but it doesn’t have all the equipment you’d 
expect. Much of that is too heavy to fly to Mars, so learning to do without the equipment is in many 
ways more realistic for the analog. The habitat also has a lot of equipment that isn’t intended to go 
to into space, but might have a microgravity or space grade counterpart, like a shower, 3D printer, 
solar panels and a treadmill.

8 How is this mission preparing people to go to Mars? What is the 
most important skill needed to survive on Mars?
Directly, my mission is helping us learn how to compose a crew of people that will thrive despite 

the massive difficulties of isolation and long mission duration. We’re also supporting research on the 
ways we gather information from astronauts. A body sensor or journaling exercise might tell us more 
than a questionnaire about someone’s emotional health and be less invasive, too. I believe empathy 
and adaptability were the critical skills to thriving at HI-SEAS and would be in any mission. We will 
never know exactly the conditions we’ll face on Mars before we get there, so working well with your 
flight and ground crews through the unknown will be essential.

5 In the simulation, and potentially on Mars itself, what techniques of 
food production would be most efficient? What limitations were 
there on what you could grow in HI-SEAS?
Efficiency always has trade-offs. Is minimizing mass and volume most important? Or using little 

water? It’s hard to say what will be best for a Martian mission. For my crew, plant growth was both an 
experiment and a hobby; efficiency wasn’t always the aim. We had a range of methods from detailed 
trials in the Veggie system where the mass of water, soil and plants were tracked to traditional potting 
under growth lights. We were able to grow great food like lettuce, cabbage, beans, peas and herbs, 
but it was only enough to supplement our shelf-stable diet. We were limited on growth time since our 
plants were started from seed and we didn’t have much space available; we grew plants wherever we 
could fit them and find light for them, usually under the stairs or in a storage area.

6 What was the hardest task you had to complete during you mission, 
and what was the hardest part of being isolated from the rest of the 
world for so long?
The most difficult group tasks were our geology research projects. We had many throughout the 

mission and it’s difficult to coordinate six people for field work, data analysis and report writing. It was 
often extremely physically demanding -- we had to hike out to geology features to record information 
and were stumbling in bulky EVA suits over sharp a’a lava flows for several hours in hot sun. It’s also 
tough to research new topics without direct access to the internet or libraries. Most things are really 
time consuming if you have to make a request over the delayed communications network, and that 
quickly becomes frustrating. On a personal level, being away from my fiancé during the mission was 
the most difficult, and we had to deal with the same communication limits.

7 How did you cope with boredom while “living on Mars”? What did 
you do for recreation? What foods did you miss?
When you work where you live, there often isn’t enough time to be bored! My best days were when I 

had a mix of exercise, quiet down time and social time with my crew. I tried to do many different things 
to fight the lack of stimulus in the habitat. I read (often the Discworld series), sang, learned ukulele, 
practiced French, cooked, practiced photography and kept a blog. I missed fresh produce the most. I 
remember our first harvest of cherry tomatoes; I ate ¼ of a tiny tomato and my mouth felt like it was in 
heaven.

COURTESY OF Ansley Barnard
Barnard works on a test for EVA suit fans during the mission. Battery life on an EVA suit is limited, and ventilation affected how long the crew 
members could be working outside of the habitat in their EVA suits.
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9 Did all go according to plan? 
If not, what went wrong? Also, 
what are some disadvantages of 
the HI-SEAS project?
The most unpleasant breakdown for me was 

when one of our composting toilets started 
failing near the end of the mission. The waste 
normally sits in a barrel with a fan providing 
ventilation through the waste and directly 
outside. But when the fan motor began failing, 
the waste wasn’t well ventilated and it got too 
damp, turning a happy composting process 
into a stinky rotting mess. So we all shared the 
remaining toilet for the rest of the mission, 
and the broken toilet was shut off and cleaned 
by hand. Actually, even when the toilets are 
operating well, they have to be regularly 
cleaned by hand. Team building exercises pale 
in comparison to the crew bond created by 
scooping out each other’s waste each week. 
Don’t let anyone tell you space research isn’t 
glamorous. 

10 If you were given the opportunity to take a ONE-WAY trip 
to Mars, would you take it? When do you think an actual Mars 
mission will take place?
Under current conditions, my instinct is to say no. I can’t yet imagine a life on Mars that would 

satisfy me indefinitely. I hope to see a manned mission to Mars in my lifetime, and wouldn’t be 
surprised by one. But we have a number of flight critical issues left to solve before sending people to 
the surface is truly feasible, including radiation protection and astronaut health during transit – those 
are likely to take some time. With greater research focus and funding, I could imagine a manned 
mission sometime in the next couple decades, but it’s hard to be more certain than that.

COURTESY OF Ansley Barnard
Above, Barnard passed some of the time during the eight-month 
isolation singing and learning to play the ukulele. She practiced in the 
shop and storage area because it was the most sound isolated part of 
the small habitat. Below, the HI-SEAS habitat is located in a Mars-like 
setting on the slope of the Mauna Loa volcano in Hawaii. 

COURTESY OF Ansley Barnard

https://explorescientificusa.com/collections/national-geographic
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By STEPHEN EDBERG
Skywatch Observatory

La Cañada and Lockwood Valley, Calif.
Guest Contributor

This is going to be a big year for 
Mars. Besides the continuation of 
interesting science from several 
orbiters and two rovers, the InSight 
lander launched to Mars on May 
5 on a mission to increase our 
understanding of the planet’s interior. 
But space-based exploration efforts 
are not the only thing putting Mars 
in the spotlight in 2018. At month’s 
end, viewers on Earth will get to enjoy 
great views of Mars as it reaches 
opposition, rising at sunset and setting 
at sunrise on the night of July 26-27, 
while nearing its closest approach to 
Earth on the night of July 30-31. It 
will be closer than it has been at any 
time since 2003, and maximizing this 
viewing opportunity is a must. 

Honing your observing skills — 
visual and/or photographic — before 
the upcoming Mars opposition 
will allow you to take the greatest 
advantage of the event. For a planet 
that gets so close to Earth, it is 
surprisingly difficult to see much on 
its surface without practice. There 
are several reasons for this. Most of 
the time Mars appears smaller than 
the planet Saturn (not counting its 
rings) in the sky. It is also bright, 
especially around opposition, making 
its glare in the field of view very high 
compared to the dark background sky. 
In addition, the contrast of features 
on its surface and ice clouds and 
dust storms in its atmosphere is low. 
Observers have to wait for Mars 
opposition every 26 months or so, 
but there are observing techniques to 
learn and use that will improve your 

viewing, especially if you start soon 
and return to view Mars, as it appears 
to grow larger, frequently over the 
coming months. The practice you 
get for/with Mars will pay off for all 
types of visual observing, from other 
planets and into the deep sky.

Your Telescope
Making the most of visual observing 

comes from using a variety of 
considerations and techniques. What’s 
the best telescope? The one you will 
pick up on a whim and take outside 
for a look. Having the best telescope 
in the world doesn’t matter if it’s a 
“closet-queen” and is never used. 
In most situations, the larger the 

telescope, the better. Refractor 
(lens) or reflector (mirror)? Modern 
apochromatic refractors are much 
better than classical achromatic 

refractors, which show unwanted 
color around bright objects. 
Reflectors don’t have color and are 
more economical in comparable 
diameters but often display spikes of 
light (most often, 2, 4, or 6), called 
diffraction spikes, from the “spider” 
assembly holding the secondary 
mirror. Sometimes these are 
distracting, often not. (There are lots 
of other considerations in selecting a 
telescope, but that’s a whole article 
by itself.)  
A mount that automatically tracks 

the sky is very helpful when using 
high magnifications on planets. 
Earth’s rotation causes a magnified 
planet to pass through the field of 
view very quickly. 
To see the most, it’s important to 

be comfortable. Sitting comfortably 
at the eyepiece is best and standing 
comfortably is fine. Having to be 
in a contorted position to look 
through the telescope will shorten 
your session and distract from the 
concentration you want to give the 
view. If nearby lights glare into your 
peripheral vision, cover your head 
with a lightweight towel to shadow 
your face and the eyepiece from the 
offending lights.

When to Observe
The geometric considerations of the 

opposition and closest approach of 
Mars drive the nights for observing 
over the long term. But the short 
term, time of night, is up to you, 
based on Mars’ angular distance from 
the Sun. 
In general, your observations should 

be made when Mars (or whatever!) 
is highest in the sky, called “upper 
culmination,” when the object crosses 
the “meridian.” (The meridian is the 
great circle on the sky cutting the sky 
in half from the south point on the 
horizon, through the zenith, to the 
north point on the horizon.) Upper 
culmination before opposition occurs 
after midnight, earlier and earlier; 
after opposition it occurs before 

By STEPHEN EDBERG
Guest Contributor

In a historic first, InSight made the 
first interplanetary launch, ever, from 
Vandenberg Air Force Base, on the Pacific 
Ocean west and north of Santa Barbara, 
Calif., on May 5. This is a holdover from 
its scheduled 2016 launch when Cape 
Canaveral was scheduled with other 
launches and too little time to ready 
the pad for InSight. A launch from Cape 
Canaveral gets more advantage from the 
Cape’s lower latitude. Launches from 
Vandenberg are limited to high inclination 
orbits (to protect anyone on Earth’s 
surface from being hit by falling debris). 
But as long as there is sufficient thrust 
available from the launch rocket and 
the upper stage sending the spacecraft 
on to Mars, the launch inclination is less 
important.

You can follow InSight to Mars at https://
mars.nasa.gov/insight/ and the links on it. 
Other ongoing NASA missions to Mars are 
covered at https://mars.nasa.gov/. 

InSight’s landing on Nov. 26 is targeted 
for nearly the same Martian longitude 
as the landing sites of Viking 2 in north 
middle latitudes and the Mars Science 
Laboratory rover Curiosity. In fact, InSight 
is targeted for Elysium Planitia, just 373 
miles (600 kilometers) north of Gale 
Crater, where Curiosity landed. 

InSight is a lander, not a rover. It is 
designed to study the interior of Mars 

and the surface. A seismometer and a 
thermal heat flow probe, placed in a hole 
drilled into the surface, are highlights of 
its geophysical (areophysical?) payload 
during its prime mission intended to last 
one Martian year (708 Martian rotations 
[called sols] = 728 Earth days). The two 
Viking Landers carried seismometers 
[along with life detection laboratory 
instruments] but they did not return 
Marsquake data after their landings in 
1976. InSight will place several scientific 
instruments on the Martian surface 
and scoop up samples for analysis by its 
internal laboratory instruments.

Marsquakes may be generated by 
tectonic activity, volcanic eruptions, 
landslides and meteorite impacts. 
Whatever the source, they will provide 
information on the interior. Similarly, 
heat flow measurements characterize the 
behavior of the surface through the day-
night cycle as well as provide information 
about the flow of heat from the core of 
the planet.

After InSight arrives on Mars, you can 
expect good coverage of its results on 
websites associated with NASA’s Jet 
Propulsion Laboratory, NASA itself and the 
builders of InSight’s instruments. Look for 
links on https://mars.nasa.gov/insight/. 
And don’t miss the ongoing exploration of 
Mars by orbiters and rovers — most with 
frequent releases of imaging data — at 
https://mars.nasa.gov/.

Make the most of Mars in 2018

InSight to focus on interior of Mars  

COURTESY OF NASA/Cory Huston
A United Launch Alliance Atlas V rocket lifts off from Space Launch Complex 3 at Vandenberg 
Air Force Base in California carrying NASA’s Interior Exploration using Seismic Investigations, 
Geodesy and Heat Transport, or InSight, Mars lander on May 5.

COURTESY OF Doug Zubenel
Mars glimmers in the night sky during its 2010 opposition. Astrophotographer Doug Zubenel said of the image, “After 
several weeks of cloudy weather, the sky was relatively clear on the evening of Jan. 26, 2010, allowing me to observe the 
planet Mars with our 12.5” f/10 Newtonian reflector. At 488X, the northern polar cap’s dark border, as well as Aurorae 
Sinus and Mare Sirenum were well seen during moments of good seeing. This view is from a camera with a 24mm lens 
and cross screen mounted piggyback on the telescope, exposed for 17 seconds.” 

https://mars.nasa.gov/insight/
https://mars.nasa.gov/insight/
https://mars.nasa.gov/
https://mars.nasa.gov/insight/
https://mars.nasa.gov/
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midnight until it occurs in daylight. 
Observing near the time of meridian 
passage minimizes the effects of 
Earth’s atmosphere, called seeing and 
dispersion.

Seeing & Dispersion
Seeing refers to the quality of the 

image of a planet or star. The air 
we look through may have few or 
many parcels (volumes with different 
densities and temperatures of air) 
between us and the vacuum of space 
(Figure 1). 
Many fast-moving parcels lead 

to lots of star twinkling (called 
scintillation; even when a planet or 
the Sun or Moon are not apparently 
twinkling, surface details are 
getting smeared). The twinkling 
indicates that the sharpness of 
telescopic images will be limited 
and lower power will provide the 
most satisfying views. When the 
stars are not twinkling, the seeing 
may be very poor but it more likely 
means that the air is very stable and 
stars are pinpoints (or, with high 
magnification, they look like little 
bullseyes). High magnification will 
show more planetary detail (and stars 
will remain pinpoints of light). 
On any given night, the seeing is 

better the higher the object is in 
the sky and is usually best when 
the object crosses the meridian (= 
midnight for Mars’ opposition). Rules 
of thumb are that the seeing often 
calms down during dusk and dawn. 
In southern California, there is often 
good seeing when we have thin, alto-
level (relatively high) clouds or when 
there’s a strong temperature inversion 
(the lid that traps air pollution around 
here) at about the elevation where 
my telescope is. Poor seeing is much 
more common, especially so when we 
have Santa Ana winds. Keep track of 
the weather as you learn about your 
local seeing.
You can also reduce the frequency 

of poor seeing by being mindful of 
the geography around your observing 

site and, perhaps, finding a new one. 
Lakes and meadows can stabilize the 
air you are looking through. Looking 

through the air above buildings, 
roofs, parking lots and even fellow 
observers at a star party (their 

warm bodies under the light path to 
your telescope) also can affect the 
local seeing, stirring it up. Lots of 
seeing effects occur in the first 200 
feet [65 m] of the air above your 
head and almost all of it is below 
50,000 feet [15 km]. Avoid being in 
the air flowing downslope from a 
mountainside at night.
Set up your telescope early enough 

that it can reach the ambient air 
temperature by the time you plan 
to start observing. This reduces air 
currents in the tube, called internal 
seeing, that can also make in-focus 
images fuzzy. Refractors and other 
sealed-tube telescopes are less likely 
to suffer internal seeing but they are 
not immune.
Chromatic dispersion and 

differential refraction are the words 
used to describe color visible in a 
magnified image caused by Earth’s 
atmosphere. Except straight overhead 
at the zenith, the atmosphere behaves 
like a weak prism and creates a 
spectrum (a little rainbow) out of 
each object in the sky (Figure 2). 
It is much more apparent for bright 
objects seen low in the sky, like Mars 
(and is related to the green flash 
[not Disney’s cinematic version]). 
The simplest solution is to observe 
everything near its meridian crossing, 
not when it is low. The trouble is that 
some objects are always close to the 
horizon when you want to observe 
them, and that is the case for Mars 
this year. In north temperate latitudes, 
Mars will barely clear 30° altitude at 
its maximum on the meridian during 
the night of opposition. 
The most dedicated observers make 

or buy an atmospheric dispersion 
corrector. These are made with a pair 
of Amici (wedge) prisms that rotate 
with respect to each other to provide 
adjustable counter-dispersion to 
reduce the color separation and its 
layering on an image.

Eyepieces
Good eyepieces, of which you 

should have a range of focal lengths 
(equivalent to magnifications), will 
make a difference but they don’t 
have to be super-wide angle. They 
need to provide pinpoint star images 
across the field of view. If you get 
the chance, do comparisons between 
your favorites and someone else’s 
favorites and see which present more 
pinpoint stars and crisper views of 
lunar craters and mountains on the 
terminator (sunset/sunrise line) across 
the field of view before you purchase 
new ones. Especially if you need to 
wear glasses for observing, make sure 
the eyepieces have long “eye relief,” 
20mm or more, so you can get close 
to the eyepiece and see most or all 
of the field of view with your glasses 
on. (Some manufacturers offer an 

accessory lens for their eyepieces that 
can correct for your astigmatism.)
A binocular eyepiece holder is a 

good value for serious observers. 
Using both eyes at the same time is 
much more natural and does allow 
you to see more. They are relatively 
expensive and require pairs of 
eyepieces with the same focal length 
for each magnification you intend to 
use. The large physical diameters of 
the very wide field eyepieces may 
not fit into the binocular holder close 
enough to match the separation of 
your eyes. Check before doubling up 
on those eyepieces.

Filters
Colored-glass filters work by 

absorbing some colors while letting 

COURTESY OF Stephen Edberg
FIGURE 1: These two images show the patterns of light from Sirius falling on the primary mirror of a 
10” Newtonian telescope. Taken seconds apart, they hint at how rapidly changes can occur. In good 
seeing the pattern would show much larger parcels moving very slowly.

FIGURE 2: Chromatic dispersion in Earth’s atmosphere is illustrated by the separation of colored 
curves on the graph. The curves span colors from the near ultraviolet to the near infrared, with 
violet at 4000 Å and green at 5500 Å. The orange and lighter pink curves are red (6500 Å) and 
deep red (7000 Å). The distance (ZD) from the zenith, the highest point in the sky, is along the 
bottom in degrees. Angular altitude above the horizon is Alt= 90°-ZD. At the top of the graph are 
units of how much equivalent air you are looking through at the indicated airmass. Zero degrees 
of zenith distance is 1 airmass. This is Figure 8 from an Astronomical Journal research paper, 
“Observing Strategy for the SDSS-IV/MaNGA IFU Galaxy Survey,” David R. Law et al. 2015 AJ 150 19 
doi:10.1088/0004-6256/150/1/19, courtesy of the Institute of Physics.

COURTESY OF Stephen Edberg
FIGURE 3: These examples of screw-in filters for eyepieces are medium blue, orange, and neutral 
grey. They are suitable for use observing Mars, though a red or deep red will provide better contrast 
between lighter and darker geography than orange. Accessory filter holders are commercially 
available and allow easy switching between filters without removing the eyepiece.
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other colors through. And studying the transmission 
curves of filters, or simply viewing through 
filters called the same color may show that their 
transmissions can be different, even with the same 
name. A red filter transmits only the color red, but 
a deep red filter transmits only redder reds, not 
those close to orange. An orange filter transmits 
orange and red and a yellow filter transmits yellow, 
orange, and red. A green filter removes red and blue 
and blue filters transmit violet and blue (and, if 
they have the common red “leak,” they sometimes 
transmit a deep red). 
Some filters use thin films of chemicals in layers 

on the glass to select transmitted and blocked 
colors (more correctly described as wavelengths 
of light). For example, the common nebular and 

light pollution reduction filters work this 
way. More recently, “thin film” filters 
have become available that improve the 
contrast of planetary surfaces or cloud 
top belts and zones on Jovian planets. 
Filters for Mars improve the contrast 

of Martian geography and clouds in its 
atmosphere. Colored filters also reduce 
the effect of dispersion by taking out 
some of the colors that otherwise smear 
over each other in an unfiltered view of 
Mars’ disk. There are long lists of filters 
identified for improving the view of Mars 
for specific geography or meteorological 
phenomena but, to get started, you can 
do well with one, two or three filters, 
depending on your level of interest and 
bank account (Figure 3). 
Not among the usual recommendations 

is a neutral grey filter. These filters may 
be called just that, or they are sometimes 
referred to as moon filters. A single 
polarizing filter can also be used for this 
purpose. A neutral grey filter reduces all 
the colors of the light passing through it 

equally (hence the “neutral,” with grey indicating 
the filter’s “color”). When used on Mars, the bright 
glare of the planet against the dark background sky 
is reduced, allowing your eye to look for the low 
contrast geographic differences across the small 
disk of Mars in its natural colors. 
A red filter is useful to increase the contrast 

between the dark geographic markings on Mars and 
the surrounding lighter areas. While the markings 
are not green, they do seem to get darker (as green 
would) when seen through the filter. Yellow dust 
clouds, white clouds and the white polar caps are 

lost when only red light makes it through the filter. 
A blue filter, in some ways, has less direct use. But 

to see the Martian atmosphere (most of the time), 
a medium or deep blue filter emphasizes the thin 
carbon dioxide air on Mars. High white clouds have 
a better chance of standing out with a blue filter. 
Infrequently, events called blue clearings occur and 
Martian surface features can then be seen through 
the blue filter.

Training Your Eyes
Mars merits multiple viewings over single nights 

as well as across multiple weeks. Mars presents 
seasonal changes (due to the tilt of its rotation axis 
as well as due to its changing distance from the 
Sun over it orbital revolution). Over the course 
of the night, Mars’ rotation will be apparent as 
features slowly move across the disk. But to see the 
complete globe, several weeks of observing will be 
involved. That’s because Mars’ rotation rate is only 
a little longer than Earth’s. So that difference leads 
to an offset (about 7.5°) of the central meridian 
(longitude) on Mars if you start observing at the 
same clock time each night. It takes time for the 
change to be really noticeable and additional time 
each night to see more of Mars’ geography. 
It is helpful to determine what part of Mars 

is visible before going out to observe. You can 
search “Mars central meridian calculator” in 
your browser or use the one linked here. This 
one allows you to jump ahead (or backward) in 
time and even presents the map of the visible 
hemisphere to match your telescopic view. 
(Depending on your telescope’s design and the 
accessories you use with it, Mars may appear with 
North up or down and maybe mirror-reversed. 
Click the appropriate button.) This is very handy 
as you learn to see Martian geography and then to 
identify it. 
Set up your telescope and observing chair and 

point the telescope to Mars. Start by figuring out 
the cardinal directions in the field of view. If you 
are using an AltAz mount (like a Dobsonian), 
let the planet drift through the field of view. The 
direction of travel is from east (E) to west (W) on 
the sky (opposite the directions on a road map). 
Once E-W is established, move the telescope 
tube perpendicular to E-W. In Earth’s northern 
hemisphere, pushing the telescope upwards moves 
the south pole of Mars towards the edge of the field 
first. With an AltAz mount, the cardinal directions 
will shift with respect to the orientation of your 
focuser’s knobs over a few hours.

With a polar-aligned equatorial 
mount, turn off the drive and watch 
the planet drift to define E-W. Turn 
the drive back on and move the 
telescope northward in declination. 
This moves the south pole of Mars 
towards the edge of the field first. 
The cardinal directions will maintain 
the same orientation with respect 
to your focuser’s knobs through the 
night as long as the telescope tube 
and/or the diagonal prism are not 
rotated.
With knowledge of the cardinal 

directions, you can confirm your 
choice of Direct view, Inverted view, 
or Mirror reversed on the meridian 
calculator.  
When you are ready to start 

observing, use a clipboard with 
paper and pencil. Have a circle 
drawn on the paper (use the top of 
a jar as a pattern). Adjust your chair 
for comfortable viewing. If need be, 
cover your head to keep extraneous 
light from distracting you.
Seeing detail on Mars begins with 

simply looking at the planet. Teach 
yourself to see features by making 
a drawing. Relax! No one else ever 
has to see it. But trying first to see 
detail and then to reproduce what 
you see, shapes, shading, etc., 
focuses your attention on the subject 
and motivates you to see more. Over 
time, as you keep observing Mars, 
you will see more and more detail as 
your eye-brain get trained. You can 
stop sketching whenever you want. 
You don’t have to make sketches 
at all, it just shortens the visual 
learning time and it improves your 
drawing skill.
 

Using Your Eyes
The aerographic features observers 

usually discern first are the 
southern polar cap or, if it is on the 
hemisphere facing Earth, the large, 
dark area called Syrtis Major. Syrtis 
Major was the first feature to be 
recorded on Mars, by Christiaan 
Huygens in 1659 (Figure 4). A little 

later, he made a drawing of Mars 
showing both Syrtis Major and the 
south polar cap. 
Follow in Huygens’ footsteps, enjoy 

your viewing as you learn to discern 
more and more and learn the albedo 
geography of Mars. “Albedo” refers to 
the reflectivity of a surface. The dark 
markings are albedo markings and 
have been mapped for centuries. So 
have the white polar caps made of dry 
ice (frozen carbon dioxide) and some 
water ice (especially in the south, 
which gets colder than the north).
The physical geography of Mars 

includes the craters, canyons, 

volcanoes and basins, as well as 
the planet’s seasonally changing 
polar caps. This geography has been 
mostly revealed by spacecraft — 
first fly-bys then orbiters — since 
the 1960s. Little of it is visible with 
ground-based telescopes.
By learning the albedo geography, 

you can watch for changes on Mars. 
The polar caps grow and recede. 
There can be a seasonal “wave of 
darkening.” White clouds and hazes 
come and go. And changing dark 
features may be obscured by dust 
storms, which occasionally expand 
to become literally planet-wide.

Figure 4: On November 28, 1659, Christaan Huygens sketched the first view of Mars showing 
surface detail. The area shown is Syrtis Major. Note his inverted view, with south up, provided by 
his “straight through” refractor. The inset shows a June 30, 1999, view taken by the Hubble Space 
Telescope (Courtesy of NASA). The HST image has been inverted to match Huygens sketch. The 
viewing geometries, as well as human biases, are responsible for the mismatch in viewing angle 
between 1659 and 1999.

By learning 
the albedo 

geography, you 
can watch for 

changes on Mars. 
The polar caps 

grow and recede. 
There can be a 

seasonal “wave 
of darkening.” 
White clouds 

and hazes come 
and go. And 

changing dark 
features may be 

obscured by dust 
storms, which 

occasionally 
expand to 

become literally 
planet-wide.
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Imaging
While Mars can be imaged with 

any telescope and eyepiece + smart 
phone, more serious observers will 
use an equatorial telescope with 
clock drive or a computer-driven 
alt-az telescope combined with an 
image de-rotator. These telescope 
mountings are necessary for long 
term tracking and maintaining the 
image at a fixed position angle 
in the field of view. Eyepiece 
projection is the usual optical 
system of choice, and the necessary 
adapters are commercially available 
(for physically smaller eyepieces 
with designs such as Plössl and 
orthoscopic). 
Eyepiece projection uses an 

eyepiece to magnify and project the 
image of an object onto the sensor 
of the camera. The light path is from 
primary mirror or lens – eyepiece 
– sensor. The camera’s lens is not 
used in this system. The shorter the 
focal length of the eyepiece, the 
larger the image on the sensor. Some 
serious observers have substituted 

a microscope objective, which is 
designed to magnify small things, 
for the eyepiece, but the field of 
view of the microscope objective is 
very limited and makes finding and 
tracking the planet more challenging. 
You can use afocal projection, with 

its extra optics. The light path is 
objective – eyepiece – camera lens – 
sensor, matching a visual observer’s 
light path of objective – eyepiece 
– eye’s cornea+lens – retina. This 
projection is used with mobile 
phones and point and shoot cameras 
on telescopes and binoculars. There 
are commercially available adapters 
for this method as well.)
The most successful planetary 

imagers now collect video of the 
planet for minutes to hours at a 
time with a color camera. Cameras 
as simple as webcams (with lens 
removed) and as powerful as 
mirrorless and DSLR designs can 
be used for this. The key is to then 
look at the video, frame by frame, 
and use frame-grabbing software to 
collect the best individual images. 

“Best” means sharpest detail. Further 
processing involves “co-adding” the 
images to yield a representative high 
resolution picture of Mars. 
Seeing is less of an issue with 

digital imaging. When the seeing 
is poor, the short moments of 
steadiness are less frequent than 
when it is good, but they still occur. 
That’s where frame grabbing comes 
in. 
If you are using a monochrome 

camera, a set of RGB (red, green, 
blue) filters must be switched in 
and out to collect all three colors 
necessary to combine into a color 
image. This, in essence, triples 
the work of frame grabbing and 
combining. Be mindful of mixing 
frames with significant time 
differences since the rotation of 
Mars changes the positions of 
features on its disk.
Whether you observe from your 

armchair, desk chair or observing 
chair in the dark, this is a great year 
to watch Mars. Clear and steady 
skies.

What will you discover?
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Late this year, additional robotic explorers will be joining 
the fleet of orbiters and rovers above and on Mars that are 

actively returning interesting science. New explorers 
undoubtedly will put Mars in the spotlight as will the 
show the planet is set to put on as it reaches opposition 
and makes its closest approach to Earth since 2003 
as July wraps up. Mars is likely to receive almost as 
much attention at the end of this month as it did 15 years ago, which is 

something I’ll return to later.
I use “Mars exploration” to mean the efforts that humans have made 

to understand Mars. Humanity has been 
exploring Mars since the dawning 

of consciousness, when someone 
somewhere first noticed the orangish 

“star” that moved from night to 
night, sometimes one direction for 

a spell before going the other direction. It seemed to escape its rendezvous 
with the Sun for much longer than the handful of other moving stars, 

planets, most white and one yellowish, that move across the sky. 
Perhaps the earliest recorded discovery about Mars was made by the 

Greek philosopher Aristotle. In 364 BCE (= 365 BC, probably April 10; the 
numeration difference is because there is no year 0 between BC and AD), 
Aristotle observed a lunar occultation of Mars. In other words, the Moon 
passed in front of Mars, blocking Mars from view. He recognized that this 
required Mars to be more distant than the Moon. Did he notice that Mars took 
an appreciable amount of time to disappear and reappear? Compared to the 
instantaneous disappearance and reappearance of stars occulted by the Moon, 
would he have inferred that Mars had a measurable size larger than stars? 
(See Observation Activity #1 for observations you can make to answer the 
question.)
When Nicolaus Copernicus published, in 1543 CE, the model of the Solar 

System as Sun-centered, not Earth-centered (Kopernik, 
1543), he had to still use one of Ptolemy’s ideas 
(conceived more than a thousand years earlier) to explain 

Mars’ motion across the sky. It may surprise 
you to learn that Copernicus, in his model 
of the Solar System, included an epicycle 

(a small circle that carried the planet) which itself rode 
a deferent (large circle) centered on the Sun (Figure 
1). Their combined circular motions were supposed to 
explain the motion of each planet. Orbits centered on the 

Sun did simplify the explanation 
of the planets’ observed motions 
but even layers of multiple 
epicycles didn’t (and couldn’t, we 
now know) work in perfecting the 
prediction of planetary motions. 
A better explanation arrived 

about 70 years later, courtesy of 
Johannes Kepler using data from 
observations made by Tycho 
Brahe in the last half of the 1500s. 
Tycho’s visual measurements of 
planetary positions, made without 
a telescope, were so good that 
Kepler inferred three laws of 
planetary motion to explain the 
observations. 
It was Mars that pushed him to 

adopt planetary orbits shaped as 
ellipses (Figure 2), not circles, to 
explain planetary motion around 
the Sun. For it to work, he had 
to move the Sun to one focus of 
a planet’s orbital ellipse (instead 
of the center of the ellipse) but 
epicycles were no longer needed 
(and never worked, even when 
layered with more than one for 
each planet). Isaac Newton went 
on to derive Kepler’s Laws from 
first principles when he published 
his law of universal gravitation in 
the Principia (pronounced Prin-
kip-ee-uh; Newton, 1687). 
While Kepler was engaged in 

his mathematical work others 
were aiming telescopes at the 
sky and making discoveries. 
Perhaps not as well known is that 
Kepler contributed to telescope-
making, if not observing. The 
basic design of the astronomical 
refractor [lens] telescope is 
Kepler’s, not Galileo’s. 
Christaan Huygens and 

Giovanni Domenico Cassini put telescopes to good use on Mars. In 1659 Huygens 
published the first drawing of Mars, showing Syrtis Major (now called Syrtis Major 
Planum). It is a large, triangular dark area on the Martian surface. Huygens managed 
to measure a rotation rate for Mars of about 24 hours that same year. He may also 
have seen one of the polar ice caps. In 1672 Huygens noted that the north pole had a 
fuzzy white cap. This description suggests he was observing ice clouds condensing 
over the north pole.
Giovanni Domenico Cassini announced, in 1666, a rotation period for Mars of 

by Stephen 
Edberg

Mars 
Musings

Without a telescope, can 
I see that Mars is really 

larger than a star? 
Try this! The easiest times for 

these observations will be a 
couple of weeks around the 
end of July. But start sooner 
and continue later if you want 
and you’ll learn more. 
Begin your observations 

when Mars is some distance 
above the horizon. Situate 
yourself where a telephone 
or power line is crossing near 
Mars in the sky. Line yourself 
up so Mars is close enough to 
the power line that moving 
your head up and down makes 
the power line move across 
Mars. Do this slowly and see 
if Mars fades as it disappears 
and brightens as it reappears 
from behind the power line. 
Try the same thing with some 
convenient bright stars, which 
will abruptly disappear and 
reappear and with Venus, 
Jupiter, and Saturn when each 
is above the horizon. (You can 
catch all of them briefly in the 
evening sky at around 9 p.m. 
by the last week of July.)
If you wear glasses or contact 

lenses, feel free to use them. 
The only issue, especially with 
glasses, might be reflections 
of Mars if your lenses are 
not anti-reflection coated. 
Even then, as long as you 
concentrate on Mars and not 
the reflection(s), you should 
be able to make a successful 
observation.

Mars has given us 
lots to think about 

Figure 1: Copernicus placed the Sun at the center of the 
Solar System with Earth’s orbit inside the orbit of Mars. 
His model kept the planets on circular orbits but included 
a circular epicycle (dashed circle) on the deferent (orbit) 
to better match the observed motions of the other planet. 
Only Earth and Mars are shown here. This diagram is not 
to scale.

Figure 2: When Mars is near the point in its elliptical orbit 
closest to the Sun and is in opposition (from the Sun, as seen 
from Earth), aligned Sun-Earth-Mars, it is called a perihelic 
opposition. Because of the differences between Earth’s year 
(365 days) and a Martian year (687 Earth days) to circle the 
Sun, perihelic oppositions are separated by about 15 years. 
As illustrated, Earth’s orbit is slightly elliptical too. This 
diagram is exaggerated and not to scale.

Observation 
Activity #1

COURTESY OF 
NASA

Top image, an artist’s rendering from NASA of the Mars Reconnaissance Orbiter 
spacecraft in mission configuration. Bottom image, artist’s concept image of NASA’s Mars 
Exploration Rovers Spirit and Opportunity.
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24h40m, very close to the currently 
accepted value of 24h37m23s. After 
NASA’s Viking landings on Mars, 
University of Texas astronomer George 
Van Biesbroeck noted that he had spent 
10 years observing Mars to pin down 
its rotation rate and that NASA’s Deep 
Space Network measurements of the 
Viking landers’ signals had provided a 
better rotation period in a year!
Cassini changed his name to Jean 

Dominque Cassini after he moved to 
the Paris Observatory and became its 
director in 1671. He then put Mars to 
a practical use: How big is the Solar 
System? Cassini and other French 
astronomers observed Mars from Paris 
and from South America (as did John 
Flamsteed, an English astronomer). 
Their results came within about 10 
percent of the currently accepted value. 
It wasn’t improved upon until more 
than two centuries later by American 
astronomer Simon Newcomb. The 
modern value used radar returns from 
Venus and is better yet.
The way this worked was to 

measure the position of Mars against 
background stars just after it rose 
above the horizon after dusk and 
again before it set at dawn. These 
measurements of the diurnal parallax 
of Mars were made during the perihelic 
opposition of 1672, when Mars was 
slightly closer to Earth than at its 
closest in 2018. “Diurnal” refers to 
Earth’s day-night cycle for the dusk 
and dawn measurement. “Parallax” 
is the measurement of the angular 
difference in Mars’ position in the sky, 
which changes slightly as Earth rotates 
during the night. (Technically, the 
parallax is half the angular difference.) 
“Perihelic” refers to Mars being at 
the point in its orbit when it is closest 
to the Sun. “Opposition means that 
Sun-Earth-Mars are (almost) on a 
straight line from one to the other. 
(See the Observation Activity #2 
for observations you can make to 
demonstrate the ideas.)
Aside: Huygens and Cassini were 

both also instrumental in advancing 

knowledge of Saturn. Huygens 
observed the previously mysterious 
cycles of appearance-disappearance 
of Saturn’s ring [observed as singular 
at the time] and explained them, 
complete with illustrations, as due to 
the tilt of the planet’s rotation axis 
being observed from Earth during 
different times in Saturn’s orbit around 
the Sun. In short, the ring disappears 

during Saturn’s seasonal equinoxes. He 
also discovered Titan, Saturn’s largest 
satellite. Cassini discovered that Saturn 
had not one ring, but two, separated by 
what we now call the Cassini division. 
[Now 8 rings have been identified.] 
He also discovered 3-1/2 satellites. He 
does get credit for discovering all of 
Iapetus, it’s just that Iapetus was only 
visible on one side of Saturn [celestial 

west, when the trailing hemisphere, in terms of its orbital motion, 
is facing the Sun]. He correctly explained the different appearance 
west and east of Saturn as being due to a much brighter surface on 
the trailing hemisphere, fainter on the leading hemisphere. NASA’s 
Voyager spacecraft images proved him correct, and NASA’s Cassini 
spacecraft has shown spectacular geographic features on the two-
faced surface of Iapetus.)
Perihelic oppositions of Mars have been important historically. 
Not surprisingly, major oppositions, the perihelic ones and 

sometimes the one before and/or after, have often been the most 
fruitful for learning about Mars. For example, about three weeks 
before the perihelic opposition in 1877, Asaph Hall discovered Mars’ 
satellites Phobos and Deimos (curiously, these are the Greek names 
for the sons of the Greek god of war, Ares, not the Roman names for 
the sons of their god of war, Mars). They are tiny and close enough to 
the planet that they never rise above the horizon at higher latitudes on 
Mars. Their orbits are circular, which is surprising – How did they get 
into those orbits? In the mid-20th century, some people speculated 
that they were giant spaceships. After NASA’s Mariner 9 got into 
orbit around Mars, that speculation was quashed by reality, which 
may be even more surprising when you see the topographic features 
of Phobos in images from later orbiters. 
During the 1956 perihelic opposition, Robert Leighton photographed 

Mars from Mt. Wilson, Calif., obtaining high resolution color images. 
They failed to show any hint of Percival Lowell’s straight canals nor 
Giovanni Schiaparelli’s curving canali, which is correctly translated 
as “channels” from Italian. 
Schiaparelli started observing Mars in 1877. In 1882 he published 

a map of Mars (Figure 3, Top) in the French journal L’Astronomie 
(Schiaparelli, 1882) which includes mention of canaux énigmatiques 
(in French, meaning “enigmatic channels” in English). The adoption 
of “canals” for canali, however that happened in English language 
discussions of Martian geography, led to humanity’s fascination 
with the planet. “Canal” implies intentional construction (think of 
Panama or the California Aqueduct system) while a “channel” is a 
natural watercourse (think English Channel [with apologies to French 
readers]).
Percival Lowell became fascinated with the potential of canals on 

Mars. He built and shared his ideas of a civilization preserving itself 
by transferring water with canals from the poles to lower latitudes 
(Figure 3, Bottom). Lowell also built an observatory in Flagstaff, 
Ariz., to continue his own observations of the planet. It went on to 
earn fame for the discovery of Pluto and a variety of other important 
discoveries across the fields of astronomy. 
Lowell’s ideas about life on Mars were very persuasive to the 

general public. Even potential observations of Martian craters by 
reputable astronomers in the first half of the 20th century didn’t affect 
the thinking about the surface of Mars. It was the failure of efforts 
by astronomers to find evidence of canals that finally debunked their 
existence — at least to the astronomical community — by 1931 
(Weintraub, 2018). Just the same, that result was not recognized 
by the general public, and even astronomers continued looking for 
them at perihelic oppositions with the new (at the time) generation 

Figure 3: Maps of Mars. These two maps have been distorted in order to make the latitude and 
longitude scales match for easier comparison. In addition, the top map was reverted so both maps 
match the modern convention for east and west. South is up on both maps. (Top) Schiaparelli’s 
(1882) published map of Mars showing the enigmatic channels. The farthest right meridian marks 
longitude 0°. (Bottom) Lowell’s 1896-7 map of Mars, published in 1905 but circulated earlier. Other 
examples of his maps can be found on the web. Make your own comparisons and judgments of 
features. Syrtis Major is prominent in the right halves of both maps centered near longitude 290°.

What’s parallax?
Parallax is the difference in angle seen when 

viewing a nearby object, from two different 
points, against a distant background. Mars is 
closer than the stars so it should show parallax 
(with a telescope). Hold up your fist at arm’s 
length, thumb sticking up. Close one eye and 
look at your thumb’s position against the 
background. Now switch and close the other 
eye. Notice that your thumb seems to have 
shifted position. If you alternate winking your 
eyes, your thumb seems to jump back and 
forth. 
Turning that observation into a measurement 

of angle requires an elaborate telescope and 
mount for Mars and stars or a surveyor’s 
transit for measurements on Earth. You also 
have to know the distance between the two 
measurement sites. 
But it is still possible to gauge a distance just 

by alternately blinking your eyes to see wink 
parallax. 
Look across the room at the vertical edge of 

a lampshade or the hanging chain of a ceiling 
fan or light. With alternating winks, can you 
see the angular shift? Go outside in your 
yard. With something distant in the distant 
background, see if you can observe an angular 
shift at longer distances. At what distance can 
you no longer see parallax? (Hint: You’ll need 
a long tape measure or a measured length of 
your pace so you can count steps to determine 
the distance. It’s probably longer than you 
think, if you’re a careful observer.) 
Our brain learns to mix the two different 

angular views from our eyes to give us 3-D 
vision.

Observation
Activity #2

As you wink your eyes at your thumb extending above 
your fist on your fully extended arm, watch the way your 
thumb seems to change position against the background.
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of large telescopes. And even though 
flyby and orbital mapping of Mars had 
failed to show any evidence of canals, 
the Hubble Space Telescope has been 
used to monitor Mars from afar and to 
address the debate about the visibility 
from Earth of Martian craters. To this 
day, we continue to explore Mars for 
life – “follow the water” – though with 
a much better scientific rationale. 
Amateur and professional 

astronomers continue to observe Mars 
from Earth’s surface. The earliest 
report of brightenings or flashes of 
light on the surface of Mars comes 
from none other than Percival Lowell 
in 1894, when he tried with little 
success to observer Schiaparelli’s 
“canals” (Dobbins and Sheehan, 2001 
and the later PDF report). Flashes were 
occasionally reported over the next 
century. 
The collision of Comet D/Shoemaker-

Levy 9 with Jupiter showed that 
impacts can be visible from across the 
Solar System. With Mars so close to 
the asteroid belt and having the craters 
to prove it, perhaps the flare was the 
impact of an asteroid on Mars’ surface? 
NASA’s Mars Reconnaissance Orbiter 
has seen fresh craters changing the 
local geography months after earlier 
images of the same areas. So collisions 
are plausible but not correct.
Amateur astronomers, led by Thomas 

Dobbins in 2001 (op. cit.), have now 
demonstrated that the brightenings 
are predictable and recurring. The 
exact mechanism for the reflections 
of sunlight from Mars to Earth is not 
known so research continues.
In this age, when spreading “the 

word” is as easy as pushing the Enter 
key, it should be no surprise that false 
“news” comes back on a regular basis, 
and Mars and the public are victims. 
Consider the statement in 2003 that 
“Mars will look as big as the full moon 
when it is closest.” To anyone who had 
seen Mars before, through a telescope, 
it was obvious that the statement was 
false. It turns out the original statement 
in 2003 had been redacted from the 

original email by a reader and the 
shortened statement had gone viral. 
To make matters worse, it started 
turning up every August through 
at least 2009, when Jane Houston 
Jones and I prepared and distributed 
information on viewing Mars that year. 
The original 2003 email made the 
reasonable assertion that Mars, when 
viewed through a telescope magnifying 
75 times (i.e., used at 75 power) would 
look as large as the Moon does with 
the unaided eye. 
(It’s worth noting that seeing Mars the 

size of the full moon in the sky would 
be really exciting, especially from 
Earth’s surface. Of course, bringing 
Mars in to twice the Moon’s distance 
from Earth to match the Moon’s 
angular size would subject Earth to 
huge ocean and solid earth tides since 
Mars is almost 9x the Moon’s mass.) 
Decide how big it looks to you on the 
nights of July 26-27 or 27-28 when 
Mars, looking like a bright orange star, 
is passed by the full moon. Try Activity 
1 in the Sidebar.)
When it comes to robotic exploration, 

Mars is Hard (Williams, S. H. et al., 
2013). Prior to the InSight launch 
to Mars this year, 59 projects that 
included 74 different vehicles have 
been sent to Mars. Of these, 26 
vehicles were successful, 8 were partial 
successes, and 40 were failures. The 
successes have had spectacular results. 
NASA’s Mariner 4 flew by Mars in 

1965, returning 21 pictures at 8-1/3 
bits per second. That was slow enough 
for researchers to literally add color 
contours by hand to the first picture 
arriving, as pixel values were printed 
by the continuous form line printer. 
They had to wait for the image 
converter to make an actual image. 
And when picture 11 arrived, there 
was no doubt about craters on Mars. 
Lowell’s flat, arid deserts were there 
along with thin clouds seen above the 
limb (edge of the disk) of Mars, but the 
pictures didn’t show canals. 
Mariner 4 and other, later spacecraft 

suffered indignities on their way 

outbound, inspiring the scientists and 
engineers at NASA’s Jet Propulsion 
Laboratory to name the joker causing 
them the Great Galactic Ghoul. Those 
spacecraft went on to success, but 
many suffered hiccups along the way. 
In Mariner 4’s case, between Earth and 
Mars dust carried by the spacecraft into 
flight finally floated off and into the 
sunlight, fooling the star sensor. 
Mariners 6 and 7 sent back the first 

full disk images of Mars and added 
to the mapped geography during their 
flybys. But Mariners 4, 6, and 7 all 
missed the geography that rewrote 
almost everything everyone thought 
they knew about Mars. 
Mariner 9 arrived and started orbiting 

Mars while it was encompassed by a 
planet-wide dust storm. Researchers 
were worried that the 90-day prime 
mission would end before the 
atmosphere cleared enough to map 
Mars. It did take longer to clear but 
the mission continued. First, four dark 
spots — a group of 1 + 3 — started 
to appear above the dusty haze. Soon 
enough, these were recognized as the 
largest volcano in the Solar System 
and three others on the Tharsis bulge. 
The monster volcano was identified 
on ground-based maps as matching 
Nix Olympica (Snows of Olympus), 
recognized as an area that appeared 
white sometimes. The volcano’s name 
was changed to Olympus Mons (Mt. 
Olympus) and it stands 79,000 feet 
(over 21 km) above the local plane. 
The white coloring observed was due 
to the formation of clouds above the 
mountain.
When the dust finally settled, Mariner 

9 had discovered and mapped what 
was named Valles Marineris (Mariner 
Canyon), over 2,500 miles (4,000 km) 
long and 200 miles (300 km) wide, 
dwarfing Arizona’s Grand Canyon 
(200 miles/300 km long). There 
were channels on Mars that certainly 
looked like (and are now accepted as) 
watercourses but there were no canals 
in Mariner 9’s global reconnaissance. 
By purely bad luck, Valles Marineris 

So why do observers
see canals on Mars?

Surprise! It’s complicated. 
Everyone’s eyes + brain have had tens and maybe 

hundreds of thousands of years to develop pattern 
recognition networks so we can recognize the various 
parts of scenes in the world around us. It mattered a lot 
when your ancestor was out on the savannah in Africa 
trying to see camouflaged lions, leopards, and cheetahs 
hiding in the tall grass while looking for their next meals. It 
still has its uses in the modern world (finding that contact 
lens you dropped on the bathroom floor, for instance). 
We also tend to make patterns where there are none. 

You can see some examples on Google images, including: 
1. The Man in the Moon (both faces and a whole-body 

shape are suggested). 
2. The rabbit in the Moon (several different 

interpretations of shape, orientation, and placement are 
suggested).
3. The “face” on Mars. It was a claim based on a soft 

image of a hill with a fiducial mark from the camera’s 
sensor making a faux “eye.” The image was taken by a 
Mariner spacecraft camera. No surprise, with better optics 
and camera sensor in a later orbiter it turned out to be a 
rocky hill. 
4. Vermont’s Old Man of the Mountain (RIP; check your 

quarters minted in 2000).
5. The reclining Menehune in profile on a mountain 

ridgeline near Nawiliwili Airport, Kauai.
The patterns our minds construct can also be lines and 

geometric shapes when such regular patterns are simply 
not there. 
So, borrowing from a television show demonstration I 

remember from decades ago, I challenge you to print out 
Figure 5 (click the image for a larger format) and tack it up 
using  the recommended distance from the table below 
the image. Now study Faux Mars left and right through 
your binoculars (or finder telescope) and especially your 
full-size telescope with magnifications from about 50x to 
200x or more. Make sketches of them. 
We’re cheating a bit on this since you will be printing the 

images and know what’s on them. Or have someone make 
sketches by hand or in your computer and post them 
without showing you. Astronomers of the past didn’t 
know what to expect. But do your best to make honest 
sketches of whatever you see through the telescope.
Look at the table of drawing diameter and distance from 

the telescope. The challenge is getting them a sufficient 
distance away to make the outer circle have an angular 
diameter of 25 seconds of arc. That’s a small angle and 

the bigger the circle 
diameter, the farther 
away the circle has to 
be from you. A football 
or soccer field has 
sufficient room (and 
convenient markings 
of distance) but a 
schoolyard or a straight 
stretch of road (WATCH 
OUT FOR CARS!) can also be used.
If you prefer to see what your eye+brain can do without 

taking out your telescope, just enlarge the picture set fully 
on your computer screen. The originals were made with a 
presentation program and the large circles were drawn 3 
inches in diameter. The small circles are direct reductions 
in size to ½ inch, which immediately reduced their 
contrast. You can see what your eye+brain does right on 
your screen. Now walk as far back as you like and observe 
how both large and small pairs change with distance. 
Pretend you’re sitting at your telescope on a cold night 
sketching Mars. It’s easy to imagine misinterpretations of 
what was seen by the astronomer-artist.
If you want to check my numbers, 25 arc seconds 

is fractionally greater than Mars’ maximum angular 
diameter ever gets. The scale factor I used included most 
of the decimal places (6.060165321 x 10^-5) but they 
were lost in rounding off to integral values of the distance 
for the table. For these observations, exact values are not 
as important as the distance being close to the quoted 
value and, most important, paying attention to the view 
in the telescope and on the printed sheet or on your 
screen.

Observation Activity #3

Figure 5: Faux Mars. The originals were drafted 3” diameter and then 
reduced in the drawing program to ½” to make the upper set. Print the 
whole sheet and see what you can see at a distance, or even simply on 
your computer screen on your chair and from across the room.

Printed Circle 
Outer Diameter
[IN] [CM]
0.5 1.3
1 2.5
2 5.1
3 7.6
4 10.2
6 15.2
8 20.3

Distance from 
Observer 

[FT] [M]
344 105
688 210
1375 419
2063 629
2750 838
4125 1257
5500 1677

https://cdn.shopify.com/s/files/1/0390/6029/files/Faux_Mars.png?5928218034426949707
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Mars Observer disappeared during its 
orbit insertion sequence. It is likely 
that valves leaked propellant into a 
line that immediately burned through 
when the other propellant combined 
with it there instead of in the engine’s 
combustion chamber. Mars Climate 
Orbiter (MCO) was supposed to 
enter orbit using its engine and 
aerobraking. It went too deep into the 
atmosphere on arrival and crashed 
because navigators and controllers 
were using different units to guide 
the spacecraft and didn’t realize it. 
Mars Polar Lander (MPL) shut off its 
engine too early, when its landing legs 
snapped into place instead of when 
they touched the surface. It fell too 
far (even in Mars’ reduced gravity) to 
survive. 
These all occurred during the tenure 

of NASA Administrator Dan Goldin. 
His mantra was “faster, better, 
cheaper” and I will say, from personal 
experience, that he was inspiring by 
making challenges to all of NASA. 
During this period, many scientists 
and engineers modified the mantra 
to “faster, better, cheaper; choose 
two” but I believe it should really 
say “faster, better, cheaper; choose 
one.” I think his mantra was directly 
responsible for the failures of MCO 
(insufficient funds to launch a Tiger 
Team to figure out why MCO was 
not following the desired trajectory 
after several mid-course corrections 
on the way to Mars) and MPL (saving 
money by skipping a critical event 
when a full start-to-end test of the 
landing sequence was resumed after an 
unexpected halt). Live and learn…
NASA’s Mars exploration rovers 

Spirit and Opportunity arrived in 
January 2004 for 90-day prime 
missions. Spirit operated on Mars for 
more than 6 years. Opportunity… is 
still doing science there, more than 
14 years after landing! They found 
mineral evidence of water (long gone) 
on Mars. 
But is it long gone? Some argue that 

there is evidence of condensation on 

NASA’s Phoenix (built from leftover 
spare parts for MPL) lander’s leg 
struts. NASA’s Mars Reconnaissance 
Orbiter (MRO) says maybe not. There 
are what look suspiciously like wet 
streaks coming off the equator-facing 
sides of some Martian craters. They 
fade over the course of a Mars year 
before renewing the wet look with 
a slightly different shapes/patterns. 
Researchers are arguing over the 
origin of these phenomena, which 
might be very brackish water that 
melts during the Martian spring, and 
their meaning for life on the planet. 
Meanwhile, MRO has shown that 

Mars is not static, with large dust 
devils seen from above and even a 
landslide caught in the act by MRO’s 
telescopic camera. One of MRO’s 
coolest pictures shows NASA’s Mars 
Science Laboratory rover, Curiosity, 
as it parachutes to the surface in 2012 
(Figure 5). 
What about the future history of 

Mars? 
Robotic exploration will continue by 

the world’s space agencies. Launches 
are already scheduled for 2020 and 
planning continues for dates beyond 
that, including sample collection and 

retrieval. 
Human exploration is intriguing in 

a variety of ways. NASA is looking 
towards the decade of the 2030s as 
possible for a human mission to Mars. 
The first trip there might be into orbit 
but not to the surface (as was done 
with Apollo 8 to the Moon).
Private entities are also making 

plans. The nearest announced launch 
date is in the early 2020s for half a 
dozen volunteers to make a one-way 
trip to Mars. There’s no word on the 
hardware that will launch the group, 
make the trip to and land on Mars, 
or what they will bring with them to 
survive and colonize the planet. 
SpaceX is developing their BFR for 

use launching people to Mars. It could 
be flying in the early 2020s but there’s 
not much detail about the hardware 
or the trip except acknowledging that 
sending a crew to orbit Mars might be 
the first step. 
Orbiting Mars is much easier than 

making a landing or making a landing 
and then getting back up for the trip 
back to Earth. Mars is about as hard a 
place to land on as you can think of. 
You have to carry a heat shield for the 
atmosphere but a parachute won’t slow 

was on the far side of Mars when the 
three flyby Mariners had been going 
by. Looking back, Mariner 10, a.k.a. 
Mariner Venus/Mercury 1973 made 
3 flybys of Mercury in the 13 months 
from March 1974 through March 
1975 but the orbital mechanics always 
presented the same hemisphere of 
Mercury to the spacecraft. Mercury 
wasn’t fully mapped until NASA’s 
MESSENGER spacecraft orbited the 
planet and mapped it from 2011-2015. 
It makes you wonder what will be 
found on the unseen hemisphere of 
Pluto, which was in decades-long night 
for NASA’s New Horizons spacecraft 
during its flyby in 2015. 
The Viking orbiters and landers 

all arrived in 1976, though the first 
landing was postponed from July 4 
because the improved cameras on 
VO-1 (Viking Orbiter 1) showed 
the planned landing site was risky 
for VL-1 (Viking Lander 1). After 
a scramble to find a safe (and, yes, 
boring) landing site, VL-1 successfully 
landed on the date of another historic 
landing date: July 20 — seven years 
after Apollo 11 landed on the Moon. 
Both landers had problems with their 
seismometers (to be corrected when 
NASA’s InSight arrives in November 
2018) and their life detection 
laboratories returned data that did not 
definitively demonstrate life (but with 
a small, loud minority still claiming 
the data do). 
Thanks to Percival Lowell’s writings, 

H. G. Wells’ novel and Orson Welles 
radio drama adapted from Wells’ 
novel, the subject of life on Mars 
continues to fascinate the public. 
It is a leading light in the world’s 
programs for the robotic exploration 
of Mars and influences the research 
of exobiologists. The robots look for 
water from orbit and on the ground, 
carry microscopes and chemical 
analysis instruments of various types 
to study rocks on its surface, and 
sniff the atmosphere for methane. 
Scientists collect and study meteorites 
that originated on Mars (rocks blown 

into solar orbit by impacting asteroids, 
which eventually collide with Earth). 
A lot of effort was put into the study, 

and the blowback, of ALH86001, a 
meteorite from Mars discovered in 
Antarctica. One group of scientists 
presented their case for fossil evidence 
of microbial life in the meteorite. True 
to the scientific method, the research 
community offered research results to 
counter the conclusions. The search 
continues.
Both Viking landers operated years 

past their prime missions, even 
returning images of dry ice (carbon 
dioxide, CO2) snow on the Martian 
regolith. (Huh? Regolith? Yes, regolith 
refers to the covering of bedrock 
by loose, rocky material of varying 
composition and size. Planetary 
scientists don’t call it soil, which is 
made of organic [life-based] remains, 
clay [rock chemically degraded by 
water], and rock particles. Earth has 
lots of soil and some regolith in out of 
the way places. From what we know 
now, Mars, the Moon, Mercury, and 
some asteroids have regoliths.)
Jump ahead 10 years after VL-1 

finally ended communication and 
robotic exploration of Mars resumed. 
There are lots of failures and some 

outstanding successes as several of 
the world’s space agencies took an 
interest in Mars. A small lander+rover, 
NASA’s Mars Pathfinder, arrived 
on July 4, 1997, and successfully 
explored the landing area. The 
mission ended when the lander, 
serving as the rover Sojourner’s relay, 
stopped transmitting to Earth. The 
solar powered rover, under those 
circumstances, was programmed to 
return to the lander and start circling 
it. Do you think it’s still circling, 
grinding its own trench over the last 
20 years as it “orbits” the lander? 
A little-known fact: Mars Pathfinder 

cost less than half of what it cost to 
make the blockbuster film “Titanic,” 
which was released the same year. 
Ratios like this are common in the 
space program. The costs, and returns, 
are large for these projects. But when 
you compare what the population 
of the US spends annually on candy 
or make up, you find that those are 
similar to or more than what even 
expensive missions cost. NASA is an 
excellent investment, returning $3 for 
every $1 invested.
The 1990s were “bookended” by 

Mars spacecraft failures and important 
lessons learned. Early in the decade, 

COURTESY OF NASA/JPL-Caltech/University of Arizona
Figure 5. NASA’s Mars Reconnaissance Orbiter captured this picture of NASA’s Mars Science 
Laboratory rover Curiosity as it descended to the surface.

COURTESY OF NASA/JPL-Caltech
A technician works on the descent stage for NASA’s Mars 2020 mission inside JPL’s Spacecraft 
Assembly Facility in March. Mars 2020 is slated to carry NASA’s next Mars rover to the Red Planet 
in July of 2020.
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you enough to land gently because 
the atmosphere is so thin. It’s hard to 
imagine that high speed landings of an 
aircraft on an unprepared surface of 
rocks and boulders at speeds matching 
the Space Shuttle landings (or faster) 
can be successful. NASA has tested 
alternative methods for moving large 
amounts of cargo to the surface of 
Mars. But we’ll have to wait to see 
what the final landing configuration 
will be.
Protecting the crew going to and 

from Mars still requires research. The 
International Space Station has shown 
that long term living in microgravity 
is not good for humans. We also 
don’t know much about the effects of 
galactic cosmic rays on astronauts/
cosmonauts/taikonauts exposed for the 
many-month trip to/from Mars. And 
massive solar flares could also hurt the 
crew. Apollo astronauts were lucky 
that there were no major solar flares 
during their flights, which occurred 

during sunspot maximum when there 
are often flares. The radiation exposure 
the Apollo astronauts did receive is not 
much of a guide since their missions 
were so short, the longest lasting about 
12-1/2 days.
Most of the issues mentioned here 

can be solved with MONEY. Lots of 
it. As a nation… as a civilization… are 
we willing to spend what it takes to 
visit and then colonize Mars?
There’s also the question of searching 

for extraterrestrial life on Mars. As 
soon as an astronaut sneezes (or even 
before), Mars becomes contaminated 
by terrestrial DNA. That means 
that any Earth-like Martian life 
will be hard to distinguish from the 
contamination the astronauts… (I 
want to say “…bring” but the better 
word really is…) are. And hitchhiking 
microbes might find any Martian life 
tasty, leading to its extinction. 
Our civilization has to decide when 

we humans and not just our robotic 

representatives should visit. David 
Weintraub discusses these issues in his 
book (Weintraub, 2018a) and in the 
Los Angeles Times in “Leave Mars to 
the robots” (Weintraub, 2018b).
So go out sometime this year and 

look at Mars. Think about the role 
Mars has played in our history 
and development. Realize that our 
ancestors, going back thousands 
of years, have pondered that bright 
wandering orange “star,” just like you.

• • •
Even though Steve Edberg spent 

almost 38 years at NASA’s Jet 
Propulsion Laboratory and worked 
on the development and flight 
operations on several planetary 
and one astronomical mission, he 
participated only on a proposal for 
a Mars mission.  He contributed to 
NASA Headquarters’ discussions of 
the robotic exploration of Mars. He 
observed his first Mars opposition in 
1969. 
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all images and captions are courtesy of 
NASA/JPL-Caltech/University of Arizona

Released June 3, 2015: This impact crater appears relatively recent as it has a sharp rim and well-preserved ejecta, the material thrown out of the crater 
when a meteorite hit Mars. The steep inner slopes are carved by gullies and include possible recurring slope lineae (known as RSL) on the equator-facing 
slopes. RSL could be a sign that water, its freezing point lowered by a high concentration of salt, could be seeping down these steep slopes. MRO has seen 
RSL appear in warmer seasons and disappear in cooler seasons in a few locations on Mars, indicating a planet with plenty of active processes.

Released April 1, 2012: From a distance, the floor of this crater looks like a giant 
honeycomb or spider web. The intersecting shapes, or polygons, commonly occur in 
the northern lowlands of Mars. The polygons in this “patterned ground” are easy to 
see because their edges are bound by troughs or ridges covered by bright frost relative 
to their darker, frost-free interiors. Patterned ground on Mars is thought to form as the 
result of cyclic thermal contraction cracking in the permanently frozen ground.

Mars orbiter’s views
are out of this world

Released May 20, 2015: The South Polar residual cap (the part that lasts through the summer) is composed of carbon dioxide ice. Although the cap 
survives each warm summer season, it is constantly changing its shape due to sublimation of carbon dioxide from steep slopes and deposition onto 
flat areas. This observation was acquired on March 23, 2015, in the summer of Mars Year 32. 

Released March 9, 
2016: NASA’s Mars 
Reconnaissance Orbiter, 
nearing the 10th 
anniversary of its arrival 
at Mars, used its High 
Resolution Imaging Science 
Experiment (HiRISE) 
camera to obtain this view 
of an area with unusual 
texture on the southern 
floor of Gale Crater. This 
area shown hosts many 
distinctive landforms in 
a different part of Gale 
Crater from where NASA’s 
Curiosity rover is working. 
This view spans about half 
a mile or one kilometer 
across, with north toward 
the top. It shows about 
half of the floor area of a 
small crater lying within 
Gale Crater, which is 96 
miles (154 kilometers) in 
diameter. An enigmatic 
deposit appears to have 
flowed into the small crater 
from the south.

Since arriving at the Red Planet on March 10, 
2006, the Mars Reconnaissance Orbiter has kept a 
constant eye on the Martian landscape and returned 
revealing images of the forces at work there.
Launched Aug. 12, 2005, the MRO is outfitted with 

six instruments that aid in its mission to “gain better 
knowledge of the distribution and history of Mars’ 
water” through detailed observation, atmosphere 
monitoring and underground probing using radar. 
Among those instruments is the powerful High 
Resolution Imaging Science Experiment (HiRISE) 
telescopic camera. HiRISE is designed to reveal 
features as small as 1 meter (3 feet) across. 
This gallery is a glimpse of some of the stunning 

images that have been captured by the MRO and 
HiRISE. For more images gathered by the orbiters 
and rovers exploring Mars, click here. 

https://mars.nasa.gov/multimedia/images/?page=0&per_page=25&order=pub_date+desc&search=&condition_1=1%3Ais_in_resource_list&category=51


Released Sept. 30, 2015: 
This cliff is the site of 
the most frequent frost 
avalanches seen by HiRISE. 
In this area in northern 
spring, frost avalanches 
are common and HiRISE 
monitors this cliff, or 
scarp, to learn more about 
the timing and frequency 
of the avalanches, and 
their relationship to the 
evolution of frost on the 
flat ground above and 
below the scarp. The small 
white cloud in front of 
the brick red cliff is likely 
carbon dioxide frost dislodged from the layers above, caught in the act of cascading down the cliff. It is larger than it looks, more than 20 meters 
across, and it probably kicked up clouds of dust when it hit the ground. The avalanches tend to take place when the North Polar region is warming, 
suggesting that the avalanches may be triggered by thermal expansion.
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Released Sept. 7, 2011: Mars has extremely large temperature changes from winter to summer compared to the Earth. It gets cold enough to 
freeze carbon dioxide out of the atmosphere during the winter, but this ice is unstable when the warmer summer arrives and forces it to sublimate 
(transform directly back into a gas) away. Near the South pole though, it stays cold enough for some of this seasonal ice to stick around all year and 
even accumulate from year to year. This slab of ice is a few meters (about 10 feet) thick and is penetrated by the flat-floored pits shown here. The 
quasi-circular pits in the center of the scene are about 60 meters (200 feet) across. The distinct color of the pit walls may be due to dust mixed into the 
ice. For most of the year these walls are covered with bright frost, but they defrost and show their true colors at the end of the summer.

Released Feb. 22, 2012: These barchan (crescent-shaped) sand dunes are found within the North Polar erg of Mars. This type of dune provides a great 
record of the wind environment when they formed and moved: barchan dunes’ horns point downwind. Although the question of present-day sand motion 
is still open, it appears possible that these dunes are active (when not covered in frost) as their crestlines are very sharp and their slipfaces (the inner 
curved region between the horns/downwind surface) appear very smooth and steep. In this image, taken during the northern spring season, the dunes 
and ground are still covered in seasonal frost. The speckled appearance is due to the warming of the area -- as the carbon dioxide frost and ice on the 
dunes warm, small areas warm and sublimate (turn from solid to gas) faster, creating small jets that expose/deposit dark sand and dust onto the surface. 

Released April 1, 2012: This observation shows a portion of the 
wall (light-toned material) and floor of a trough in the Acheron 
Fossae region of Mars. Many dark and light-toned slope streaks 
are visible on the wall of the trough surrounded by dunes. 
Slope streak formation is among the few known processes 
currently active on Mars. While the mechanism of formation 
and triggering is debated, they are most commonly believed to 
form by downslope movement of extremely dry sand or very 
fine-grained dust in an almost fluidlike manner (analogous 
to a terrestrial snow avalanche) exposing darker underlying 
material. Some of the slope streaks show evidence that 
downslope movement is being diverted around obstacles, such 
as large boulders, and a few appear to originate at boulders or 
clumps of rocky material. These slope streaks, as well as others 
on the planet, do not have deposits of displaced material at 
their downslope ends. The darkest slope streaks are youngest 
and can be seen to cross cut and lie on top of the older and 
lighter-toned streaks. The lighter-toned streaks are believed 
to be dark streaks that are lightening with time as new dust is 
deposited on their surface.
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Released April 1, 2012: A towering dust devil casts a serpentine shadow over the Martian surface. The scene is a late-spring afternoon in the Amazonis 
Planitia region of northern Mars. The view covers an area about four-tenths of a mile (644 meters) across. North is toward the top. The length of the 
dusty whirlwind’s shadow indicates that the dust plume reaches more than half a mile (800 meters) in height. The plume is about 30 yards or meters 
in diameter. A westerly breeze partway up the height of the dust devil produced a delicate arc in the plume. The image was taken during the time of 
the Martian year when the planet is farthest from the sun. Just as on Earth, winds on Mars are powered by solar heating. Exposure to the sun’s rays 
declines during this season, yet even now, dust devils act relentlessly to clean the surface of freshly deposited dust, a little at a time.

Released Feb. 29, 
2012: This scene 
shows dark sand 
dunes marching over 
the ridges created 
by an alluvial (water-
deposited) fan in an 
impact crater. These 
dunes may be active 
today, but we haven’t 
yet observed them at 
significantly different 
times to measure 
the movement. The 
dunes are moving from 
northwest (upper left) 
to southeast, with 
the steep slope facing 
downwind.

Released Oct. 20, 2010: This 
image shows blocks of bright, 

layered rock embedded in darker 
material that are thought to have 

been deposited by a giant flood 
that occurred when Uzboi Valles 

breached the rim of Holden Crater. 
The magnitude of this ancient 

flood is indicated by the large size 
of the blocks (up to 100 meters 

across). The blocks do not appear 
to have been moved very far by 

the flood, as they are not rounded. 
Holden Crater was one of the last 

four landing sites considered for 
the Mars Science Laboratory rover 

which has been exploring Mars 
since August 2012. The bright 

layered rock in this image probably 
contain a record of a wetter, 

warmer period early in Martian 
history, and are therefore a prime 

target for exploration.

Released Feb. 10, 2016: Wind is one of the most active forces shaping Mars’ surface in today’s climate. Wind-carved features such as these, called 
“yardangs,” are common on the Red Planet. Wind has also deposited fine sand on the floor of shallow channels between the yardangs. On the sand, 
the wind forms ripples and small dunes. In Mars’ thin atmosphere, light is not scattered much, so the shadows cast by the yardangs are sharp and dark.
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the STEM zone
By Dr. Daniel Barth

In the long history of astronomy, no mystery 
was more persistent than the motion of the 
planets across the night sky. You may know 
that 2,500 years ago, ancient astronomers 
believed that the Earth was the center of the 
solar system. An ancient Greek philosopher/
scientist named Aristotle made the most 
famous of the Earth-centered, or geocentric, 
models. In this model, the Earth remained still 
at the center of the solar system, while the Sun, 

Moon and all the planets and stars 
orbited around a motionless Earth.
The planets, or wandering stars, did 

not stay in any fixed position, but 
traveled through the 13 constellations 
of the Zodiac, moving from west to 
east from one constellation to the next 
as the months and years went by. The 
motion of the planets was mysterious, 
not only did they wander from west 
to east through the constellations, 
but every so often, the planet would 
stop its eastward progress, then turn 
backward and travel west for a while, 
then reverse course again and resume 
its eastward trek. 
Explaining this reverse, or retrograde 

motion, was a problem that Aristotle 
was never able to solve. A partial – and 
incorrect – explanation was developed 
by an Egyptian mathematician named 

Ptolemy some 500 years after Aristotle, but 
finding the true answer took more than 2,000 
years until the Polish astronomer Copernicus 
discovered it in the mid-1500s.
Copernicus discovered that the Sun is the center 

of our solar system. We are all taught this from 
such a young age, that we think it is obvious, but 
it has not always been so. From before the time 
of Aristotle (500 BC) to the time of Copernicus 
(1500 AD), all educated people were taught that 
the Earth was the center of the solar system and 

the Sun orbited around us just as the Moon does. 
Saying that everyone has been wrong about 

space, the solar system and everything for the last 
2,000 years is not an easy thing to do! Copernicus 
worried about how his ideas would seem to 
people; he worried so much that in his long life, 
he had only one student (Joachim Rheticus) 
and published his only book on Sun-centered 
astronomy at the very end of his life.
Copernicus’ book said that with the Sun in the 

center, the Earth and all the planets were like 
horses running forever around a circular track. 
Copernicus claimed that retrograde motion was 
an illusion caused by faster inner planets passing 
up the slower outer planets on their cosmic 
racetrack.
To understand the illusion of retrograde motion, 

imagine that you are riding in a car on a freeway. 
Up ahead is a slow car that you are going to pass. 
As you catch up to the car, everything looks 
normal, you and the slow car both appear to be 
moving forward. But for a few seconds, as you 
pass the car, everything changes. You look out the 
window and the slower car seems to be slipping 
backward as you pass him – this is retrograde 
motion in action. Once you have moved well in 
front of the slow car, you look back and all seems 
normal again – both cars seem to be moving 
forward.
We know the slow car never actually moved 

backward, it was only an illusion that happened 
as we passed by. The planets are much the same, 
and this summer, as the Earth passes Mars in 
orbit, the Red Planet will seem to be moving 
backward for a few brief weeks.
This summer, you can witness the drama of 

retrograde motion for yourself by tracking 
Mars’ position in the sky as we reach Martian 
Opposition, when Mars gets as close to Earth as 
it ever does and becomes many times brighter 
than normal. 
Look at the map on the next page, this shows the 

Tracking the loop of Mars

constellations Sagittarius, Capricorn 
and Aquarius, which Mars will 
pass through from March through 
October. Notice that from March 
through mid-June, Mars is traveling 
eastward in forward or prograde 
motion. But starting sometime 
after the summer solstice on June 
21, Mars will reverse course and 
travel retrograde, moving back 
westward until late August, when 
it will reverse course once again 
and move rapidly eastward across 
the constellations Capricorn and 
Aquarius.
I have provided you a blank map 

of the three constellations as they 
appear at about 9 p.m. in the months 
of July and August (click on the 
image for a printable version). 
With patience, you can observe the 
planet Mars, which will appear a 
bright red-orange color, brighter 
than any star on this map for most 

of this year. Once every two to three 
weeks, take a look at Mars and plot 
its position carefully on your blank 
map. You may wish to make more 
frequent observations from now 
through early September. Be patient, 
and accurate, and you can observe, 
record and marvel at one of the most 
enduring mysteries in the history of 
astronomy – the retrograde motions 
of the planets!

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.
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motion was an 
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https://exploreone.com/collections/national-geographic
https://cdn.shopify.com/s/files/1/0390/6029/files/Mars_Retrograde_Map_-_2018.jpg?11668047123814544476
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By DR. DANIEL BARTH
Guest Contributor

Mars is one of the five planets that you can see without 
any telescope or binocular to aid you. Because Mars is 
also the next planet out from Earth in our solar system, 
its distance from Earth changes dramatically during each 
Martian year.
As you can see from the diagram above, the orbit of 

Mars brings it close to Earth once each Martian year 
– about every 25 months for us – we call this Mars at 
opposition because it is on the opposite side of the Earth 
from the Sun. During this time, we observers on Earth 
have many advantages, mostly because with Mars five 
times closer Mars will appear five times larger in our 
telescopes making all the fascinating surface features 
easier to see.
The orbit diagram also shows us something else: Mars’ 

orbit is more elliptical than the Earth’s orbit. This more 
elliptical orbit means that every 15 years or so, Mars 
comes particularly close to us during opposition, making 
telescope observation of Mars even more exciting! The 
2018 summer opposition of Mars will be one of these 
exceptional times when Mars is less than 50 million miles 
away!
Astronomers have been exploring Mars with telescopes 

for 400 years. Galileo observed Mars with his telescope 
in the early 1600s. Dutch astronomer Christiaan Huygens 

made the first sketch of Mars 
viewing through a 6-inch 
reflecting telescope in 1659, 
describing Mars’ polar cap 
and timing the rotation of 
Mars to 24 hours. As you can 
see in the image to the right, 
Huygen’s drawing of Mars 
was far from precise — you 
could likely do better with a 
modern telescope!
Things really improved with the invention of the 

achromatic or ‘color-free’ lens by Frederic Fraunhoffer 
in 1812; this is a double lens than eliminates color halos 
and makes our views of the planets sharp and clear. Using 
Fraunhoffer’s new telescope design, Mars exploration 
really heated up during the Great Opposition of Mars 
in 1877. Just like 2018, the opposition of 1877 was a 
particularly close approach between the Red Planet and 
Earth.
Italian astronomer Giovanni Schiaparelli observed Mars 

and saw what he described as canali (Italian for ‘grooves’ 

or ‘channels’.) Schiaparelli was the 
first to map the surface of Mars; 
he noted that these ‘linear features’ 
must be more than 100 kilometers 
wide, and thousands of kilometers 
long — far enough to stretch from 
the polar regions of Mars down to its 
equator. Schiaparelli speculated that 
these canali could be like arroyos in 
our earthly deserts, shallow channels 
where water occasionally flows, 
and plant life is more common. 
According to Schiaparelli: “Mars is a 
small version of Earth with seas, an 
atmosphere, clouds and winds, and 
polar caps; and it promises, in this 
regard, a good deal more.”
Although Schiaparelli was very 

careful in his writing to explain that 
it was difficult to interpret what we 
saw looking through the telescope in 
earthly terms, the idea of giant canals 
carrying water (and life!) from the 
Martian poles down to the equator 
took hold of the popular imagination, 
and that of scientists and astronomers 
as well. This led to the Dying Planet 
hypothesis.
Under the Dying Planet model, 

Mars was thought to be a world 
that was slowly drying out. Further 
telescope exploration had shown that 
the Martian atmosphere was very 
thin, it might contain traces of water 
and oxygen, but these elements so 
essential to life were very scarce 
on the red planet. The giant canali 
discovered by Schiaparelli and others 
were seen as evidence supporting the 
dying planet model.
In 1894, American aristocrat 

Percival Lowell decided to build 
the world’s greatest observatory 
and dedicate it to the study of Mars. 
Lowell purchased a mountaintop 
outside of Flagstaff, Ariz., renamed 
it Mars Hill and then commissioned 
a 24-inch refractor telescope (then 
the largest such telescope in the 
world) to be built and installed there 
for his personal use. Lowell had 
studied mathematics at Harvard and 

traveled extensively in Asia as a 
writer and diplomat, but he had no 
formal scientific training. The idea 
that the best observatory in the world 
was owned by a wealthy amateur 
astronomer for his own use must have 
been more than a little irksome to the 
scientific community of the day.
Percival Lowell was not only a 

talented observer and artist, he was 
also a gifted writer who fired the 
popular imagination with his books 
on Mars, illustrated by his own 
sketches made at the eyepiece of his 
giant telescope. In fact, his books on 

Mars made him far wealthier, and 
far better known, than his family’s 
wealth or social position ever had. 
Lowell went on to observe and 
document seasonal color changes 
on Mars, which he attributed to 
vegetation, much as trees green up 
in spring, then fade and drop their 
leaves in the fall. 
Lowell also developed the first 

successful camera design and, with 
his assistant Carl Lampland, made the 
first high resolution photographs of 
the planet Mars. These photos were 
sharp enough to show Martian surface 

Observations from 
Earth have fueled 
Mars exploration

COURTESY OF Wikipedia
Italian astronomer Giovanni Schiaparelli created this map of the surface 
of Mars after observing the planet during its opposition in 1877. 

COURTESY OF Wikipedia
Percival Lowell observes through the 24-inch refracting telescope at the Lowell Observatory, which 
he established in Flagstaff, Ariz. 
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features in enough detail so that they 
might be published in books and 
newspapers of the day. The photos 
made by Lowell and his assistants 
electrified the public as well as the 
scientific community.
Here however, Percival Lowell made 

an error that has sullied his reputation 
as a scientist and astronomer. Rather 
than offer the photos as a scientific 
achievement in and of themselves, 
Lowell insisted that the photos 
provided evidence for the existence 
of the Martian canals and the Dying 
Planet hypothesis. 
Lowell’s scientific critics treated his 

ideas respectfully, exploring them, 
trying to replicate his results and 
offering challenges to his theories 
based on new data and observations 
from astronomers around the 
world. By the end of Lowell’s life 
in 1916, it was clear to most of the 
scientific community that in spite of 
Lowell’s magnificent achievements 
in observation and photography – his 
theory of giant canals on a dying 
desert planet were just not true.
The popular imagination and press 

were not as ready to drop the dying 
planet idea, however. From H.G. 
Wells’ War of the Worlds (and the 
many films and radio plays based 
upon it), to the John Carter Mars 
novels of Edgar Rice Burroughs and 
thousands of science fiction stories 
and hundreds of films, Life on Mars 
lived on in popular culture.
In 1964, Mars exploration entered 

a new era; the Mariner 4 probe 
flew past Mars for the first time 
and sent close up photos of the red 
planet back to Earth. These photos 
were relatively poor by today’s 
standards, but they represented the 
very first time that humans had sent a 
spacecraft to another planet and sent 
back relatively close-up photos of the 
surface.
The Mariner 4 photos showed a 

dry, cratered world that looked far 
more like the Moon than the Earth 
– and the Dry Mars hypothesis was 

born. Mars was now officially a 
dead planet, waterless, and therefore 
lifeless as well. Not only was there no 
sign of any sort of life, there were no 
indications of anything remotely like 
canals stretching across the surface.
Even when the Viking spacecraft 

— an orbiting photographic satellite 
and a stationary lander — sent 
photos back of dry river beds, ‘splash 
craters’ that looked like a rock thrown 
into a shallow mud puddle and 
other evidence of a wetter ancient 
past, these photos were dismissed. 
Dry river beds could never have 
held water because Mars was dry! 
Evidence from the two Viking landers 
that seemed to indicate the presence 
of microbial life in the Martian soil 
was also dismissed. No water, no 
life! had become the official scientific 
doctrine of the day. Percival Lowell 
had been wrong, and that was that.
The 21st century again brought a 

new era to Mars exploration — the 
rovers had landed! The first primitive 
Pathfinder rover touched down on 
Mars in 1997, but the real exploration 
began with the arrival of the Spirit 
and Opportunity rovers in 2004. 
Opportunity, which is still actively 
exploring Mars today, discovered 

evidence that liquid water had once 
flowed on the Martian surface, and 
the Curiosity rover found chemical 
evidence that water in the Gale Crater 
region had been much like water 
you might find in a lake or stream on 
Earth today. Ancient Mars had been 
“warm, wet, and habitable” according 
to NASA scientists. The Dry Mars 
hypothesis was officially dead.
Today we know Mars better than 

ever before. It is a cold, desert planet 
with oceans of water locked in frozen 
glaciers beneath the surface. Mars is 
a place where liquid water is thought 
to bubble out and occasionally flow in 
brief spurts across the sands of south-
facing slopes in springtime. 
There are many mysteries to still 

left to explore on Mars. Why did the 
atmosphere become thin and cold? 
Was there ever life on the Martian 

By DR. DANIEL BARTH
Guest Contributor

The 24-inch refracting telescope 
commissioned by Percival Lowell 
in 1894 from Alvin Clark and Sons 
was one of the largest, and finest 
telescopes of its day. This giant 
refractor was more than 36 feet 
long with a primary lens 24 inches 
in diameter. It was with this great 
telescope that Percival Lowell made 
his famous sketches of Mars, and 
through this great lens, he took the 
first clear photographs of another 
planet. The great 24-inch refractor 
was also used to map the lunar 
surface in detail for the first NASA 
landings on the Moon in the 1960s 
and it did early work on discovering 
exoplanets — planets orbiting distant 
stars many light years from our Sun.
Today, all modern research telescopes are 

reflecting telescope designs, using great mirrors 
to gather and reflect light. Although the era of 
large refractors in science is over, there is a twin 
to the great Lowell Observatory refractor – the 
Sproul Telescope. The Sproul Telescope is also 
a 24-inch refractor design, fully 36 feet long, 
originally constructed by the Brashear Company 
in 1911. Recently, the nonprofit Supporting 

STEM and Space Foundation acquired this great 
telescope, which is now undergoing renovations 
and will soon be put back into service at a planned 
observatory site in Northwest Arkansas.
It is a tribute to the Supporting STEM and Space 

Foundation, Explore Scientific and their many 
public and corporate sponsors, that this piece of 
America’s scientific heritage will soon be back 
in service; inspiring young and old alike with 
magnificent views of the Moon, Mars and beyond. 

surface? How did the planet’s climate 
change over billions of years? Is there 
still a water cycle on Mars as there is 
on Earth?
Some of the Mars explorers will 

get to drive rovers, or command 
photographic satellites orbiting the 
red planet. But most of the Mars 
explorers during this year’s great 
opposition will be like you and me 

– sitting in our backyards on warm 
summer evenings, looking through 
our telescopes at a distant, cold desert 
world that still has the power to fire 
our imaginations and stir our hearts.

COURTESY OF NASA
Above, this image of Mars was taken by Mariner 
4. Below, this image of a river bed on Mars was 
taken by the Viking orbiter. 

COURTESY OF NASA

Percival Lowell worked with his assistant Carl 
Lampland to capture the first high resolution 
images of Mars. 

COURTESY OF NASA
This panoramic image of the Martian surface was captured by the Opportunity rover in 2007. 

Nonprofit is giving historic telescope a second life

COURTESY OF Swarthmore College
The historic 24-inch Sproul Telescope was recently relocated from Swarthmore College 
in Pennsylvania to Northwest Arkansas.. The nonprofit Supporting STEM and Space 
Foundation is refurbishing the refractor with plans to make it the showpiece of an 
observatory in the works for Northwest Arkansas. 
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Sky’s Up Editor in Chief

Mars and I have been friends since February 2, 
1963. On that evening I was a 14-year-old patient at 
the Jewish National Home for Asthmatic Children. 
I didn’t know much about anything, but I did want 
to take a look at Mars. And I did understand that at 
8:02 p.m. Mountain time, Mars would be in direct 
opposition in the night sky, meaning that it would be 
in the sky from dusk to dawn.
I assumed that Mars would put on quite a show. 

Carefully checking my watch, I began looking at 
this red planet just before 8. I thought that promptly 
at 8:02, Mars would puff up in a burst of cosmic 
radiance. I thought it would briefly become so bright 
that I’d have to shield my eyes.
That never happened. Mars just stayed as it was. 

I might have spotted a darker area at the top, 
now understood to be one of the polar caps. But 
essentially Mars just sat there, staring at me as I 
stared at it.
After a while I brought Echo, my telescope, inside 

our cottage where Jim, my houseparent, was waiting. 
“You were standing behind the girls’ cottage with a 
telescope,” he said accusingly. “What were you doing?”
“Looking at Mars,” I answered innocently.
Jim looked at me, then his face broke out in peals of 

laughter. “You are the only person who could say that 
and get away with it!”
And that is how I became friendly with Mars.
 

Mars at noon: No canals
My second encounter with Mars took place during 

the Summer of 1965. Now 17, I was a camper at the 
Adirondack Science Camp in upstate New York. I 
saw the banner headline in the New York Times that 
day. Humanity had just sent its first spacecraft flying 
past Mars. Called Mariner 4, the craft was designed 
to fly past the planet and take closeup pictures. One 

specific area it was photographing was a spot where, 
decades earlier, Percival Lowell had reported seeing 
artificial canals there.
Would Mariner confirm both the canals and the 

existence of intelligent life on Mars? 
Mariner did neither. It spotted what appeared to 

be a bright surface pockmarked with craters, but 
nothing else, and certainly no canals. For those of 
us who wanted so badly not to be alone, this was a 
disappointment, but, as years passed, the question 
of life on Mars would not go away. Intelligent life, 
canal-building life? Probably not. But what about 
simpler forms of sub-microbial life? 

A fossil from Mars?
Several thousand years ago a bright meteorite 

broke up in Earth’s atmosphere and crashed in the 
Allan Hills region of Antarctica. In 1983, a team 
discovered and collected that rock, and it has since 
been confirmed that the specimen did indeed come 
from Mars. In 1995, David McKay and his group of 
planetary scientists suggested that the rock displayed 
possible evidence of fossilized life. Despite a huge 
amount of excitement at the time, it now appears not 
likely that this was a fossil. But the questions linger. 
At the time, McKay, the team leader, suggested that 
it is possible that microscopic life forms persist to 
this day.
Did the scientists have egg on their faces? Not at all. 

Their discovery inspired an intense search for life on 
other worlds, not just Mars, but ice-covered Europa, 
a large moon of Jupiter, as well. The rock did not 
answer any questions, but it did pose some brilliant 
ones. Someone, perhaps someone reading these 
pages of Sky’s Up, might be the one who comes up 
with the answers, and, at the same time, poses even 
more questions. 

48 Sky’s
Up

on the road with Doveed

Mars has long 
been a source
of fascination

David Levy at the Jewish National Home for Asthmatic Children in September 1962.
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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



Wow, saucers on the Moon! But theses 
saucers do not fly or carry little green 
creatures from outer space. Rather, they 
are depressions in the floor of the 153 km 
crater Ptolemaeus that reveal secrets about 
the early history of the moon. They can be 
seen only at very low sun angles and appear 
almost soft and velvety. One prominent 
saucer can be seen just above Ammonius 
on the quadrant image and others can be 
detected in the Ptolemaeus image. 
What are they and what happened? 

Ptolemaeus is an ancient crater, thought to 
be over 3.9 billion years old, that formed 
during an era of intense cratering. It has 
been battered and scarred by later impacts 
and by distant basin-forming collisions. 
Early in its lifetime many craters pocked its 
original floor leaving depressions that were 
later coated by “fluidized ejecta,” the gritty 
slurry of rocks and dust violently expelled 
in the formation of a gigantic impact basin, 
perhaps 3.85 billion years ago. Albategnius, 
Klein, Hipparchus and other craters on the quadrant 
image have similar ejecta fill and some have saucer-like 
depressions as well. Ammoinus, the only crater formed 
in Ptolemaeus after the basin-forming catastrophe, was 
spared since it arrived nearly 3 billion years later!
Scars between Herschel and Gylden point accusingly 

towards Mare Imbrium, hundreds of miles to the 
northwest, as the source of ejecta sculpturing. Similar 
scars can be seen on the southeast rim of the badly 
battered Hipparchus. Its southwestern wall has been 
obliterated by younger local impacts, and it is so worn 
that it is difficult to detect unless the sun is at a low 
angle. 
The larger craters on the image are all scarred and 

much older than the smaller craters. Early in the history 
of the moon large space rocks battered the surface of the 
moon, but the cratering rate fell off as the objects were 
depleted. After the Imbrium impact about 3.85 billion 
years ago cratering events became less common and the 
impacting objects smaller. Hence most of the younger 
craters are smaller and widely scattered over the ancient 
moonscape. 

Well-preserved 
Herschel and 
Horrocks, 41 
km and 30 
km diameter 
respectively, 
are considered 
“Eratosthenian” 
in age and may 
range in age 
from 3.2 to 1.1 
billion years 
old. The youngest craters, Ammonius, Pickering, 
and a few other unnamed craters scattered about 
the image are “Copernican” in age; less than 1.1 
billion years old. 
Other interesting objects include Rima 

Flammarion and Rima Oppolzer, which are 
surface fractures with the dropped floors 
between the fracture walls and are known as 
grabens. Near Muller, a crater chain crosses diagonally 
for a short distance. It was formed by an object — 
possibly a comet — that fragmented prior to impact 
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Craters dotted with saucers, scars
— Images and text provided by Howard Eskildsen

creating a series of craters. 
Like the Rosetta Stone, the craters and scars across 

this tortured landscape reveal an ancient past, filling 
in details that have been erased on Earth by erosion 

and crustal motion. Our solar system endured a violent 
distant past before sweeping most of the space debris 
from the surroundings of the planets and settling into the 
relative quiescence that we enjoy today.  

The ancient Ptolemaeus crater is 
dotted with depressions. 
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What a mess! This part of the Southern Highlands 
of the moon shows an ancient, crater-saturated 
surface with rubble and scars from a violent past. 
The only smooth areas seem to be from dusty fill as 
seen in the Cayley Plains. But a chaotic moonscape 
is a geologist’s dream, and it was here that Apollo 
16 made the only lunar highlands landing. They 
thought they knew what to expect, but boy were 
they wrong!
 The origin of lunar craters was still being debated 

at that time. While more and more scientists 
believed that most craters were created by impacts, 
many still believed that at least some of them had to 
be of volcanic origin. Look at the rubble extending 
northward of Descartes to the Apollo 16 landing site. 
Known as the Descartes Highlands, it resembles 
earthly volcanoes with lava pouring out of a caldera. 
Likewise, many thought that the Cayley Plains were 
volcanic in origin. The landing site was carefully 
chosen after scrutiny of high-resolution images to be 
sure it was safe despite the treacherous terrain. 
Apollo 16 landed between two small bright craters 

known as North Ray and South Ray and used the 
lunar rover to cover as much ground as possible. No evidence 
of volcanic flows was found. Instead breccia, a conglomerate 
of fragmented, sharp shards of rock, was found in abundance. 
Further evaluation of the fragments within the rocks show most 
of them to be pieces of more ancient breccia. While it was not 
directly sampled, the Descartes Highlands is now thought to be 
ejecta from several lunar impacts. 
The rest of the landscape consists mostly of ancient craters 

that predate the Imbrium impact event. Lindsey, Lade, 
Saunder, and others show severe erosion consistent with 
their great age. Delambre and Kant are younger but still 
weathered. Theon Senior and Theon Junior are younger still, 
but Alfraganus is the only named crater likely to a billion years 
or less in age. 
The whole region probably represents original lunar crustal 

material that has been pulverized by countless impacts over 
the early eons of the Moon’s existence. This is likely what the 
areas of the maria looked like before the basin lowlands were 
excavated by gigantic impacts and then filled with basaltic 
lava. The Apollo discoveries put another nail in the coffin of 
the volcanic crater hypothesis and drew attention to neglected, 
seminal works that had been published more than two decades 
earlier. 
Dr. Ralph Baldwin from Grand Rapids, Mich., studied 

craters produced by explosives during World War II 
and became interested in lunar craters while lecturing 
at Adler Planetarium. His discovery that the depth to 
diameter ratios of the craters fit well on a logarithmic 
curve generated from his explosives studies led him to 
publish a paper on the impact origin of lunar craters in 
Popular Astronomy in 1942. He theorized that impacts 
of objects traveling at speeds measured in tens of 
kilometers per second would vaporize as violently and 
quickly on impact as TNT, causing explosive excavation 
of craters. Later he published The Face of the Moon in 
1949, further detailing his theory for crater formation. 
The scientific journals of the day were not interested in 
lunar astronomy, and his work was ignored academically 
at the time. 
He published The Measure of the Moon in 1963 and A 

Fundamental Survey of the Moon in 1965, expanding 
on his previous works. Apollo explorations and rock 
samples supported his conclusions as did other lunar 
studies, and eventually his views were accepted by the 
rest of the scientific community. He finally received 
well-deserved recognition in 2000 when he was 
presented with the Barringer Medal for his studies in impact 
cratering. It was succinctly noted: “Seldom has one man been so 
right about so many things so early.” 

 Quadrant 49:

Right place for the crater debate
— Images and text provided by Howard Eskildsen

I had the privilege of meeting Dr. Baldwin in 2009. Fellow 
lunar enthusiast Bob O’Connell and I traveled to his home in 
Naples, Fla. Though he was 97 years old and hard of hearing, 

he was alert and insightful. He was working on an article about 
Mare Nectaris for the journal Icarus at the time. We left feeling 
thrilled and inspired by the visit.
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the art of astronomy

Astrophotographer Chris Sullivan 
used an Explore Scientific 208mm 

Newtonian, Skywatcher AZ-EQ5 
mount and a ZWO ASI 1600MM-Cool 

camera to nab the Pacman Nebula. 
Formally known as NGC 281, this 
HII emission nebula  is located in 
the Cassiopeia constellation. For 
additional technical information, 

click here.

Pacman Nebula

Astrophotographer: Christopher Sullivan

the art of astronomy

Astrophotographer: Christopher Sullivan

57Sky’s
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Sullivan used the same imaging setup 
for this photograph of the Sunflower 

Galaxy. Also known as Messier 63, 
this spiral galaxy is swirling about 27 
million light years away in the Canes 
Venatici constellation. For additional 

technical details, click here. 

Sunflower Galaxy

Sullivan spent four nights in July 2017 
imaging the Bubble Nebula, which is 
an emission nebula in the Cassiopeia 
constellation. For additional technical 
details, click here.  

Bubble Nebula

Sullivan used an Explore Scientific 
208mm Newtonian, Skywatcher 
AZ-EQ5 mount and a QHY-CDD 183C 
Beta camera to get this shot of Thor’s 
Helmet — an emission nebula located 
in the Canis Major constellation that 
is about 30 light years across. For 
additional technical details, click here.

Thor’s Helmet

https://www.astrobin.com/311939/B/?data_source=&nc=
https://www.astrobin.com/297242/M/?data_source=&nc=
https://www.astrobin.com/304121/D/
https://www.astrobin.com/277070/F/?image_list_page=2&nc=&nce=
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Astrophotographer: Jack Newton
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the art of astronomy

Astrophotographer: Steve Siedentop

California Nebula
Jack Newton used the Explore Scientific FPL53 Series 165mm f/7 refractor to create this image of the 
California Nebula, which is an emission nebula located in the Perseus constellation. 

Astrophotographer Chris Sullivan 
used an Explore Scientific 
208mm Newtonian, Skywatcher 
AZ-EQ5 mount and a ZWO ASI 
1600MM-Cool camera to get 
this image of HFG1 and Abell 6, 
which are planetary nebulae in 
the Cassiopeia constellation. For 
additional technical information, 
click here. 

HFG1 & Abell 6

Astrophotographer:
Trevor Jones

Astrophotographer:
Chris SullivanAstrophotographer Trevor 

Jones took this image of 
the Trifid Nebula (Messier 

20) using an Explore 
Scientific FPL53 Series 

140mm f/6.7 refractor. 
Located in the Sagittarius 

constellation, the glowing 
beauty is a combination of 
a reddish emission nebula, 
a blue reflection nebula, a 

dark nebula and an open 
cluster of stars.

Veil Nebula
Astrophotography Steve Siedentop captured the Veil Nebula using an Explore Scientific FPL53 Series 165mm f/7 
refractor. Located in the Cygnus constellation, the nebula is divided into three main parts – the Eastern Veil, the 
Western Veil and Pickering’s Triangle.

Trifid Nebula

https://www.astrobin.com/315365/D/?data_source=&nc=
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With a universe of options to explore, it can be difficult to track what awe-inspiring treasures are visible in your sky each month. To 
help guide your explorations throughout the year, Sky’s Up is providing the following collection of seasonal star maps created by 
noted celestial cartographer Wil Tirion. Based in The Netherlands, Tirion has been crafting stars maps since the 1970s and became 
a professional uranographer shortly after the publication of his highly regarded Sky Atlas 2000.0 in 1981. To learn more about Tirion 
and his work, click here. 

the key to your sky
created by Wil Tirion

lunar calendar
created by Howard Eskildsen

http://www.wil-tirion.com/
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COURTESY OF NASA/JPL-Caltech/MSSS

This May 11, 2016, self-portrait of NASA’s Curiosity Mars rover shows the vehicle at the Okoruso drilling site on 
lower Mount Sharp’s “Naukluft Plateau.” The scene is a mosaic of multiple images taken with the arm-mounted 
Mars Hands Lens Imager.


