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Introduction

For years, the images have blazed through your imagination. They are the
magnificent full-color photographs returned by the Hubble Space Telescope and
its sister Great Observatories' of the grand depths of the cosmos. From the “pillars
of creation,” considered to be Hubble’s signature image, to the incomprehensible
depths of the Hubble Deep Fields to the intricate details imaged in the surface and
cloud tops of Mars or Jupiter, the power of the Hubble Telescope to turn on the
public to science is unparalled in the history of modern culture. They also have
spurred new telescope sales to unimagined highs. And after years of watching the
heavens through the eyes of NASA, you've decided it’s time to see it for yourself.
You make the trip to the department store and pick up that shiny new “500x” tele-
scope, set it up and soon you're in business.

Unfortunately, the high initial expectations usually give way to disappointment.
Instead of seeing the magnificent swirling clouds of gas in the Orion Nebula, you
see a pale green-gray cloud with a couple of nondescript stars lurking nearby. The
swirling red, yellow and brown storms of Jupiter are nowhere to be seen; only
varying shades of gray in the planet’s cloud bands, assuming you can see bands at
all! And Mars? After waiting all night for the red planet to rise up over the morning
horizon, you are greeted by nothing more than a featureless reddish-orange dot.
After a few weeks of this, the telescope suddenly is no longer making the nightly
trip outside. Soon the scope only gets outside one night a week and not long after
that, it becomes a place to hang laundry. It need not be that way for the sky you
long to see is out there. You just need to learn how to see it. If you are that person,

! NASA’s “Great Observatories” include the Hubble Space Telescope (launched 1990), the Compton
Gamma Ray Observatory (launched 1991, de-orbited 2001), the Chandra X-Ray Observatory (launched
1999) and the Spitzer Space Telescope (launched late 2003).
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then this book is for you. If you own a larger telescope and feel you have run out
of challenges, then you've got the right book too. One thing that many people who
do not study the sky don’t understand is that astronomy is the one and only science
where ordinary people with an ordinary education can make the discoveries that
electrify the public and even alter the course of modern science. Amateurs dis-
covered the great comets Hale-Bopp, Hyakutake, West and Ikeya-Seki. Amateurs
today are even helping to discover new planets around distant suns. Indeed, with
the attention of most professional astronomers focused on non-visible wave-
lengths, most major discoveries made in visible-light astronomy today are made
by amateur astronomers just like us.

The opportunities for discovery, learning and wonder are absolutely endless, but
it also takes an enormous amount of work. If you’re willing to do it, then please
read on. I wrote this book to share with you what I have had to learn through hard
trial and (a lot of) error. I hope to share with you so as to limit your frustration,
increase learning and most of all expand your joy in this amazing hobby and lim-
itless science. We’ll begin in the pages ahead by discussing the critical elements of
the integrated observing system. This system has three critical components all of
which must work correctly and in harmony for you to have success. These are the
observer’s eyes, his equipment, and lastly his brain. A perfect scope and flawless
vision are useless without the knowledge of how to use it and of what it is you are
looking for, what to expect when observing and why that particular object is of
such interest. A well-trained mind and a perfect scope are of little use if the eyes
are in poor health or are adversely affected by factors external to the eyes or exter-
nal to the body. Perfect eyes and a well-trained mind will not perceive very much
if the telescope cannot produce a sharp image because it is poorly maintained or
its optics or mounting are of poor quality. Our first three chapters are about
preparing and training the eyes, acquiring the right equipment for your particu-
lar needs including some frank advice about how to shop for that first serious tele-
scope, then we will talk about training the mind, the need to gain knowledge and
then putting it all together to make observing fun, enriching, and satisfying.

Once you have all the tools in place, we’ll go out in the field for a test run and
put our eyes, brain and telescope to work. We’ll walk through a typical first night
in the field by planning and executing an observing session where time can be an
issue, both in terms of being ready for a precise moment and making use of time
of limited quantity. The first night out can be the most wonderful night of your life
as an amateur astronomer, or the night that turns you off the hobby completely.
We’ll talk about how to make it the former rather than the latter by teaching you
to manage your time, your equipment, yourself and perhaps most importantly,
your expectations.

Now that you've put it all together, in the next ten chapters, we will take the grand
tour of the universe, starting close in with the Moon then making our way further
and further out into space. In each chapter, we will do three things. First we’ll talk
in depth about each object as a physical entity. We’ll then talk some about the
history of that object from the point of view of the human experience, how did we
come to know what we know and why is it important to us? Knowledge is what in
turn makes us curious; it is as much a part of being human as breathing. A small
primer to arouse curiosity makes us seek more knowledge. That in turn makes us
more curious. The desire to gain knowledge is therefore self-perpetuating so long
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as we can continue to satisfy our curiosity. As long as we can satisfy that urge, then
the hobby will remain satisfying and self-fulfilling. Finally we will help manage
expectations. You will never see in the telescope what the amazing pictures
returned by the Hubble or Keck telescopes can. For this reason, all the images pro-
duced in this book are my own. I am a very amateur astrophotographer and I'm
still working after many years on mastering the art of image processing (unsharp
mask, anyone?). The pictures are far from perfect in many cases because most of
what you see in a telescope is far from perfect, not to mention the photographer.
The motion of Earth’s atmosphere distorts the planets and the nebulae and galax-
ies are washed out by light pollution. Astrophotography is an enormous challenge,
as my own images prove over and over. The pictures more accurately represent
what you might see in an actual telescope.

Finally we will challenge you. Each chapter ends with a series of projects that
will show you how to do so much more than simply gaze through a scope. You will
challenge and train your eyes, learn how to pick the right equipment for what you
want to do, how to organize yourself and how to gain knowledge. You will track
sunspots, locate the Apollo landing sites, study the geography of Mars, wonder at
the remarkable resonance of Jupiter’s moons, and discover why Mercury and Venus
behave so differently from each other. We’ll learn the techniques that amateurs just
like you and me use to hunt the sky for comets or rouge asteroids. We’ll go into
deep space and discover how astronomers learned to measure grand distances in
the universe, watch stars brighten and fade both predictably and unpredictably.
We'll take the grand view and the up-close view of nebulae, galaxies and clusters
and learn from where each type came and what makes each object important to
us. Then we will discuss Messier’s famous catalog and learn how to earn amateur
astronomy’s ultimate right of passage, finding every object on that list in one single
night.

Ready? Then let’s go stargazing!



CHAPTER ONE

The Integrated
Observing System.
Part I: Your Eyes |

One of the most terrible misconceptions about astronomy that those who are first
getting into the hobby have is that it’s an easy source of instant gratification. Set
the scope up, look through it and be amazed. Astronomy, like many hobbies just
does not work out that way. Your ability to be successful and have enjoyment in
astronomy is based entirely on your willingness to work at the art-form of observ-
ing and the quality of your equipment. If you've ever played golf (I have and I use
the word loosely), you will understand this. It takes many years of practice, con-
sistent effort and a willingness to study the game to make a good golfer. A good
player also needs the proper equipment. He needs clubs that are the right length
for both his body and arms. The clubs must be of the proper flexibility for your
game’s strengths and weaknesses. Stiff shafts deliver more accurate shots while
flexible shafts deliver greater distance. You just do not walk on a golf course and
expect to play “all-square” with Tiger Woods. A good golfer is a complete integrated
system, the perfect marriage of clubs, player, practice and ability. Just the same,
you should not expect to step up to a department store telescope and be able to
instantly see all the grandeur that the heavens have to offer on the first night. You
need to have the right equipment and you need to have the willingness to learn
how to use it and care for it. Your eyes, your brain and your telescope are all part
of an integrated observing system. Visual astronomy is an art-form as much as it
is a science. Success is based on equal parts of quality equipment, carefully honed
skills and good fortune. Astronomy, like any challenging hobby, is very hard work.

About twenty years ago, I had reached that critical mass point in amateur astron-
omy. My “500x” Tasco department store telescope had basically become a coat
hangar in my bedroom. Its 50 mm (2 inch) objective lens adequately showed the
disk of Jupiter, the rings of Saturn and the phases of the Moon and Venus. But
under the moderately light polluted skies of northwestern New Jersey, even the
sky’s brightest deep sky wonders were virtually invisible to me. Anything fainter
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than the naked eye threshold was invisible. Though I was twenty years old and
working my way through college, I saved carefully and purchased a Celestron Super
C8 Plus in May 1986. I was able to turn it into the night sky in time to catch the
retreating Comet 1P/Halley, just before it disappeared into the cosmic deep for
another seventy-six years. This proved to be my first great disappointment. Though
it appeared larger and brighter in the new telescope, it still appeared dull and
featureless. I was puzzled at reading the descriptions of the comet written by the
leading amateur astronomical observers of the time who were using equipment
much the same as I was, many in the same general area of the country. They
described it as dynamic with many differing features in both the coma and tail that
I just could not begin to make out. Why was this? It was because I did not know
how to see.

The Apollo-era geologist Farouk El Baz once said, “Anyone can look, but few
really see.” “Seeing” is the great skill that makes an astronomer successful at the
eyepiece. Learning how to see requires a great deal of patience and practice. It also
requires some understanding of how the most important piece of astronomical
equipment you own works, your own eyes! The human eye is an amazing evolu-
tion in biological optics. It is one of the few sight organs belonging to any species
that is capable of imaging both faint light and in color. Cats, for example, have
extremely keen night vision, but are completely color-blind. What is sometimes
difficult to understand about the human eye is that the eye cannot image color and
faint light at the same time. First, lets take a closer look at the eye and the way it
is built. We will then discuss several important observing considerations and tech-
niques that affect the way the eye works and the way the brain perceives. These
factors include dark adaptation, the use of averted vision, light pollution, the con-
dition of both the physical organism (you) and the condition of the atmosphere.

The Eyes in the Dark

The operating principles of the eye are rather simple. A clear organic lens (the
cornea) focuses light entering the eye. This lens refracts light onto the retina, a pro-
jection surface at the back of the eye. The amount of light that reaches the retina

Vitreous
Choroid
Optic nerve
Macula

Retina

Figure 1.1. Anatomy
of the human eye.
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is controlled by an involuntary muscle array called an “iris” The iris opens and
closes the pupil, the center opening of the eye. The pupil dilates between a diam-
eter of anywhere between 1 and 8 millimeters. The wider the pupil can open, the
more light can enter. An involuntary reflex centered in the rearmost portion of the
brain controls the opening of the pupil. As ambient light levels decline, the brain
opens the pupil wider to allow more light to enter. This process of dark adapta-
tion requires time and care. If you step out of your home straight to the eyepiece
of a telescope aimed at a faint galaxy near the limit of the telescope’s reach, I
promise that you will not see it, even if the object is directly in the center of your
field of view. The most important step to take in preparing yourself to view the sky
is to allow you a proper opportunity to adapt to the dark. Your pupil will dilate to
near-maximum aperture (opening) within a few seconds. It will still require a con-
siderable amount of time for the eye to complete electrochemical changes that will
occur in the retina. Successfully completing this requires removing yourself from
any bright light source for a minimum of thirty minutes before any serious observ-
ing can begin. Take extra care to avoid any exposure to light ranging from white
to the higher energy end of the spectrum (toward blue). Avoiding all extraneous
light is better yet. Over the first fifteen minutes, your eyes will gain nearly two mag-
nitudes in sensitivity. By thirty minutes, your eyes are nearly fully dark-adapted.
Although the eyes will grow slightly more sensitive over the next ninety minutes,
the huge majority of your dark-adaptation is completed within that first half-hour.
If you must use a light, always make sure that it is red. The eye is least sensitive to
the lower energy, longer wavelengths of red light. This is not to suggest that any
light is a good thing at all, but if you must use one, keep it red. You can purchase
a quality red lens flashlight through many astronomy warehouses or pilot supply
shops (pilots must also take care to dark adapt before flying at night). Any exposure
to white light will spoil your dark-adaptation almost instantly. You will then have
to start over again.

Once your night vision is fully adapted, you are ready to make maximum use of
your eyes. Take a look at the changes in the night sky. Now that you can see stars
that are only one-sixth as bright as when you started, the sky looks a lot more
crowded than it did just thirty minutes ago. How many stars can you actually see?
There are some 6,000 stars in the sky that are brighter than the naked-eye limit of
magnitude 6.0. The most sharp-eyed observer might be able to see to magnitude
6.5 if there is no light pollution present. A good test of both the acuity of your dark
vision and the transparency of your sky is to count the stars within the Great
Square of Pegasus. This asterism is visible during late summer, fall and early winter
in the northern hemisphere nearly directly overhead. Later in this chapter we’ll
give you the details of a simple naked-eye observing project to use this area of sky
as a test-bed to check the darkness of your sky and sharpness of your night vision
and preparation.

If you are disappointed with your results, try this little trick. Look slightly away
from the observing target. Move the center of your gaze off to the east or west of
the Great Square. Keep your attention centered on the contents of the Great Square.
How many more stars leap into view now? The reason why is because of the con-
struction of the retina. Your retina is composed of two different types of photor-
eceptive cells. The type of cell that dominates the center of the retina are called
“cones.” These cells are not very common among other species. They have the
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unique ability to perceive color. The signals transmitted by the cone cells are then
transmitted via the optic nerve and assembled into a complete image in the brain.
These cells do have one important weakness however. They require a substantial
amount of light energy to stimulate the photochemical reaction within them. The
faint light generated by stars and other deep-sky phenomena usually are not up to
the job of firing the cones. As a result of this, turning to look at a faint object in
the corner of your vision will often cause it to disappear altogether. To see faint
objects, one must use a different type of photoreceptor.

The cells that make up the outer 80% of the retina are different both in shape
and character from the cones. These cells, called “rods,” are designed to detect very
faint levels of light. They cannot however see in color. The rod cells see only in
gray; the average viewer can detect approximately forty different shades. To see the
faintest objects in the sky, it is critical to use the rods effectively. When striving to
detect the faintest objects by looking straight at them, you are focusing that object
on the cones of the retina. If there is not enough light to stimulate the cones, you
will never detect the object. By directing your gaze slightly off to the side, you allow
the light of the object to fall on the rods where you are far more likely to detect
the object. This technique is called averted vision and is a crucial skill to be mas-
tered. It is, unfortunately, counterintuitive. That is to say, it is a technique that goes
against everything that seems natural for you to do. Averted vision requires a great
deal of practice. An experienced observer, hunting down a faint galaxy, never looks
at anything straight on.

Light Pollution

A composite photograph of Earth’s surface at night taken from space shows the
alarming spread of surface lighting at night. The east coast of the United States is
clearly recognizable in any wide-angle picture of the planet at night. The problem
is that most of this light goes to waste. Instead of shining down on the ground to
illuminate our streets at night, they instead scatter huge amounts of light into the
night sky. This is what astronomers call “light pollution.” Light pollution is no good
for anybody. It wastes uncountable billions of dollars per year in electricity, scat-
ters unwanted light in the eyes of drivers and ruins the natural beauty of the night
sky. In urban inner cities, so much light from unshielded high-pressure sodium
streetlights is scattered into the sky that only the brightest stars and planets can
be seen. I remember one particularly horrid night in New York where despite a
clear sky and unrestricted visibility, I found the limiting visual magnitude to be
just slightly better than +2.0. I could barely make out Polaris to the north, but
Zubenelgenubi (the brightest star in Libra, magnitude +2.8) could not be seen at
all. The sky that night in Flushing Meadow resembled the view one might have
from inside a milk bottle. It did not help on that late August night that the U.S.
Open tennis tournament was being played to my south while the bright lights of
Shea Stadium flared not far to the north. The city skyline loomed brilliantly to the
west and the lights of suburban Long Island soared the view to the east. That is
the horror of light pollution at its very worst. Unless youre content with views of
the planets and their brightest moons, a view from the city will surely spoil
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anyone’s enthusiasm for astronomy. In urban areas, this background sky glow from
city lights is brighter than the stars trying to shine through it. When this is the
case, there’s no way for that object to shine through.

In some suburban communities, light pollution is being pushed back. Some
communities are replacing high-pressure sodium lights with low-pressure sodium.
These lights shine at wavelengths that are not quite as damaging as are high-
pressure lights. Many of these lights are also shielded so that the light they emit is
directed at the ground where it is needed, not into eyes of drivers or into the
evening sky. This can yield as much as two full magnitudes of improvement in the
transparency of the sky. Many communities have passed laws mandating the use
of lights that restrict sky glow, and recently the Massachusetts state legislature
passed a law mandating such measures for the entire state.” The best solution
however for dealing with light pollution is to get away from it altogether. In many
areas, driving about an hour away from bright city lights will do wonders to clear
the view. Stars down to near the naked-eye threshold creep into view and the sky
turns a deep clear black except for one milky colored band that refuses to vanish.
It may take a city-based observer exposed to his first dark sky a moment or two
to realize what that glow is. When he does however, it becomes obvious why our
galaxy is named the “Milky Way.” If you are serious about astronomy, do whatever
it takes to find a good dark-sky site. No matter how good your eyes, your technique
and your equipment it will not do you a lick of good if the glory of the sky is hidden
behind streetlight glare. If you do not belong to one, now is the time to find a good
astronomy club. Nearly all clubs have a line on a good dark-sky site where their
members go to observe on a regular basis, scheduled or otherwise. For your tele-
scope, you may wish to consider a light-pollution rejection filter; but for your eyes,
there is no better way to deal with light pollution than to be rid of it.

Hypoxia and the Physical

anism

As crucial as the condition of the sky is the physical condition of the observer. The
observer may have the perfect combination of sky conditions and observing tech-
nique yet is unable to see the faintest details of objects or see at all if he is betrayed
by his own physical condition. Two key contributors to the physical health and
efficiency of the eyes are adequate supplies of vitamin A and the ability to respi-
rate and metabolize oxygen. In any modern industrial society, vitamin A deficien-
cies are almost unheard of. Taking massive quantities of it will not give anyone
super-human vision and can in fact be harmful. Still, a healthy diet is a must for
good ocular health.

A greater factor that affects many people is the body’s ability to take in (respi-
rate), distribute and metabolize oxygen. The inability of the body to deliver oxygen

’ In an unfortunate “mistake”, the state Senate “lost” the bill and failed to physically deliver it to Gov-
ernor Jean Smart for her signature. Since it went missing for more than ten days and the Legislature
was no longer in session, the promising legislation was accidentally “pocket vetoed” under the provi-
sions of the Massachusetts constitution. That’s politics!
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to the tissues is called “hypoxia.” Hypoxia can result from many potential factors.
The eyes are the most oxygen hungry organs in the body and their efficiency
rapidly deteriorates when an adequate supply of oxygen is not available. To make
matters worse, the first part of the eye to be affected by hypoxia is the rod cells of
the retina, the detectors of low-level light. Several potential factors can be involved
in determining how efficiently the body can distribute and metabolize oxygen. The
first such variable is the amount of oxygen available in the atmosphere. Hypoxia
caused by a lack of oxygen is called “hypoxic hypoxia.” At sea level, the partial pres-
sure of oxygen in the atmosphere is approximately 220 millibars. This amount of
oxygen is plenty for the body to use but in order to get the oxygen into the blood-
stream; it must be forced through the walls of the aveoli. This is done by ambient
air pressure, which at sea level is approximately 1,013 millibars (29.92 inches Hg).
As you climb higher in the atmosphere, the ratio of oxygen to other gasses remains
the same.’ But the pressure of the air falls off dramatically with increasing altitude.
This is of interest to us because many astronomers seek to flee the effects of light
pollution and weather by climbing the mountains. Today, many of the world’s
premier observatories are on extremely high mountaintops ranging 14,000 feet or
higher above sea level. At this altitude, the partial pressure of oxygen in the atmos-
phere is only 130 millibars. This is only about 60% of what was available at sea
level. From this, you might initially assume that you are getting only 60% of your
sea level efficiency from your lungs. This assumption falls flat when you stop to
consider that the total air pressure at 14,000 feet is only 600 millibars. That means
not only is there less oxygen to breathe but the efficiency of the body in deliver-
ing that oxygen to the blood is greatly impaired. The eyes will be among the first
of the body’s users of oxygen to feel the effects as the rods begin to fail due to
oxygen deprivation. The key to preventing this if you climb the mountains to see
the stars is to breathe supplemental oxygen. But what if youre not going to Mauna
Kea to observe? At what altitude should one consider this step? A lot lower than
you might think. The Federal Aviation Administration’s guidelines for pilots seems
to be a good reference since the eyes are affected so early and night vision in par-
ticular is affected. Pilots are not required to begin using oxygen until they are
higher than 12,500 feet after thirty continuous minutes but because of the detri-
mental effects of hypoxia on night vision the FAA strongly recommends that
oxygen be used at night any time operating above 5,000 feet. If it works for pilots,
it will work for you.

Even while observing at sea level, hypoxia symptoms can become an impedi-
ment to good night vision due to several potential factors. Anything that comes
between an oxygen molecule and the cells of the body can cause hypoxia. Hypoxia
can affect you even though plenty of oxygen is available. If you are in poor car-
diovascular health, your night vision will suffer from effects very similar to those
induced by high altitude. If the heart does not circulate blood adequately, the
oxygen cannot reach the tissues with the speed the body demands resulting in what
is called stagnant hypoxia. Though the cause is different the result is very much

’ The atmosphere is about 78% nitrogen, 21% oxygen with the last 1% divided up between carbon
dioxide, water vapor and other noble gasses. Water vapor can, during extremely humid conditions, make
up more than 4% of the atmosphere.
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the same. The heart does not pump the blood at an adequate rate to keep the tissues
of the body oxygenated and night vision begins to suffer. A hypoxic reaction can
also be induced by poor hematological health. Anemic hypoxia is caused by the
inability of the red blood cells to absorb and transport oxygen even though oxygen
itself may be plentiful. Sickle cell anemia, a condition that primarily occurs in
African-American males, is a leading cause of this. The rest of us should be aware
that many other forms of anemia exist that are not so racially discriminatory.
Anemia can also be induced by poor diet. You can also induce hypoxic symptoms
yourself by taking certain substances into your own body. Alcohol and many drugs
can reduce the ability of the red blood cells to carry oxygen, a form of hypoxia
called histotoxic hypoxia.

The health of the eye itself is critical as well. Many individuals suffer from some
form of ocular pathology. The most common include myopia (near-sightedness),
presbyopia (far-sightedness) and astigmatism. Myopia often occurs at a fairly
young age (I began wearing glasses at age 9). It is caused by a misshaped cornea,
which causes light from distant objects to come to focus prior to reaching the
retina. The result is badly distorted images of distant objects. The problem is easily
corrected by using corrective lenses such as glasses or contact lenses which induce
a focusing error in the light path that is exactly the opposite of that created by the
flawed cornea. The result is a properly focused image. Presbyopia commonly affects
older individuals. As the eyes age, the cornea begins to become rigid and less
flexible. This causes the eye to have difficulty focusing on objects that are relatively
close. The cure is the same as for myopia: corrective lenses that eliminate the fault
by introducing an equal and opposite error. Astigmatism is a somewhat more
difficult and complex problem for ophthalmologists to deal with. Astigmatism is a
flaw in the cornea that causes images to appear distorted, even though they are
well focused. A properly focused star appears as a perfect pinpoint of light while
the same star might appear to have a “diffraction spike” radiating from it when
viewed through an astigmatic eye. Correcting the flaw using contact lenses is par-
ticularly difficult and most users with severe astigmatisms must use eyeglasses to
correct them. This is particularly painful at the eyepiece of the telescope and even
more so during astrophotography. The telescope and camera see and focus at
“20/20”*. In order to properly focus them, you must also see 20/20. Glasses make
seeing through a camera or telescope particularly awkward. Most astronomers who
need eye correction prefer to use contact lenses.

Many people are taking action today to repair eyesight damaged by age or genet-
ics. Surgical fixes for eye problems have been with us for many years. The first such
procedure for correcting bad eyesight was called “radial keratotomy.” This surgi-
cal procedure involved slicing the cornea, pizza style with a scalpel and refiguring
it into the proper shape. Radial keratotomy did work but often resulted in heavy
scarring and if the results were not perfect, it could not be reversed, changed or
performed again. Another technique that enjoyed some popularity in the early
1990s was “orthokeratology.” Orthokeratology involved the use of special hard

* The first number tells how close the viewer must be to an object to focus on it. The second number
refers to the distance that a person with normal vision can focus on the object. The larger the second
number is, the more near-sighted you are.
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contact lenses that functioned in a way not unlike a dental retainer. These lenses
over time reshape the cornea, gradually forcing it toward the proper shape. The
user would regularly change to a new set of lenses that would continue to refine
the correction until it is completed. The corrective process takes about six months.
Once 20/20 vision was restored, the patient would continue to periodically wear
contact lenses to maintain the shape of his corneas. The advantages of this proce-
dure were obvious in that no surgery was necessary and no scarring ever took
place. If it did not work, the effects were completely reversible. The disadvantages
were that if the user stopped using his retainer lenses, the eyes would eventually
return to their original flawed state.

The technique most favored today is called “laser keratotomy.” In laser kerato-
tomy a scalpel is used only to make an initial slot in the cornea. The slot allows the
lens to relax while a precision laser figures the lens to the correct shape. Like in
other forms of keratotomy, the effects are irreversible so if you are unhappy with
the outcome, too bad. Unlike traditional surgery, there is no scarring and recovery
time is quick. Usually the patient is out of the office within an hour and seeing nor-
mally within two or three days without optical aid. Some surgeons are now per-
forming newer forms of the surgery without using any blades at all. There is one
important drawback to laser keratotomy. Current Food and Drug Administration
rules limit the scope of the surgery to the inner 6-millimeter radius from the pupil
center. The problem is if you are one of those people who have a very wide opening
pupil after dark adaptation. If the pupil can open wider than the surgically repaired
area of the cornea, the result can be severely distorted night vision. One common
effect is “haloing” of bright lights. Your vision is normal in the center but as light
travels across the non-repaired outer cornea into the eye, the fringes of lights
become distorted and create halos around the light source. As an amateur
astronomer and a pilot, my night vision is crucial to both my livelihood and my
hobby. Because of this, I have decided for myself to forgo any surgery or other
vision correction until the medical procedure evolves further. Contact lenses do an
adequate job for my near-sightedness, and evolving technology has finally created
a contact lens that corrects my particular astigmatism.

The Restless Atmosphere

Despite the fact that its relatively paltry 94-inch primary mirror is dwarfed by mon-
strous telescopes on Earth that now are more than four times larger, the best
images in astronomy still come from the Hubble Space Telescope. The hulking
monsters on Mauna Kea measure from the 8-meter Subaru telescope to the 10-
meter Keck twins. These incredibly powerful instruments are still only second best
to Hubble.

The reason why is because these Earth-based monsters must deal with an
impediment that Hubble does not. They must peer through Earth’s relentlessly tur-
bulent atmosphere. The layer of gases that surrounds the planet and makes life
possible here is a major obstacle to a clear view of the stars. The atmosphere’s gases
distort and disrupt starlight as it passes through and in fact completely block out
large segments of the spectrum, particularly in the ultraviolet range. The atmos-
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phere also disrupts the view by continually moving, expanding and contracting in
response to changing weather and heating patterns. The more turbulent the air
becomes, the more difficult it will be to gain a quality view of the sky. The level of
quality of the view is what astronomers call seeing. When there is good seeing, the
air is still and calm. The stars do not appear to twinkle, but burn steady and
unchanging. These are the nights that serious amateurs live for. When the stars do
twinkle, it may inspire classic poetry and children’s songs, but it is the bane of the
astronomer’s existence. All telescopes can do under these conditions is magnify
the twinkle of the stars into a bigger brighter blur.

Astronomical seeing is almost entirely a function of atmospheric stability. In
meteorology, stability refers to the tendency of a sample of air to rise when it is
lifted. Air that wants to rise is considered to be unstable. Air can be induced to rise
by heating it from below, by flowing up a mountain, or by a colder, heavier air mass
burrowing underneath. A simple measure taken by meteorologists accurately
determines the stability of the air. Adiabatic lapse rate is the measure of how fast
the air temperature falls with increasing altitude. The faster the air cools, the more
unstable it is. These values are then compared against those of the International
Standard Atmosphere (ISA)’. If the temperature is cooling faster than ISA calls for
with increasing altitude, the air is considered to be unstable. The rising air cur-
rents climb into the higher altitudes, cool off, then sink back. This churning motion
in the atmosphere, combined with the changing density of moving air masses, dis-
torts the light of the stars passing through it resulting in blurred planets and twin-
kling stars. If the lapse rate is less than that suggested by ISA, then there will be
only minimum motion in the air. Better yet is if the air grows warmer with increas-
ing altitude, causing warm light air to sit atop cold heavy air. These conditions lead
to great stability in the atmosphere. Heavy on bottom and light on top means
everything wants to stay put. These are the nights that astronomers live for. Get
that scope out, but do it fast because if adequate moisture is available, this type of
weather condition will eventually give rise to fog.

The sky gives valuable visual clues during the day that tip you as to what kind
of conditions to expect after sunset. Rising air releases moisture as it cools to the
dew point and makes clouds. If the clouds lie low and flat with no vertical devel-
opment (stratiform), that means the air in which they are created is stable. When
the sun sets and fair weather clouds dissipate, the seeing will be good. If the clouds
are puffy and billow high into the sky (cumuliform), then the air that built them
is rising and the air mass is unstable. This will resort in distorted seeing and
reduced optical performance. What is deceptive is that the rapidly circulating air
gives rise to a sky that will have extraordinary clarity at night, fooling one into
thinking that it is going to be a great night for observing. In fact, the nights with
the best seeing just might be those nights where there is just the tiniest bit of haze
in the air. Lack of motion in the atmosphere allows the haze to hang around.
Overall there is not much you can do about the condition of the atmosphere except
to wait it out. If you keep looking at your target long enough, there will inevitably

® ISA is defined as a sea level temperature of 15°C and a pressure of 29.92” Hg. Temperature declines
by 2°C and pressure by 1.06” Hg initially per 1,000” of altitude gain. Temperature levels off and reverses
trend at 36,000". Pressure continues to decline by approximately 3.2% per 1,000".
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come that split second where all is calm and the image is perfect. In that magical
instant, subtle details of the planets leap into view, faint stellar companions wink
at you and spiral arms and nebular wisps suddenly appear. Then the air churns
again and they all vanish again in the instability. It is easy to get frustrated after
waiting for a long time to see those Jovian cloud bands, but the wait will be worth
it. That magical instant where all is calm is what the serious amateur astronomer
waits all night for.

Observing Projects | - Putting the

Eyes to Work

Observing Project 1A - Pressing the
Dawes Limit

Some of the most enjoyable sights in astronomy are those you can see without a
telescope. There are many objects and phenomena in the sky that are both beau-
tiful to see and test the ability of the observer to push his or her eyes to their limits.
In this next section, we’ll take a look at some of these and find out just how good
you are.

An oncoming car has two headlights. If the car were to back away from you,
those headlights would appear to move closer together with increasing distance.
Eventually the lights would become so close together that it would become
impossible for you to separate them from each other and they would merge into a
single point of light. The minimum angular distance between two light sources
at which you can still distinguish two lights is called the Dawes limit. The
ancient American Indians used to test the visual acuity of their children by
having them look at a star and see if they could tell if there was only one or maybe
more.

A favorite target used for this test is the star at the bend in the handle of the Big
Dipper. The star is named Mizar and at first glance appears to be a rather ordinary
star, shining bluish-white at magnitude +2.2. If your eyes are good, you may detect
that Mizar is not alone, but has a companion nearby. Shining about 12 arc minutes®
to Mizar’s northwest is a fainter star that is nearly lost in Mizar’s glow. The star is
called Alcor and shines at magnitude +4.0. Splitting Mizar and Alcor is a very tough
challenge, especially if your sky is light polluted, which may make seeing Alcor
difficult under any circumstances. Though these two stars appear to be a pair, in
fact Alcor lies more than three light years farther in the background than Mizar
does. Mizar is about 78 light years distant while Alcor is just over 81 light years
distant. The two stars only appear to be close together, but in fact this system is
not a double star at all. Each one is independent. Mizar in actuality is a double star
by itself. Its partner is easily visible in any telescope shining about 14 arc seconds
to Mizar’s southwest at magnitude 3.9. If your eyes are sharp enough to split Mizar

¢ One arc minute equals 1/60th of one degree. A degree is divided into 60 minutes. Each minute in turn
is divided into 60 seconds, just as it is on a clock.
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and Alcor, you’re ready to try and take on more difficult challenges. Twelve minutes
is tough under any circumstances. Can you split a pair of stars right near the Dawes
limit? If you can manage Mizar and Alcor, then move southward to Libra and try
to split Zubenelgenubi. The brightest point of light in the constellation Libra glim-
mers at magnitude 2.7 and is also a pair of stars. Zubenelgenubi is much tougher
to split than is the Mizar and Alcor pair. The stars are much closer together, only
about 230 arc seconds apart, not far above the Dawes limit for the unaided eye.
The secondary star is also much fainter than is Alcor, shining at only magnitude
+5.1. The brighter component shines so much brighter that it can drown out the
fainter star in its glare. Unless your sky is fairly dark, spotting the companion will
be very difficult. Splitting close double stars near the limit of the resolution of your
observing instrument requires time and patience. It does not matter whether you
are using the human eye or the mighty Keck reflectors, when you are working at
the limits of your equipment, you need to wait for just that right moment when
the eye is relaxed and the air is still for just that one precious second.

Observing Project 1B - Deep Sky Visual
Acuity (Stellar Objects)

Riding high in the winter sky is the beautiful open star cluster called the Pleiades,
listed in the Messier catalog as M45. The cluster, also known as the “seven sisters,”
is so named for the seven fairly bright stars that can be discerned within the hazy
patch of light. The cluster itself shines with an overall brightness of about magni-
tude +1.5. These are relatively newborn stars, just recently born from the stellar
womb (though the gas that surrounds them is not part of the cloud from which
the stars formed). The stars are surrounded by a bluish glow that consists of inter-
stellar dust and gas interacting with the stars. The stars and gas glow together to
form one of the deep sky’s most beautiful jewels and by far the brightest object in
Charles Messier’s legendary catalog. It also makes yet another ideal testing ground
for your night visual acuity. How many of the seven sisters can you actually see?
The brightest member of the cluster is Alcyone, a young blue-white star shining at

Figure 1.2. M45 at
the upper right of the
totally eclipsed Moon.
Twelve members are
visible. 35mm SIR
piggybacked on a
Celestron Super C8
Plus.
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magnitude +2.8. Atlas is the star farthest to the east shining at magnitude +3.6.
Working to the west, Merope is magnitude +4.1, Maia shines at magnitude +3.8 and
Electra is magnitude +3.6. These five are the only ones that I have been able to see
from my northern New Jersey home. There are four other stars, Taygeta at magni-
tude +4.3, Pleione at magnitude +5.0, Celaento at magnitude +5.5 and Asterope at
magnitude +5.8 that are visible to the unaided eye in dark conditions, but I have
never been able to detect them without binoculars. Through binoculars, the
Pleiades will number more than a dozen stars. A telescope will reveal yet even more
within the hazy bluish white patch of light. How many can you find with the
unaided eye? If you can find more than four members, then your eyesight is most
keen and your sky fairly transparent. If you can bag seven, then you are seeing to
magnitude 5.5 and your sky is extremely dark. If you can see Asterope, then you
should consider having astronomy club meetings where you live, for your eyes and
sky are good for seeing clear down to the naked-eye limit.

Observing Project 1C - The Light
Pollution Census

A great test of the darkness of your sky that we alluded to earlier in this chapter
is to do a census of the Great Square of Pegasus. How many stars can you see within
the Square? If you can count only two, you are seeing to only magnitude +4.4.
Picking up four stars takes you to magnitude +5.0. There are a total of eight stars
brighter than magnitude +5.5 and if you can count as many as 16, you are seeing
to magnitude +6.0. If you have extremely good night vision and a very dark sky,
you might be able to see to magnitude +6.5 in which case you may count as many
as 35 stars within the square. The Great Square makes a great test because it is most
prominent in the sky during late autumn and winter. During this time of year, the
atmosphere is normally very stable because the ground cools very rapidly at night
and chills the air close to the ground. This has the effect of greatly diminishing the

Figure 1.3. Great
Square of Pegasus mag
6.5. Graphic created
by author with Redshift
4.
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temperature lapse rate and lends great stability to the lower atmosphere. With
stable conditions prevailing on many nights, use the Great Square of Pegasus to
judge the darkness of your autumn sky and the sharpness of your eyes. Count care-
fully, be discriminating and above all, be honest with yourself. Remember you are
doing a serious scientific project and you must take great care not to let your desire
to prove how clear your sky is interfere with an honest and objective result. How
many stars can you see in the square?

Observing Project 1D - Deep Sky Visual
Acuity (Non-Stellar Objects)

Stars are fairly easy to make out because all of their luminosity is concentrated into
a nearly immeasurable point of light. Try to imagine how much more difficult it
would be to see if the total light were to be spread out over several square degrees.
Such is the case with deep sky objects such as nebulas, star clusters and galaxies.
That is what we will test with this next drill. How many objects in Charles Messier’s
famous catalog can you find with the unaided eye? Messier was a comet hunter in
eighteenth century France. To aid his fellow comet hunters and him, Messier set
out to catalog all the objects in the sky, which could easily be mistaken for comets.
By the time he was finished, he had logged and listed over one-hundred of the deep
sky’s grandest wonders. In this project, we will attempt to see how many of these
we can find without optical aid. Most are well below the threshold required for
naked-eye visibility, but some can be seen easily from any location. The open star
cluster M45, which we explored earlier, is the brightest single object in the catalog
at total magnitude +1.5. This light is scattered across more than 6 square degrees
of sky, making the overall brightness seem much fainter than the number would
suggest. Magnitude estimates of an object’s brightness in astronomy are measures
of total light. The more the total light is spread out, the lower the overall surface
brightness becomes. To simulate this effect, pour some sugar out on a table and
concentrate the grains as tightly as you can. Now see the difference in apparent
brightness when the sugar grains are spread out over a wide area. There is the same
amount of sugar crystals just as a 1.5 magnitude star produces the same number
of photons as the Pleiades cluster. The light of the star is much more concentrated,
therefore it appears much brighter because it is concentrated into one single point.

Check out the Messier catalog list printed at the back of this book in Appendix
A.How many of the objects brighter than magnitude six can you see? To the south
of M45 in the winter sky is the bright emission nebula (“bright” is both an adjec-
tive and a technical classification of this object) M42. The Great Orion Nebula
hangs from the belt of mighty Orion the hunter. The glowing gas cloud shines at
magnitude +2.5 and cannot be mistaken for any other object in the sky. This show-
piece of the heavens is located nearly on the celestial equator and thus visible to
astronomers all over the world. Over to the northwest, try for the Andromeda
Galaxy (M31). Andromeda shines at only magnitude +4.6 and that light is spread
over a wide area of sky. Andromeda measures about 1.8 degrees long by 29 minutes
wide. This is about the area covered by three full moons. Under moderate light pol-
lution conditions, you might not be able to see it at all without binoculars. Finding
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Andromeda is deeply satisfying for many amateurs for it represents the farthest
place you can possibly see with the unaided eye. Remember that averted vision!

Star clusters make inviting targets in the summer sky. Here are three globular
clusters brighter than magnitude 6. In Hercules, try M13 at magnitude +5.8. This
cluster will require a dark sky and a good eye, but it is distinguishable covering a
span of about 17 arc minutes. Through a telescope, M13 is the grandest globular
cluster in the northern sky, but is a great test for the unaided eye. To the south is
the globular cluster M4, near Antares in Scorpio. Though it lists as slightly brighter
than M13 at magnitude +5.6, its light is spread out over a wider area making it
more difficult to see. In addition, M4 never gets very high above the horizon for
northern hemisphere viewers, unlike M13, which sails nearly overhead during
summer nights. Riding a little higher in the sky to the northwest of M4 in the con-
stellation Serpens is the globular cluster M5. Also listed at magnitude +5.6, it is
somewhat more compact than M4 making viewing a little easier. Still both of these
clusters represent challenges even in a dark sky. In the southern hemisphere are
two of the skies grandest jewels, the globular clusters 47 Tucanae and Omega Cen-
tauri. Both of these monster globulars are easily visible to the unaided eye and out-
shine any cluster in the north. Because they are only visible from the southern
hemisphere, Messier could never add them to his catalog.

Open star clusters can be even more difficult because they do not have the bright
cores that characterize globulars. Still there are some that you can hunt down
without any optical aid. Next to M45, the sky’s next brightest open cluster is called
Praesepe in Cancer. Also known as the “Beehive Cluster” it is listed as M44 in the
Messier catalog. The cluster lists at magnitude +3.5, but the light is scattered over
more than a full degree of sky. A tighter grouping lies near the tail of Scorpius
called M6. This open cluster near the Scorpion’s tail is only 21 minutes across, about
the size of many globulars and its total light measures magnitude +4.6. M6 has a
nearby partner called M7. This open cluster lists more than a full magnitude
brighter at +3.3 but it covers more than four times as much sky so the two clus-
ters appear to have a very similar surface brightness.

The Messier catalog offers a treasure trove of deep-sky wonders. How many can
you find on your own? If you can find ten, you've got a great sky and keen eyes.

Observing Project 1E - The Sixth Naked-Eye
Planet: Uranus

In the late eighteenth century, William Herschel was scanning the skies from his
observatory looking for comets when he chanced upon a sixth-magnitude star that
his charts did not show. After observing the object for several nights it appeared
to move across the sky in a slow but steady eastward motion. Herschel though he
had discovered a new comet. But further observations yielded even more startling
results. The object was moving in an orbit that was not very comet-like. The object’s
orbit appeared to be circular, like that of a planet and not the highly elongated path
followed by a comet. The object also seemed to exhibit more of a planet-like
appearance, without the fuzzy coma characteristic of comets and it had no tail to
be seen at all. After several weeks of careful research, Herschel stunned the world
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Figure 1.4. A speck
in the darkness:
Uranus. Celestron
Super C8 Plus and
Meade Pictor 216 XT
at f/10. Photograph by
author.

by announcing the discovery of his new planet. Astronomers around the world
raced to their telescopes to see the new wonder of the solar system. Many modern
names were floated for the new world, including “Herschel” for its discoverer and
“Georgian Star” for Britain’s King George III, but the name that stuck was “Uranus,”
the mythical father of Saturn and grandfather of Jupiter.

Uranus’ discovery was historic, for the solar system had its first ever new
member. The new world measured in at 29,000 miles in diameter, about the size of
three and one-half Earth’s. Uranus for most of its history was considered to be a
gas giant much like Jupiter and Saturn, consisting mainly of gaseous hydrogen and
helium. The Voyager 2 flyby in 1986 changed all that. It showed the planet to be
substantially different from the first two Jovian worlds in that it was made up of
large quantities of ices, thus earning the new moniker “ice giant.” Neptune also
turned out to be more like Uranus after Voyager 2’s 1989 flyby of that planet.

Though Herschel needed a telescope and a lot of good luck to find Uranus, all
you need is that dark sky, good eyes and a star chart to find the seventh planet
from the sun. The planet generally shines at magnitude +5.8, placing it just above
the threshold for naked-eye visibility. Finding it among the other 6,000 points of
light in the sky magnitude six or brighter is an intimidating challenge. Popular
astronomy magazines such as Sky & Telescope or Astronomy will print charts annu-
ally, showing the location and path of Uranus through the evening sky for the year.
To find such a faint nondescript object, work to become intimately familiar with
the sky in that area. That way, anything that appears unusual will immediately jump
out at you. As you carefully scan that area of sky on a nightly basis, you will see
one of the faintest objects in the area move slightly. The motion is normally towards
the east, but as Earth overtakes Uranus in its orbit each year, our point of view
causes the illusion called retrograde motion. The planet appears to stop in its path
and then begin to track backwards towards the west for several months before
resuming normal motion again. In the darkest of skies, the planet may also
betray its true green color, but for most of us it will just appear to be its normal
shade of gray.



16 Human Vision and the Night Sky

Observing Project 1F - The Very Young Moon

Each month as the Moon swings around Earth in its orbit it passes between Earth
and the Sun (most of the time slightly above or below it). As the Moon passes this
position it reemerges into the evening sky as a crescent, which grows fatter each
night, as the Moon appears to move farther away from the Sun in the sky. In this
project we will attempt to determine how soon after new moon can you first detect
the crescent.

There are several factors that improve or degrade your prospects for success in
this project. The most important variable is the angle that the ecliptic makes against
the sky. The ecliptic is the imaginary projection of the plane of Earth’s orbit against
the celestial sphere. All the planets and our Moon orbit in a path around the Sun
that always remains on or close to the ecliptic. Since the Moon never strays far
from this line, the angle the ecliptic makes with the horizon is vital to your observ-
ing prospects. An object can be very close to the Sun and yet be easily visible if the
ecliptic makes a steep angle with the horizon. At other times, the object can be
twice as far from the Sun and yet be nearly invisible if the ecliptic makes a shallow
angle with the Sun. The best time to try and bag a very young moon is during the
months of February, March and April. During these months, the ecliptic makes its
steepest angle with respect to the horizon because Earth’s north pole is tipped so
that it is pointing behind the planet with respect to its orbital path. Solar system
objects close to the Sun appear to stand almost directly above it at sunset. During
August, September and October the reverse situation occurs when Earth’s north
pole leads in our orbit and the ecliptic appears to lie almost flat with respect to the
western horizon at sunset. The reverse of this relationship occurs if you are trying
to locate objects at sunrise. The most favorable months are August, September and
October while the late winter and early spring months present poor viewing geom-
etry at dawn. These relationships are also inverted if you are reading in the south-
ern hemisphere.

Any good astronomy publication will tell you not just the day when new moon
occurs but in fact the precise moment of new moon, usually in Universal Time. If
the moon is new precisely at the time of your local sunset, you will have the oppor-
tunity to view a twenty-four hour old moon at sunset the next night. On nights
where the viewing geometry is favorable, go out and find a spot with a clear view
of the western horizon. Note the spot where the Sun sets and about thirty minutes
later look about one fist-width (an average person’s fist at arm’s length subtends
an angle of about 10 degrees) above the sunset point or slightly to the south. A
twenty-four hour old moon should be fairly easy to spot, showing a hairline cres-
cent hanging in an almost ghostly fashion just above the western horizon. Most
people will not notice the moon until the next night. The extremely thin crescent,
just 7% illuminated and only 11 degrees from the Sun, can be very difficult if any
haze exists and makes for a good observing challenge.

Once you've succeeded at this, try an even younger moon. At twenty hours, the
moon is barely 6% illuminated. The youngest crescent that anyone has reportedly
sighted with the unaided eye (that can be verified) was only fourteen hours old. At
that age the Moon is only about 6 degrees east of the Sun and is only 4% illumi-
nated. Such a feat requires a very clear sky, perfect eyesight and viewing technique
and a good shot of good luck. Can you do it? Check your ephemeris for next
month’s new moon and see if you can give it a try.
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Observing Project 1G - Elusive Mercury

We all learned in grade school that there are five classic planets visible to the
unaided eye. Venus and Jupiter flare brilliantly in the night sky and are unmistak-
able. Saturn also shines brightly and prominently all night long when favorably
placed. Mars is unique with its orange-red glow. All of these planets shine high in
a dark sky when favorably placed and require no effort to find. Poor Mercury is
left to suffer in anonymity, spinning around the Sun at breakneck speed complet-
ing a circuit every eighty-eight days. As it passes between Earth and Sun (inferior
conjunction) it enters the morning sky for several weeks, then passes behind the
Sun (superior conjunction) and enters the evening sky. The period of visibility
when the planet is in the morning or evening sky is referred to as an apparition.
The planet will remain in the morning or evening sky for seven to nine weeks at
a time depending on its distance from the Sun. The planet however will only be
visible for a fraction of the time, for two to three weeks with the unaided eye while
it is farthest from the Sun and reasonably bright.

Observers wishing to sight Mercury must learn to deal with two important con-
tradictions. First is the assumption that Mercury must be easiest to see when it
ranges farthest from the Sun. Mercury orbits the Sun in a path that has a greater
eccentricity (deviation from circular) than any other planet besides Pluto. This
causes the planet at some apparitions to roam much farther from the Sun than at
others. As a result when Mercury reaches its greatest elongation (farthest angular
distance from the Sun for a particular apparition) at the same time it is closest to
the Sun (perihelion), it never strays more than 18 degrees from the Sun. If Mercury
reaches greatest elongation at the time of its aphelion (farthest from the Sun)
it can appear as far as 28 degrees from the Sun. Northern hemisphere observers
are at an unfortunate disadvantage. The problem is that when Mercury reaches
greatest elongation at aphelion, it is always at a time when viewing geometry
is at its most unfavorable. Greatest elongations when viewing geometry is most
favorable occur only with Mercury near perihelion. As a result, when Mercury
wanders farthest from the Sun, the ecliptic lies flat with respect to the horizon
and the planet is buried in the glare of twilight. When Mercury sticks close to the
Sun, the viewing angle is at its best. This is the best time to look for the elusive
innermost planet even though it is much closer to the Sun than it would other-
wise be.

The second contradiction is that it is best to look for Mercury between the time
of greatest elongation and inferior conjunction (in an evening apparition, in a
morning apparition inferior conjunction comes first). This is when the planet is
closest to Earth and therefore should be at its brightest. In fact, nothing could pos-
sibly be farther from the truth. Mercury is a unique object in all the cosmos in that
it is the only celestial body that grows fainter as it draws closer! No other body in
the universe does this. No other body changes brightness through such a range as
Mercury either. Mercury is actually at its brightest (magnitude —2.0, brighter than
Sirius) when it is near superior conjunction, when it is farthest from Earth. As it
draws nearer to Earth, it fades to magnitude zero by greatest elongation. Over the
next two weeks as it nears its closest point to Earth, it completely fades out of sight,
growing as faint as magnitude +4.6 just before inferior conjunction. We’ll discuss
this remarkable aspect of Mercury’s behavior a little later on when we look at it
through the telescope.
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Finding the planet is a simple matter of knowing exactly where to look and then
being there at the right time. Trying to find the planet too soon after sunset will
cause frustration because the sky is still too bright. Waiting too long will cause
Mercury to sink too low to the horizon. The best time to look is during the time
period starting about seven to ten days before greatest elongation in the evening
sky or during the same period after greatest elongation in the morning sky. Begin
looking about thirty minutes after sunset. During times of favorable viewing geom-
etry, look just above and a little to the south of the sunset or sunrise point. As the
pink sunset sky fades to deep blue, pinkish Mercury will appear. During this time,
the planet will be shining at brighter than magnitude zero and will stand out nicely.
During an evening apparition the planet will quickly retreat to the horizon and is
lost within the next half-hour. If you are observing in the morning sky, see how
long you can keep Mercury in sight as dawn approaches. The planet is at magni-
tude zero at greatest elongation but about two weeks later, you should be able to
see it as bright as magnitude —1.0. This should be bright enough to allow any
observer to track the planet until sunrise.

When you succeed, you will join a rather exclusive club. Everyone on Earth has
seen the four other bright planets, but not one person in a thousand has con-
sciously looked at Mercury and realized what it is. Now with our eyes well trained
and exercised, let’s begin the work of assembling the equipment needed to com-
plete the integrated observing system.
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Observing System.
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Equipment

Figure 2.1. Celestron
Super C-8 Plus.
Photograph by author.

After spending my childhood and teen years observing under bright city or sub-
urban lights with a small-aperture department store refractor telescope, I entered
my college years with the dream of a larger instrument that would bring the deep
sky into view for me. The two-inch Tasco refractor served its purpose well for
showing the visible planets, Moon, and Sun. Seeing the deep sky beyond the solar
system, the outer planets, faint comets, or the asteroid belt’s largest denizens was
hopelessly beyond my department store telescope’s limited reach. As I began to
search among the various manufacturers, the vast number of choices available
rapidly overwhelmed me. Should I consider another refractor or a reflector? If I
were to choose a reflector, what type should it be? What I decided to do was make
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a list of qualities that I needed to have in a telescope and then set about finding
the one that would come closest to meeting my unique needs. Here are the items
that made up my list:

(1) Aperture: It had to be big enough to permit viewing deep sky objects and stars
to a reasonably faint magnitude. Getting to magnitude 14 (Pluto) would
require at least eight inches.

(2) Portable: It had to be small enough to permit me to move it up or down stairs,
transport easily by car and light enough to carry over moderate distances.

(3) Optical Quality: I was going to pay what amounted to a lot of money for a
college student so it had to be a serious instrument that would provide the
best, brightest, crispest images possible for my investment.

(4) Versatile: The telescope had to be capable of a full range of operations from
wide-field viewing to providing high-power detail both as a visual and photo-
graphic instrument.

(5) Durability: This was going to be my telescope for many, many years. It would
have to be solidly built and be able to withstand the rigors of decades of use.

(6) Upgradeable: As my needs and skills in amateur astronomy grew through the
years the telescope had to be able to grow with me.

(7) Serviceable: In the unlikely event that there was ever a mechanical problem
with the scope or a part needed to be replaced or if I just needed advice on
how to work something, the manufacturer of the telescope had to be able to
provide it.

When you create this list, make certain that you organize the items in the order
in which they are important to you in case you need to or are willing to compro-
mise. In my case, all seven of these items were absolutely non-negotiable. For
example, without aperture there is absolutely no reason for me to be buying a tele-
scope. I already owned one and wanted to replace it because the one I had was not
big enough. It would have made no sense to replace one small scope with another.
Portability was number two because I had only a limited amount of space in which
to store a telescope and needed to be able to move it as necessary to be able to get
it to the observing site. All my equipment had to fit into a college student’s car
(1981 K-Car, don’t laugh at me). It then had to be hauled from the car to the place
where the telescope would be set up, often a distance of a hundred feet from where
I would park. A huge telescope weighing more than a hundred pounds just would
not get the job done. The quality of the optics was another issue. My plan was to
spend about $2,000 on my new scope. For that money, it had to have the best optics
I could afford. This required that I put in a fair amount of time learning about the
strengths and weaknesses of various optical systems that were available. I also
needed a scope that was versatile. It had to be of the right focal length and size so
that it could make photographic images of the deep sky with reasonable speed yet
also provide crisp images at high power when called for visually. It also had to be
durable, capable of withstanding not only the test of time, but also the rigors of
repeated transportation, bumping and jostling without not only remaining intact,
but without requiring constant readjustment each time I put it in the car. It had to
be upgradeable, meaning capable of accepting add-on accessories such as drive
motors, eyepieces and camera adaptors. As my skill grew and I wanted to probe
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deeper into the heavens, the telescope had to be able to grow with me and be
capable of using advanced equipment beyond its own equipment package. Finally,
I demanded a telescope that would be easily serviceable in the rare event that
something went wrong with it. I set my sights on a scope with a good warranty
and a company with a good chain of dealers where a telescope could be taken for
repair or at least for shipment back to the factory for maintenance.

Remember that not everything on my list may appear on yours and you may in
turn have needs that I did not. If you’re mounting the scope on a permanent pier,
then its not likely that portability is important to you, especially if that pier is to
be surrounded by a dome. You may desire the capability for full computer control
of your telescope or Global Positioning System capability to eliminate any need for
manual navigation of the heavens. I have always found these tasks among the most
pleasurable in astronomy and I take great pride in finding my way around the sky.
If you would prefer just to hit the GO TO button, there’s nothing wrong with that
if it increases your pleasure in astronomy or at least lowers your frustration level.
I would just prefer to find it myself. Anyway, when I bought my scope in 1986, there
was no such technology available. You may have an absolute price cap to live with
or other restrictions. Make out your own list and set your priorities accordingly.

There are some things you should always remember about buying a telescope.
If you are about to lay out money for a serious telescope, be aware that it is an
investment that will hold good value. Telescopes are not cars. Optical systems do
not degrade in quality from being used so plan to take very good care of it because
its going to be with you for many years. Mine is now nineteen years old, still looks
like its fresh out of the box even though we’ve been all over the universe together.
I expect we will travel the cosmos together for many more years to come. Though
I’m planning to add a second telescope to my collection, it is going to be a smaller
scope for quick low-power viewing of the skies on short notice. Secondly, the scope
is only as good as the quality of its optics and mount. A telescope with poor optics
will produce images that are distorted either in shape, color or both. A telescope
also can have the world’s best optics but if you put it on a shaky mount, an image
magnified 100 times will only show you a vibration magnified 100 times.

By now, you probably realize that I've spent some time taking backhanded
swipes at “500x” department store telescopes. They may serve their purpose rea-
sonably well as entry-level instruments, but if you buy one realistically believing
it will produce 500, forget it. My third key thing to remember is that the primary
function of a telescope is not to magnify. Its primary function is to collect large
amounts of light and bring that light to a clear, sharp focus. Magnification is a sec-
ondary consideration and in fact is not performed by the telescope at all, but rather
by the eyepiece. A telescope’s ability to clearly present magnified images is directly
related to how much light it can collect. If you try to magnify an object 500 times
using a 2-inch telescope (that’s 250 per inch of aperture), all you will wind up
with is a blur magnified 500 times. A telescope of this size cannot magnify with
that much power and bring the image to focus. Even medium-size telescopes of 8
inches aperture (that’s 62.5x per inch) cannot withstand the use of that much
power. In reality, a telescope with good optics should be able to focus an image at
a maximum of 50X per inch of aperture. Any more than that results in a loss of
image brightness, clarity and contrast that grows progressively worse as more
power is used. If you try to push that two-inch department store refractor to more
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than 100X, you are going to be sorely disappointed. Never buy a telescope that is
marketed on the basis of its magnifying power. If you look at ads for Celestron or
Meade telescopes, you will never ever see their instruments advertised on the basis
of magnifying power. With an eyepiece of the proper focal length, any telescope
can be made to magnify an object 500 times. Aggravating the situation further is
the possibility that the lenses of that department store telescope may not be made
of the best material available. Top-quality refractors are made with optical quality
glass and top-end scopes may use a lens element made of calcium fluorite. Cheap
scopes may have lenses made of plate glass, Pyrex or even worse, plastic! This will
create imperfect or even badly distorted images even at low powers.

Refractors vs. Reflectors

Now that you have made the decision to step up to a medium to large aperture
telescope from your department store model, you need to consider the various
types of optical designs and decide what best suits your needs. The telescope you
own now is most likely a refractor. This design, also called a dioptric telescope, is
based directly upon the original opera glass telescope designed by Galileo in 1610.
That original telescope used a simple convex lens to gather and focus light and a
concave lens at the opposite end of the tube to bring that light to a crude focus.
The lens at the front of the scope is called the objective. In any telescope the objec-
tive is the lens or mirror element that gathers starlight and directs it to a focus
point. With this simple design, Galileo discovered that Venus exhibited phases like
the Moon and that Jupiter had satellites circling it. These discoveries led Galileo to
realize that the geocentric model of the solar system was incorrect. Earth was not
at the center of the solar system, but the Sun was! Galileo would pay dearly for his
blasphemy. The church would torment him, ruin him, excommunicate him and
finally forced him to recant. He was of course correct. The Sun was at the center of
the solar system and all the planets circled it. It would be nearly 400 years before
the church would come to admit it early in the reign of Pope John Paul IT when
Galileo was formally brought back into the Roman Catholic Church.

Science has refined the design of the refractor over the years allowing it to create
sharper images with better focus. For an amateur shopping for a telescope, the chief
advantage of a refractor is that its lenses are rigidly held in place in the telescope
tube making the telescope virtually maintenance free. The lenses never need to be
adjusted and are in fact often cemented in place. The refractor lenses generally are
of long focal length, often producing f ratios’ of /12 to f/14. These long-focus tele-
scopes provide sharp images with high magnification without using excessively
short focal-length eyepieces. The refractor does have some drawbacks that prevent
it from being used as a design for large-aperture telescopes. By the time the scope
reaches about 4 inches (100mm) in diameter, the objective lens starts to become
too heavy and the tube too long for use in a design that can still be considered
portable. Lenses can be designed that provide a shorter focal length, but that results

7 Focal length is the distance from the objective lens to the point at which light rays come to focus. F-
ratio is the focal length divided by the diameter of the objective.
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in some loss of image sharpness and they don’t get any lighter. Refractors also are
subject to an error that is an inherent byproduct of the design. As light passes
through the glass lenses, the colors are separated in the same way that a prism
might and not transmitted evenly by the lens elements. This causes an error known
as chromatic aberration. Objects viewed through a refractor will often have a fringe
of false color surrounding them caused by the optical separation of the differing
wavelengths of light through the telescope objective lens. To try to minimize the
effects of this color distortion, the telescopes lenses may be coated with metallic-
based compounds that also improve overall light transmission. For those who
desire perfect color in their images, the closest you can get is a telescope with a
calcium fluorite lens element. Calcium fluorite is not glass, but a mineral that must
be ground and polished in a very time-consuming and expensive procedure. Flu-
orite lenses however are not subject to the chromatic aberrations that plague glass
lens refractors. Refractors do have other limitations as well. The long focal lengths
produce very narrow fields of view that cannot contain entire deep sky objects.
Long focal lengths are also tough for astrophotography work. The longer the focal
ratio of the telescope becomes, the longer exposure times are required for imaging
a given object. Refractors can be very frustrating telescopes for taking pictures.
The limitations and chromatic aberrations of the refractor began to lead early
astronomers to look for other solutions to the problems of building large-aperture
telescopes. By 1681, the noted early physicist Sir Issac Newton invented a telescope
using a large mirror as a light-collecting surface rather than a lens. This type of
telescope is called a “reflector” or catropic telescope. Reflectors use a large concave
spherical mirror (primary mirror or objective mirror) to gather light and bring it
to focus on a small, optically flat mirror near the front of the telescope tube. This
secondary mirror turns the light 90 degrees to an image-forming eyepiece at the
side of the tube. This original type of reflector is called a Newtonian reflector in
honor of its inventor. A later type of reflector, called a Cassegrain telescope, focuses
light through a hole in the center of the primary mirror to an eyepiece in the back
of the telescope. Because light does not actually pass through any of the telescopes
surfaces, they do not actually need to be made out of pure glass. Telescope mirrors

Figure 2.2. A short
focus Newtonian
reflector. Image by
author.
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can be highly polished glass, Pyrex or even in some very early instruments, alu-
minum. Glass or Pyrex is generally used today because it is easiest to polish and
figure to exactly the precise shape needed, then once the mirror is correctly figured,
an aluminum overcoat is applied and polished until ready for use. The glass or
Pyrex only needs to be thick enough to form and maintain the shape of the mirror.
Reflector telescope mirrors are therefore much lighter per inch of aperture than
are refractors. This removed many of the limitations that existed on telescope size.
The world’s largest refractor measures only 40 inches in diameter but reflectors
now exist that are ten times that size.

Like refractors, reflectors also have an inherent flaw. Because a spherical mirror
is used to reflect light to a flat one, some points of the secondary mirror are farther
from the primary mirror’s point of focus than others. Usually the objective is
designed to focus light to the center of the secondary mirror. Portions of the image
that fall on the outer parts of the secondary mirror tend to be distorted slightly.
This error inherent in the reflector design is called spherical aberration. Stars at
the center of the field focus to sharp points but stars near the edge may appear
slightly streaked from the center of the field towards the edge. As telescope sales
began to grow among the amateur public, two different types of fixes became avail-
able. One is to use a primary mirror with a different type of shape called a para-
bolic mirror. This mirror has a much deeper curve than a spherical mirror. A
spherical mirror if continued in shape would eventually form a perfect sphere. A
parabolic mirror has a much sharper curve to it and would close into a much more
oblate form. This shape causes light to reach the secondary mirror in a more
uniform manner creating sharper images. It can also be a very expensive mirror
to produce because its curve is so complex. The second type of correcting mech-
anism that has evolved over the years is called a corrector plate. The corrector plate
is a glass lens introduced at the opening of the telescope. The corrector introduces
an error into the light path that is exactly opposite of that introduced by the
primary mirror. Thus in spite of what your mother told you, in this case two wrongs
do make a right. There are two types of correctors commonly in use. Smaller tele-
scopes may use a Maksutov corrector. This is a thick lens element with a heavy
concave shape. Maksutov correctors are highly efficient and provide super-sharp
images, but like refractor lenses, they become impractical to use once larger than
about four inches in diameter. Schmidt correctors are not quite as effective as Mak-
sutovs but are thin and very light. They are also relatively inexpensive to produce.
Schmidt correctors are preferred for use in any reflector telescope design larger
than four inches. Reflectors do have some other disadvantages. The classic
Newtonian or Cassegrain design has an optical tube that is open to the elements
and therefore must be carefully cared for. Mirror surfaces must be kept meticu-
lously clean on a regular basis. The secondary mirror is in the path of light to the
primary mirror and is held in place by a spider support that also blocks some light
from reaching the primary mirror. This so-called secondary obstruction created by
the mirror and its support can block as much as 15% of the light entering the tele-
scope. The mirrors must be carefully kept in line with each other through a process
called collimation. This is particularly true of the secondary mirror, which must
be in perfect alignment to properly redirect light to the eyepiece. An improperly
collimated reflector can rapidly become a source of great frustration. Telescopes
that employ Schmidt or Maksutov correctors have the advantage of being sealed
at the front end, protecting the telescope mirrors. These telescopes are also less
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prone to (but not immune from) collimation problems. The secondary mirror
housing of a Schmidt corrector telescope is fixed in the center of the corrector plate
and is easily adjustable with an Allen-head wrench. The Maksutov is even simpler.
The secondary “mirror” is actually an aluminized spot in the center of the correc-
tor and never needs to (and cannot) be adjusted.

A telescope is only as good as the mounting it sits on. Mounts come in two basic
types. The simpler type is called the alt-azimuth mounting. The mount rotates
up-down and left-right allowing the telescope to be adjusted in both altitude and
azimuth. To follow an object across the sky, one must follow the object in both axes.
My 4.5-inch Bushnell sits in a very simple type of alt-azimuth mount, which is simply
a bowl in which the bulbous base of the telescope sits and rotates. At the other end
of the complexity scale, most GO TO scopes are alt-azimuth mounted with a com-
puter issuing corrections as they track across the sky. Equatorial mounted scopes
also move left-right and up-down, but the left-right axis can be pointed directly at
the north pole, allowing the telescope to track an object with only a single motion.
A drive motor that turns the scope at the same rate as Earth rotates in the opposite
direction will enable that scope to keep an object centered in the field so long as the
scope is both properly aligned and perfectly level. The most important thing though
about a mounting is that is must always be perfectly rigid and not move. If the mount
vibrates, no matter how well the scope performs at high power, all you will see is a
highly magnified vibration if the mount is not stable.

Reflectors and refractors have other characteristics that cannot fairly be
described as either strengths or weaknesses, but will play an important role in
determining what type of telescope you will eventually settle on. Refractors tend
to have fairly high f-ratios compared with reflectors. A typical refractor will have
an f-ratio of anywhere from /12 to as high as f/15. These telescopes will produce
crisp images and high magnification with long focal-length eyepieces. But because
the f-ratios are so large, they will be difficult to use for long-exposure astropho-
tography. Exposures for deep sky objects will be impractically long. Reflectors, par-
ticularly Newtonian types, have very short f-ratios that mean that high powers are
not easily usable. Newtonian reflectors will have f-ratios around /6. They will
produce very wide field images that are bright. Reflectors are also very good for
long-exposure astrophotography, often requiring less than half the time for an
exposure that a refractor of the same size. Refractors will always have the eyepiece
at the rear end of the optical tube. With the use of a right-angle prism, the refrac-
tor user will always be able to find a comfortable observing position. Newtonian
reflectors have the eyepiece near the other end of the telescope on the side of the
tube. This can cause an observer to torque his body into many unusual positions
while trying to see through his telescope. In the largest Dobsonian designs, a ladder
may become necessary when viewing objects near the zenith.

After many months of careful consideration, the telescope I finally settled on was
the 1986 model Celestron Super C8 Plus. This telescope is a Cassegrain design
reflector with a Schmidt corrector. This combination Schmidt-Cassegrain design
is the most popular in use today among amateurs purchasing medium to large size
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telescopes. Let us revisit my original list of important qualities and see how the
Celestron meets my needs.

(1) Aperture: At 8 inches in diameter, the Celestron could reach objects as faint
as magnitude +13.8, the brightness of Pluto. The telescope came with optional coat-
ings to improve light transmission to boost the limit to magnitude +14.0

(2) Portability: The Schmidt-Cassegrain design uses a convex secondary mirror
and an /10 objective. This design allows an 80-inch focal-length telescope to be
accommodated by a tube that is only 17 inches long. The entire telescope assem-
bly, the fork-arm mount and clock drive base weighs only twenty-three pounds.

(3) Optical Quality: At that time, there was no mass producer of consumer tele-
scopes that had a better reputation for quality than Celestron. Remember that as
I write this, this was nineteen years ago. Though Celestron certainly has not
slipped, its competition has certainly gotten better.

(4) Versatility: At £/10 and 8 inches of aperture, the Schmidt-Cassegrain has
enough focal length to provide crisp images visually, but it is fast enough to yield
reasonably short photographic exposure times while reaching a theoretical pho-
tographic limit of magnitude +16.

(5) Durability: The Schmidt-Cassegrain optical design is nearly as rigid and
maintenance free as any refractor, though some collimation is occasionally needed.
The fork mount and drive base are made of cast iron and will last forever.

(6) Upgradeable: The Celestron product line comes with a wide range of visual
and photographic accessories for use in any application. The scope comes with a
star diagonal mirror and two eyepieces (a 26-mm Plossl and a 7-mm Orthoscopic)
providing 77x and 286x. This got me off to a good start and I have been able to
add many accessories since purchasing the scope, including some that could not
have been imagined in 1986.

(7) Serviceable: The telescope is covered by Celestron’s limited warranty. If
anything breaks, it gets fixed for free (assuming that I did not take a hammer to
it).

Other telescope purchasers as I said may have other criteria that are important
to them while others may not be interested in some of the things that I want. One
observer may want aperture in a telescope and nothing else. He may have no inter-
est in astrophotography or any other complex applications or may already have a
smaller telescope that can do that. This observer may want a moderate cost second
scope solely for the purpose of pulling out the faintest objects out of the sky he
possibly can for the lowest cost. This observer might be interested in a type of New-
tonian reflector called a “Dobsonian.” These scopes come mounted on the simplest
type of mount, often on wheels for ease of movement. They are built for one thing
only, size. Dobsonian buyers can get scopes as large as 16 inches or more for the
same price as a Celestron Schmidt-Cassegrain half the size. There are also users
who want a small telescope that can be whipped out with only a few minutes notice.
Such telescopes as Bushnell’s Voyager and Edmund Scientifics Astroscan cost
around $200 and provide a 5-inch Schmidt-Newtonian reflector that sits in your
lap or on a special cradle. Whatever your needs are, there is a telescope to suit your
purpose. Make sure you put in the research and thought needed to ensure you get
the scope you need, not the one the salesman says you need. List what you need
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for a telescope to do and get one that does it. Don’t get a Dobsonian if a computer
controlled GO TO telescope is what you really need. The only result of that will be
that you will own a telescope that can detect sixteenth magnitude galaxies, but is
completely useless to you if you don’t know how to navigate. The modern GO TO
scope is wonderful if you are lost, particularly if they have a GPS receiver. All you
have to do is turn it on and the GPS will automatically update your position and
time so that the telescope can now point with arc second accuracy to any point in
the sky without any other input from the user other that being told what the target
is. Both Celestron and Meade sell their largest scopes with this technology, but
you will pay over $5,000 for it. If you know your way around the sky, a 20-inch
Dobsonian will do a better job optically and cost you only about 40% of the price.
To use the analogy of the golfer again as we did in the first pages of this book, if
you don’t have the right equipment to do the job, all you will experience is frus-
tration. A golfer who uses clubs that are even 2 inches too long for him will be com-
pletely unable to perform with them. The clubs must be perfect your game and
your body. So must your optical equipment for the job you will ask it to do.

Accessories

My Celestron Super C8 Plus came equipped with several accessories out of the box
(it was actually shipped in three boxes). These included an 8 X 50 polar axis finder
scope with illuminated reticule, a star-diagonal prism,a 26-mm Plossl eyepiece and
a 7-mm Orthoscopic eyepiece. This initial collection of equipment was adequate
to allow me to begin exploring the heavens with my new telescope. As the next few
months went my, I began to discover the need to expand my equipment inventory.
With a focal length of 2,000 mm, the 26-mm eyepiece yielded 77x while the 7-mm
produced 286x. The low-power eyepiece gave good wide field views across an area
of about 45 arc minutes. The higher power eyepiece was so powerful that even with
the Celestron’s superior optics, getting a sharp steady view was a very rare event.
I needed eyepieces that would allow me to use more intermediate magnifications
for nights when the seeing was not as good as I would otherwise desire. After that
came the desire to record on film, the sights that my eyes beheld. That led to my
expanding into camera mounts and eventually into amateur CCD imaging. Lets
now take a look at things that you will be eventually adding to your inventory.

(1) Eyepieces

(2) Barlow lenses and focal reducers

(3) Solar filter

(4) 35-mm SLR camera

(5) CCD camera

(6) Camera and CCD mounts and accessories
(7) Color filters

(8) Spectroscope

(9) Carrying case
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(10) Laptop computer
(11) Portable DC power supply
(12) Paper or software star charts

This is a list of equipment needed to bring your telescope up to a solid level of
versatility both for planetary observing and deep sky work as well as visual astron-
omy and photography. Let’s take a look now at what each different type of acces-
sory does for us.

The eyepiece is the lens assembly at the focal point of the telescope that forms and
magnifies the image. Most telescopes, even department store types, come with at
least one for initial use. Sadly today many of the major manufacturers deliver their
telescopes with just that one eyepiece. Today’s Celestar 8 and Nexstar 8 telescopes,
the current editions of the legendary Celestron C8, come with only a single 25-mm
Plossl eyepiece (though Celestron does offer a nice observing kit that adds five
more eyepieces and a filter set for under $100). When you purchase eyepieces,
remember to get the proper size for your telescope. Eyepieces are sold in three
industry-standard sizes (0.965 inch, 1.25 inch, and 2 inches) encompassing several
different designs. The major things that distinguish eyepieces from one another
are eye relief and field of view. Eye relief is the maximum distance from the tele-
scope that you can see the entire field of view. The farther away you can keep your
eyes, the more comfortable you will be. Field of view is the angular measure of how
far you can see from the left edge to the right edge of the field.

If you own an economy or department store type telescope it likely came with
an eyepiece of the Huygens or Ramsden optical design. These are two-element eye-
pieces designed to be low cost and produce satisfactory images to the undemand-
ing eye. Eye relief is minimally adequate and the field of view is usually less than

Figure 2.3. Ploss!
eyepieces. Photograph

JL'._W-_-‘S.--. R by author.
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30 degrees. The perception that I always had with these eyepieces is that I was
looking through a pinhole. If my head wandered slightly, my eye would wander out
of the field and if my eye were to tear at the eyepiece, I would lose sight of the
target. These eyepieces are almost universally sized at 0.965 inch and while they
serve department store telescopes adequately, they are not suited for use in high-
performance instruments.

Telescopes intended for high-quality astronomical work are equipped with 1.25-
inch eyepieces. The cast iron cell that seals the end of a Celestron or Meade tele-
scope has an opening in it with a universal thread to allow attachment of 2-inch
accessories. This opening is usually fitted with an optional adapter called a visual
back that stops that opening down to 1.25 inches and has a thumbscrew to secure
accessories with a non-threaded drawtube. This arrangement allows the telescope
to accept 1.25-inch or two-inch accessories. The preferred size is 1.25 inch since
there are a much wider variety of accessories at more modest cost and they are
much lighter. Using 2-inch accessories usually requires that the telescope be care-
fully counterbalanced. For these telescopes, the lowest cost eyepiece one should
consider is the Kellner design. These eyepieces generally cost less than $50 per unit
and provide a field of view of about 40 degrees. Kellners provide bright images and
good eye relief as long as you do not use too much power. At higher powers, eye
relief becomes uncomfortably short. The Kellner eyepiece uses three lenses in its
design. Light first strikes a convex element that then focuses light on a second
convex lens. That lens is directly mated to a concave third element.

If you need to add more magnification flexibility to your telescope at a modest
cost, orthoscopic eyepieces might be the way to go. Orthoscopic eyepieces utilize
four elements in their design. Light first contacts a three-stage lens stack of convex,
concave and convex lenses. These focus light onto a concave lens at the viewing
end. Eye relief is better than in cheaper designs and, combined with their field of
view, the Orthoscopic eyepiece was for many years considered the best all-around
telescope eyepiece. It has over the years lost its top-of-the-line stature to more
modern designs. Orthoscopics may also suffer from field curvature near the edges
of the field of view. This may cause star images to appear slightly streaked rather
than perfect pinpoints near the edge of the field of view. I added two Orthoscopic
eyepieces to my equipment box after buying the Celestron, an 18-mm (111x) and
a 12.5-mm (160x). These additions allowed me more magnification in conditions
where my 7-mm would be useless.

For those with a little more money to spend after the big purchase, consider
adding more Plossl eyepieces to your collection. This design has replaced the
Orthoscopic as the most popular among discriminating observers. The Plossl also
utilizes four optical elements. The first and second elements are mated and are
concave and convex. This stack sends light to a second stack that is convex and
concave bringing the image to focus. The design has the advantage of providing
an image that is uniformly sharp from center to edge. Each one can cost some-
where between $60 and $100 depending upon size and manufacturer. Plossl
designs feature excellent eye relief since the exit end of the eyepiece is consider-
able wider than less costly designs. The field of view is about 50 degrees on a typical
model. Unlike with the Kellner design, the Plossl provides excellent views at both
high and low powers. Since the Plossl design is usually the featured eyepiece in
most manufacturers product lines, you may have choices of equipment with special
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overcoatings to cut glare and improve light transmission. Eyepieces such as
Celestron’s Ultima line provide improved image quality and sharpness at a con-
siderably increased cost. Celestron now offers Plossls as part of a discount equip-
ment kit. This allowed me to add 32-mm, 20-mm, 15-mm, 9-mm, 6-mm and 4-mm
eyepieces to my collection (along with a Barlow and a filter set) for minimal cost
of less than $100. You can now buy six of them for what a single Plossl cost twenty
years ago.

Two other highly popular high-end eyepieces are the Erfle and Nagler designs.
These are super-wide field eyepieces that more resemble looking through a window
than a telescope. This is accomplished using what is usually a six-element array
providing a field of view as great as 70 degrees. With such extreme width in the
field of view, these eyepieces are generally best used for low-power views. Some
loss of image sharpness may be experienced when using these eyepieces with very
short focal lengths.

For those desiring the most field of view and maximum eye relief for maximum
comfort, consider adding 2-inch accessories for your telescope. A special visual
back allows 2-inch accessories to be added easily. Newtonian users might have to
install a new focuser. Some elements might be directly attached to the rear cell of
the telescope. Two-inch accessories are much larger and therefore more expensive
to purchase. A single eyepiece can run to well over $200. They are also much heavier
than 1.25-inch equipment and require counterbalancing. This in turn will cost
more money.

Barlow Lenses and Focal Reducers

Adding a Barlow lens and a focal reducer to your equipment box will effectively
triple the number of eyepieces at your disposal. These two accessories are remark-
ably simple and fairly low cost. They have the effect of also changing the charac-
ter of your telescope. A focal reducer effectively shortens the f-ratio of the telescope
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creating a lower magnification and wide field of view. The Barlow lens does exactly
the opposite. It will double or even triple the magnification provided by a typical
eyepiece.

The Barlow lens utilizes a single element concave lens that has the effect of dou-
bling the magnification of the eyepiece-telescope combination. Adding one Barlow
effectively doubles the number of eyepieces at your disposal. Barlows are usually
inexpensive to add to a telescope collection making it a great addition for any
scope. They are however a bit on the long side and that means there will be a dra-
matic change in focus from where the focuser of the telescope was originally set.
Barlows also are available in a triple magnification design. Some manufacturers
also offer a short Barlow lens that will not affect focus position as severely as more
traditional designs.

Another variant on the Barlow theme is the zoom lens that introduces a movable
negative element into the light path. By rotating a knob, the magnification of the
telescope can be varied over a wide range allowing the user to work at different
magnifications without changing eyepieces. Once you start handling expensive
oculars with numb hands in freezing cold, you will quickly come to appreciate the
value of a zoom eyepiece. In nearly all cases the Barlow lens or zoom lens slips into
the drawtube of your focuser or visual back.

The focal reducer is a positive lens that does the opposite of the typical Barlow.
Instead of doubling the magnification, the focal reducer shortens the focal length
of the telescope and reduces the magnification and creates a wider field of view. In
addition to the wide field of view, low f-ratios mean brighter photography and
shorter exposure times, both issues of great importance to astrophotographers.
The telecompressor offered by Celestron reduces the f-ratio of my
Schmidt-Cassegrain from f/10 to f/6.3. That means that my 26-mm Plossl’s
magnification is reduced from 77X to 48x while the field of view increases from
less than three-quarters of a degree to better than 1.2 degrees. The telecompressor
has disadvantages as well. Its large lens size makes it unsuitable for a draw tube
insertion. Mine attaches directly to the Celestron’s rear cell, then the visual back
screws onto the back of the telecompressor. The telecompressor also requires a lot
of back focus. Some observers may run out of focus travel before the telecom-
pressor-eyepiece stack can come to a sharp focus. Observers who wish to turn their
telescopes into real wide field instruments may opt for ultra-low f-ratio reducers
such as the model designed by Optec. This reducer takes an f/10 telescope down
to £/3.3. That would, using the eyepiece discussed previously with my Celestron,
reduce magnification from 77X to 26x and take that three-quarter degree field of
view up to over 2.1 degrees. The Optec reducer does introduce severe field curva-
ture and Optec does not advise using their product for visual observing. It is
strictly a photographic accessory.

Users of Barlows and telecompressor also must remember one other thing. Any
time you introduce a piece of glass into the light path, not all the light that enters
that lens will come out the other side. Introducing any additional lens into the light
path will reduce the brightness of the image at final focus. Given a choice of using
a 20-mm ocular or a 40-mm with a Barlow to produce 100x, I would prefer to use
the 20mm. Telecompressor users should also be aware that if they are doing
astrophotography or CCD imaging that using a shorter f-ratio also means
shortening the range of critical focus, the precise range in which the focuser must
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be placed to produce maximum image sharpness on film or the CCD chip. This
range, measured in microns, can be cut in half by a telecompressor. These two
accessories can add great flexibility to your equipment box but just as you would
not use a screwdriver on a nail, make sure you use the right tool for the right job.
A Barlow costs around about $40. Telecompressors are more expensive, usually
around $140.

Viewing and photographing the Sun can be a very rewarding endeavor, but it is
one that requires a great deal of caution. The surface brightness of the Sun at
Earth’s distance is equal to an eye-blowing 1.5 million candlepower per square
inch. That much light will very quickly destroy the retina of the eye if you even
glimpse at it for any length of time. Imagine that light amplified many times by
the size of a telescope objective. To safely view the Sun, you must have a properly
designed solar filter. There are two ways in which this type of filter can be added
to the telescope. You can use either an aperture filter, which fits over the front end
to the telescope, eliminating more than 99% of the Sun’s surface brightness and
total light, or an eyepiece filter. This is a filter that screws into the open end of the
ocular barrel. The only type of filter that you should consider using is the aperture
filter. The reason why is because this filter is not required to absorb sunlight that
has been amplified by the telescope. An eyepiece filter must absorb the sunlight
amplified many times by the telescope objective. This can cause the filter to become
extremely hot and under that kind of heat the glass element may crack or shatter
while you’re looking through it leading to disaster.

Aperture filters come in different types. The simplest type is a full-aperture filter
that filters light passing through the full width of the objective. Most filters utilize
a neutral density glass that renders the Sun in its natural yellow color. Because the
Sun is the brightest object in the sky, a large aperture is not necessary to produce

Figure 2.5. Mylar
solar filter. Photograph
by author.
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a bright, crisp image. Celestron offers a 3-inch off-axis filter that fits over the 8-
inch objective of the C8. This reduces the total amount of light reaching the eye-
piece providing a more comfortable view. A disadvantage of this is that it will limit
the amount of magnification you can use. Another type of filter that many people
use now is a Mylar filter. This type of filter uses two sheets of Mylar each of which
is aluminized on a single side. The two Mylar sheets are laid over each other with
the aluminum on the inside, protecting it from scratches. These types of filters
produce sharp images of the Sun at a fraction of the cost of their glass counter-
parts. If you're considering a Mylar filter, don’t be turned off by your first look at
one. The aluminized Mylar looks like lightly crumpled aluminum foil leaving one
to wonder how this could ever transmit a sharp image. Believe me, it does. Mylar
filters do have one disadvantage. The aluminized Mylar strongly absorbs the red
end of the spectrum rendering images of the Sun that are nearly powder blue in
color. When I work with solar images, I always convert them to grayscale anyway
so this does not bother me all that much. The Sun has been burning with the same
color for all of human history and that value is very precisely known. The exact
color that you see in the scope has no scientific importance at all, but if the aes-
thetic value of a yellow Sun is important to you then you should avoid a Mylar
filter. Solar filters run in price from about $80 and up in today’s market.

35-mm SLR Camera

Capturing pictures of what you see in your telescope is one of the most rewarding
and at the same time challenging tasks you can undertake in astronomy. In order
to accomplish this you need a 35-mm SLR camera with a removable lens. A ring
then is attached to the camera that will allow the camera to be mated to an adapter
that directly threads onto the rear cell of the telescope in place of the visual back.
The telescope then becomes the camera lens. This type of camera is the only type
of camera that allows you to view directly through the light path rather than

Figure 2.6. 35-mm
camera and lenses.
Photograph by author. B
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through a parallel finder. This will allow you to directly sight and focus the target.
Prior to reaching the film, the light is deflected by two 45-degree mirrors to the
viewfinder. When the shutter is tripped, the first mirror is retracted out of the way
either electrically or mechanically. This allows the light to reach the film when the
shutter is opened. When the exposure is completed, the shutter closes and the
mirror extends to its normal position.

Another important benefit of this type of camera is that it allows you to select
various exposure time lengths. A typical setup will allow automatic exposure times
from as fast as 1/500 of a second to one full second. Of even greater importance is
the bulb (B) setting. This allows the shutter to be manually held open for as long
as the user desires. This is critical since most deep sky photographs are taken at
the full focal length of the telescope (in my case, that’s {/10). Taking an exposure
of a ninth-magnitude nebula might take as long as an hour.

When buying a camera for astrophotography, buy as much quality as you can
afford. If you buy a good camera, you will only have to do it once. Manual cameras
are relatively inexpensive and have the advantage of not needing batteries that can
die on you in extreme cold. Electric cameras operate much more smoothly and
precisely. The quality of the lens of your camera is important since you will not
always use it to image through your telescope. You may wish to mount the camera
on top of the telescope “piggyback” style. This allows a clock-driven telescope to
serve as mount for beautiful wide-field panoramic shots. Also consider a camera
that offers an array of telephoto lenses. This allows modest magnifications to be
used while retaining a wide field view. The only other type of accessory that is an
absolute must is a cable release for the shutter. This allows the shutter to be opened
without you touching the camera and thus creating vibrations. This can either be
a manual type of release with a spring or an air-loaded type. The air-release is
smoother, but also more expensive. If you choose to settle for a spring cable release
for your camera, make sure you use the camera’s delay timer if you are not using
the “B” setting. This will allow any vibrations created by the spring to damp out
before the shutter trips. New cameras can cost $500 and up with just a single lens.
When camera shopping, a trip to an Internet auction site is a great idea to get good-
quality equipment at a cheap price. I recently bought a used Minolta and three
lenses for under $100 in mint condition.

CCD Camera

The charge-coupled device (CCD) camera has been a part of astronomy for
decades but until recently has been an exclusive province of professionals. The
cameras were large, power-hungry and incredibly expensive. During the mid-
1990s, advances in electronics allowed CCD chips to be produced commercially on
a large scale. This advance has made possible the digital imaging revolution that
so many of us take advantage of today. Your camcorder, the camera in your cell
phone and your digital camera all use CCD technology. The CCD chip is a tiny
silicon wafer covered with an array of light-sensitive detectors called “pixels”
(techno-speak for “picture elements”). The pixels collect photons and register their
brightness for assembly into a completed image.
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Figure 2.7. Meade
Deep Sky Imager CCD
Camera. Photograph
by author.

One of the great advantages of the CCD chip is that it is far more light-sensitive
than is film. An image that would take an hour to make on film can be recorded in
just a few minutes or even seconds on a CCD. A CCD camera for astronomy is
something of a different beast than those used for conventional photography. The
CCD chip, like photographic film, does a much better job recording light when
exposed to high levels of light for a brief period of time. Astrophotography involves
exactly the opposite, exposing the chip or film to a very minute level of light for
very long periods of time. Fortunately the speed at which the chip collects light
improves dramatically as you reduce temperature. An astronomical CCD camera
is equipped with a cooling system that chills the chip to a temperature well below
zero degrees Celsius. The heat generated by the camera can register in the CCD
pixels creating what is called “dark current,” or false light. Cooling the chip to sub-
freezing temperatures reduces the amount of dark current.

Another feature that increases light sensitivity is sacrificing color. Unless you
have observatory class aperture, there is very little to be gained by using color
sensors so most CCD cameras record light in shades of gray ranging between the
extremes of white and black. In an 8-bit camera, CCD pixels measure shades of
gray and report that data to a computer using a scale of 0 to 255. The “zero” value
represents pure black while “255” represents pure white. Anything in between cor-
responds to a shade of gray. Moving up the cost scale, cameras are available with
16-bit capability registering light on a scale of zero to 65,536. These cameras will
produce images that are far smoother than the 8-bit camera with no large unnat-
ural transitions between pixels. The image quality of the 16-bit camera is every bit
as good as those taken on photographic emulsions. Eight-bit imagers tend to be
somewhat grainy but if saving money is an issue, they are satisfactory because the
human eye can only discern about forty shades of gray anyway.

Like with the 35-mm camera, buy as much quality as you can afford. That assures
that you will only have to do it once. My first camera was the Meade Pictor 216XT.
This is a 16-bit camera with a CCD pixel array measuring 335 elements by 256 ele-
ments. It produces images that are super-smooth and when properly focused,
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nearly indistinguishable from a photographic print. It also is adaptable to color
photography by installing a tricolor filter wheel. In this technique, separate expo-
sures are obtained through red, green and blue filters, then stacked one on top of
the other. This produces an image in what is called “RGB” color. have not yet opted
to do this because the filter wheel assembly is as costly as the camera itself. The
Pictor 216 XT was also, at the time I purchased it, the only 16-bit imager available
for under $1,000. Several smaller manufacturers are now also under that level with
16-bit capability and now even with color detectors. I have not had the opportu-
nity to try out any of these cameras, but I was happy enough with my Meade that
I eventually purchased their new Deep Sky Imager for color work. By the way, since
all cameras use either the universal T-thread or standardized 1.25-inch draw tubes,
you can mix and match telescopes and cameras. Just because you own a Meade
telescope, you are not beholden to the Pictor line of CCD imagers. You can use a
Santa Barbara Instruments Group camera and it will work just fine. My Meade CCD
gets along just fine with my Celestron telescope since the interfaces are of uniform
size. I cannot take advantage of some of the features in the Meade camera that are
specifically designed for use with Meade’s LX200 line of telescopes such as auto-
focus. Today I am using Meade’s Deep Sky Imager, which allows deep sky images
to be taken in color. It has a larger chip (wider field) than the Pictor 216 XT and
costs less than half what the Pictor did in 1998.

CCD cameras have disadvantages as well. Each image must be carefully cali-
brated. This involves subtracting what is called a “dark field” and a “flat field.” These
techniques correct for any heat on the CCD that can generate false light and for
any field curvature induced by the telescope. Taking one picture therefore involves
actually taking three. You must first take a dark frame (usually done with the tele-
scopes cover on) then a flat field frame (done with a white card over the telescope
objective) prior to taking the actual picture. The two calibration frames are then
deducted from the actual image to produce proper views. Removing this unwanted
clutter is referred to as maximizing the “signal to noise ratio” Remember that
signal is good and noise is bad. Compounding the prospective photographer’s task
is that the size of the chip is extremely small, only a few millimeters across. This
means that at £/10, the field of view of the chip of the Pictor 216XT with my Cele-
stron is a miniscule 5.5” x 4.1. Using a telecompressor gets the field up to 8.7 x
6.5". Remember that CCD imaging is an extremely difficult and demanding oper-
ation, so consider adding this to your equipment box only when your skills warrant
it. Otherwise, you will spend a great deal of money only to get frustrated. Get good
with camera and film then step up to a CCD imager. In today’s market, CCD
imagers start at about $150 for what is basically a web camera and can go up over
$10,000.

Camera and CCD Mounts

and Accessories

To get the most out of your camera equipment, it is necessary to have the proper
supporting equipment. The devices used for 35-mm photography and for CCD
imaging are very different from each other so we’ll discuss them separately. In
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photography, 35-mm cameras cannot be directly connected to a telescope so
adapter equipment will be necessary in order to make the mechanical connection.
The minimum that you will need is a T-ring and a T-adapter. The T-ring is a metal
ring with two threads. One screws into your camera and provides the interface for
the T-adapter which screws into the other end. At the far end of the T-adapter is a
universal thread ring that will mate to the rear cell of a Schmidt-Cassegrain tele-
scope in place of its visual back. These two devices allow the camera to be mounted
at the prime focus of the telescope and allow for photography at the telescopes
normal f-ratio (for me, f/10). Photography using this type of setup is therefore
called prime focus imaging. This type of setup allows nice, short-exposure images
of the entire Moon or Sun, reasonable length images of star clusters or other bright
objects in the deep sky and the shortest possible exposure time for any other type
of object, unless a telecompressor is used. For imaging the planets or small objects,
the magnification is generally inadequate to show any detail. For small targets, a
different technique must be employed. We can gain extra magnification by intro-
ducing an eyepiece into the light path. This will require moving the camera several
inches farther away from the telescope using an empty metal tube called a “tele-
extender.” After inserting an eyepiece directly into the visual back of the telescope,
the tele-extender then screws over the outside of the visual back. The other end of
the tele-extender screws directly into the T-ring on the camera. This has the effect
of dramatically increasing the focal ratio of the telescope, sometimes into triple
digits! Tele-extension photography can be extremely challenging because with so
much power, it can be difficult to focus the telescope and like with the CCD imager,
field of view is agonizingly small. This can make it difficult to even find your target,
never mind focus on it and shoot. If you get good at it though, the results are well
worth it.

Long-exposure astrophotography requires that the telescope be carefully guided
throughout all the time the shutter is opened. If the target is allowed to drift, the
result will be a badly streaked image. Modern clock drives are very good at track-
ing objects, but no motor drive is perfect so you will always need to correct in right
ascension. With an extremely accurate polar alignment and a perfectly level tele-
scope, you can eliminate the need to correct in declination. Still, very few of us are
that good or that lucky so some minor declination correction will almost always
be required as well. To make these corrections, you will first need a control device.
This is a simple four-button (up, down, left, right) hand-held box that connects via
a telephone-style jack to your drive base. It controls the right ascension correction
by speeding up or slowing down the motor in response to your commands. For
declination corrections, commands are sent to an external motor that inputs the
north-south correction. The motor, normally purchased separately, connects to a
power port on the telescope drive base. Using these motors draws a lot of power
from your telescope battery, so be prepared to plug into either a larger DC battery
or some source of AC power with a DC inverter. Most telescopes come with equip-
ment to allow you to do the latter while DC/DC adapters (to plug into your car’s
cigarette lighter) are readily available.

Now that you have the means to make corrections, you need to be able to see
what you are doing. With the camera shutter open, there is no means to look
through the telescope to see the target. There are two ways around this problem.
The old fashioned way is to mount a guide telescope on top of the main telescope.
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This is usually a 2-3 inch refractor with a high-power eyepiece. The guide scope
is mounted precisely in line with the main telescope so that by keeping the target
object centered in the guide scope, you also keep it centered in the main scope. The
advantage of this apparatus is that you can use the target itself to guide the tele-
scope. This is a huge advantage if you are imaging a moving object, such as a close-
by comet. The problem with the guide telescope is that if you are photographing
a faint deep-sky object in your main telescope, it may prove too faint to see in the
guide scope.

Most owners of Schmidt-Cassegrain telescopes prefer to use an off-axis guider
for controlling the telescope. The off-axis guider connects directly to the rear cell
of the telescope. Most of the light passes directly through the guider body to the
camera. A small amount of light is redirected by a prism to an eyepiece at a 90-
degree angle to the light path. This allows the observer to see a small amount of
the field of view and pick a target to guide on. The advantage of the off-axis guider
is that you can take advantage of the full light gathering power of your telescope
to find a guide star. The problem with this system is that you cannot see the actual
object you are trying to photograph. The prism does not extend that far into the
light path. You must aim and focus the camera carefully, then hope that the off-
axis guider is able to view a star onto which you can focus, center and guide the
telescope.

A CCD camera adds to the aim, guide and focus difficulties because you cannot
view through it at all. Attaining a proper focus is a difficult process of trial and
error. This is very frustrating because image quality is very dependent upon a very
precise focus. The range of focus position is literally only a few hundred microns
wide. To help aim and focus, many amateurs now use a device called a “flip mirror.”
The flip mirror uses a fixed mirror that directs light to an eyepiece that allows the
viewer to see exactly what the camera will see. When the target is centered in the
eyepiece, the mirror is then retracted out of the way allowing the light to go to
the camera. Once the camera is focused once, you can bring your eyepiece to focus.
Then all you will need to do is center and focus in the flip mirror, and you will
have a point and shoot CCD setup. The flip mirror can also be used for 35-mm
photography provided it is large enough to allow the entire field of view to reach
the camera. If the field of view is smaller than the camera frame (due to the
obstruction of the flip mirror) then you will see the circular edge of the field of
view on the frame, a phenomenon called vignetting. I use the larger of two flip
mirror models offered by Meade. Some more modern CCD cameras will allow you
to view real time video. This makes aiming and focusing easier, but it only works
with the brightest of objects.

When you buy any photographic accessory, make absolutely certain that it is of
sound construction so as to avoid any mechanical flexing caused by the weight of
the camera. If the camera or CCD is allowed to bend the mount by even a few mil-
limeters, then the light path will no longer fall into the center of the camera’s field
of view. This was a key selling point in selecting the Meade flip mirror. Other
devices that I tried caused the camera to flex slightly off the telescope’s optical cen-
terline. T-rings and adapters and tele-extenders are less than $40 each but the flip
mirror and illuminated reticule eyepiece can set you back close to $400 if you go
for larger models.
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Color Filters

When you view through your telescope, you are viewing the full range of the visible
light spectrum. There are times however when seeing all the light is not necessar-
ily the best thing. Certain features stand out when certain wavelengths of light are
eliminated. Viewing Mars through a blue filter brings out details in the planet’s
atmosphere and clouds. This occurs because most of the planet’s dominant red
color cannot pass through the filter. A yellow filter will emphasize the presence of
dust in the atmosphere. Mars’s surface is best in a red or orange filter. An orange
filter can enhance subtle differences in the atmospheres of Jupiter or Saturn. A
neutral density filter reduces the brilliant glare of the Moon or Venus by simply
reducing the surface brightness and total light. When less than about 17 arc
seconds in diameter or close to the horizon, the disk of Venus can be nearly impos-
sible to detect because it is lost in its own glare.

Filters come in two types for Schmidt-Cassegrain telescopes. Eyepiece filters
screw directly into the eyepiece barrel. Make certain that when you buy eyepieces
that they have threaded barrels; some cheaper units may not be threaded. These
are simple filters that are easy to use. Eyepiece filters are also useful for tele-
extension photography since an eyepiece is always involved. For prime focus
photography, you will need a drop-in filter. These filters are inserted into the
telescope’s visual back before it is connected to the scope. The drop-in filter will
also work for visual applications.

A set of six filters can typically be purchased for a modest price from astron-
omy equipment retailers for as little as $75. If you intend to do both visual and
photographic observations, the drop-in set is probably best for you since the filter
can be “dropped in” to a visual back, T-adapter or off-axis guider. A typical set will
include red, blue, green, orange, yellow and a neutral density filter. If your telescope
is a refractor or Newtonian reflector, you can only use eyepiece filters.

Figure 2.8. Color
filtler set. Photograph by
author.
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Spectroscope

At first glance this sounds as though I'm suggesting something as expensive as a
luxury car. Some time ago that might have been true but not today. Spectroscopes
are now available for amateur telescopes that thread into standard 1.25-inch eye-
piece barrels for as little as $150. For many of the great mysteries of the heavens,
the key to unlocking their secrets lies in their light. The light given off by a star,
nebula or galaxy, split into the rainbow, shows us a great deal about what they are
made of and what they are about.

A spectroscope for an amateur telescope consists of two parts, first a grating cell
that threads into the barrel of your eyepiece. This is the actual prism-like device
that splits the light of the star into its constituent components. The second is a pro-
jection screen that fits over the viewing end of the eyepiece and allows you to view
the spectrum of the target. Some models will also allow you to thread the grating
screen into the barrel of your CCD camera’s 1.25-inch nose piece and give you the
capability of imaging the spectra of the target. An imaging spectroscope is more
properly called a spectrograph.

When you view the spectra of a star, you will notice that it is interrupted by
bright lines and dark lines. The bright lines are called emission lines. When an elec-
tron loses energy and falls closer to the nucleus of its atom, it gives off a photon
creating the bright line in the spectrum. When an electron gains energy, it absorbs
a photon, creating a dark line called an absorption line. In later chapters, we’ll talk
about what these lines mean about the stars we seek to view.

Carrying Case

When you buy a telescope, it comes with the minimum accessories needed for you
to begin operating. As months and years go by, your equipment stash grows by
leaps and bounds as you have seen. Initially you tend to pile all of it into the same
small cardboard box that your original equipment came in. I always stored my eye-
pieces and other equipment in the small boxes that they were shipped in and put
those boxes inside the larger cardboard box that Celestron originally shipped my
accessories in. Over the years, I've added two more eyepieces, a T-ring, T-adapter,
tele-extender, off-axis guider, CCD camera and then a flip mirror assembly. So now
I need something larger to carry all my stuff that will keep it all organized and at
the same time protect it while in transport to the observing site.

What you need when you get to this stage is a large, sturdily built foam-lined
carrying case for all of your equipment. A typical large-size equipment box is made
of aluminum and will have prefabricated openings provided for standard-sized
items such as eyepieces and star diagonals. Some may then offer larger openings
for things like camera bodies and support equipment. A feature that is appearing
in many cases today is the so-called “pluck-foam” case. This is a case that has no
pre-cut openings in it. The interior is composed of hundreds of tiny squares of
foam that you can “pluck” out of the case to create custom openings for your
specific equipment needs. Whether you go with pre-cut or pluck foam, go with the
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largest case you can afford. They are designed to be portable so don’t worry about
getting something so big that you won’t be able to move it. For example, the largest
case offered by Orion in their aluminum line measures about 17 inches across by
12 inches wide by 5.5 inches deep and weighs less than ten pounds empty. If alu-
minum cases run a little steep on your budget, you may want to consider polyeth-
ylene (plastic) cases. These run cheaper, but remember that you get what you pay
for. Think about that before picking a case to carry your expensive eyepiece col-
lection around in. Camera stores sell these but usually at exorbitant prices. Astron-
omy houses offer better deals on large high-quality cases for as little as $45.

Laptop Computer

For the first time, you're probably asking why do I really need this before bother-
ing to read why. A portable computer can do as many as three critical things for
you. First, it can run powerful astronomy software in the field. Having a program
such as RedShift, Starry Night, or The Sky can almost completely eliminate the need
to carry paper star charts with you while you are out. The computer screen is also
much easier to read in the dark. Using a quality program will allow you to see the
stars on the screen exactly as they appear in the telescope. If something appears in
the telescope that is not on the computer screen, you may instantly become famous.
Secondly, some of these programs provide for telescope control as well if your
scope’s drive is compatible (my telescope predates Windows-based computers
now). If you're using a Meade LX200 telescope, a laptop with Meade’s Epoch IP2000
can drive the telescope with arc second accuracy to any target in the heavens. Some
third-party software such as MaxIm DL can interface with many different types of
telescopes. Both of these software programs can also control and download data
from CCD cameras. If you have a CCD camera, then a laptop is an absolute must.
Meade’s Pictor line of CCD imagers comes with a Windows program called Pic-
torview XT, which serves to provide control of the camera, image downloading

Figure 2.9. IBM
Thinkpad R40 laptop
computer. Image by
author.




42 Human Vision and the Night Sky

through either a serial or SCSI interface and also provides a limited range of image
processing functions. The Deep Sky Imager uses Meade’s AutoStar control suite.
This software almost completely automates the process of acquiring and stacking
images and takes a lot of the guesswork out of CCD imaging.

The computer you buy need not necessarily be the newest thing on the market.
Unlike telescopes, computers become obsolete at speeds that make automobiles
sound like a good investment. That means the price of a six-month old laptop can
be less than two-thirds of what it was when it was new. Pay close attention to clear-
ance sales as old models are moved out at stupid prices to make way for newer,
faster models. Also pay close attention to brand name. The best quality equipment
on the market today is in my experience the IBM Thinkpad series. The next thing
is to make sure that your computer has the Big Three in abundance, or at least as
much abundance as you can afford. These are processor speed, RAM, and hard
drive space. Most modern programs require a high-speed processor to run them
since astronomy programs perform millions of calculations per second. This is
especially so if you are running an animation of an event such as an eclipse or
occultation. Nearly all new computers today run at speeds over 2,000 MHz. If you
are looking at something used, set a hard floor at about the 500 MHz level. This is
the minimum speed you will require to run the most modern programs along with
Windows 2000 or XP.

RAM (random access memory) is where program information is stored as you
are working on it. You must have enough of it to run both your operating system
and your application. If not, then the speed of the computer will be greatly dimin-
ished because it will try to make up the shortfall in RAM by creating what is called
“virtual memory” This involves using part of the computer’s hard disk as addi-
tional RAM. Virtual memory is extremely slow compared to RAM and will badly
degrade performance if you have to begin using it. RAM is fairly cheap to buy and
easy to install yourself (one of the few things you can upgrade on a laptop by your-
self). Most new computers ship with 64 MB of RAM on board and are upgradeable
to either 128 or 256 MB. RAM also comes in several different types that are not
interchangeable. Make sure you buy what’s right for your computer.

Hard drive space must be plentiful to store both large image processing and tele-
scope control programs, astronomy and charting programs and to store your
images. Image files can be very large all on their own, especially if you choose to
save your data in the GIF, TIF or FTS formats. JPG files are smaller, but suffer some
loss of image quality due to data loss. Do not buy any computer that has less than
five gigabytes of hard drive space. This will be the minimum required to run a late
edition of Windows plus a suite of astronomy, telescope control and image pro-
cessing software, plus provide a margin of safety should it become necessary to
employ any virtual memory. And to be completely honest, you will want to put
other non-astronomy programs on it, if only to justify the expense to the IRS.

Finally make absolutely certain that you won’t run out of power in the field. Make
sure that if your computer manufacturer offers dual batteries or a heavy-duty
battery that you buy it. If not, make certain that you can operate near an AC power
source or buy an optional DC (cigarette lighter) power adapter. Most standard
laptop batteries will not last more than an hour especially if you are running a CD
drive with any of your software or if you have a CCD (Meade DSI or LPI) that draws
power from your computer.
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My first computer for field use was IBM’s Thinkpad X20. This is a super-slim
computer measuring barely one inch thick with the screen closed and weighs less
than four pounds. I purchased it just as the X20 was being replaced by the more
powerful X21 so I got it very inexpensively. The computer itself cost about $750
online. Being so thin, it does not have any internal floppy or CD-ROM drives, so I
added a docking station to it that provided ports for those items as well as a serial
port. The computer has a Intel Celeron processor running at 550 Mhz, a 5.4 Gb hard
drive and has 64 MB RAM. It came with Windows 98 SE installed, which I later
“upgraded”to Windows Me. The 12.1 inch screen provides only 800 x 600 maximum
resolution, but that is more than plenty to support my needs. The only thing I
needed to add after that was that DC adapter so I could run the computer from my
car or portable power adapter. After losing the X-20 in a burglary, I replaced it with
a Thinkpad R40 that runs Windows XP and has a far superior display. For those
amateurs on a tight budget, a laptop seems to be a luxury of enormous expense,
but once you have it and begin using it, it makes your time much more productive
and enables you to do many more things than you could without it.

Portable DC Power Supply

Telescopes with drive motors, and CCD cameras and computers require power and
lots of it. Telescopes and computers have internal batteries but not with enough
amperage to last for a very long time under high electrical loads. As we have just
mentioned, a laptop operating under standard batteries will not last much longer
than two hours. Your duration will be even less if you are operating in extreme
cold.

To be able to operate your equipment reliably during the night you will have to
have an independent power supply. For many people, this can be your car battery.
Many cars now come with a second 12-volt DC power plug in the trunk for oper-
ating things like computers, camping equipment and telescopes.I wanted to be able

Figure 2.10. 12-volt,
480-amp battery,
400-watt inverter, and
battery charger. Image
by author.




44 Human Vision and the Night Sky

to operate without my car, so I purchased a simple discount automobile battery.
The battery supplies 480 cold-cranking amps of DC power, which is plenty to run
my scope, CCD camera and laptop all night long on one charge. The telescope
draws AC power from an inverter that is supplied with DC input from the battery.
The CCD has no power source of its own and the computer battery is only good
for a very short period of time. That time will be even shorter if the CCD needs to
draw power from the computer USB port. So I use my computer’s AC power adapter
and plug it into the inverter.

Whether it’s your car battery or something more portable, don’t get caught
without power. When you’ve got that once in a lifetime picture to take, there is
nothing more disheartening than that flashing red light signaling the end of your
power. You can buy a discount priced 12-volt car battery and a 400-watt inverter with
battery clips for under $70 to supply all your AC power needs in the field. I would
never trust such a battery to start my car, but it is more than adequate for field work.
A charger to top off that battery from household current also costs about $30.

Just as you would not drive without a road map, so you should not try to navigate
the skies without sky charts. Good sky charts are made all the more necessary by
the fact that many of the objects you might be looking for, you will not be able to
see with the unaided eye. Imagine trying to find an invisible road without a map.
Or even with it. A good set of charts will be an invaluable guide to the treasures
of the heavens.

You can either buy the old fashioned charts, on paper, or you can buy computer
software for that laptop. Perhaps the best chart on paper to start out with is Sky
Atlas 2000.0 produced by Wil Tirion. This volume was the first set of charts pro-
duced for the 2000 epoch (charts are revised each fifty years to account for pre-
cession of Earth’s axis and any proper motion of the stars). Sky Atlas 2000.0 is
available either in a large format version for use indoors or a smaller laminated
field edition. The larger charts are clear and easy to read while the field version is
more portable and will not get soggy in dew. This atlas displays the positions of
over 10,000 stars down to eight magnitude, all the objects in the Messier catalog
and dozens of other objects from the NGC catalog. If you are more advanced, con-
sider an even more in-depth atlas such as the Cambridge Star Atlas or Uraniome-
tria 2000.0. I currently own the Sky Atlas 2000.0 Deluxe edition. Its large charts are
easy to read and are ideal for viewing large sections of sky for planning purposes.
The unlaminated version currently sells for about $60 while laminated charts cost
about $120.

For outdoor purposes, I prefer something that can run on my laptop such as
RedShift 4. My laptop is capable of multitasking both this program and the current
version of Meade Autostar Suite in the Windows XP environment. I can point and
click my way around the sky quickly and easily. The program interface is friendly
(at least for me) and allows me to customize the view so that I can see the sky as
it appears to the unaided eye (stars to magnitude +4.5 in northern Delaware) or
through the telescope (stars to about magnitude +11 on a moonless night with clear
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conditions). The market is currently well saturated with astronomy software, most
of which enjoys excellent reviews including The Sky, Starry Night and many others.
Some software publishers offer various versions of their programs with differing
capabilities and price tags. Starry Night is offered in Beginner ($34.95), Backyard
($58.95) and Pro ($149.95) editions so there is both a range of capability and price
to suit just about anyone.

Personal Equipment

Remember that the most important piece of observing equipment you own is your
own eyes. Keeping yourself comfortable in the field is critically important. If you
are uncomfortable while you are observing then you will not be fully focused on
what it is you are doing. For winter operations it is critical to keep warm without
being too badly bogged down by heavy clothing and the like. Light down jackets
keep one toasty warm without being bulky. If you must wear gloves (and some-
times you must) find gloves that are tight fitting and allow you a good feel while
you are manipulating tiny eyepieces or other components. It would be a tragedy to
drop that brand-new Nagler eyepiece and shatter it before it ever got into your tele-
scope’s drawtube because your were wearing thick bulky gloves. But at least your
hands are warm! Remember that more than 90% of your body’s heat is radiated
away through your head. Keep it covered. A wool ski cap is excellent protection and
keeps you comfortable. Down at the other end, keep those feet warm too. My grand-
mother once said that if your feet are cold, then everything is cold no matter what.
Since your feet don’t handle anything, use the heaviest sock you can possibly fit into
your shoe and keep those tootsies nice and toasty. Personal heat packs are also an
excellent idea. A little Hot Pocket can keep your hands and fingers comfortable for
several hours not to mention prevent frostbite on the coldest nights.

Warm nights of course require light clothing such as shorts and t-shirts. Remem-
ber that there is one hazard associated with observing at night that is not present
during the day ... insects! The flying kind in particular can make life absolutely
miserable for everyone and they seem to have more of an affinity for some people
than for others. Personally once temperatures get above room temperature, I start
sweating something awful so I usually carry a sweat towel. Mosquito repellant is
an absolute must for summertime work. And don’t forget a jacket. On a crystal
clear night, if it is 80 degrees Fahrenheit at sundown, the temperature might be in
the upper 50s by the onset of morning twilight if you’ve been out all night.

Don’t forget food either. Carry plenty of liquids on a warm night to keep prop-
erly hydrated. Snacks are also good. A deli sandwich or something that can be kept
cool will prevent hunger pangs from ruining an observing session. Stop at a
Subway on the way out and grab something that will keep in the car for several
hours in case you need it. Light juices are also good for refreshment and a bit of a
sugar boost. Avoid sodas or other beverages with caffeine. Caffeine is a diuretic
that will cause frequent trips to the bathroom, a major inconvenience when there
is no bathroom available. Beer will do much the same in addition to the damag-
ing effects of alcohol on your cognitive abilities and the physical functioning of
your eyes (remember histotoxic hypoxia).



46 Human Vision and the Night Sky

Setting Up Shop

Now that you have all this equipment together, please remember one thing. A
fitness instructor gave me this advice about joining a gym a long time ago and it
applies to astronomy or any other hobby as well. If it is frustrating or time con-
suming to get yourself and your equipment to the site, be it a gym for a workout
or to your observing site with your telescope and equipment, you're not going to
do it very often. It needs to be easy. For me, my eyepieces, CCD equipment and
adapters are in one carrying case; my tripod is in a second box and the telescope
in a third. I can get all of my equipment out of the house in only three trips con-
suming less that ten minutes. Setting up the Celestron is even easier. The tripod
assembly requires only a few seconds and mounting and aligning the telescope is
a breeze using my polar alignment finder, a feature that no decent telescope is sold
without these days. From the time I first began moving to set up to observe to the
time the telescope points at the first target is about fifteen minutes. If I am going
to do serious photography, then a fourth trip will be required to bring out the
power supply and the laptop. I will take more time to carefully polar align because
precision will be critical. From first motion off the couch to first trip of the shutter
consumes about thirty minutes. We’ll discuss some of the finer details of getting
organized, assembled and aligned in Chapter 4.

Make certain that you always have a flashlight that has both red and clear lenses.
Use the red while observing to minimize degradation of your night vision and keep
white light available as an option in case you need to fix a flat tire. Speaking of such
emergencies two other great things to have are a cell phone and someone who
knows where you are in case you get stuck someplace.

Observing Projects Il -

Comparison Shopping at
a Star Party

Observing Project 2A - Commercially
Produced Reflectors and Refractors

For the amateur seeking to find out exactly what is the right type of telescope for
him to buy, there is no better place to comparison shop then the nearest star party.
Here you will find telescopes of all sizes and shapes on display. Here what we will
do is take a look at the differences between two common types of commercially
produced telescopes, a refractor and a classic Newtonian reflector.

It should not be too hard at a well-attended star party to find these very common
types of telescopes. The reflectors generally draw the larger crowds because they
tend to be larger. The smaller refractors don’t gather as much light and do not draw
the same “oooohs” and “ahhhhhs” as the reflectors do.
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Remember the things you read earlier on in this chapter about the strengths and
weaknesses of both designs and evaluate them carefully against what your needs
are. If you are looking for size and have no need of portability, then browse
amongst the monster reflectors. Pay close attention to the quality of the image over
the entire field of view. It is easy to just look at the middle of the field and be
impressed. Make certain that there is not an unacceptable amount of “coma” or
streaking of stars at the outer edge of the field of view. Spherical aberration causes
this unpleasant effect and it is particularly evident in short focal-length telescopes.
Also watch for how difficult it can be to view through the telescopes. Many
reflectors require their owners to perform anatomically questionable acts to reach
the eyepiece. Is he contorted into a pretzel? Does he need a ladder?

If reliability and simplicity is key, then browse amongst the people who have the
refractors. What will strike you here is the sharper quality of the images. What you
want to watch for here is the degree of color distortion created by the objective
lens. This is the chromatic aberration that we discussed earlier in this chapter. If
bright color fringes surround objects viewed in the scope, then the telescope’s
quality is likely suspect. Only the most expensive refractors are free of this effect,
the so-called “fluorite” scopes, but it should not be excessive in any scope. Also
remember that refractors may be relatively cheap and therefore come equipped
with cheap accessories. Do not consider any scope for purchase that will not accept
1.25-inch eyepieces. All serious accessories are of this size and the most serious are
of the 2-inch variety. These are likely beyond your ability and cost ceilings at this
time anyway. But don’t look at less than 1.25-inch eyepieces on any scope.

Remember to take that list with you to the star party and examine scopes that
meet your needs, but since you're not spending money here make sure you take a
good look through other types too. You may get a surprise and discover something
that you want that was not on your original list. For example you may discover a
love for computer driven telescopes that relieve you of the burden of having to nav-
igate your own way around the heavens.

Observing Project 2B - Homebuilts
and Dobsonians

If you are handy and enjoy building things yourself, you might find out something
surprising. An amateur telescope maker with the right equipment and enough
determination and patience can actually build a telescope of superior quality to
what commercial telescope producers can make. Meade and Celestron will mix
parts together to produce a telescope that will please most consumers but might
still have minute optical errors. But the best telescopes are built not in major fac-
tories, but in people’s basements.

Good astronomy clubs will provide resources on how to do this work and
provide support to amateur telescope makers (ATMs). Delmarva Stargazers of
Smyrna, DE has an annual mirror making seminar each year that is well attended
from all over the northeast and even attracts attendees from as far away as the mar-
itime provinces of Canada.
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Figure 2.11. A large
ATM-built Dobsonian at
the Delmarva
Stargazers star gaze
star party. Image
courtesy Delmarva
Stargazers Yahoo
Group.

The most popular type of telescope for a homebuilder to produce is the
“Dobsonian” so named for the man who invented the box-shaped alt-azimuth
mount that made it famous. Amateurs often call the Dobsonian scope a “light-
bucket” because they offer huge apertures for very modest prices. They are light
in weight, simple to operate and maintain and can offer superior quality for less
money than commercial designs. Take a look through one of these and see for
yourself.

Observing Project 2C - Wide Field Telescopes
and Binoculars

Though I have talked up the importance of aperture, aperture, and aperture to this
point, there are few things that are better to supplement your observing than a
good wide field telescope or a pair of quality binoculars. Two popular brands of
wide field telescopes are Bushnell’s Voyager and the Astroscan. Both of these tele-
scopes are designed with a short focal-length primary mirror of about 4.5-inch
aperture. The Astroscan uses a primary mirror that has a parabolic curvature to it
that helps reduce the exaggerated effects of spherical aberration and coma that
occur when using such short focal lengths with mirrors. The scope is built into a
red hard plastic case with a spherical bulb at the base. This bulb allows the tele-
scope to be rotated in any direction on a cast iron tabletop base. The Astroscan is
the ultimate in medium aperture portability. The Voyager, which is based on a
design similar to Astroscan, uses a spherical mirror and so produces more curva-
ture of field. But it is more modestly priced than Astroscan and makes a nice addi-
tion to your toolbox. Either scope can simply be pulled out and plopped on the
table allowing observing to begin in minutes.

Binoculars also offer the advantage of portability while providing the image
quality of a good refractor if they are well made. You also get to use both eyes,
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which can lend more of a sense of depth and a three-dimensional feel to your
viewing. You will find many differing types of these at the star party, including
some that are as large as 100mm (4 inches). Many are sufficiently large so as to
require a tripod of their own for satisfactory viewing. The thing to beware of with
binoculars is that they come from many different manufacturers from many dif-
ferent parts of the world and can be of very different levels of quality. Try some
out and you may find that a pair of binoculars just might make the perfect second
telescope.

Observing Project 2D - Eyepieces and
Other Accessories

The utility of a telescope can be greatly increased by the wide availability of acces-
sories for it. As you make your way around the star party, take note of what the
various amateurs around you are sticking in the eyepiece holders of their equip-
ment. What they are using will largely depend on what they are viewing. Planetary
watchers are more likely to have Plossl design eyepieces in their telescopes. Those
observers watching the wonders of the deep sky will be using wide field designs
like Erfles. Amateurs using the largest of scopes may well have the huge 2-inch eye-
pieces in their telescopes. Note that many of these telescopes need to be counter-
weighted to keep from tipping over with these huge oculars attached.

Remember that having a Barlow lens effectively doubles the number of eyepieces
at your disposal. You will find several different types of lenses here. Most manu-
facturers of commercial telescope equipment offer at least one type of Barlow. The
2X type is the most common, but both Celestron and Meade offer 3x Barlow lenses
as well. Orion makes a Barlow called the “Shorty” which as its name implies is very
compact.

Most serious observers will not be caught dead without a good filter set. Most
will have at least a basic set of red, blue, yellow, green and orange filters for plan-
etary viewing. Most will also have as part of a basic set, a neutral filter to suppress
the dazzling light of the moon. More advanced amateurs will have a wider variety
of colors available and may employ various types of light pollution rejection filters.

There are also many accessories out there that while they do not directly
affect viewing through the telescope can go a long way towards enhancing
the viewing experience. Most equatorial mount telescopes have a drive motor to
allow the scope to track an object as Earth rotates. Motors require power and there
are plenty of creative ways to get that in the field. Generators and batteries abound
out there. If your scope has an AC motor, then users of DC batteries will have
to acquire an inverter to create the right type of current. The more electrical stuff
you have, the more power you need. Many creative amateurs have used multiple
batteries and inverters to create setups that would make the electric company
jealous.

Other electricity guzzling accessories might include such items as a GPS driven
scope, illuminated controls and setting circles, electric dew caps or heaters. Cre-
ative amateurs can find as many ways to consume electricity as they can find to
create it.



50 Human Vision and the Night Sky

Observing Project 2E - Personal
Comfort ltems

Note that as you make your way around the star party as the night wears on, it will
get progressively cooler through the evening. Note what the astronomers around
you are wearing to keep warm. Some will carry multiple layers of clothing which
can accumulate as the night wears on, then can be peeled off later on after the Sun
comes up and things get warm again. Others may opt for items like Mylar space
blankets, which are super-lightweight and fold into very tiny areas.

Warmth is one basic need and food is another one. Note how your new friends
(and it will amaze you how friendly amateur astronomers can be, a fact that makes
this native New Yorker a bit nervous) carry food and beverages with them.
Thermos bottles keep the coffee warm or others may have the amps to spare for
electric heaters. Coolers come in many different sizes and shapes for storing
various quantities of food. The Delmarva Stargazers always have hot dogs on the
grill along with hot coffee.

Don’t forget medical needs, which will grow as we grow older. Make sure you
have a place to carry any required medications. For myself, I don’t have that issue
yet, but during hay fever season I will not be caught outside without my non-
prescription allergy meds, a bottle of Sinex and a bottle of Visine.

Remember that everything you propose to carry into the field you will have to
move by yourself to and from your car, so make sure that whatever it is you have
that you can get it to and from your observing site without it causing so much grief
you get frustrated with the whole thing.



CHAPTER THREE

Putting the
Integrated
Observing System
Together

You've saved your money, done your research and finally purchased your telescope.
You’ve gotten your new baby home and you’re ready to go. Before we plunge into
the wild black yonder, it would be a good idea if we first take some time to go over
some basics for how to use that new scope in conjunction with your eyes and your
brain. Brain, eyes and telescope are all part of one integrated system that must be
properly adjusted, maintained, developed, educated and trained. In this chapter
we’ll talk about using and caring for all three. We’ll talk about the secrets of being
a great observer by using all the techniques available to us as astronomers. We will
go over all the available resources and how to use them including the resources in
your brain. We’ll discuss the secrets of maintaining your new telescope so that it
will perform at its peak level. We will then discuss the right way in which to keep
optical surfaces clean and free from unwanted contamination. We will then discuss
the need to keep optical components properly aligned and secured. We’ll then dig
into the telescope’s mounting and support equipment and learn how to keep that
equipment properly tuned.

Training the Brain and Eyes

Remember that at the very beginning of this book I mentioned that one of the
greatest misconceptions about astronomy is that it is a source of instant
gratification. You cannot simply expect to look through the eyepiece of an amateur
telescope, even a big one, or even an observatory class telescope and expect to see
what shows up on those awesome photographs. All those beautiful galaxies that
show up as swirling gorgeous pinwheels on photographs only show faint gray-
green blobs in the eyepiece. So how can I see what is in those pictures?

51
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Well the reality is that you cannot. The human eye is a wondrous instrument but
it has limitations. Every image that falls on it is instantaneously transmitted to the
brain without the opportunity to allow light to accumulate on the retina, so you
can only see with what light is available in that instant. To see the detail that your
telescope can show you, it’s not just enough to mount eye to telescope. You must
train the brain.

Your brain offers you several key tools that you can use to enhance the observ-
ing experience. The first is your ability to learn. You try something and it does not
work. Do you try the same thing again? No, of course not! You try something else
and get a different result. You try as many different variables on the same problem
as you can think of until you create the result you are looking for. This is learning
by experience. This can be frustrating over time because you may make an awful
lot of mistakes before the proverbial light comes on. I can’t begin to tell you how
many rolls of film I’ve wasted over the years making bad exposures trying to figure
it out. But in time I did. I've learned to make very beautiful wide field panoramas
by properly adjusting for all the variables. You can also learn through education.
You can train yourself by finding someone who knows how to do it and learning
from them, you can save a lot of time and frustration, but you don’t necessarily
learn from your mistakes as much. Also be careful whom you choose as a teacher.
Many legendary athletes were failures as coaches because they could not teach. Just
because someone is a very good observer or astrophotographer does not mean
that they are someone who is able to teach you anything at all. You should also
always remember that if one really loves what he is doing then knowledge is both
contagious and self-perpetuating. The more knowledge you have, the more you
want. Seek out as much knowledge as you can about the objects you view.
In the chapters ahead we will prime the brain by learning not only the science and
physical characteristics of the objects we study, but also a bit about their history
and mythology and about our explorations and studies and the things they have
taught us.

The second key tool the brain possesses that is critical in the process of learn-
ing is the power of insight. The human brain creates insights by the gathering of
perceptions and grouping them into meaningful wholes. A perception in turn
is any sensual stimulation (sight, sound, touch, taste, smell) that has real meaning
to the perceiver. If I look at two objects, say a potted plant that sits to the left
of a table. The spatial relationship of the plant and table constitute a percep-
tion. If I stand on the opposite side of the table, the plant and table have the
opposite spatial relationship. By combining the two perceptions together, you
create an insight, the knowledge of what the true three-dimensional spatial rela-
tionship of the plant and the table is. Learning is enhanced when all senses are
used to gather perceptions, but in astronomy we principally use only sight. Sound,
smell, touch and taste are just not used at the telescope. Keeping your eyes healthy,
rested and trained is therefore most critical to the process of gathering percep-
tions both in quality and in quantity. Studying and gaining knowledge is also
crucial. Remember that knowledge speeds the creation of insights by allowing
more orderly assemblage of perceptions by increasing the “real meaning” of each
perception.

Insight and learning are augmented by something else that only humans can do
and that is imagine. If you obtain a perception from observation of a moon of
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Jupiter hovering just below one of its poles, you know it is not directly underneath
Jupiter but must be in front of it or behind it. If you combine the perception at the
eyepiece with information gathered through study, say the knowledge of which way
Jupiter’s axis is inclined, your imagination enables you to visualize a three-dimen-
sional view of where that satellite actually lies. When you look at a faint galaxy and
can only see the core, your imagination, combined with some education and study
can show you where those spiral arms are so that you know where to look and
exercise perhaps some averted vision. By no means should you see something that
is not there but you should combine your insights and knowledge to allow you to
see where before you could only look. In the chapters ahead we will use all these
tools that you possess along with the equipment used to create those perceptions.
Through exercise, practice and repetition you train your brain and get the
maximum capability out of the entire observing system.

Unless you live in southern California or the desert southwest, you will not be
able to get out and observe every night because Mother Nature will periodically
shut down the sky. These nights are great for brain training. Pick up a book (like
this one) or perhaps a copy of a current or even non-current astronomy magazine.
Don’t pick up anything too non-current though because astronomy is a dynamic
science that is always changing. Information can become obsolete very quickly. The
astronomy periodicals are well written documents that can be very educational.
Astronomy magazine is written at a bit more of a basic level while Sky & Telescope
is written at a somewhat more advanced level.

The eyes, like the brain also need to be trained. Remember that perfect vision is
not required in the early twenty-first century. In Chapter 1, we discussed means of
maintaining ocular health and various means of coping with ocular pathologies.
We also discussed the techniques of dark adaptation and averted vision to best
prepare the eye for the observing session and make use of the parts of the eye best
suited for observing in minimal light. The eye works together with the brain to
form and process images. As the muscles of your body grow stronger through exer-
cise so does the eye. The more you view in dim light, the more your eye will be
able to detect lower and lower levels of light. The simple principles of adaptation
to changing environment and physical conditioning work here the same as they
do in the gym. You will notice this as you observe more frequently. Your eyes will
progressively be able to detect objects that are fainter as you learn more how to
use the eyes and as their performance progressively improves. An aviation physi-
cian noting my deteriorating vision suggested to me that a simple way to gain
optical strength is to train with an eye chart. As you practice you will be able to
progressively read further and further down the chart. The more you practice the
stronger you will get. I found that the weakening of my eyes stopped and even
reversed itself slightly.

Like with the eye, the telescope itself must be properly prepared for use before
observing begins. The most important thing that you need to do for your scope
when it is set up is to ensure that it has time to become thermally stable before
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you begin to do any serious observations. If the air in the telescope is warmer than
the outside air, it will distort the image to the point you may not be able to focus
on anything. A closed-tube telescope like a catadioptric or a refractor may need as
much as thirty minutes to cool down. An open-tube reflector will cool down much
more rapidly.

The observing site itself must also be chosen with care. When selecting a place
to observe, you must consider three criteria. First is the presence of extraneous
light. Light pollution can quickly turn an observing session into an exercise in com-
plete frustration. Even in the most light polluted areas, you can find a place to
observe that has somewhat dark skies. Large parks make excellent observing sites
because they can put a few miles between you and the “light domes” that envelop
large and medium-sized cities. Secondly the site must have reasonably clear hori-
zons so you can see down to the haze levels. If trees stick up too high in close to
you, you will not be able to see much more than straight up. Most large parks have
an open meadow where observers can set up not far from their cars. The third
important thing is to avoid large expanses of asphalt. Dark pavement will radiate
heat for many hours after the Sun goes below the horizon, creating turbulence in
the air adjacent to the ground and creating unstable conditions and bad seeing. It
is a good idea to scout out the site in daytime. Get familiar with the horizons and
exactly where you will be setting up. Know which way north is and how you will
align on it.

The telescope itself is not all you have to check on. You will also have a box full
of cameras, eyepieces and filters. The most important thing you can do is make
sure that it is all organized! You are going to have to be able to find absolutely every-
thing in the dark, without the use of anything brighter than your red map light.
All your eyepieces should be stored in order from longest focal length to shortest.
Barlows should be stored together near the eyepieces. Filters should also be all
together and stored in spectral order with blue or violet at one end and red and
orange at the other end. The other side of your box should be dedicated to your
cameras. Lenses are stored in order of focal length and other accessories should
be close by such as cable releases. If you find yourself fumbling for equipment in
the dark, you may as well not have it if you can’t find it. Even worse, not being able
to find equipment is an invitation to lose it.

A seemingly silly thing to do, but an exercise that can be very helpful is to bring
all your things into a dark room and practice assembling it in the dark. This is a
common military exercise that all military infantrymen must perform during basic
training, learning to disassemble and reassemble their rifles in total darkness. Try
it for yourself and practice setting up your equipment, go through some common
changeouts of eyepieces and other equipment just the way you’ll do it in the field.
Go through it first though in full light. This will give you the chance to see how
everything fits together, what is tight, what is loose and what is just right. You would
think that precision-made equipment that is industry standard should all fit
together but sometimes you can get surprised. The eyepieces for my 4.25-inch
Bushnell do not fit my 8-inch Celestron in quite the same way, they are slightly
loose. In reverse, the eyepieces of the Celestron have barrels that are a bit too long
to fit the eyepiece holder of the Bushnell. The Bushnell eyepieces were not threaded
to accept filters.
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Cameras can also give you a surprise especially if they were used equipment.
I bought a Minolta 35-mm camera for use with my Celestron and found that it did
not work in quite the same way that my old one had. The attach point for the cable
release was on the lens mount instead of being on the shutter button as it was on
my old Yashica. I also found that the threads for the tripod receptacle were not
deep enough to allow the bolt on the Celestron piggyback mount to fully tighten
against the mount causing the camera to be very loose on the mount. I had to
devise a spacer for the bottom of the camera to ensure it would not rotate on its
bolt while I was taking pictures with it. When that did not work, I resorted to
Velcro. So check out everything in daylight including how you plan to attach each
accessory in all the various different ways. Once you are certain that everything
fits right, then try everything out in the dark. When you are comfortable with how
everything fits and your organizational plan, then its time to go out into the night
and put it all to work.

Cameras operate in a manner very different than the human eye does. Film forms
a fixed image through a process called emulsion. The retina of the eye forms an
image instantly and transmits the image to the eye continuously. Each time a
photon strikes the retina, a photochemical reaction takes place. In emulsion,
crystals of silver halide are photochemically changed by light in a similar manner
to the way the retina operates. The energy present in each photon causes the
film to register differently. Since blue light is much higher in energy than is
red light, the crystals are capable of registering color by reacting differently to
varying energy levels with the aid of an organic catalyst that transfers the color
from the photon to the crystal. Moreover you can control how long the film is
exposed to the light source so light can accumulate on film for extremely long
periods. The longer the film is exposed the brighter the image appears and faint
details that the eye cannot see begin to appear. The eye however can only see in
real time.

Film does suffer from one important shortcoming known as reciprocity failure.
When film is exposed too long, all of the silver halide crystals are exposed and the
image begins to become foggy. There is therefore a practical limit to how long film
can be exposed for. There is however a way to limit the effects of reciprocity failure.
Prior to using film for astrophotography, you should put the film in the freezer for
a few hours. This will “push” the film to a higher speed in effect and allow the film
to record light faster before the effects of reciprocity failure set in. Amateurs used
to use a dry ice cooled device called a cold camera to achieve this effect before CCD
cameras came into common use.

CCD (charged-coupled device) cameras use a silicon chip covered with an array
of light detectors that are extremely sensitive to light. Each detector records light
in one of 256 shades or gray (8-bit) or 64,000 shades of gray (16-bit). The most
sensitive models are grayscale cameras although now there are many models that
can image the deep sky in color. Even grayscale cameras can take color images by
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stacking images taken through red, green and blue filters, respectively. Like with
film, you can enhance the sensitivity of the chip by cooling it. Most cameras employ
some type of cooling system to reduce the temperature of the chip. This reduces
the amount of residual heat on the detector created by the electronics of the
camera. This residual heat causes the light detector to see light where there is none.
Cooling the chip to temperatures below freezing helps limit that effect. Some
cameras use air flow (either passive or with the aid of a fan), some use water and
some use an electronic cooling system like a Peltier-effect heat exchanger (heat is
transferred from the imaging chip across an electrical conductor to another piece
of silicon) and cooling fins or baffling. When using a CCD it is a good idea to ensure
it is connected and powered on long before you actually intend to use it so it has
time to cool. In addition to being subject to all the other imaging challenges that
cameras have, CCD chips are extremely small, only a few dozen square millime-
ters of area is available so the field of view of the camera is rarely more than a few
arc minutes wide. Finding your target is very tough unless you have either a flip
mirror, which will allow you to see exactly what the camera sees or a camera that
can show you the target in real time so you can see what the camera sees. The tiny
field of view also makes precision guiding absolutely essential. The great advan-
tage of the CCD is that they are incredibly fast. A CCD can record in a few minutes
what might take an hour or more on film. You can also thread a spectroscope into
the barrel of the camera to image stellar spectra.

CCD cameras are almost universally computer driven, so you must have a laptop
computer that is capable of handling the camera and whatever other applications
you are using in the field. Make sure that you spend some time training your brain
to use the imaging software and the computer in the dark. There is little that is
more frustrating than wasting time messing with your computer while the night
slips away. The keys again to success are telescope alignment, software familiarity,
focus, cooling and aiming.

The trick with long-exposure astrophotography of course is the fact that you are
imaging a moving target. The observer must therefore ensure that the telescope
that the camera is mounted to is perfectly polar-aligned. Most equatorial-mounted
telescopes have a polar alignment finder to make precise alignment easy. Remem-
ber that the scope must not only be perfectly aligned but it must be perfectly level
too. To that end, I carry a bubble-level with me everywhere. If the mount is not
level, the target will begin to drift off the film in the north-south plane. Another
problem is that no clock drive is exactly precise. A drive corrector will be needed
to ensure that the target does not drift in the east-west plane. If you cannot deal
with both of these errors, you will end up taking images of streaks instead of stars.

To make corrections you will need one of two things. The first is a guide scope,
which is a high-powered telescope mounted in parallel with the main scope. You
keep a target star centered in the guide scope while the main scope images the
target. The other is an off-axis guider. This takes a small area from the field of view,
not visible to the camera and allows you to guide on a star in that field. That is, if
you can find one. Corrections are then input via a hand-held device that enables
you to drive the telescope along either its declination or right ascension axes to
keep the target centered on your crosshairs. You do not have to be perfect, but you
will have to be very patient and be able to catch errors while they are still very
small.
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Getting your Bearings in the S

The sky, like Earth, is a sphere and so it can be divided up with a coordinate system
in a manner similar to the way Earth is. The system used to define position on the
celestial sphere is somewhat different than is the one used on Earth. The
north-south plane of the sphere is defined by the value we call declination and it
is directly analogous to latitude. The celestial sphere has an equator that is paral-
lel to Earth’s equator. Declination, like latitude is measured in degrees, minutes and
seconds. Because lines of declination always run parallel to each other at all loca-
tions on the sky, a degree of declination at the pole spans the same angular dis-
tance as one at the equator.

The east-west plane is somewhat different. Rather than measuring in degrees,
the east-west plane is measured in time units that we call right ascension. Since
there are twenty-four hours in a day, the sky is divided into twenty-four hours of
right ascension. The zero hour line is at the point of the vernal equinox, where the
Sun crosses the equator going north. Therefore the six-hour mark is where the
summer solstice occurs, the autumnal equinox is at the twelve-hour mark and
the winter solstice is at the eighteen-hour point. Each hour is divided into sixty
minutes and each minute is further divided into sixty seconds. Units of right ascen-
sion are much more coarse than are degrees of declination, at least at the equator.
At the equator, an hour of right ascension equals fifteen degrees of arc, but as you
move farther north and the hour lines begin to converge, the angular distance sep-
arating the lines closes. At declination +40, an hour of right ascension is equal to
only 13 degrees of arc. The separation of right ascension lines decreases steadily
until it reaches zero at the poles.

Telescope Maintenance

Cleaning precision optics is not the same as cleaning household windows or
mirrors. Remember that the lenses and mirrors of your telescope are tasked with
collecting miniscule amounts of light, then amplifying, magnifying and focusing
that light into a viewable image. The slightest damage to the glass surface of your
objective lens or mirror can ruin it as a viable scientific instrument. It is simply
not acceptable to pick up a bottle of Windex and a paper towel and try to wipe the
lens/mirror surface clean. An aviation mechanic who I was assisting in an inspec-
tion once chastised me about “using the right tool for the right job.” There are tools
you use on cars and tools you use on airplanes.” The same is true for cleaning a
telescope. There is a right way to clean a mirror in your bathroom. That is by no
means the right way to clean the mirror of your telescope. Let’s discuss how it
should be done.

Any optical component that is exposed to the open air will eventually become
contaminated by dust no matter how diligent you are about keeping the dust caps
in place. After all, you must remove the cap if you wish to do any observing with
the telescope. During the time that the scope is in use, surfaces are becoming con-
taminated. This can happen a lot faster than you might think. If you are an allergy
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sufferer, you no doubt have reflected many times on how your automobile seemed
to change color overnight from black to green. The greenish tint is caused by pollen
settling on the vehicle overnight. If your scope is outdoors on a high pollen night,
the same thing could be happening to your lenses. If you work in a dusty area
(something you should try to avoid just on general principles) you will have the
same concern about contamination. Then there is the issue of liquid contamina-
tion. You've spent the whole night trying to find that faint dwarf galaxy that you
read about in Sky & Telescope, then as fast as you found it, it is gone because the
objective of your telescope has become fogged with dew.

In addition to the optical components discussed in the previous chapter, a good
addition to any equipment setup is a good optics cleaning kit. Both Celestron and
Meade offer cleaning kits, as should any camera store worth its salt. A typical kit
will contain a box of special tissues for lens cleaning, a bottle of lens cleaning fluid
and a can of compressed air. When cleaning your telescope, remember that you
have two major objectives. Remove the dirt and avoid scratching any of the sur-
faces as you do so. Given a choice between a small amount of dust and a single
scratch on my objective, I will take the dust any day. Contrary to popular opinion,
objectives must become very dirty before optical performance begins to become
impaired. It only takes one little scratch to render a precision scientific instrument
all but useless. When cleaning your telescope, you should always start with the least
intrusive method possible. That means that if you can remove the contamination
without touching the telescope, so much the better. For dust removal therefore,
your best friend is that can of compressed air. As long as the dust is not bound to
the glass by some other contaminant such as tree sap, the dust should blow right
off. If the dust resists, then it is time for step two. Prepare the lens cleaning fluid
according to the directions that are provided with it; it should be diluted. Apply a
tiny amount (using an eye dropper) to the area to be cleaned. Use the corner of a
piece of lens cleaning tissue and by just barely allowing it to touch the top of that
drop of fluid, clean the surface by dragging the fluid droplet across the lens. Do
not if at all possible allow the tissue itself to touch your telescope. Only once you
are absolutely certain that there is NO dust or pollen on your telescope, should you
allow the tissue to touch the glass. Lens cleaning tissue is designed in such a way
that the fibers of the paper are woven in a pattern that will not scratch the glass.
If the tissue catches a dust grain however, that grain can be dragged along the glass
surface leaving minute scratches behind. When the lens is spotlessly clean, you may
then use the lens cleaning tissue to dry the optical surface. Dealing with sticky con-
taminants like the aforementioned tree sap requires a bit more care. You may apply
a slightly more liberal amount of lens cleaning fluid to the contaminated area and
allow it to break up the sap deposit. Then if there is no dust on the lens surface,
use the lens cleaning tissue to dry the area. Take great care not to use too much
pressure on the glass surface.

Certain types of telescopes require more care than others. Traditional Newton-
ian or Cassegrain reflectors have optical tubes that are exposed to the elements
whenever they are in use and as such, the primary and secondary mirrors are con-
tinuously exposed to contamination when the covers are removed. These surfaces
are exquisitely difficult to reach and clean and for that reason the popularity of
these scopes fell off sharply when the closed-tube Schmidt-Cassegrain design
appeared in the early 1970s. Refractors and Schmidt or Maksutov Cassegrain
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telescopes have tubes which are closed so interior surfaces are almost always con-
tamination free. Just always remember to keep the dust cover on the visual back
or focus tube. The objective lens of the refractor or the corrector of the catadiop-
tric telescope is exposed to the elements and must be properly cared for.

Eyepieces are also finely machined optical components of your telescope and
must be cared for in the same way as other optical surfaces. For removing dust,
again use the compressed air wherever possible. The can will usually come with
an extension to allow you to gain access to cramped areas near the edges of the
lens. Don’t forget to clean both sides of the eyepiece since there is an exposed glass
surface inside the tube as well. Some pieces of equipment may be more difficult to
clean than others. A Barlow lens for example may have the lens buried in the
middle of along tube where only a dust grain can get at it. Don’t do what one friend
did and place a piece of tissue on the end of a long toothpick. He got the lens clean,
but only after the toothpick scratched the Barlow into retirement.

By the way, also take care to remember your finder scope as well. I've met more
than one person around an astronomy club who does a great job caring for their
main scope only to have a finder that is nearly useless because of the dust that has
built up on it. Clean it with the same attention and care that you clean your main
telescope with because it is an important part of the optical system. A telescope
that cannot be aimed is completely useless. Use the compressed air can to clean
the objective lens and the fixed eyepiece. If you need to resort to fluid and tissue
cleaning, remember that if you rub too hard in addition to scratching the lenses
you may also push the finder scope out of alignment. This will cause you to have
to spend much time later realigning the finder scope, time you would rather spend
doing other things.

As the evening wears on, the temperature invariably will begin to cool and things
around you may begin to get a little soggy. Dew will form on any surface when its
temperature cools below the dew point. Dew point is the temperature to which a
parcel of air must be cooled in order to saturate it with only the existing moisture.
The glass components of the telescope will cool faster than the air so even though
the effects of the cooling temperature will not be immediately seen in the weather
(fog), you will see it on the objective of your telescope. Different types of telescopes
are affected in different ways. Open-tube reflectors are actually well protected
because the glass elements are deep inside the tube of the telescope where they will
cool much more slowly. Refractors are more susceptible since the lens is much
closer to the outside air. Still a typical refractor is slow to dew because they usually
have a tube extension that shields the lens. Catadioptric telescopes are the most
vulnerable because the corrector plate is at the very end of the tube where it has
no protection at all. The exposed corrector will often dew over very quickly at the
beginning of a session. Most catadioptric owners (including yours truly) have
added a dew cap to their collection. A dew cap is a plastic or metal tube that is
designed to fit over the front end of the telescope to help retain some heat near the
corrector plate and prevent the formation of dew. Once it has formed however,
there is only one way to safely get rid of it. Falling temperatures put dew on your
lens; only rising temperature can get rid of it. If dew is an issue for you, bring a
battery powered hair dryer with you. Blowing some hot air over the corrector plate
will quickly dissipate the dew. Always remember to do this after the end of an
observing session. If the telescope lens is dew covered after bringing it inside, turn
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that hairdryer on the lens until it is dry. Do NOT ever cover a wet corrector or lens.
The result of that will possibly be an accumulation of fungus growing in the
greenhouse-like environment underneath the lens cover.

Caring for precision optical surfaces is not at all difficult, but it must be done
correctly. Clean lenses and mirrors allow the sharpest possible views of the
heavens. Just remember that if youre nervous about it, don’t be afraid to get it
cleaned professionally. If you can’t do that, a slightly dirty lens or mirror is still far
better than a scratched one.

The Art of Collimation

Refractor owners can take a break here, though if youre thinking of joining the
ranks of reflector owners, please read on. In order for a reflector of any type to
produce a sharp image it is absolutely required that its mirrors always be in precise
alignment. Before a telescope is shipped the manufacturer will usually perform a
check using a laser to ensure that the mirrors are properly aligned with each other
to produce the best image quality possible. Over the course of time, the secondary
mirror may work its way out of alignment and need to be adjusted. This can
happen as a result of bumping or jostling of the telescope or through mechanical
flexure caused by repeated heating and cooling of the telescope. You might ask why
the manufacturer does not design the scope so that it is inflexible one the mirrors
are in alignment. The answer to that is because there is no substance known to our
science that does not expand and contract to some degree in response to chang-
ing temperatures. The tolerances we are talking about are infinitesimally small.
Remember that the spherical aberration that rendered the Hubble Space Telescope
myopic is the result of an error in mirror shape of only a few angstroms; we’re dis-
cussing billionths of a millimeter. In addition, changing temperature conditions
may cause the mounting and telescope tube to flex, grow and shrink. The secondary
mirror therefore is always equipped with an adjustable mounting to allow its align-
ment to be corrected periodically.

Though it is possible to precisely collimate a telescope these days with a laser, it
is fairly easy to do without high technology. It just takes some patience. When you
unpack the scope, one of the first things you should do is remove the covers and
look through the eyepiece holder without an eyepiece. What you should see is a
perfect reflection of your eye in the center of the secondary mirror. If your eye’s
reflection is dead center in the mirror, then you have a perfectly collimated mirror.
If not, then you will need to adjust it. At the front of the telescope on the secondary
support you will find three small screws with either Phillips or Allen heads. Your
telescope will usually be supplied with the right screwdriver to adjust these.
Turning the screws will move the secondary mirror. As you look through the eye-
piece holder or visual back, turn one of the screws slightly and observe the result.
The adjustment is very coarse, especially if you consider that even a few degrees
of rotation of the screws will change the collimation completely. Carefully adjust
the screws one at a time until the image of your eye is perfectly centered in the
field of view. This technique will allow the telescope to function well enough to let
you do a more precise collimation under the stars.
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Once you are outside, center and focus a moderately bright star at low power.
Move the focuser gradually out of the focus position. As you do so, watch what
happens to the star. As its image blurs and expands, it forms the shape of a dough-
nut. The hole in the center is the shadow of the secondary mirror and is called the
airy disk. Using the appropriate screwdriver if necessary, collimate the mirror until
the airy disk is precisely centered in the blurred star image. Refocus the telescope
and notice the improvement in image sharpness. Repeat the procedure then with
a high power eyepiece in place. You may discover that the alignment was not so
perfect as you thought with low power. With the airy disk centered using the high-
power eyepiece, you have now achieved perfect collimation. Many observers like
to collimate now with the aide of a laser aide. Generally the technique involves
shining the laser into the eyepiece holder and watching where the dot falls on the
primary mirror. It works and makes money for the laser sellers, but I must admit
that I prefer doing it the old fashioned way. Owning a Schmidt-Cassegrain is
helpful to me here since the optics are much more ruggedly mounted than on
typical Newtonian reflectors. In sixteen years, I have only needed to collimate the
telescope twice. On both occasions, it was after being transported over a long dis-
tance and in rough conditions, something I do not generally do to the telescope.
Still T check my scope’s collimation regularly because if it is off, the scope’s per-
formance will be too.

The most optically perfect telescope money can buy will not do you the slightest
bit of good if it sits on a mounting that is poor or poorly maintained. It is impor-
tant to ensure that all the connections are tight and the telescopes axes and locks
are properly maintained. Clock driven telescopes may have internal batteries that
must be properly cared for if they are to deliver maximum performance. It is as
important to take care of your telescope’s mounting as it is to take care of the tele-
scope itself.

The heart of the mounting is the telescope’s tripod. Take the time to ensure that
the legs operate smoothly and that all of the connections are tight. The tripod
should not exhibit even the slightest amount of wobble when it is erected. Verify
this with the tripod’s legs fully extended and the tripod fully loaded with the tele-
scope and all of its accessories. If you are using a German style equatorial mount,
make certain the counterweights are properly set. What I liked about my first
mounting is that it has only one hinge to look after and it is made of solid cast
iron. This type of mounting is called an isostatic mount or “wedgepod.” It com-
bines the concepts of a tripod with an equatorial wedge. Two legs of the tripod
serve as the wedge, connected by the cast iron hinge. The telescope bolts directly
to them. The two legs are then supported at the appropriate angle by the adjustable
length third leg. I used this mounting for sixteen years and never had to do any
maintenance on it of any kind. The only drawback of this mount is that I find it
more cumbersome to polar align than a standard Celestron with tripod and equa-
torial wedge. I must physically move the entire mount around while looking for
the pole. If I need to adjust the third leg, I cannot do that and see through the
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telescope at the same time. The wedge/tripod arrangement lets you do this with
the aid of two simple adjustment knobs. It allows the telescope’s polar axis to be
pointed at the pole with great ease of efficiency. The wedge and tripod arrange-
ment greets the user with an intimidating array of knobs, nuts and bolts to keep
tightened. It only takes one to work its way loose to turn a joyous observing session
into a frustrating evening. Make certain you spend some time with your tripod
and your telescope’s other related support equipment. I decided for advanced
astrophotography to get such a wedge and tripod for myself.

My telescope itself consists of the optical tube, a fork mount that the telescope
swings through for storage and the drive base. In 1986, internal batteries were not
common. I bought mine from a dealer who specialized in innovations such as
these. Roger W. Tuthill of Mountainside, NJ was one of the first to specialize in
retrofitting new telescopes with internal batteries. Tuthill devised a means of
placing two lead acid batteries inside the drive housing of a Celestron telescope
allowing it to be taken away from any source of power for up to eight hours at a
time. A DC voltage regulator and an AC inverter turn the battery power into house-
hold current for the standard telescope drive motor. Today, all the major manu-
facturers offer this feature standard, but this was a revolution in telescope
portability in 1986. Batteries need to be cared for just as telescopes do. Nickel-
cadmium batteries in particular need to be looked after in a careful way. Believe it
or not, for a “ni-cad” to work at its best, you need to be a little nasty to it. The first
time you use the battery, don’t be concerned about running it until its dead. Kill
it. Run your scope until the battery will not run the scope anymore. Don’t be afraid
about running the battery so low that you won’t be able to charge it again. When
you unload a ni-cad battery, the voltage “bounces back” sufficiently to allow it to
accept charge. By depleting the battery like this you help to extend its life by exer-
cising all of its internal cells completely. Users who only use batteries for a short
period of time before powering down or connecting to external power are
actually harming the prospect of getting a long life from their batteries. Some
telescopes that were among the first to have internal power provided by the
manufacturer used size AA lead acid batteries. If you have one of these and you
are planning to store your telescope for any length of time, make sure you remove
the batteries and store them somewhere safe. Batteries left in the telescope or any
other user will eventually leak as they age and ruin the contacts inside the battery
compartment. There may be other accessories with your telescope that employ
battery power. LED illuminated finders use small calculator size batteries. These
small batteries have very short lifetimes if you leave them running. Be gentle with
these batteries. Find and center your target, then turn the light off.

Speaking of finder scopes, remember that just as they deserve the same care as
your main telescope does, so does its mounting deserve to be treated in the same
way as the main scope’s. The scope is usually mounted in a bracket with three cen-
tering screws set at 120-degree intervals. Tightening or loosening the screws can
adjust the aim of the scope to keep it in line with the main telescope. Loosening
one screw always means tightening two others. If you do not, the scope will be loose
in the bracket and slip out of alignment. Check it regularly and keep it precisely
aligned. There are few things more frustrating to deal with than being unable to
see your target because the finder is out of whack.
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As a general rule, keep everything clean. Heavy-duty mountings have heavily
reinforced brackets that may be heavily ribbed. These ribs make excellent hiding
places for dust and dirt. Any such nook or cranny makes a great place for corro-
sion or rust to crop up. Don't let it happen. Be aggressive about keeping every part
of your telescope clean, not just the glass surfaces. Keep all of the bolts tight and
lubricated. Make certain that batteries are treated the way they’re supposed to be.
Use tender loving care for those small ones, but remember some batteries like it
when you’re a bit nasty to them.

Cameras and Support Equipment

Cameras are usually pretty easy to deal with. The best advice to give with photo-
graphic equipment is to keep all lens covers in place and the camera itself inside
its protective case when it is not in use. Camera lenses do occasionally need to be
cleaned and when you do so, you should give them the same level of detail as you
do your telescope lenses. For loose dust, use compressed air to get the surfaces
clean unless more forceful techniques are required. Pay attention to the camera’s
viewfinder mirror too. Since you will be frequently be removing the lens of the
camera, you will be exposing the interior of the camera to dust and dirt far more
frequently than the average user will. If the mirror becomes dirty or smeared, it
will inhibit the ability of your telescope and eyes to sight faint objects through it.
Faint nebulae may even disappear behind that smear. Take care to ensure that the
interior workings of the camera also remain dust free. Similar advice must also
apply to users of off-axis guiders. Also remember to make sure that your camera’s
battery is kept fresh. If you leave it for several weeks, then pull it out into freezing
weather, that battery you forgot about is going to turn on you.

T-adapters, T-rings and tele-extenders do not require a great deal of care because
they are simply empty tubes or rings. Still they can collect dust and once they are
integrated with your camera or CCD, they can scatter that dust on eyepieces and
camera innards. Not only must your lenses be clean, but also so must anything that
potentially comes in contact or close proximity to them. You don’t have to be as
formal about cleaning such non-optical components. Instead of using your supply
of compressed air, just blow in the tube to get the dust loose.

CCD cameras are very delicate pieces of equipment. The only optical compo-
nent is a small piece of optically flat glass that covers the CCD chip, which is opaque
to infrared light. Of course, this must be kept meticulously clean using the same
techniques that apply to any optical component. Make certain that the camera body
is always stored in a dust free environment or as close to one as is reasonably pos-
sible. This will ensure that the data ports for the camera are kept clean as well as
the camera’s innards. It is also important to ensure that the camera’s internal soft-
ware is kept updated. This software is written into a type of memory that is
designed to be very secure. Many software professionals refer to this type of hard-
ware as firmware. Your camera’s firmware is much like the BIOS of your personal
computer. It contains the instructions that tell the camera how to start, cool,
operate, image and transmit. Occasionally CCD manufacturers will come up with
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an improvement in the operation of the camera that requires a firmware update.
You should be familiar with how to update the camera’s internal firmware. Usually
this will involve downloading a small file to your computer, then uploading it to
the camera via a cable connection. Your operating manual will explain how it
works. If you can’t make heads or tails of the manual, then call the company’s tech-
nical support office. If they don’t have a technical support office, then you should
not have bought a camera from that company in the first place. When you are
finished with your camera, always put it back in its storage box or case. I was not
kidding when I said that these cameras are delicate pieces of complex equipment.
The only place where the camera belongs when you are not using it is in a nice
cozy foam-lined box in its own custom-fitted cutout. Then make sure the box lid
is closed nice and tight and keep that dust where it belongs . . . outside.

Many CCD cameras run from an outside power supply. This will not be through
the telescope’s battery because the camera consumes far too much amperage. Some
cameras are powered through the computer’s USB port. If so, then make sure what-
ever external power supply you are backing up the computer with has enough juice
to support anything else attached to it.

Computers and Software

Mechanically, computers should be considered every bit as delicate as any optical
component of your telescope. Take extra care of the LCD flat panel display of your
laptop. These so-called active matrix screens are without a doubt, the majority of
the value of your computer. Treat this screen with the same reverence reserved for
your telescope’s objective lens. Try to avoid sudden jars or bumps while handling
it and when not in use, make certain it is stored inside a padded carrying bag
designed for laptop computers.

From a software perspective, protect your data. Your acquired image files should
always either be backed up or copied onto CD or some other non-erasable media.
The first time you crash Windows and have to reformat your drive (therefore losing
all the data on it) you will understand why I can’t put enough emphasis on this
point. A good way to protect yourself against operating system crashes is to pay
regular visits to your system’s Windows Update site. If you have ever worked in
manufacturing, you understand the importance of making sure that your product
is as perfect as it can be. In his post-astronaut memoir, Michael Collins points out
that the Saturn V that launched him and his crewmates on the Apollo 11 mission
had six million parts. With even 99.9% reliability, that meant that some six thou-
sand failures could be expected. Each time a new version of Windows is released,
it contains a mind-numbing average of 50,000 flaws! Most of these are relatively
minor problems that deal with the operating systems interaction with certain
third-party software. Microsoft addresses each issue as it arises and a corrective
“patch” is posted on the Update site. Occasionally a large number of issues are cor-
rected at once in a single large release called a service pack. A service pack will
change your version number so be aware of any such changes. Other issues may
involve security vulnerabilities that might allow someone on the Internet a chance
to sabotage your computer. Windows also provides automatic access to updated
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drivers for your hardware. This can be critically important to you if you change or
upgrade operating systems. If you convert a Windows machine to Linux or some-
thing else, your software drivers will not work with the new operating system. Even
if you upgrade from one version of Windows to another, you will need new drivers.
For example, I learned in upgrading from Windows Me to Windows XP that my
video card driver does not get along with Windows XP. Keep your drivers up to
date and keep Windows up to date.

Windows XP comes in two types of programs; the personal version intended for
use on home PC’s and the Professional version intended for use in the network
environment. The Home version is oriented towards home users who run games,
the Internet and many more basic functions. The Professional version is designed
for heavy-duty networking where either workgroups or large servers are involved.
Basically you will find three versions of Windows on the market for use on per-
sonal computers. If you've found a real dirt-cheap computer, you might find it is
still running Windows 3.1. This is a 16-bit operating system that dominated the
operating system market during the first half of the 1990s and made a multibil-
lionaire out of Bill Gates. Many versions of CCD imaging software supplied with
older generation cameras will still operate on Windows 3.1. The problem is that
such a computer may not have nearly enough RAM to work with large image files
or to upgrade to a later version of Windows. I would only suggest one thing if you
purchase such a computer. Whoever owns it must be able to provide you with the
original Windows floppy disks to reinstall the operating system. If something cor-
rupts the operating system, you must be able to reinstall it and Microsoft will not
be able to help you since support for Windows 3 versions ended many years ago.

In 1995, Microsoft introduced the first Windows 4 version, marketed as
“Windows 95.” This program (for you computer geeks, version 4.00.95) was the first
of six in a product line that was built from 1995 to 2001. Always remember that
whether you are running Windows 95% 95A, 95B (OSR 2), Windows 98, 98 SE, or
Windows Me (millennium edition) they are all basically the same operating
system. Each succeeding version simply takes all the patches that were made avail-
able to fix problems in the previous version and re-releases them in a single concise
integrated software package. Succeeding versions also introduced some new func-
tionality and updated drivers for new hardware as it is marketed. Because of the
massive expansion of computer peripherals over the past seven years and the
massive size of upgraded utilities such as Internet Explorer, the size of Windows
itself has exploded. Windows 3.1 occupied less than 10 megabytes of hard disk
space. Windows 95 was three times the size of Windows 3.1. Windows 98 was expo-
nentially more massive and was the first Windows version not to be offered in a
floppy disk version. Windows 98 ate up from 175 to 260 megabytes of disk space.
Windows Me was the first operating system to consume a gigabyte (1,000 mb) and
Windows XP Home Edition is a whopping 1.5 gigabytes. If you have bought an old
laptop with limited disk space, upgrading to a later version of Windows may not
be practical. The minimum operating system you should consider for use is

¥ Marketing names are different from program version numbers. For the record, Windows 95 Service
Pack 1 is 4.00.95A, Windows 95 Service Pack 2 is 4.00.95B, Windows 98 is 4.10.1998, Windows 98 Second
Edition is 4.10.2222, Windows Me is 4.90.3333.
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Windows 95. That will at least run a 32-bit planetarium program and a CCD camera
utility such as Pictor View. Also remember that Microsoft will not support any
version of Windows that is more than three years old. Microsoft for example as of
this writing has ended support for all versions of Windows older than XP and no
longer provides security updates for anything older than Windows XP Service
Pack 1.

Microsoft’s flagship operating system today is the Windows XP (version
5.1.2600) product line that debuted in September 2001. For myself, I could not get
my hands on it fast enough. The program is built around the system kernel
designed for Windows NT and its follow-on, Windows 2000. By building a personal
use system around the new kernel, Microsoft finally managed to rid its PC oper-
ating systems of their notorious instability. There have been drawbacks however.
Some programs intended for use with Windows personal operating systems do not
provide support for the Windows NT kernel and as such will not function with
Windows XP. If you have a pet favorite image processing, camera control or plan-
etarium program, make certain that it supports Windows XP before you upgrade
your operating system. If the program you use predates Windows XP, check and
see if it supports Windows 2000 or Windows NT. If it specifically does not support
Windows NT or Windows 2000, then it probably will not work under Windows XP.

Your applications themselves require frequent updating. Make sure that what-
ever brand of planetarium software you buy, it is well supported by the manufac-
turer and offers frequent updates from a good website. A slick software program,
particularly a planetarium program is worthless if it cannot be kept up to date. As
new comets and asteroids are discovered, planetarium software quickly becomes
obsolete. Even stars, generally considered to be eternally unchanging do in fact
change from time to time. In recent years, the star Beta Scorpii has exhibited an
unusual brightening. Usually the three stars that make up the Scorpion’s head are
of nearly uniform brightness. During the past three years, Beta Scorpii has
increased in brightness by nearly half a magnitude from its normal magnitude 2.3.
As much as I have enjoyed using RedShift in its various versions over the years,
I will likely look at a different brand next time since RedShift does a very poor job
of keeping its databases updated. Camera control programs are also often updated.
Remember that it is quite normal for software programs to be released chock full
of errors. In addition to correcting for their own mistakes, all programs must be
continually revised to account for constant changes in the operating system envi-
ronments. Remember that since the first Windows 95 appeared, there have been
seven different Windows operating systems. Each time a new Windows appears,
your applications must be upgraded to operate properly in the new system. Nearly
every major camera control program regularly updates their software for these
reasons as well as to introduce improvements and new functionality. Do not under-
estimate the value of improved or updated computer control. It can vastly extend
the ability of hardware to perform beyond the standards for which it was origi-
nally designed. By the time Voyager 2 reached Neptune in 1989 more than twelve
years after it was launched, its software had been rewritten so many times that it
had become a spacecraft with capabilities far beyond what had been originally
designed into it. That growth allowed Voyager 2 to overcome difficulties and prob-
lems that would have and probably should have crippled the mission. Improve-
ments in the camera control software for my Pictor 216 XT allow for use of differing



Putting the Integrated Observing System Together 67

image formats, cooling and connection to more modern PCs. NASA has made
available to Meade its “Drizzle” technology to allow long exposure to be taken using
the Deep Sky Imager with an alt-azimuth mount without an expensive field dero-
tater. Stay up to date and don’t accept any program that cannot be kept so.

Power Supplies

Depending on how much equipment you are carrying into the field, you may have
several different power sources. Many small rechargeable batteries are of the
nickel-cadmium type. Remember that to get the best endurance and voltage out of
a ni-cad, you need to be a little nasty to it. Make certain that you run all your
rechargeable nickel-cadmium batteries down to exhaustion. Remember that dirty
or rusty contacts do not transmit electricity so keep them clean periodically. Cold
temperatures can also cause voltage loss. To preserve the charge of the batteries,
keep them in a warm place as much as possible. Sub-freezing temperatures can
cause you as much as a full volt out of the battery’s charge. Lead acid batteries in
particular need to be kept out of the cold.

To get the best performance from your telescope, brain and eyes everything must
always be kept in as close to pristine condition as possible. Keep all your lenses
and eyepieces meticulously clean and scratch free. Make certain that your mount-
ings are kept tight and secure so as to minimize vibrations. Make sure that your
computer hardware and software are both properly maintained and that your bat-
teries are ready to deliver the juice. Lets head out into the field and get to work.

Observing Projects Ill - Caring for

your Brain and your Stuff

Observing Project 3A - Training for the Brain

As we said earlier, unless you live in San Diego or the desert southwest, Mother
Nature will limit how many days per year you can observe. Here in Delaware, skies
are only completely clear about one-third of the time and there are stretches during
spring and summer where skies are unobservable for weeks at a time without a
break. Skies here are also very heavily light polluted between Philadelphia and
Baltimore. Smaller cities in between like Wilmington and Dover make matters even
worse. And of course there is that blasted Moon!

For the nights when you can’t get outside or the light pollution is just too much,
consider some of the industry’s better periodicals for getting up-to-date informa-
tion on everything that is going on that you cannot see. Sky & Telescope and Astron-
omy magazines are both published on a monthly basis and are excellent resources
for detailing current happenings in the sky and timely articles on new discoveries
and reviews of new products. The cover price can be pretty expensive but the sub-
scription rate can save you a lot of money.
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Both magazines also offer the publication of many quality books on a wide
variety of subjects. From lunar to solar observing, to the planets to the deep sky,
there are no limitations on the things you can get good information on observing.
Books are also offered on subjects like astronomical computing, telescope making
and maintenance and the exploration of the solar system by NASA’s intrepid
robotic probes.

Spend some time on the Internet too. Appendix C at the back of this book lists
on-line resources that were used to fact-check the preparation of this book. They
can provide some fascinating bits of information that when the weather clears can
be used to enhance your observing experiences further. A little knowledge can go
a long way.

Observing Project 3B - Assembly Check

Take all your things into a brightly lighted room and practice assembling and align-
ing your telescope. With all the lights on, set up the tripod, the equatorial wedge if
it is a part of your mount, then put the telescope on it. Then lay out your acces-
sories and go through a dry run of placing eyepieces and other accessories on the
telescope, removing them and storing them. Try mounting cameras and other
equipment. Set up your computer and get it running. Do everything you will do
when you are out in the field. Then when you are done, tear it down as you would
in the field.

When you have done all of this and feel comfortable, do it all again in the dark.
After all, you will be observing in the dark, so you should feel comfortable with
assembling your equipment in the dark. By doing this at home you know you will
be comfortable, dry, and if you lose anything you know its not too far away and
you can just turn the light on if needed. You will not have that option when you
are out in the field so get comfortable at home. Time yourself and see how long it
takes. This is important because if you are doing a project that is time-sensitive,
such as a Messier Marathon, you have to know how far in advance you need to be
ready.

Observing Project 3C - Loading the Car

Now this really sounds silly, but it’s important. Astronomy is, for most of us still a
hobby. If it becomes too much hard work, we will cease to do it because all the
hard work detracts from the joy of it too much. One of the most frustrating things
you will encounter is difficulty getting all your stuff to and from the car. Time your-
self and figure out how long it takes to get all your stuff from its storage location
into the car or out to the back yard observing site. If it is taking you more than
fifteen minutes, you really need to organize better. The more work it takes to get
yourself going, the more infrequently you are going to put yourself through it. Also
consider how heavy the load is in addition to how voluminous. You may not have
to make a lot of trips but even two or three can still be too many if you are moving
so much weight that you throw your back out. That’s why one of my telescopes is
a tabletop model that I can be set up and observing through in less than two
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minutes flat. For the Celestron, I can be in the car, or mounted in the back yard in
less than ten minutes. That includes the time to carry out the tripod and wedge,
telescope, table, eyepiece case and computer. Polar alignment time is not included
in that, but that does not take me very long either.

Observing Project 3D - Organization

Ever feel the total helplessness that goes with being disorganized and unprepared?
It’s a feeling I often had out at the telescope when I would carry my eyepieces out
with me in the original box that Celestron had shipped them in. That’s all well and
fine when all I had was one Plossl and one Orthoscopic. When you own six eye-
pieces, a Barlow, a telecompressor, an LPR filter, a filter set, a CCD camera and a
35-mm SLR, that box gets a little crowded and a bit disorganized. Want to be the
bad guy at a star party? Try turning on your white flashlight to look for something
in that box. You will become very unpopular very rapidly.

Organization is the key to success. You must be able to find any tool at all at once
and in complete darkness. The only way you can possibly succeed is to know where
everything is in advance. That means that every piece of equipment goes back in
the box in exactly the same way. Spend some time and brainpower figuring out the
best way to organize your box so that everything is in a logical order, stores easily
and can be found by touch in the dark. Then try it in the dark to prove to yourself
that your plan actually works.



CHAPTER FOUR

First Night Out

Finally with your studying done and your mind primed, your eyes trained and all
your equipment cleaned, prepped and ready to go, its time to head on out into the
field to let your new telescope see “first light.” There’s a lot that goes into a night
of productive observing, much more than just throwing the scope together and
looking around, although that certainly can be fun. A serious night of observing
can require some serious advance planning. You must plan where to go, when to
arrive there, how you will get your stuff there, how you will set up your equipment
and so on. You must also carefully plan on what you are going to do with your pre-
cious time. Sometimes the plan is based on personal constraints or desires (how
long can you stand the cold) and sometimes it must be based on the happenings
in the sky. If you are out to watch an event such as an asteroid occultation, your
entire life for that evening is going to be based around those few seconds when
that rock hides that star. You must be ready when that moment comes. Planning
to observe a few select targets in the deep sky requires a different kind of plan-
ning. Faint galaxies require the presence of a dark sky so your planning is not for
a particular moment but for a range of hours within a range of days when the
Moon is not in the sky. Perhaps the most demanding planning task will be on the
night when you dare attempt the Messier Marathon. This is a one-night run where
you attempt to observe every single object on Charles Messier’s famous list. There
is a narrow window during March and April where it is possible to see every object
on the list in a dark sky. The marathon requires not only selection of the right night
where no Moon is visible during the window of opportunity, but careful planning
of that night almost minute by minute from the end of evening twilight to the
beginning of morning twilight.

The first night out should be designed around giving you a careful opportunity
to set up your scope properly while there is still some ambient light, then taking a
good two to four hours to view a selected series of targets which will allow you to
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sample the full range of your scope’s capabilities. A perfect night might include a
night where the Moon will be visible in a dark sky for a short period of time after
twilight ends or rises later leaving a few hours of dark sky time before moonrise.
It should include two or three bright planets, then a handful of deep-sky objects.
These can include nebulae to test your scope’s ability to pick out those faint glows
from the background, galaxies that will test your scope’s ability to resolve fine detail
in faint objects and double stars in several combinations of relative brightness. To
begin the planning process, use either an astronomy software program such as the
ones we’ve discussed in prior chapters or a simple guide to events of a desired
evening. Such a guide fits on one page that is published in each January issue of
Sky & Telescope. Let’s plan out one particular evening that would seem to fit a
perfect first night perfectly.

The Events of one Night

Lets take a look at the events of the night of April 18, 2003. On that night, the sun
sets at 7:44 PM Local Daylight Time’. Evening twilight ends one hour and thirty-
seven minutes later at 9:21 PM. Four minutes later, Mercury sets in a dark sky. This
is a rare event for northern hemisphere observers. In Mercury’s six apparitions
in 2003 (three morning and three evening), this is the only one in which it will
climb high enough to set (or rise) in a dark sky. For the next sixty minutes, until
10:25 PM local time, the sky will be dark. At that time, the Moon rises, flooding
the sky with its magnitude —11.9 brilliance. The moon is just two days past full
and still 89% illuminated. It is also at a very close perigee (closest to Earth) so its
disk is swollen to 32’ 56” in diameter, about as large as it can ever appear. During
this dark sky period, there are two other planets in the sky. Saturn is in the west
about 30 degrees above the horizon and almost due west. The planet is well past
its outstanding opposition of the previous December, but is still a fine telescopic
target at magnitude +0.2, sporting a 17” disk. The planet’s rings during this time
are open nearly as wide as they can ever appear, tilted open more than 26 degrees.
This is an angle great enough to allow you to view the entire ring system as the far
end rises up into view behind the planet. As twilight ends, Jupiter stands nearly
at its highest for the night, some 68 degrees above the horizon, directly due south.
Jupiter is magnitude —2.0 and its disk is 38” across and is accompanied by its fine
contingent of moons. During the dark sky period, there are several deep sky objects
available for viewing to test out that new scope. Right after twilight ends, the
Great Nebula in Orion (M42) is just high enough to permit crisp viewing in the
southwest about 25 degrees high. Just above and to the right of Jupiter is the bright
open cluster M44. Also called the “Beehive,” this cluster is one of the finest open
clusters in the sky. Standing about 40 degrees up in the northeast is the galaxy M51.

° The times are drawn from calculations using both RedShift 4 and Sky & Telescope’s 2003 Sky Almanac.
RedShift is based on my position in Northern Delaware while Sky & Telescope’s are based on a location
near Peoria, Illinois that I have then corrected for my location using instructions provided by Sky &
Telescope in the almanac.
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This famous ninth magnitude spiral galaxy is one of the sky’s great showpieces and
a fine test of your new telescope’s ability to resolve detail. Also visible, climbing in
the east is the constellation Leo that has one of the sky’s great double stars. Gamma
Leonis consists of two components nearly equal in color and brightness. The stars
are closely spaced, but should be easy for the 8-inch scope. In the sky then, we have
the chance to view in about a three-hour period, three planets, a bright nebula, an
open cluster, a showpiece galaxy, a bright double star and finally the Moon to finish
the evening. This short shopping list should provide a fine first test for your tele-
scope. Let’s get organized then for the evening ahead.

Where to go and Getting your

Stuff there

In a perfect world, you reside in an area with a perfectly dark sky and there are no
trees to obscure the view. Humidity is always low, insect life is non-existent and the
temperature rarely strays from the low 70s.

Unfortunately, not many of us get to live in San Diego. For me, living in the mid-
Atlantic area, winters are cold and windy while summers are oppressively hot and
filled with many swarms of various sized flying bugs. Weather patterns are fre-
quently stormy and when weather systems stall (as always seems to occur when-
ever an eclipse or other monumental event occurs) the sky stays cloudy for as long
as seven to ten consecutive nights. Worse than that, the prospect of finding a dark
sky area is daunting at best. Between Boston and Washington D.C., the skies are
almost hopelessly floodlit in most areas as lights from major cities like New York,
Baltimore and Philadelphia and lesser cities such as Wilmington, Atlantic City and
Trenton fill in the gaps. This does not mean that finding a dark sky site is impos-
sible and in fact if you intend to pursue this hobby with any degree of seriousness,
then this needs to be your first endeavor.

This is where finding a good astronomy club can be vital. Remember that not
only must the site you select be dark but it must also be safe. After joining a local
astronomy club when I moved to Delaware, I learned that they had access to a dark
sky site at Tuckahoe State Park, not far across the border in Maryland. I could also
set up shop about fifty feet from my house where trees would not interfere though
streetlights make deep sky viewing very difficult. The dark sky site is on a baseball
field in the center of the park and is dark enough to draw large crowds annually
to the club’s two large annual star parties. Thus I have sites and opportunities for
doing both casual stargazing and also for doing deep sky work under as close to
ideal conditions as one can find on the east coast. The next challenge then becomes
getting all that equipment to the site. Here it becomes vitally important to ensure
that all your equipment is stored in an organized way.

As I elaborated on in Chapter 2, if I am going out to do serious photography, I
can get all my stuff out to the car in only three trips. The telescope comes first in
its storage case. The tripod comes second, then the eyepiece case and personal
backpack and laptop on the third trip. It all fits comfortably in the back of my
Mercury Mountaineer with some room to spare after the back seat is folded out of
the way. All the optical components ride in foam lined cases to protect them from
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the bumps and jiggles of the road. The laptop is protected by the padded case that
it normally travels in. With all my stuff loaded, its time to head out.

Leaving about an hour and fifteen minutes before sunset (6:30 PM) gives me
time to get to a local convenience store to pick up my midnight snacks. A cold roast
beef sandwich and a bottle of water and/or fruit juice will set me up for the night.
If I need some munchies, I'll grab a bag of potato chips for something extra. Then
it’s on to the park. Arriving there about at sunset, I will pull my car onto the observ-
ing site and open the back. Pulling out the tripod, the first great challenge will be
to find a spot that is as close to perfectly level as possible. Once level and with the
tripod oriented roughly north, I will then go about getting the wedge installed and
polar aligned. Since the pole star will not yet be visible, I will use a lensatic compass
to set up the initial north alignment of the tripod and wedge. The trick to using a
compass is to take great care to account for magnetic variation. Variation is the
error that occurs in compass indications as a result of the difference in location
between true north (Earth’s rotational pole) and magnetic north. The magnetic
north pole is actually located in extreme northwestern Canada. At Tuckahoe State
Park, the value of magnetic variation is about 11 degrees west. From my position,
the needle of the compass points about eleven degrees west of where true north
actually is. The telescope therefore must be set up not on the indication of mag-
netic north, but eleven degrees to the east of magnetic north. Working with care,
it is possible to point the telescope within a few arc minutes of exactly due north.
The telescope is now roughly aligned along the east-west axis, now it must be
aligned north and south. The equatorial wedge is adjusted by means of a knob that
drives a jackscrew, raising or lowering the tilt plate of the wedge. A scale indicates
latitude on the side of the wedge. Once this is set, I am now within a fraction of a
degree on both the north-south and east-west axis for alignment.

Mounting the telescope is next. The Celestron Super C8 Plus has one particular
design flaw that is somewhat annoying. The two declination circles are adjustable,
which they should never be. They occasionally need to be reset to ensure that when
the telescope is pointed straight up with respect to its base that the circles read 90
degrees. To do this, I will place the telescope on a flat surface and check that it is
level with a bubble level. Then I will raise the scope to a vertical position and use
the level to check that it is straight and vertical. The setting circles can then be
adjusted to 90 degrees. This is a pain in the proverbial neck that should not be nec-
essary, but occasionally must be done. With this small maintenance task out of the
way, the telescope is then ready to be mounted on the tripod. Three heavy-duty
bolts secure the twenty-three pound telescope, fork arm and drive base assembly
to the wedge tilt plate. The first bolt is threaded on the drive base then fits into a
slot on the top of the tilt plate. After tightening the bolt, the other two bolts then
can be screwed in. I must of course take great care to avoid moving the carefully
aligned tripod during this process.

Finder scope alignment is another task that is best accomplished under daylight
conditions. I will carefully point the telescope at the pointed top of a stationary
object like a house or structure and carefully center that target in the main scope.
Do not use a treetop or something else that sways in the wind. Make sure that the
target you select is at least 200 yards distant. At this minimum distance, the focus
of the finder and the telescope on your target is about the same as it is on the stars.
Finder alignment is much easier to do during the day when I can follow the lines
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of the alignment target to find the point at the top of that house. I will then switch
to a high-power eyepiece and center it again in the main scope. When that is done,
I will then carefully use the three setting screws in the finder scope bracket to care-
fully center the target on the finder crosshairs. Proper finder alignment on my
scope is super-critical because not only do I need it to find objects in the sky but
to accomplish the precision polar alignment since on the Celestron the finder also
serves as the polar alignment telescope as well. Once aligned, I will install the bat-
teries in the reticule illuminator LED and place the LED and battery pack in its
receptacle on the finder scope. Normally I keep the batteries out of the illumina-
tor since they tend to die quickly if the LED is inadvertently left on, something that
a weak design and a weaker memory makes very easy to do.

The next job is to set up the power supply battery. This is a simple 12-volt DC
automobile battery. Batteries of this type are great for astronomy because they
supply a huge amount of amperage. The batteries are intended for use by high elec-
trical draw items like car starters so there is plenty of power available for a 400-
watt AC inverter. Because the astronomy equipment is relatively low amperage, the
battery can sustain my equipment through a night of work on a single charge. I set
the battery on the ground near the telescope and clip the inverter to the terminals.
This will allow me to power the computer from the battery and the computer then
can distribute power to my CCD. I will then set up a portable table (which nor-
mally is always left in the car) to set up the computer. The computer is plugged
into the inverter and then started. By now, it is about forty-five minutes after sunset
and it is time to begin observing.

The last critical task to be performed is the precision polar alignment. As soon
as Polaris begins to come into view, I will rotate the telescope to 90 degrees decli-
nation and sight through the finder scope. In addition to a crosshair sight, the scope
also has a dual ring to allow for precision positioning of Polaris. A template pro-
vided with the telescope shows exactly where Polaris should appear on the ring.
With the telescope already aligned within a degree of the correct position, only
some minor repositioning of the mount is required to gain a precise alignment.
With this accomplished, it is not necessary to guide the scope during long-
exposure photography on the declination axis. The only corrections that will be
required will be in right ascension to account for the occasional variations in the
accuracy of the telescope’s gears. My scope uses a Byers designed worm gear that
for the time was the most accurate clock drive ever produced for a telescope. Even
by the standards of today’s GPS computer driven telescopes, it is still pretty good.
With precise polar alignment, I can take photographs of up to several minutes
without any guiding at all.

Make the first object you look at a bright star high in the sky. As darkness falls on
April 18,2003 the bright orange star Arcturus is riding high up in the eastern sky.
I will center it carefully in the finder scope crosshairs and then check for it in the
main scope. I want the star to be exactly centered in the field of the main telescope.
If it is, that means the finder is indeed perfectly aligned. The next step is to make
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certain that the telescope focuses properly and provides a sharp image. It is likely
at this point that the star is slightly out of focus. Turn the focusing knob to move
the scope farther out of focus. The image of the star will enlarge and blur. As it
does so in a reflector design, the star image will assume the shape of a doughnut,
a fading ring of light with a hole in the middle. If your telescope is a classic
Newtonian design, the star will have dual spikes surrounding it. These phenom-
ena are optical shadows created by the secondary mirror and the support rails for
that mirror if there is no corrector plate. Focus the telescope until the star is at as
precise a pinpoint and as bright as it can appear. If you have a Newtonian reflector,
the dual spikes (called diffraction spikes) will merge into single spikes at the point
of perfect focus. Once you have had success with a bright star, find a fainter one.
Focusing Arcturus at magnitude —0.3 is easy. Try a second or third magnitude star
in the darkening sky and try that.

The first target of the night hovering low in the west is Mercury, the elusive
innermost planet. When viewing Mercury through my old 2-inch telescope, I just
barely was able to muster enough magnification to discern the planet’s tiny cres-
cent face. Tonight, Mercury is about 8” across and 31% illuminated. Using the 26-
mm Plossl, I can clearly see the crescent phase during the fleeting moments when
the viewing is sharp. The challenge is finding the planet before it sinks so close to
the horizon that it can’t be viewed clearly. Because Mercury is now a crescent, it’s
only magnitude +0.6 and a challenge to locate, never mind focus on and observe.
At forty-five minutes after sunset, the planet is hanging just barely nine degrees
above the western horizon. As the planet sinks nearer and nearer to the horizon,
the sky grows darker, but the viewing gets worse as Mercury’s light has to travel
through more and more of the atmosphere in order to reach my telescope. As
Mercury sinks from sight, it is time to turn somewhere else.

Twilight ends at 9:25 PM local time and now with the sky fully dark, it is time
to test the light gathering ability of our scope. The treasures of the deep sky will
be available to us for the next hour until the Moon shows up and washes it all away.
A great place to start is the Great Orion Nebula, heading down fast in the west.
Now about 18 degrees up in the sky, there is still time to get a crisp view of it. From
my dark sky position, the fourth magnitude glow of the nebula is clearly visible
and I can sight on it directly, without having to hop from star to star to find it.
From an urban sky, start at the left star in Orion’s belt, and then go directly south.
As you do so, the nebula will drift into view from the south edge of your field". In
my old 2-inch telescope, the nebula appears as a featureless patch of gray. Buried
within the gray are two faint stars that make up the two bright corners of the
famous Trapezium. These are four newborn stars that are just emerging from their
birthplace in Orion’s stellar nursery. The little Tasco could only show two of them
in a light-polluted sky. The Celestron clearly shows all four stars, but the grandeur
of the view is in the nebula itself. In an 8-inch telescope, it is no longer gray and
no longer featureless. The nebula has a clear greenish tint in visible light''. The

' If your finder is the type that allows you to view directly through it, south is at the top. If it has a
right-angle viewer as mine does, then south is at the bottom, but east and west are still reversed.

" Many photographs of M42 show it as pinkish in color. This is because your eyes are very sensitive
to the higher energy light while film is much more sensitive to the red low-energy end of the spectrum.
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featureless blob now is brighter in some spots and less so in others. The nebula
has spikes and tendrils and differing textures. Knots and kinks appear in the gasses
as they can be clearly imagined spreading out into deep space, driven out by the
light energy of the stars that have formed from within it. This is the object that for
many is the one that truly fires their desire to pursue the hobby more seriously,
sort of a second-stage catalyst, just as Saturn and its rings provided the initial first
boost into the heavens.

Speaking of Saturn, the ringed wonder is right near by in Taurus. Though it has
faded from the —0.5 magnitude luster that it displayed back in December, it is still
an eye-catching +0.2 magnitude and 17” in diameter. The planet’s magnificent ring
system spans 225% of the planet’s diameter at any given time so right now the rings
span a total of 38” from east to west tip. The planet was some 40 degrees above the
horizon at sunset and 30 degrees high as twilight ended. As the clock ticks towards
9:45 PM, Saturn has slipped to only 26 degrees high, so we want to take a look at
it before it descends towards the horizon murk. My old Tasco showed Saturn itself
as featureless butterscotch colored ball surrounded by its trademark rings. On dark
sky nights, the little 2-inch refractor might also show Titan, the planet’s largest
moon glimmering at magnitude +8.4. To see Titan required a dark sky, good seeing
and perfect focus. Through the Celestron, at 76x, the rings and planet appear much
more three dimensional in appearance to me, thanks to a much higher quality
optical system. The 3D effect is enhanced by the wide tilt of the planet’s rings, right
now about 26 degrees to our line of sight. This is very nearly the maximum opening
that they can ever display. I can also see the planet’s shadow peeking out from
behind the planet, casting it over the rings. The planet itself at this magnification
is visibly oblate, or “out of round.” Saturn spins on its axis in less than half the time
that Earth requires. The centrifugal force created by that rapid rotation causes the
planet to bulge at its equator visibly. The superior resolution of the Celestron also
brings into view some of the details in the planet’s ring system. The Cassini divi-
sion between the white “B” ring and the darker “A” ring is easily visible. This is a
feature that I could never see with the little Tasco. On nights when Saturn is higher
and the sky calm and clear, I believe that I have even been able to distinctly see the
planet’s inner “C” ring. This feature, called the “crepe” ring by astronomers, is so
called because of the difficulty of seeing it. Saturn also has more company. Titan
stands out clearly tonight, it is close to the planet just 128 seconds to Saturn’s west.
But Saturn also has other moons that were hopelessly beyond the range of the
Tasco. In the Celestron, Rhea jumps into view at magnitude +9.4 between Saturn
and Titan. Tethys and Dione are on the east side of the planet, in closer than Rhea
at magnitudes +10.2 and +10.5 respectively. On perfect evenings, I have also been
able to see Enceleadus which at magnitude +11.7 is very difficult and tonight it is
too close to Saturn itself for easy viewing. Mimas is the closest of the planets eight
large moons (larger than 500km) is very near the limit of the Celestron at +13.0.
Out beyond Titan is Iapetus, tonight at magnitude +11.1 and Hyperion at magni-
tude +14.1. Iapetus is a true celestial oddball. One side of the moon is very bright
and the other side appears to be nearly completely black. When the moon appears
to Saturn’s west, it becomes as bright as magnitude +10 while when it ranges to the
planet’s east side, it fades to +14. Tonight, Iapetus is within my range making for a
total of five companions (Titan, Rhea, Tethys, Dione, Iapetus) that I can see accom-
panying the ringed planet tonight. As Enceleadus moves farther from the planet,
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that will make six moons that are within the range of my 8-inch telescope. Though
I have tried for years, I have never been able to say that I have seen Mimas.
Hyperion is beyond the reach of an 8-inch telescope and Phoebe at magnitude
+16.6 is visible only with research-sized telescopes.

As the clock ticks to 10:00 PM local time, let’s spend some time with the other
two deep sky objects on our list of first night targets, starting with the fainter one,
the galaxy M51 in Ursa Major. The galaxy can be easily found just under the end
of the handle of the Big Dipper'”. Once located in the field of view of the telescope,
the galaxy clearly appears as two distinct parts. What you are seeing are the core
of M51 itself and the center of its companion, a small elliptical galaxy that M51
seems to be in the process of absorbing. Averted vision may allow you to see that
the galaxy has two distinctive spiral arms, with the companion galaxy seeming
to hang off the end of one of them. The galaxy is magnitude +8.9 total, though
portions of the two cores appear to be brighter. The galaxy is an easy find for the
Celestron, but was a source of endless frustration for the Tasco, with which under
light-polluted skies, I could never find it.

M44 is a small association of several dozen stars traveling together through the
Milky Way. The old 2-inch refractor showed M44, also known as the “Beehive
Cluster” as an association of about two dozen stars of varying brightness. The
Celestron reveals that the Beehive is not a group of dozens of stars, but of hun-
dreds all traveling together across the heavens. The cluster itself is bright enough
to be seen with the unaided eye in the constellation Cancer, shining at magnitude
+3.9. At about the 10:00 PM time frame, the cluster is high in the southwest hanging
about 55 degrees high. To the unaided eye the Beehive appears to span more than
a degree of sky (70 arc minutes) or more than twice the size of a full moon.

Just to the east of the Beehive, barely 75 minutes away is the brilliant beacon of
Jupiter. The solar system’s largest planet was at opposition to the sun in February,
so the planet has faded somewhat from its largest and brightest standing. Still,
Jupiter is slightly brighter than magnitude —2.0 and its disk spans 38” in diameter.
In the old Tasco, Jupiter appears as a bland yellowish ball with a generous bulge at
its equator. Jupiter rotates even faster than Saturn does and the action of cen-
trifugal force bulges out the planet’s waistline by nearly 11%. The old Tasco also
clearly shows the planet’s four Galilean moons as star-like points of light. Each of
the moons measures less than 1.5” in diameter, too small for the Tasco to resolve.
In the Celestron, the superior optics of the telescope clearly shows the various belts
and bands of the planet’s atmosphere. If the Great Red Spot is in view, it will appear
as a slightly off-colored oval. In recent years, the Spot has faded considerably in
intensity to more of a pale beige color.

By 10:00 PM, Leo the Lion is at its peak in the south, some 60-70 degrees high
in the southern sky. Leo holds one of the skies favorite double stars, Gamma Leonis.
Also called “Algeiba,” this star makes a good, but relatively easy test of your new
telescope’s ability to split close double stars. Algeiba consists of two components.
The primary star shines yellow at magnitude +2.0, while the secondary star at

"> The Big Dipper itself is not a constellation, but a formation of stars called an “asterism,” that is, a
constellation within a constellation. The Big Dipper makes up the body and tail of Ursa Major, the “Big
Bear.”
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magnitude +3.1 has more of an orange color. The two stars are relatively close to
one another, separated by only about six arc seconds. This was theoretically in
range of the Tasco, but I could never split this pair with the little department store
refractor. When I first turned the Celestron on this pair, I could separate them easily
into two yellowish components. These stars are both aging giants that are evolv-
ing off the main sequence into helium-burning red giants. The Gamma Leonis pair
represents a look at the future of our Sun about five billion years from now.

Finally by 10:25 PM, the darkness of the sky is shattered as a nearly full moon
heaves itself over the eastern horizon. The Moon is just past full and still almost
90% illuminated. The Moon as it rises appears overwhelmingly huge. In part, this
is due to atmospheric refraction close to the horizon and also in part due to the
fact that the Moon is near the perigee point in its orbit, the point where it is closest
to Earth. The Moon is shining tonight at magnitude —11.9 and with that light, all
of the deep sky objects that we have looked at to date are now washed out of the
sky or severely muted by moonlight scattered across the sky. The Moon is a good
subject for the Celestron, not for its light gathering capability, but for its ability to
produce crisper images at high power than the Tasco could. Using magnifications
in excess of 100x on the Tasco usually produced images that are badly blurred
because the scope cannot gather sufficient light to produce a sharp image at that
kind of power. The Celestron can use up to four times as much power effectively
because it has four times the aperture. One feature that is strongly recommended
is the use of a Moon filter. The Moon is bright enough in a small telescope; in a
large instrument its brilliance can be absolutely overwhelming. A Moon filter is a
neutral colored filter that reduces lunar light by as much as 87%. This will allow
increased contrast between lunar features and give relief from the overwhelming
glare. This particular phase is not really the best time for viewing the Moon. When
the Moon is nearly full, there are few shadows on the lunar disk to show relief of
lunar features. Without shadows, the lunar surface appears relatively flat, whereas
when it is at first or last quarter phase, the shadows of the lunar mountains and
craters dramatically show the roughness of the lunar surface.

The first night out is a good night for some simple forms of astrophotography.
My telescope came with a simple piggyback bracket. The bottom end of the bracket
screws into the top of the telescope’s rear cell just to the right of the finder mount.
The top end has a standard thread that will allow any 35-mm camera to be attached
directly to the top of the mount. This will allow the telescope clock drive to drive
the camera as well. You can produce some startling results with just your camera.
By this time of night in April, Ursa Major is just beginning to arc overhead. Attach
your camera and its cable release to the telescope. Set the exposure time knob of
the camera to “B”. Frame your target and set the camera’s focus to infinity. The
typical 35-mm camera lens has a field of view of about 35 degrees of sky. This
should be sufficient to cover the entire Big Dipper asterism."” Then all you have to
do is open the shutter and lock the cable release. Experiment with several expo-
sure times. Try exposures times of one minute, five minutes, ten and longer. The
darker your sky is the longer you can expose the film. One minute should be

" The Northern Cross (part of Cygnus the Swan) and the Teapot (Sagittarius the Archer) are other
examples of bright asterisms.
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sufficient to reveal all the second and third magnitude stars that make up the Big
Dipper pattern. By five minutes you will be able to see stars in the image far below
the naked eye limit. If the sky is dark, you should be able to reach eighth magni-
tude. There is a practical limit to how long you can leave the shutter open. If there
is any light pollution in your sky, as the exposure lengthens, the background of
your image begins to brighten and block out the fainter stars in your field. Even-
tually the light pollution will fog out your entire image. That’s why you try several
exposure lengths to find out what the maximum time is that you can leave the
shutter open. After the Big Dipper area, try again with Leo, high on the meridian,
Gemini, still high in the west and Virgo, rising up the southeast.

By eleven in the evening, you've been outside now for about three and a half
hours and its time perhaps to call it a night. Remember that it is now dark out, so
as you disassemble your equipment, make absolutely certain that you do not forget
anything or leave anything behind. Remember not to cover any optical component
that is covered in dew. This is important! The corrector plate of Maksutov or
Schmidt-Cassegrain type telescopes is particularly vulnerable to dew accumula-
tion since there is little protection afforded for the glass surface, so that battery
powered hair dryer would be a good thing to carry with you. If you cover the objec-
tive while it is wet, you will create a perfect breeding ground for fungus or other
contamination to grow and fester on your lenses. Dry it first, or get it in a dry place
and let it dry out before covering the lenses. Pack carefully as well, make certain
that everything is back in its foam-lined cases or padded bags. Remember that you
have been up for a long time and you may want to have something with caffeine
in it for the ride home. Just remember that caffeine will keep you awake, but it has
an unfortunate side effect. Know where the pit stops are if you have a long ride
home.

The Day After

After getting home from work the next day, spend a little time with your equip-
ment and see how it endured in the open. If your observing site is in an open dusty
area (the infield of a baseball diamond), make certain that no dirt or grit has blown
into any of your eyepieces or telescope optics. If so, clean the affected surface care-
fully using the compressed air in your optics cleaning kit. At the risk of belabor-
ing previous points, it must be firmly stated again that the optical components of
your oculars and telescope will not tolerate even the tiniest scratches in glass sur-
faces. If you do not know what to do or do not have the proper equipment for the
job, it is better to leave dirt or dust in place on the lens and if it becomes intoler-
able, have it professionally cleaned.

Honestly evaluate how the telescope performed the night before. Are the images
as bright as you might have expected. Did the telescope see down to its magnitude
limit? How was the resolution? Could you split double stars close to the scope’s
Dawes limit?

One of the most important things you need to do in observing is to keep a log
of everything you see. Important things to note are included in this excerpt from
my log from the night of April 18, 2003.
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Observing Projects IV - The First

Night out
Observing Project 4A - The Observing Log

Observing

Log April 18,2003

Object Time Al  Azimuth Mag Size Seeing Remarks

Mercury  20:29 8 275 0.6 8.0” 2 31% llluminated,
Poor seeing

M42 21:29 18 240 2.4 3 Beautiful rich detail.
All Trap. stars visible

Saturn 21:45 26 280 0.2 17.1”7 4 Titan, Rhea, Tethys,
Dionne, Rings Open
26 Deg

M51 22:00 80 360 8.9 4 Bright cores, arms
visible with averted
vision

M44 22:10 50 260 3.9 17107 4 Bright open cluster

Jupiter 22:15 55 255 -2 38” 4 4 moons, no red spot
tonight

Gamma 22:25 60 220 2.0/3.1 4 Yellow/yellow binary

Leonis 6.0” split

Moon 22:50 10 130 -11.9  31"50” 3 Nearly full moon, 89%

illuminated.

An observing log taken in the field should be simple and concise. You are taking
it as you observe so keep it small and brief. It should be just enough to jog your
memory from the night before as you read it. As I go through this log, even years
after I took these notes, it helps me to remember key things I saw in the sky that
night. This can be extra helpful when dealing with objects that change over time,
like comets and planets. Note the vital statistics, such as what you saw, when you
saw it, where was it in the sky, how bright and how big it was, how good the seeing
(1-5, with 5 being best) was and anything noteworthy. Each one of these lines was
typed in Excel in the field in just a few seconds.

Observing Project 4B - Joining an
Astronomy Club

Picking a good club provides several very important benefits to you as an amateur
astronomer. To list just a few, first among them would be the companionship of
those who enjoy our hobby and science as you do. Among those people you will
find some surprising talents. In my own club, I have already benefited from the
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friendship of one amateur who is an electrician who helped repair my telescope
when its internal inverter failed. He got me back up and running with a few passes
of his soldering iron. Another helped locate us a reasonable dark sky observing
site with clear horizons and dry ground to observe from. Others have lent their
time to teach others and us about the areas of astronomy they are most passion-
ate about. Others have allowed us to share in their innovations, their large tele-
scopes and their hot beverage supplies.

Most important to remember is one simple fact that can make the club experi-
ence a joy or a frustration. Astronomy clubs come in two distinct types, those that
stargaze and those that talk. A club that goes out and observes on a regular basis
will encourage you to go out and do it yourself. The more you do it the better you
will get at it! Clubs that do nothing but talk will eventually bore you to death. The
thrill of the first night out will bring you back for seconds if you read the first four
chapters and came out with reasonable expectations. But without new challenges,
and someone to teach you how to accomplish them, you will quickly become bored.
Find a club that goes out and observes, with members who own a wide variety of
telescopes and even better, one that sponsors at least one annual weekend star
party. Sky & Telescope maintains an excellent listing of clubs on its website. The
database can be sorted by state and will allow you to easily find a club near you.
Go to some meetings and find out what that club is about.

Now we have trained out eyes, purchased our equipment, learned to set up and
care for it and demonstrated that it will perform as it should. Now it’s time to take
that equipment and begin to unravel the mysteries of deep space. But before press-
ing into the deepest parts of the cosmos, it would be perhaps better to sharpen our
observing skills by starting a bit closer to home.



CHAPTER FIVE

Mysteries of
the Moon

Figure 5.1. Ten-day
old Moon. Photograph
by author using 35-mm
SLR and Celestron 8 at
prime focus.

Professional astronomers hate it as much as romantic poets love it. It floods the
sky with horrific quantities of unwanted light that washes out the grandeur of the
deep sky for two weeks out of every month. It forever presents the same face to us,
never allowing us to see its other hidden half. It is bland and it is boring and it
never changes over billions of years, never mind in the span of a human lifetime.

“It” is our Moon.

The Moon is Earth’s stalwart companion, loyally following it through space com-
pleting one circle around Earth each 27 days. It begins to appear in the west shortly
after sunset each month, gradually growing fatter and brighter and higher in the
sky each night until its full brilliance washes out the night sky of any FFTs (faint,
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fuzzy things) for days at a time. Then it begins to slim and fade as it transitions
into the morning sky waning to half lit, then to a crescent and finally disappears
in the east leaving behind a few precious nights of dark sky before starting the
cycle all over again.

But the Moon is actually anything but a boring place and not quite so static as
one might believe. The Moon is a geographical record, frozen in time, of the ear-
liest days of the solar system and of what Earth might have been like. It will fill
your eyepieces with amazing stories of meteorite impacts of astonishing power and
lava flows that filled entire “seas.” Parts of it have been battered to a point where
there is no flat spot to be found anywhere and other parts of the lunar surface are
as flat as prairie country. Different areas of the Moon have been exposed to very
different environments. In this chapter, we will explore the various different ele-
ments of the lunar surface and use it as a practice ground for honing our observ-
ing skills under reasonably bright conditions. After all when the Moon is in the
sky, no one will be spending much time looking into deep space, so it makes an
excellent time to see the stories the Moon has to tell.

Before setting out to explore the mysteries of the Moon, we should first dispel
some myths about the Moon, the first being the statement that the Moon is a moon.
In fact it is not. The Moon is not in any way a true satellite of Earth. The Moon in
fact fails the most basic test of whether or not an object is a satellite or a planet.
As an object orbits a parent body, it “falls” towards that body and only that body.
In a stable orbit, the falling motion is counterbalanced by forward speed. An object
in a perfectly circular orbit moves forward at such a speed that the curve of the
attracting body causes the surface to fall away from the satellite as fast as the satel-
lite is falling, thus the object remains at a constant altitude as it circles its parent.
When in orbit of a body, the orbiting moon falls only towards its parent planet.
Jupiter’s moons for example fall only towards Jupiter, never towards anything else.
The Moon on the other hand, never falls only towards Earth, but rather falls
towards the Sun. The Moon and Earth revolve together around a common center
of gravity (called a barycenter) that resides approximately 1,600 kilometers below
Earth’s surface. Earth and the Moon revolve together around the barycenter once
each 27.1 days and both fall together towards the Sun. So the Moon is not a satel-
lite of Earth, but rather the two comprise a dual planetary system moving together
around the Sun. Except for Pluto and Charon, there is no other pair of large bodies
in the solar system so closely matched in size and mass as Earth and the Moon
and none are so large. Both bodies have important effects upon the other.

The most important effect of the Moon’s influence on Earth is ocean tides. The
Moon’s gravity pulls on Earth’s oceans, causing them to rise when the Moon is over-
head and recede when the Moon is at the horizon. Earth’s gravity also exerts tidal
forces on the Moon. Earth’s pull is strong enough that it holds the Moon with
sufficient force that the Moon is tidally locked to Earth. As a result of this, the Moon
rotates around its axis in the same amount of time it takes to complete on revolu-
tion around the common center of gravity between the two bodies. This means
that the Moon presents the same face towards Earth theoretically at all times. There
are three minor variants in this motion that allow observers on Earth to see more
of the Moon than would ordinarily be possible. The first is the fact that the Moon
does not always orbit Earth at the same speed. When it is at its closest to Earth, it
is at a distance of about 356,400 kilometers and travels faster than normal. When
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it is at its farthest from Earth, it is at a distance of over 406,400 kilometers and
travels a bit slower than normal. The rotation rate of the Moon however is con-
stant. So the slight changes in velocity of the Moon along its orbit allow observers
on Earth to catch a glimpse slightly around each limb. As the Moon accelerates and
decelerates in its orbit, it appears to nod back and forth, showing us alternately a
peak around its western limb, then a peak around its eastern limb. The Moon’s axis
is also tilted slightly with respect to its orbit, about five degrees. The Moon’s orbit
is also inclined slightly with respect to Earth’s equator. These two facts allow us to
alternately peer over the Moon’s north pole and under the Moon’s south pole. All
together, an Earth bound observer can actually see up to 59% of the Moon’s surface
over time. So the Moon does not always show those of us on Earth exactly the same
face all the time. The combined effects of these motions and changing viewpoints
are collectively called libration. Those areas of the Moon that we only get to see
part time holds some rather interesting terrain, which we’ll get a chance to explore
later in this chapter.

Another common misconception about the Moon is that it’s pretty much the
same all over,a homogenous ball of rock. That assumption falls apart upon cursory
examination of the Moon’s near face. Though the Moon is not nearly as diverse as
is Earth, it is not uniform either by any means. Bright highlands areas around the
circumference of the lunar disk alternate with the dark lowlands called maria or
“seas” dominating the areas in the center of the lunar disk. A bright rocky mater-
ial that is primarily anorthosite dominates the highland areas. This is a brightly
colored mineral, which is high in aluminum content. These areas of the Moon are
far more heavily cratered than are the seas because these areas have not had their
geological past erased by volcanism. The low-lying maria are primarily made of
miles deep accumulation of basalt. This type of rock forms in layers when volcanic
lava cools in pre-existing depressions of the lunar surface. Basalts are very dark in
color. Under pressure, when it cools, it creates a black colored glassy material called
obsidian. By a simple observation we can determine that the low-lying maria are
much younger than the heavily cratered areas nearer to the lunar limbs. The Moon
was obviously very heavily bombarded throughout its early history, leaving the
polar areas and the eastern and western limbs obliterated with craters. The same
bombardment had to occur in the maria areas, but subsequent volcanic activity
wiped out the craters and replaced it with a smooth surface, which is not so heavily
cratered. The current surface formed at a time when the planets had swept the
solar system relatively clean of the vast amounts of dust and rock that so deci-
mated not only the Moon’s surface but also that of all the inner planets.

A far more interesting question about the Moon is how did those maria come
to be? Only a relatively small area of the Moon, about 17% of its total surface area,
is of this type. The Moon’s far side is known to be almost completely free of the
volcanic seas. Are the low depressions where the seas formed an artifact of the
Moon’s creation? Could they be a “birth mark” of some kind? That in turn calls
into question just how the Moon itself came into being. There are many theories
that seek to explain how the Moon came into existence and came to orbit Earth in
such an orderly manner. Some believe that the Moon may have formed indepen-
dently and been captured after drifting too close to Earth. Others believe that the
Moon formed as a part of Earth that broke away. We can learn a great deal about
both theories by studying the surface features of the Moon. And by looking at many
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of the same decisions that were faced by those who were planning the Surveyor
and Apollo flights of the 1960s and 1970s, we can learn for ourselves how these the-
ories of lunar creation gained strength and encountered resistance.

Picking Landing Sites

During the 1960s and 1970s, four major programs were mounted by the United
States to conduct up-close studies of the Moon. Three unmanned programs:
Ranger, Lunar Orbiter and Surveyor paved the way for the explorations of Apollo.
The Ranger probes were the first to teach us to fly the trans-lunar highway to reach
and impact the Moon’s surface. They returned hundreds of up-close television
images of the surface in selected areas. The Lunar Orbiter created the first com-
prehensive maps of the lunar surface including the far side of the Moon and con-
ducted more detailed surveys of prospective landing sites for the forthcoming
Surveyor landing craft. These small craft were sent to relatively safe landing sites
that were candidates for Apollo landings. One of the Surveyor sites was also the
target of an Apollo landing three years later. Later on in the observing projects of
this chapter we will study and search for the regions of each of the Apollo landing
sites and study more closely why they were selected.

When Apollo was in planning, the initial objective was simply to get there and
get back safely so science took something of a back seat in the mission planning.
NASA selected landing sites for the first two missions that were relatively safe and
flat. Apollo 11 was targeted into the Sea of Tranquility, an ancient lava plain just
east of the center of the lunar disk. The landing site was flat as a dime and the
approach paths were devoid of rising terrain and offered the crew the easiest pos-
sible approach. The landing site was also close to the equator, which assured that
the rotation of the Moon during the time on the surface would not carry the lunar
module too far away from the orbital plane of the command module. The equato-
rial location also made the task of planning the trans lunar trajectory much easier
and left the option of a free return trajectory open to the crew for a much longer
period of time'.

In the same vain, Apollo 12 was targeted into Oceanus Procellarum, about
1360 km west of where Apollo 11 landed. Like the Sea of Tranquility, the Procel-
larum landing site offered a simple orbit to reach, the safety of free return and a
clear approach to a flat landing zone. Apollo 12 also landed within 600 feet of the
Surveyor 3 spacecraft, which had preceded it to the Moon by three years. The
Apollo 12 crew was able to bring back several pieces of the Surveyor probe and a
much larger quantity of rock. But the rock was relatively young, volcanic in nature,
confined to a narrow range of age and containing no surprises and no clues as
to the origin of the Moon. To unlock the secret of the Moon’s origins, future

'* A “free return” allows a spacecraft outbound from Earth to fly around the Moon and return directly
to Earth in theory without any large engine firings. This could save a crew’s lives in the event that a
spacecraft’s engine became incapacitated en route to the Moon, an event that did in fact occur on Apollo
13 in April 1970.
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expeditions would have to be able to get at the older rock on the lunar highlands.
So NASA would have to become bolder in selecting landing sites.

Apollo 13 was the first flight to be targeted for the lunar highlands, aiming for
a site called Fra Mauro. This is a highland area located between the Apollo 11 and
12 landing sites. Apollo 13 of course never made it to its planned landing site, but
nine months later Apollo 14 did. Though the rocks found here were older, they did
not contain any geological evidence that would tie them to the early history of the
Moon. For the good booty, NASA needed to look at more exotic locations and also
needed to bring in some extra brainpower.

Apollo 15 was the first mission to land an extended distance from the lunar
equator, touching down on the plains to the north of Mount Hadley. It also required
an approach that was far steeper than any that had ever been flown. The so-called
Hadley Basin offered geologists a look at some of the most ancient terrain on the
Moon and some of the widest variety of rocks and soil within a narrow area. The
15,000 foot high Mount Hadley rose to the south of the lunar module while to
the west ran the deep Hadley Rille, which channeled huge amounts of lava during
the Moon’s active periods billions of years ago. The program also brought in pres-
tigious geologists such as Eugene Shoemaker, Lee Silver and Farouk El-Baz to assist
the astronauts in training. The geologists were not favorably received at first. Upon
meeting El-Baz, one astronaut reportedly asked if the program was “all out of
American scientists.” Undaunted and wildly enthusiastic, El-Baz worked closely
with Apollo 15 command module pilot Al Worden in identifying key features from
his perch in lunar orbit. El-Baz had worked previously with Apollo 13’s Ken Mat-
tingly before he was scrubbed from the mission and Apollo 14’s Stu Roosa. El-Baz’
passion was contagious, especially in Worden’s case. Worden’s wildly enthusiastic
analysis of the Taurus Littrow valley resulted in the area being selected as the
landing site for the final Apollo mission. Shoemaker worked in the field with David
Scott and Jim Irwin on identifying geological features in the rocks that would yield
critical clues to the Moon’s ancient history and origins. Shoemaker’s work paid off
on Apollo 15’ first EVA when Scott exclaimed, “I think we found what we came
for” What Scott found is the sample that is today called the “Genesis Rock,” the
oldest sample ever brought back from the Moon, estimated at 4.6 billion years old.
Scott and Irwin also brought back a “deep core” sample showing 42 separate layers
of soil, which had been undisturbed for 500 million years. Scott and Irwin also
studied Hadley Rille, where exposed bedrock in the far face of the canyon showed
the astronauts more than 3 billion years of the Moon’s history.

Apollo 16 landed in the Descartes highland regions of the Moon. Some at NASA
had pressed for Tycho as a landing site, but it was dismissed at far too dangerous
despite the opportunity for scientific return. Descartes offered the opportunity for
the first time to sample actual volcanic rocks. The basalts brought back from the
maria on Apollo 11 and 12 revealed that the Moon’s interior was once at least partly
molten and that practically meant that the Moon was once geologically active. The
Apollo 11 and 12 samples unfortunately covered only the very narrow range of the
Moon’s history when the volcanic seas were formed. Descartes offered the oppor-
tunity to find the geological record of the Moon’s early volcanic history. In that
regard, Apollo 16 proved to be an enormous disappointment. Most of the rocks
were found to be brecchias, rocks that were formed from small stones and
soil fused together by heat and pressure from catastrophic impacts. The final
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disappointment proved to be an enormous boulder called “House Rock” which
was a brecchia made up of individual fragments that were as large as six feet long.
It was later theorized that the rocks that littered the area around the landing site
were formed in the cataclysmic impact that formed the Imbrium basin some one
thousand kilometers away.

The final mission of the program, Apollo 17, was targeted at the Taurus Littrow
valley after it was exposed as an area of interest during the flight of Apollo 15. The
final landing site was in such a position that reaching it required the first night
launch of a manned space vehicle in history. Apollo 17 was also the only mission
of the program to carry a trained geologist on board. The addition of Harrison
Schmidt to the crew in place of Joe Engle made the mission among the most
efficient of all the Apollo missions in terms of missions objectives completed and
knowledge and science gathered. Schmidt and mission commander Gene Cernan
explored two large massifs . . . giant landslide areas in two of the longest traverses
of the program. Schmidt would recover rock fragments from the South Massif
more than 4.6 billion years old. Cernan and Schmidt spent some 77 hours on the
Moon, 22 of them outside and traveled more than thirty kilometers on the surface.

Several other fascinating areas were under consideration for use as Apollo
landing sites. One of which is the Moon’s most spectacular signature crater, Tycho.
Some scientists pushed the huge rayed crater, which gives the Moon the appear-
ance at times of a peeled orange, as a landing site for Apollo 16. The Marius Hills
complex was touted as a potential landing site for Apollo 18 and the area around
the huge crater Copernicus was tentatively chosen as the landing site for Apollo
19. Both missions were cancelled shortly after Richard Nixon became president in
the aftermath of budget cuts and Nixon’s sudden weak knees after the near disas-
ter of Apollo 13. But they make fascinating targets for exploration through the eye-
piece of our telescopes. With well-trained eyes, we can discover their beauties and
secrets. In the words of Farouk El-Baz to the crew of Apollo 13 at their first meeting
“Anyone can look, but few really see.” El Baz wanted to create his own brain within
the mind of Al Worden on Apollo 15. We will now learn his lessons. The Moon is
where we will first learn to see.

Origins of the Moon

There are several theories that might explain how the Moon was created. Three
have gained popularity over the years but all have faults. Any theory in order to
gain acceptance and be plausible must be able to answer all open questions without
raising any new ones. No existing theory currently is capable of doing that.

Any theory of lunar creation must be capable of explaining several issues that
no existing theory can do with complete certainty. The first issue that must be
explained is the close relationship in size between Earth and the Moon. This is
unique among major bodies in the solar system and so must be explained by an
event that is rather rare. Secondly is the fact that the samples returned from the
Moon exhibit the same oxygen isotope composition as those examined on Earth.
This means that the Moon formed in the same environment as Earth did. Rock
samples examined on Mars have very different oxygen isotopes compositions for
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example. By inference, this means that the Moon and Earth formed in close prox-
imity. Third is the fact that the Moon orbits Earth in a stable, nearly circular, pro-
grade path. Fourth, such a theory must explain the dramatic difference in density
between the two bodies. The density of Earth is 5.5 grams per cubic centimeter,
the Moon is only 3.3 grams per cc. This is because the Moon is almost completely
lacking in iron, while Earth is the most iron-rich body in the solar system. Finally
if a theory proposes that the Moon is spun off from the primordial Earth, it must
account for the lack of an impact scar somewhere on Earth’s surface.

One of the earliest theories is that the Moon condensed out of the solar system’s
primordial debris cloud in the vicinity of Earth. But if this were true, then the Moon
would be made of most of the same material that Earth is and should exhibit
similar composition. But it does not, the Moon is almost a completely iron-free
zone. The Moon’s low density relative to Earth, the lack of any iron in the rocks
and the fact that the Moon had no measurable magnetic field all illustrate this fact.
The strength of this theory is that it readily explains the stable nature of the
Earth-Moon system in a stable circular orbit and the Moon’s tidal lock to Earth.
It also explains the similarity in oxygen isotopes.

A second theory proposes that the Moon formed separately in the inner solar
system and wandered too close to Earth and was captured by its gravity. But this
theory fails to pass even a prima fascia test. The Sun is by far the dominant grav-
itational force in the inner solar system. For an object to be captured in a prograde
orbit (counterclockwise as viewed from above Earth’s north pole), it would have
to approach from behind. As it neared Earth, it would be accelerated and flung
back out of Earth’s gravitational field into a solar orbit'. This “slingshot” effect is
frequently used to boost deep space probes into the outer solar system. To be cap-
tured by a planet, an object must approach from the front, so the gravity of the
capturing planet would act to slow the would-be Moon down. But this would in
turn create an orbit that is both highly elliptical and retrograde in nature. This
theory also cannot explain, except by chance, the Moon’s lack of iron. It also does
not explain why lunar samples contain similar oxygen isotopes. If the Moon formed
elsewhere, it should exhibit differences in this measure in the same way that Mars
does.

The leading theory today was formulated some 25 years ago. It suggests that late
in Earth’s formation, a large planetary sized body impacted Earth. The impact dis-
lodged a massive amount of mantle material from both planets with sufficient
velocity to enter Earth orbit. These materials then coalesced into the Moon. The
theory satisfies the oxygen isotope matter because the Moon would have been
formed from material, most of which came from Earth. Since the impact occurred
late in Earth’s formation, most of Earth’s iron would have sunken into the core; this
also explains why the Moon lacks iron. It also explains the Moon’s neat and orderly
orbit. It also accommodates the unique nature of the Earth-Moon system because
such an impact event would be so rare. It is plausible that no other planet has

" The dominance of the Sun in this manner was clearly illustrated recently by an object that Earth’s
gravity captured briefly but after the object made several orbits of Earth, it drifted back out into a solar
orbit again. What some thought might be a new “moon” of Earth was later identified as the third stage
of the Saturn V that was used to launch Apollo 12.
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undergone such an impact and that may be why no other planet has such a large
moon. But this theory too leaves open items to be answered. First is what became
of the impacting planet? To dislodge enough material from Earth to create the
Moon, the impacting planet had to have been nearly the size of Mars! If so, then
where did all that material go? And if the impactor had an iron core of its own,
then where is the iron? Proponents of the impact theory postulate that any iron
could have been merged into Earth’s core and computer models do support this
idea. But what became of the rest of the impactor? If it settled onto Earth’s surface
we should then be able to detect large quantities of rock that are not native to Earth
(oxygen isotopes again). If it remained in space, it should have formed a ring
around Earth. There is none to be found. Had it been coalesced into the Moon, we
would see the differences in oxygen isotopes in the Moon’s rocks. The final issue
with the impact theory is the lack of a plausible explanation for an impact site.
Though billions of years of erosion would have reduced the size of the wound, it
would still be clearly evident. It is not. Some have suggested the Pacific basin as an
impact site, but the depths of the ocean and composition of the seabed are no dif-
ferent than they are in the Atlantic or Indian Oceans. Despite its shortcomings
however the impactor theory continues to hold up as the best current model on
how the Moon formed.

Visual Lunar Phenomena

There are many phenomena visible involving the Moon that can be very easily
enjoyed by eyesight without the use of any optical aid. The most common and
obvious are the Moon’s changing phases, which result from our changing per-
spective relative to the Moon-Sun line as the Moon circles Earth each month. When
the Moon sits between Earth and the Sun, it shows us its dark side and we cannot
see it at all. As the next week progresses, the Moon emerges from twilight appear-
ing as a thin crescent and begins to reveal a bit more of its lighted side each day
until it is half illuminated at “first quarter” about seven days after new moon. The
Moon continues to grow brighter and fuller reaching a point directly opposite the
Sun in the sky about 14 days after new moon. Now the Moon’s disk is completely
illuminated. During the next fourteen days, the process reverses itself and the
Moon fades away again.

When the Moon is close to new, a beautiful effect takes place, which is called
“Earthshine” In Earthshine, light striking Earth is reflected back towards the
Moon. This causes the Moon’s night hemisphere facing Earth to glow with a faint
blue light. This is sometimes poetically called the “Auld moon in the new moon’s
arms.” Earthshine can vary in intensity depending upon how much cloud cover is
present on Earth, what type of surface is directed towards the Moon, oceans
reflecting back more light than land. As the Moon waxes towards the first quarter,
Earthshine becomes less and less apparent each night until it can no longer be
seen, then gradually reappears after the last quarter. When the Moon is a thin cres-
cent, Earth is nearly full, so a great deal of Earth’s surface reflects a large amount
of light to the Moon. As the Moon waxes, Earth wanes providing less and less light,
so the Earthshine fades as the Moon reaches the first quarter.
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Occasionally the Moon’s path through space will take it in front of several bright
stars. The Moon always remains within about five degrees of the ecliptic. Within
this ten-degree wide band through which the Moon might travel are the first mag-
nitude stars Aldebberan, Regulus, Antares, and Spica. The passage of the Moon
across another object is called an occultation. When the Moon’s path carries it in
front of a bright star, it will usually do so as part of a long series of such events as
the Moon’s orbital plane drifts in front of the star, then away from it again. The
Moon may occult one of these stars or more each revolution around Earth in a
repeating cycle that can last for many months. The Moon can also pass through
the Beehive, Hyades and Pleiades star clusters in the same way creating many
occultations in the same night. An occultation of a star is said to be the most instan-
taneous sight that a human eye can behold. Since all of the planets orbit near the
ecliptic plane as well, the Moon may also occult planets too. Long series of occu-
lations can occur with Jupiter and Saturn because they move so slowly, but the
inner planets move too quickly to remain in the Moon’s path for a long period of
time. Occultations of Mars occur infrequently, Venus rarely and Mercury almost
never. Occultations can have important scientific value as well. Antares was found
to have a companion that was unseen until the Moon occulted it. With the blind-
ing glare of the parent star hidden, Antares bluish green companion peeked into
view.

During its travels, while occultations of a given object are rare, conjunctions of
the Moon with all the aforementioned objects occur every month and often can
create startlingly beautiful patterns in the evening sky. Since the Moon travels
around the zodiac once a month every month, there will always be a chance to use
the Moon to guide you to something else. Many times for example, I've used a very
young or a very old moon to help find Mercury when it was buried low in the
twilight.

Periodically the Moon’s path will carry it either directly across the face of the
Sun, causing the Moon to cast its shadow on Earth’s surface, or the Moon will travel
through the shadow of Earth. This causes an event called an eclipse. These events
are extremely rare for any given spot on Earth. Solar eclipses actually occur more
frequently than do lunar eclipses but they can only be seen by the fortunate few
who will fall under the Moon’s tiny shadow. A solar eclipse that is at least partial
must occur twice each year and there can be as many as five. A lunar eclipse cannot
occur more than three times in a year and there do not have to be any. The reason
why is that the Moon’s shadow has a target to hit that is nearly 8,000 miles across,
but the diameter of Earth’s shadow at the distance of the Moon is about 4,500 to
5,000 miles across. But far more people can see lunar eclipses because anyone
standing on the night side of Earth can see one when it occurs while solar eclipses
are visible only to the lucky few who are in the path of the Moon’s shadow. Lunar
eclipses can occur in three types penumbral, partial and total. In a penumbral
eclipse, the Moon only passes through the outer part of Earth’s shadow, where the
Sun’s light is only partially blocked. The effects of a penumbral eclipse therefore
are only very subtle and in fact if the Moon is not completely immersed in the
penumbra may not be noticeable at all. In a partial eclipse, part of the Moon enters
the dark umbral shadow where the Sun is completely hidden. The Moon appears
as though a bite has been taken out of it. In a total eclipse, the Moon is completely
immersed in the umbra which may cause a variety of beautiful lighting effects to
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occur, or may cause the Moon to vanish entirely. The coppery red color of the Moon
is caused by light being refracted into the shadow by Earth’s atmosphere. Aside
from their beauty, eclipses can have important scientific value to scientists who
study climate and climate change because the amount of light transmitted into
Earth’s shadow tells a great deal about the amount of dust or other contamination
in the atmosphere.

Eclipses are not random events, but rather occur in families of similar events. A
family of eclipses is called a saros. When an eclipse occurs on a given date, then
exactly eighteen years, ten days and eight hours later, Earth, the Moon and the Sun
will all return to almost exactly the same relative position and a nearly identical
eclipse will occur. The only differences is that because of those extra eight hours
the eclipse will occur 120 degrees further west around Earth and the Moon will
pass about 200 miles further north or south through Earth’s shadow than it did in
the preceding event. So if a total lunar eclipse were to occur at midnight in London,
then eighteen years and ten days later, another eclipse of nearly identical circum-
stances will take place at midnight for viewers on the U.S. west coast. Eighteen years
and ten days after that, another similar eclipse will occur in eastern Asia. Fifty-
four years and thirty-one days after the first event, another eclipse will occur at
the longitude of London at about midnight, though the Moon’s track across Earth’s
shadow will have shifted south by about 600 miles. This resonance of three saros
is called an exligmos. The north or south drift is caused by the fact that the Moon’s
synodic (new moon to new moon) period is not exactly the same as its Draconian
period (node to node). The nodes of the Moon’s orbit drift slowly over time and
the alignment at the next eclipse in a saros is not precise. This means that a saros
cannot continue indefinitely. An eclipse series begins with the Moon penetrating
the upper or lower (depending on whether the Moon is nearing the ascending or
descending node of its orbit) part of Earth’s shadow beginning a series of penum-
bral, then partial eclipses that become deeper and deeper with each of approxi-
mately seven to ten successive events until they become total. The Moon will travel
further and further north or south until it begins to clear the opposite side of
Earth’s shadow and then eclipses become partial, then penumbral again until the
Moon passes clear of Earth’s shadow completely, ending the saros series. Currently
there are 41 lunar saros series in progress. This means that within any period of
18 years and ten days, there will be 41 lunar eclipses then the entire cycle starts
over again. Astronomers catalog and number saros series sequentially. Eclipse
series that occur with the Moon nearing its ascending node are given even
numbers and those with the Moon at its descending node are given odd numbers.
The oldest current series in progress is Saros 109, which will have the last of its 73
events on August 18,2016. Saros 109 began with a penumbral eclipse at the extreme
south end of Earth’s shadow on June 17, 718. I did not leave a number out. This
series of eclipses is about to conclude a run of 1,298.1 years! Imagine a Broadway
show running that long! A lunar eclipse saros must have a minimum of 69 events
(1,226 years) and the maximum is 89 (1,586.6 years). The newest series is
Saros 149, which began with a slight penumbral eclipse on the south edge of
Earth’s shadow on June 13, 1984 and had a second penumbral eclipse on June 24,
2002. This series will have 70 more events before ending with a penumbral
eclipse on the extreme north side of Earth’s shadow on July 20, 3246, a run of
1,262.1 years!



Mysteries of the Moon 93

In the April, 2004 issue of Sky & Telescope author John Wood set out a list of 100
objects on the Moon that characterize the geological history and makeup of the
Moon. Wood set out to create for the Moon a list of objects that are organized from
easy to see and observe and increasing in difficulty with increasing number on the
list. The first object for example is the Moon itself and is designated “L1.” The
second phenomenon is Earthshine (L2). The list then progresses to general surface
characteristics such as the dichotomy between the highlands and the maria (L3)
and then the Moon’s most prominent mountain range, the Apennines (L4).

In creating the Lunar 100, Wood set out to create a lunar equivalent to Charles
Messier’s famous 110-member list of deep sky wonders. To observe all 110 objects
on the Messier list is regarded as a right of passage for amateur astronomers. Wood
set out to create a similar challenge for lunar observers. When Messier created his
list of objects, he was attempting to create a clearinghouse of objects that could be
mistaken for comets, which was Messier’s primary interest. He did not intend to
create an educational list for amateurs. Wood’s list filled with features intended to
illustrate important aspects of the Moon’s geological history. In some ways the
Lunar 100 poses an even more difficult observing challenge than does the Messier
catalog. It is possible for example to view all 110 Messier objects in one night, but
it is a physical impossibility to observe the Lunar 100 in a single night or even a
single month. As libration rotates some objects into view, it hides others, or may
present targets into our line of sight during lunar night.

Let’s break out the telescope now and go for a visit to the Moon. The Moon’s
many different landforms tell the hidden story of its past and its origins. When the
Moon is bright and prominent there’s not much else to see in the night sky, so let’s
have a look.

Observing Projects V - The Stories

of the Moon

Observing Project 5A - Tycho (L6):
The Great Rayed Impact Crater

Tycho (L6) is one of the Moon’s most beautiful signature craters. It sits in the far
southern reaches of the Moon’s visible face and is most famous for its character-
istic “rays.” Though no Apollo mission landed here, many at NASA called for a
landing at this spectacular landmark. Such a landing never occurred because of
the high risk inherent in landing on such rough terrain and because the trajectory
required would preclude a free return trajectory. In 1968, the unmanned Surveyor
7 did land some 30 miles north of the crater rim in a bright ejecta blanket. Tycho
is a relatively young crater, possibly less than 500 million years old. It is approxi-
mately 102 kilometers across and remarkably deep. The floor of the crater is
approximately 4,800 meters below the rim. Tycho is the classic example of an
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Figure 5.2. Tycho
and its ray system.
Image by author using
Celestron C8 and a
low-resolution video
eyepiece.

impact crater. For many years it had been argued whether the Moon’s craters were
volcanic in nature or created by impacts. There seems very little doubt in the case
of Tycho. As you look in on Tycho, notice that the crater floor is rough and it is
bright. The material here is primarily anorthosite, the aluminum-rich material that
makes up most of the lunar highlands. The same is true for the rays that emanate
from the crater. That bright material is also anorthosite indicating that it is pri-
marily surface material that had been blasted out of the impact site by whatever
rocked the Moon’s surface within the last 500 million years.

The walls of Tycho display the youthful nature of the crater. The walls are rough
and terraced, suggesting that no eroding processes have taken place to age the
walls. Also you should take note of the mountain formation on the crater floor.
Tycho has a triple peaked mountain that rises from the crater floor, which towers
nearly 5,000 feet above the crater floor. This feature is also indicative of an impact
formation. A volcanic eruption would be unlikely to leave any peaks standing on
the crater floor, never mind three of them. Can you bring enough magnification to
bear on the crater to see all three? The triple peak should be easy in a telescope of
8 inches although I have also been able to see it clearly in scopes as small as 4
inches.

The best time to study Tycho, or any other lunar feature for that matter, is when
the Sun is relatively low on the lunar horizon. Then the surrounding peaks and
valleys create long shadows that cast the area in dramatic relief, showing just how
rough the area in and around Tycho. If you study the area at local noon, the Sun
casts very short shadows and thus even the roughest lunar surface features can
appear flat. Local sunrise at Tycho occurs when the Moon is approximately eight
days old. So look for Tycho when the Moon is about a day past first quarter. For
the next forty-eight hours, the Sun is less than 20 degrees above the local horizon.
Look again if you are a night owl when the Moon is about a day before last quarter
(20 day old Moon) and Tycho is within about forty-eight hours of sunset.
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Observing Project 5B - Plato - A
Volcanic Blast?

Located well to the north of the lunar equator is the Moon’s Alps mountain range.
Many of the mountains here tower over 15,000 feet above the Imbrium basin to the
south that the mountains surround. In the middle of these bright highlands is a
huge dark floored crater that rivals Tycho in size. Oddly enough, Plato is not listed
in Charles Wood’s Lunar 100. The monstrous crater is 99 kilometers across and its
floor is some 2,200 meters below the rim, about half as deep as the floor of Tycho.
While Tycho’s floor is bright and rough, Plato’s is dark and flat suggesting that some
part of this crater’s history involves volcanic activity rather than being purely an
impact event. The rock that makes up the floor of the crater is the same type of
basalt that forms the floor of the nearby Imbrium basin and other lunar seas. While
Tycho is very young, Plato is very old, between some 3.2 and 3.8 billion years old.
It was formed during the Moon’s early geologically active period. Exactly what
process formed the monstrous crater is unclear but what is obvious is that what-
ever cataclysm created Plato bore deep enough to flood the massive crater with a
layer of lava thousands of feet deep. Another issue of interest as we look at Plato
is that even after billions of years, the crater floor is still almost perfectly flat.
Assuming that the Moon has been geologically dead for billions of years, what force
of nature then has been keeping the crater floor smooth for billions of years?
Plato is an anomaly in that it is so different from the surrounding terrain, the
event that created it having crushed the mountain area around it. Many of the
mountains surrounding the crater formed long before Plato itself did. The crater
is some 3.8 billion years old, but the mountains surrounding it were thrust up hun-
dreds of millions of years before during the Moon’s formative period. What cata-
clysmic disaster blew this enormous hole out of the lunar surface, leveling
mountains that stood some three or four miles tall? One of the things that are not
commonly found on the lunar surface is a volcanic mountain such as those found

Figure 5.3. Crater
Plato. Celestron Super
C8 Plus and Meade
DSI CCD. Photograph
by author. The DSI's
higher resolution chip
provides a much
sharper image.
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on Earth or Io. But this is as close to a major volcanic feature that can be clearly
viewed on the Moon’s visible side. Did a volcanic catastrophe blow a mountain
apart and leave this crater behind? Or might it be an impact crater that penetrated
so deep as to flood the crater with lava? Nearly four billion years ago, the Moon
had an active interior that would support either type of activity. When Tycho
formed within the last half billion years, the Moon was already geologically dead,
thus is was not possible to flood the area with lava.

Plato sits at approximately the same lunar longitude as does Tycho so your best
opportunities to view it occur at about the same time. Local sunrise occurs when
the Moon is around eight days old and the viewing geometry is very favorable for
the next three days. Sunset occurs at about day 23 or about one day after last
quarter, so the best time to look begins about three days prior to sunset.

Observing Project 5C - Star Hopping
Practice, The Apollo 11 Landing Site

Selecting a landing site for the first lunar landing, mission planners for the flight
were primarily interested in one thing, safety. The objective was to find a relatively
flat spot with a paucity of craters or mountains that would allow for an approach
to take place over a broad stretch of flat terrain. The logical choice would be an
approach to the western side of a flat lava plain, since the Apollo missions orbited
from east to west (retrograde). For the first landing, the planners chose the western
side of the Sea of Tranquility. This particular spot also gave the advantage of a
landing site near the lunar equator, which meant even as the Moon rotated under-
neath the orbit of the command module, the CM would not drift away from the
landing site over several days. The low-latitude landing also made life much easier
for the trajectory planners who were always adamant about maintaining the option
for a free return in the event something went wrong.

Figure 5.4. Sea of
Tranquility. Can you
find Apollo 11's
landing site NASA
Lunar Orbiter IV image.
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In this project, we will attempt to zero in on the landing site of Apollo 11 using
a technique that will become very valuable to you in later efforts to explore the
deep sky. The technique is called “star-hopping.” Star hopping involves beginning
at a bright or distinct feature that is easily found, then from it, zeroing in on a
fainter object by following a trail of other features. The features that we’ll use are
listed in the Lunar 100 and we’ll travel from point to point in ascending order from
easy to find to hard to find. You will not by any means be able to see the actual
landing site on the surface but to identify the point of landing is exciting because
it will build your confidence in your ability to navigate at the telescope. You will
also have the gratification of looking at the spot where one of the most important
events in the history of the humanity took place.

The mission of Apollo 11 was timed such that it would land at the target site just
after local sunrise, about a day or so afterwards. This was done for the same reason
that we like to observe lunar features when they are near the lunar terminator. The
lunar shadows at that time would give the crew a good degree of depth perception
to help them better judge their height and forward speed during the final moments
of their manually controlled descent to the surface. With the Sun about ten degrees
above the local horizon, shadow lengths are ideal. You will want to have about the
same lighting conditions as the crew did. These conditions typically occur when
the Moon is waxing and about five days old. You can also have success when the
Moon is waning and sunset is nearing at Tranquility Base when the Moon is about
twenty days old, but for the novice, this is far easier at sunrise.

Start out by locating the Sea of Tranquility (Figure 5.4). As the Moon waxes, two
mare come into view near the Moon’s east limb. Mare Crisium is the first to appear,
then Mare Fecunditis appears to its southwest. Then over the next two days, sunrise
occurs over Mare Tranquillitatis. Since the landing site is on the extreme western
edge of the mare you must wait for the terminator to expose the entire area. Once
you have identified the Sea of Tranquility, search along its southwestern edge for
two twin craters in a northwest to southeast line nearly touching each other. Each
of these two impact craters is approximately 30 km across. The northwest crater in
this remarkable formation is called Ritter and its counterpart to the southeast is
called Sabine. The two craters are listed together in the Lunar 100 as L38. With
good shadow relief, these two craters should be easy to see with even low
magnification. Now things get harder. Use the highest magnification eyepiece that
the telescope and seeing conditions can bring to sharp focus and center on Sabine.
The two craters are easily seen at the lower left in Figure 5.4 near the edge of the
Sea of Tranquility. In the image, north is up and east is right. Remember to account
for the orientation change in your telescope. If you are using a refractor or
Cassegrain design with a star diagonal, north is up, but east is left. In a Newton-
ian, north is down.

From Sabine, look very carefully off towards the east. You are using very high
magnification now because the next thing you are looking for is a string of three
tiny craters each of which is less than three miles across. At high noon, you could
never see them because without shadows to provide contrast they are just too small
to be viewed. Shadow relief makes seeing them possible with steady air and effort.
The westernmost crater in the string is called Aldrin and it is about 55km east of
Sabine. About another 49km east of Aldrin is an even smaller crater called Collins
and about 40km east of that crater is the largest of the string called Armstrong.
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These three craters are named for the three astronauts who crewed the mission
that landed just to the south of this spot and are collectively listed in the Lunar
100 as L90. The challenge is to find Collins. From Collins, scan directly south to a
small bright crater called Moltke which is about 6 km across and some 88 km south
of Collins near an outcropping of highlands. The crater is easily visible because of
the contrast it makes with the surrounding basalt plains. If you imagine a line con-
necting Collins to Moltke, exactly halfway down this line, then about one-third of
the length of the line to the west is the spot where Apollo 11 set down on July 20,
1969. If you cannot find Collins, then the landing site can also be found by drawing
a line between Aldrin and Moltke. The site is on this line about one quarter of the
distance from Moltke to Aldrin.

Later on you will apply this technique of using a bright object or an easy to find
feature to navigate to more obscure objects and zero in on your treasure. Before
computer driven telescopes flooded the market, star hopping was how amateurs
learned their way around the sky and made even its faintest treasures as familiar
as the features of any road map. Here we used the brightest features of the Moon
to zero in on conspicuous features, then to find obscure ones on our way to one of
the most historic places in the solar system. There are two important things also
to remember when viewing the Moon and looking for fine details. First you should
always use a neutral filter to reduce glare. A good Moon filter will cut the total light
from the Moon by almost 90%. Secondly, find the highest power eyepiece that you
can possibly use under the existing condition, put it in the scope and crank it up!
There is an abundance of light available from the Moon to make crisp images pos-
sible where it otherwise would be a waste. So this is one of the places where when
it comes to using high power, its time to go for it.

Observing Project 5D - Geological Forces at
Work | - The Marius Hills (L42)

The Moon as we see it today is geologically and volcanically dead. It is completely
motionless through to the center of its core. Unlike Earth which is geologically very
alive with shifting plates and a molten interior generating currents of molten iron
and shifting powerful magnetic fields, the Moon is completely still. The Moon was
not however always this way and certain features on its surface indicate with cer-
tainty that the Moon was once very active with a shifting surface and burgeoning
fluid mantle.

Near the Moon’s western limb, well to the south and the west of the lunar Alps,
surrounding the crater Marius is a complex area of bulging hills which ring the
crater on three sides known as the Marius Hills. In the Lunar 100, the hills are cat-
aloged as L42. NASA strongly considered that area for the landing of Apollo 18
during the period of time before the Nixon Administration, when there still was
an Apollo 18. The same types of disturbances created the Marius Hills in the lunar
mantle that created the Badlands of North Dakota here on Earth. Magma pushing
up from the liquid mantle below created bulges in the crust but could not push
close enough to the surface to break through before the fluid rock hardened
beneath the surface. These formations are called “volcanic domes” and are signs
of the presence of an active fluid mantle long in the lunar past.
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To find the Marius Hills, a good place to start is actually far away at a familiar
place, the crater Copernicus, designated L5 in the Lunar 100. Look about 530km
to the west into Oceanus Procellarum, where another prominent crater stands
largely by itself. This crater is called Kepler and it is easily identified by a promi-
nent ray system. From Kepler, go about 400 kilometers to the west-northwest across
Oceanus Procellarum to find another solitary crater. We can make such large jumps
across the surface here because large craters are in short supply in this smooth
area of volcanic basalts. This crater is Marius and it too is easy to find because it
largely stands by itself. Surrounding the north, west and south sides of this crater
are the Marius Hills. The best observing time for the Marius Hills complex is when
the Moon is approximately nine to ten days old and again when the Moon is about
twenty-four days old just prior to local sunset.

The hills are softly rounded and dome shaped, suggesting that they were driven
up from below. Note as you look through the area the absence of any sharp peaks
such as what you saw when looking around Plato. The area surrounding the Marius
region is largely flat which tells us there was not any other major mountain build-
ing force ongoing in that area. Marius stands alone, conspicuously sticking up in
the middle of one of the Moon’s largest volcanic seas. It is likely whatever force
excavated Oceanus Procellarum left the crust beneath weakened to future volcan-
ism. The once active mantle pushed magma up towards a weak spot driving up the
hills. They are relatively shallow, only reaching heights of about 5,000 feet or so.
The crater itself is about 40km across and only about 5,000 feet deep. The walls of
the crater support the hills to the north and west, but never caved in under the
mountain-building processes. But in the northern hills, magma did break through
to the surface. To the north is a very difficult to see channel called Rima Marius.
At some point in the mountain-building process, it seems likely that magma did
break through the surface and was channeled away by into the surrounding lava
plain through this channel. Rima Marius is approximately 290 kilometers long and
a maximum of 2 kilometers wide. More typically, the rille runs about 500 to 1000
meters wide.

So the Moon was once volcanically active with dynamic volcanic mountain-
building forces, just like Earth. Did the Moon also once have active and moving
crustal plates? Fault lines would indicate the presence of such plates. Does the
Moon have any?

Observing Project 5E - Geological Forces at
Work Il = The Straight Wall (L15)

It is called “California’s Terrible Wound.” The San Andreas Fault extends across
hundreds of miles through the mountains of southern California where the Pacific
and North American continental plates run together and the Pacific plate is forced
beneath the surface and into the mantle of Earth. As the plates rub against each
other, unimaginable amounts of energy are building up, waiting to be released.
This scenario is played out on fault lines all over Earth. Did these processes ever
take place on the Moon?

Located near the Moon’s central meridian is the Straight Wall which is in the
Lunar 100 as L15. This is the most obvious example on the Moon’s near side of a
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fault line. If you use a map to locate Mare Nubium, the Straight Wall pops into view
very easily, most especially at low Sun angles. The wall runs for approximately
155km across the eastern edge of Mare Nubium. Look for the Wall beginning about
eight days after new moon and again as sunset approaches around twenty-two days
after new moon. The long shadows created by the low Sun at these times gives rise
to a stunning illusion. The wall truly looks like a wall but in fact this so-called
“wall” is sloped only seven degrees from horizontal.

We don’t know enough at this point about how the Moon’s crust is divided and
whether or not more of these fault lines exist below the visible surface. It is a fas-
cinating point of geology to note that the location of the fault is near the “shore-
line” of Mare Nubium and highlands begin to the east. Most of Earth’s faults can
be found in similar geological confluences, such as the Pacific’s “ring of fire” that
runs from the tip of South America, up the Andes and the U.S. west coast, up
Canada and Alaska, then all the way down the coast of Asia into the islands of
Indonesia. The Moon has been dead geologically for billions of years, but features
like the Straight Wall serve as fossilized reminders that the Moon may once have
been as geologically dynamic as Earth is today.

Observing Project 5F - Peaking Around the
Rim | - The South Pole-Aitken Basin (L98)

As the Moon moves around Earth in its monthly orbit, changes in its orbital speed
and the inclination of its orbit and tilt of its axis cause it to appear to nod back
and forth and up and down giving us tantalizing glimpses of what lies around the
rim on its far side. As the Moon’s south pole tips into view, we gain a glimpse at
what has become one of the most fascinating places in the universe over these past
ten years.

Scientists had long speculated about the possibility that some craters on the
Moon may have been formed by comet impacts over the millennia. Since comets
are made mostly of water, large amounts of water ice may have been deposited on
the lunar surface during those impacts. Exposed to the Sun and to the effects of
daytime temperatures well above the boiling point of water, the ices would have
boiled off and escaped to space eons ago. But at the south pole, many crater
bottoms reside in permanent shadow and the temperatures there are always
around —130 degrees Celsius. Any ice deposited in these areas could then remain
frozen leaving perhaps millions of gallons of frozen water available for use by
future human explorers either for consumption or for distillation into the compo-
nents of rocket fuel. In the mid-1990s, the NASA/DOD Clementine spacecraft
turned speculation into the very exciting possibility that lunar ice might be for real
when its onboard spectrograph signaled the presence of hydrogen in those per-
manently shadowed craters. NASA’s late 1990s follow-on mission, Lunar Prospec-
tor, also confirmed the presence of hydrogen and attempted to detect the presence
of water by crashing itself at the end of its mission into one of those craters.
Researchers hoped that the probe’s impact would throw up a cloud of vaporized
water that could in turn be detected by instruments on Earth. No such cloud
appeared, but the evidence for water on the Moon remains compelling enough to
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warrant future investigation. NASA’s upcoming Lunar Observer probe will further
these investigation in advance of the return of human exploration of the lunar
surface during the next ten to fifteen years.

The South Pole-Aitken Basin is L98 on the Lunar 100 list. It is placed so high on
the list because its position on the lunar rim makes it difficult to see under the best
of conditions and requires a favorable libration to bring it into view at all. The view
is foreshortened by the viewing angle, so viewing into the crater bottoms is impos-
sible. Since sunlight cannot reach the crater bottoms either, there is nothing to see
anyway in the bottoms of these craters. Since the viewing angle is so shallow, we
get a much truer representation here of just how rough the Moon really is. Here
you can see that the Moon has been battered and tortured by meteor impacts to a
point where it is considerably “out of round.” And as the Moon revolves around
Earth, each month the south pole will show us a slightly different perspective which
makes it worth returning here every month because during no two months will it
ever look exactly the same. NASA will undoubtedly be looking at this area as a
future landing site as it begins to formulate its return to the Moon over the next
decade. Here is your chance to get an early preview of what might be one of the
most exciting space discoveries ever.

Observing Project 5G - Peaking Around the
Rim Il - Mare Orientale

Many of the Moon’s most fascinating geological features lay hidden just out of view
around the Moon’s far side. The far side of the Moon is dramatically different in
appearance from the near side in that it is almost completely lacking in lava filled
maria that are so evident on the Moon’s near side. But there is one fascinating
exception, Mare Orientale. Normally this amazing feature is hidden from our view
on the Moon’s far side, but when favorable western librations occur, about half of
the Orientale basin peaks into view around the Moon’s western limb.

Mare Orientale is distinguished by a series of concentric rings that were created
by the shockwaves that accompanied impact or eruption that carved out the basin.
When Orientale librates into view, we get a good foreshortened look at the twin
rims of peaks that surround the lava plain at the center. Orientale had teased
astronomers and geologists for centuries until the Lunar Orbiter probes of the
1960s got our first good direct look at the entire area, confirming that the rings ran
for the entire circumference of the basin. This tells us that the force that created
them was first massive, and second relatively recent. The basin shows little evi-
dence any erosive force has taken place over time other than the flow of lava
through the basin.

The best time to look for Mare Orientale is when the Moon is full. At this time,
it is local sunrise at the basin and the rims will show you their greatest shadow
relief. Sunset locally occurs just before new moon, but then the Moon will be low
in twilight and not worth observing. Then you need the benefit of a favorable libra-
tion to bring the rings into view around the Moon’s western limb. Though the
Moon does rotate this area into view each month, it does not always occur when
the Moon’s western limb is illuminated. Nor does it always occur when lighting
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conditions are at their best. Good opportunities to view Mare Orientale are thus
few and far between. Since viewing is best at full moon anyway and you will not
be doing much else, make sure you note when viewing is good for Mare Orientale
and take a good look at one of the Moon’s few hidden treasures that actually occa-
sionally peaks into our view.

The Moon is at first glance boring and brilliant, obscuring all else in the heavens
when it is present. But on close inspection, it can be an endless treasure trove of
eye candy telling the story of the chaotic early years of the solar system. It is a won-
derful geology laboratory frozen in time, little changed in nearly four billion years.
It is also an invaluable tool for you to hone your observing skills, by finding fine
details and being able to navigate from feature to feature working in bright light
before you move on to the deep sky when only very faint levels of light will be
available. So go and visit the Moon as you begin to unlock the mysteries of the
heavens. There’s far more here than meets the eye.



CHAPTER SIX

Secrets of the Sun

/

Figure 6.1. The Sun
on Dec. 27, 2002.
Celestron Super C8
Plus and 35-mm SIR at
prime focus. Image by
author.

Its brilliance and heat make possible all that we know on Earth. Its luminosity lights
our days and its heat warms our world. As technology has advanced we’ve learned
to harness its power to create clean and inexhaustible supplies of energy for both
spacecraft and terrestrial applications. Our Sun and the uncountable billions of
other stars in the universe are far more though than just that. They are astonish-
ing nuclear furnaces that within them create from atomic fusion nearly everything
that we are made of. The nuclear reactions of the Sun and other stars create from
simple hydrogen every other element of the universe. The calcium in our bones,
the oxygen we breathe, the iron in our blood were all forged in the nuclear hearts
of the stars. Carl Sagan, the greatest publicist our science has ever had, said it best
in his book Cosmos when he said, “We are all made of star stuff.”

103
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Though the Sun is the dominant force in the solar system and seemingly all-
powerful and mighty in its own neighborhood, in the grand scheme of things the
Sun is actually something of a dullard. From our point of view, the Sun is over-
whelmingly bright, shining at an apparent magnitude of —26.7 because we are so
close to it. But if a common measuring stick is used, then the Sun does not seem
so bright after all. That common measuring stick is called absolute magnitude. This
is the measure of how bright a star would appear at a standardized distance, which
is defined as 10 parsecs (32.6 light years).'® At that distance, the Sun would only
appear to shine at about magnitude +4.8, faintly visible to the unaided eye. By com-
parison at the same distance, Sirius, which appears to be the brightest star in our
night sky at magnitude —1.5 from our perspective 8.8 light years away, would shine
at +1.4. Spica appears to shine at about magnitude +1 from 270 light years away
but at 32.6 light years would shine at magnitude —3.5 (about as bright as Venus).
Deneb, at the head of Cygnus, appears to shine at magnitude +1.25 from 3,200 light
years distance has an absolute magnitude of —8.7!

Though nowhere near the high end of the market in total luminosity, the Sun
pretty much lives in the stellar mainstream. In 1913, the astronomer Henry Norris
Russell plotted a graph, which took into account a star’s total luminosity and spec-
tral type. Spectral type is based mostly upon temperature (but also partly on spec-
trographic qualities) and is the horizontal scale on the graph. Cooler stars are
plotted to the right on a scale that runs starting with the hottest stars classified as
“O”. The original modern scale then runs through B, A, F, G, K and finally the
coolest stars are spectral type “M.” Each of these classes is then subdivided by
number, 0 through 9. Lower numbers are the hottest and higher numbers are cooler
stars. Luminosity is graded on the vertical scale of the graph by absolute magni-
tude. Spectral class usually also corresponds to a star’s color. Cooler “M” type stars
are red. The hotter “O” and “B” types are blue. The Sun is spectral type G2. By com-
bining these two values (G2 and absolute magnitude +4.8), we can plot the Sun as
a data point on the graph. If we were to plot the spectral type and luminosity of a
thousand stars at random, we would find that a huge majority of them would
occupy a narrow band that runs from the bottom left of the chart (cool, faint, red
stars) to the upper right of the chart (hot, bright, blue stars). This band is called
the “main sequence.” The one thing that all main sequence stars have in common
is that they are all in the hydrogen fusion portion of their lifetimes. Some years
before Russell’s work became known, it was learned the astronomer Ejnar
Hertzsprung had performed the same analysis and independently discovered
similar patterns. Today, the charting system they independently created shares the
names of both men, the Hertzsprung-Russell diagram. In recent years, new spec-
tral types have been added to the classic Hertzsprung-Russell diagram to accom-
modate new types of stars that have been discovered. S-type stars are cool red
giants with peculiar oxide absorption bands that typical M-types do not have. The
C-type class has been created for very low luminosity stars cooler than M types
that astronomers call “carbon stars” For the mysterious brown dwarf types,

' The term “parsec” is not techno-babble out of Star Trek, but an actual expression of distance. It is
shorthand for “parallax second.” It is the distance at which a star would appear to shift by one arc second
on the sky due to the motion of Earth around the Sun. This distance is equal to 3.26 light years.
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spectral types “L” and “T” have been added to the right of “M.” Our Sun resides
not only within the main sequence, but sits pretty much right in the middle of it
in terms of overall luminosity and temperature. Our Sun is about as average as
average can be.

Life and Death of the Sun

The Sun, like all other stars, was born from a cloud of interstellar dust and gas that
began to condense under gravity. As the pressure increased at the center of the
cloud, temperatures rose as a result of a release of gravitational energy and when
sufficient mass, temperature and pressure had been built up, nuclear fusion began
to take place at the core of the newborn Sun. From the time the first contraction
of the interstellar cloud takes place to the first fusion takes approximately 30
million years for a star the mass of the Sun. Material not pulled into the core of
the newborn star may make smaller stars, brown dwarfs or planets. In the simplest
and most efficient form of fusion, two hydrogen atoms are fused together to make
one helium atom. The energy released as a result of this reaction causes the star
to emit radiation across the entire electromagnetic spectrum, including the visible
range. Depending upon how much hydrogen is available to a given star, it will burn
somewhere along the main sequence. Ironically, the larger the star, the hotter it will
burn and the exponentially faster it will run through it fuel. The Sun is estimated
to have approximately a ten billion year supply of hydrogen to fuse during its main-
sequence lifetime. Massive, hot blue stars like Rigel will only live for a few hundred
million years before exhausting their fuel, while tiny, cool red stars like Proxima
Centauri can burn for many times longer than the Sun can ever hope to live without
ever changing.

The Sun has been converting hydrogen into helium for some five billion years
and will continue to do so for about five billion more. In the meantime the Sun is
converting billions of tons of hydrogen each second into helium and that helium
is accumulating in the core of the Sun. At present the pressure in the Sun is
insufficient to fuse helium into heavier elements so it sits in the Sun’s core accu-
mulating. The energy radiating outward from the core precisely balances against
the mass of the Sun trying to collapse inward under gravity, maintaining the Sun
in a steady state. When the Sun’s supply of hydrogen begins to run out, the energy
output will fall off and the core of the Sun will collapse under gravity. As the core
collapses, gravitational energy will cause the core to again begin fusing hydrogen,
but only in a narrow ring around the outer edge of the still collapsing core. The
renewed fusion will then begin to push the outer layers of the Sun away into space,
enormously increasing its surface area while temperatures at the surface cool dra-
matically. The combination of increased surface area will be roughly offset by
cooling temperature causing the Sun’s total luminosity to remain constant.

Meanwhile at the center of the Sun, inside the shell of fusing hydrogen, the
helium rich core is still collapsing and still increasing in temperature. When core
temperatures reach about 100 million degrees Celsius, the helium begins to fuse
into beryllium, then carbon and oxygen. This reaction is not nearly as efficient as
was the hydrogen fusion so as helium becomes the Sun’s dominant source of
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output; the Sun will cool and become red in color. The outer layers of the Sun will
escape into space forming a shell that reflects light from the dying core called a
“planetary nebula.” Eventually when most of the helium has been fused into
heavier elements, fusion ceases and all that is left is the solid collapsed core. The
Sun lacks sufficient mass to fuse carbon and oxygen into heavier elements. More
massive stars may have multiple shells surrounding their cores performing fusion
of hydrogen, helium, beryllium, carbon, oxygen, silicon, sulfur and finally a core of
iron. What will happen then, we’ll discuss in a later chapter. For the Sun, its con-
tinually collapsing core will create pressures so extreme that even atoms cannot
stand up to it. Electrons will be crushed into the nuclei of their atoms creating
heavy neutrons (called “degenerate matter”) and emitting white light from the
Earth-sized remnant. The degenerate core, consisting entirely of neutrons will
become so dense that a teaspoon of it will weigh a ton! The dead Sun will continue
to glow in this way for many billions of years before extinguishing into a dark heap
of degenerate matter.

While the Sun will end its life in an astronomical whimper, for today it is the
great source of power and life in the inner solar system and the greatest natural
nuclear physics laboratory available to us. Let’s take a closer look at our amazing
Sun and unlock some of its secrets.

Safe Solar Viewing

The Sun is a treasure trove for observational astronomy but unlike any other object
in the universe, observing the Sun is by definition hazardous to your health and
you must make sure you use proper precautions and proper equipment. You must
make sure that you use a safe and properly made solar filter. There are many types
that are in use, some of which block solar light at the objective and others that
block light at the eyepiece. If your telescope is an older design which blocks or
shunts light away at the eyepiece end of the telescope, please do yourself and your
eyes a favor now and throw it away! Eyepiece solar filters are extremely dangerous
because the objective of the telescope amplifies the light many times over as it
brings the light to focus on the glass of that filter. Many of these glass filters have
shattered as a result, causing serious eye injury to the observer. The only filters
considered safe for use today are objective filters.

Objective solar filters are made by every major manufacturer for their own tele-
scopes and can also be purchased from many popular on-line astronomy stores.
Filters generally come in two types today, glass type and Mylar-type. Glass filters
offer the advantage of a more natural color, but require great care to avoid scratch-
ing them. Scratches could badly distort the view and let unsafe amounts of light
through. Mylar filters have the advantage of having redundant layers of material.
A typical Mylar filter will use two sheets of Mylar with the inner side of each sheet
coated in aluminum. Since the aluminum filter media is not exposed to the ele-
ments or to your hands, you cannot scratch it without punching completely
through one of the Mylar sheets, which is a lot tougher than you think. There is a
disadvantage to the use of such filters and that is that they yield an unnatural color
to the Sun. Mylar filters block infrared radiation almost completely but this also
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biases the red end of the spectrum. As a result, Mylar filters tend to create an image
of the Sun that is an unnatural blue in color. But this is little more than an aes-
thetic inconvenience because the Sun is basically one color anyway. In most of my
photographs of the Sun, such as the one above, I remove the color information
from the image anyway. The grayscale is actually more natural in appearance and
sharper in quality.

When using any solar filter, make sure you inspect it carefully for damage before
attempting to use it on a telescope. I will check my Mylar filter for pinholes by care-
fully scanning the Sun across the entire area of the filter before attempting to use
it on the telescope. This is time consuming, but worth the investment of some time
before risking my observing eye on that filter. I then will place the filter over the
objective of the telescope and secure it there with some tape. Any tape will do just
as added insurance that a gust of wind will not rip the filter off the telescope while
I am looking through it. My particular type of filter fits over the outside of the cor-
rector cell and does not plug in to the interior of the cell. The wind can thus get
under the filter rim and pull it off in theory. The filter fit is very tight, but 'm not
willing to take risks on it.

Aiming the telescope is also something that must be done with care. I don’t have
an additional filter for my finder scope so I cannot use that. Don’t even think for
a moment that because the finder is small, it cannot hurt you. A glimpse of the Sun
through the finder scope will blind you just as fast as the main scope will. So I must
find the Sun with both dust caps left on the finder. Aim your telescope by point-
ing it roughly at the Sun, then watching the shadow on the ground. As you get closer
to the Sun, your scope’s shadow becomes less elongated and when the aim is
perfect, the silhouette of your telescope on the ground should be a perfect circle.
Now perfection is usually beyond the reach of most of us, but this should get you
close enough to see the Sun’s glare in the eyepiece and from there you can find it
for yourself.

Even without a telescope, it’s very easy to observe the Sun with something as
simple as two pieces of cardboard or even a shoebox. The simplest thing to do is
punch a pinhole in one side of the shoe box and tape or glue a white piece of paper
to the inside of the other end of the box. By pointing the pinhole at the Sun, you
will project an image of the Sun’s disk on the white paper. You can do the same
thing with two rigidly aligned pieces of white cardboard. Either way, it’s a cheap,
easy to make and perfectly safe way for large numbers of people to safely view
the Sun.

Visual Solar Phenomena

When looking at the Moon, we learned the importance of looking for the fine detail
in craters and other features that stand out very plainly in sight. The Sun’s outer
gas layers are arrayed in three layers. The Sun’s outermost visible gas layer, which
we see when we view it through a telescope, is called the photosphere. The other
two layers, the chromosphere and the corona are invisible under normal circum-
stances. Looking at the photosphere requires attention to detail because at first
glance, it looks homogenous. But on close inspection, the Sun begins to reveal a
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Figure 6.2. Close up
of sunspot group on
Dec. 27, 2002.
Celestron C8 and 35-
mm SLR with eyepiece
projection. Photo by
author.

lot of detail. Its face is not really smooth as you might think at first but rather looks
more like a plate of white rice (or yellow or blue or whatever color your filter
renders the Sun). The Sun’s face is completely covered in these so-called faculae.
The faculae are areas of upwelling gas in areas of rising convection. The gas rises
to the surface, cools and falls back into the Sun. The Sun’s entire surface is covered
in these surging pockets of hot gas causing its surface to perpetually rise and fall
in mountains and valleys of 10,000 degree Celsius gas. Through any telescope with
a proper solar filter the mottled surface of the Sun easily reveals itself. Remember
that when you look at these seemingly tiny pockets of gas, each little cell you see
can easily swallow Earth whole. Another amazing fact about the gases is their
astonishing age. Each time a pocket of gas wells to the surface it represents the cul-
mination of a journey of some fifty thousand years from the time it began to rise
up from the center of the Sun.

The Sun is powerfully magnetic and currents of magnetic activity are perpetu-
ally coursing through the photosphere. At times, many magnetic currents become
bundled together in close proximity. This causes the local magnetic field to
increase in strength by thousands of times what is normal for the solar surface.
The strong magnetic field inhibits the upward movement of gas creating a “cool”
area on the surface of the Sun. The blocking action of the magnetic field creates a
depression on the surface of the Sun that can be several hundred kilometers deep.
The average temperature in the depression is approximately 4,200 degrees Kelvin'/,
about 1,500 degrees cooler than the average temperature in the photosphere.
Because the area is cooler, it does not glow as brightly as the surrounding surface
area and in fact the contrast is so great that the depressed area appears black. This
is an optical illusion. If viewed in isolation, the surface area of a Sunspot is actu-
ally extremely bright. The actual area of depression in the photosphere is the
darkest area of a sunspot and is called the umbra. A lighter colored outer area
called the penumbra surrounds the umbra. The lighter color is caused by faculae

'7 The Kelvin scale is preferred for use in most physics applications. One degree Kelvin equals one
degree Celsius. The zero point of the Kelvin scale is set at absolute zero, the theoretical point where all
atomic motion stops. Zero K equals —273° C.
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encroaching upon and overriding the outer edge of the sunspot, which is still
visible below the overriding gasses. The average sunspot is approximately twice the
span of Earth. Spots can form by themselves on the Sun but often appear in pairs.
When two sunspots appear in close proximity they are usually areas of opposite
magnetic polarity, like the two ends of a magnet. Powerful magnetic currents can
be conducted between the spots and this in turn can cause powerful solar erup-
tions called solar flares. The Sun can throw off massive amounts of hot gasses into
space along with enormous streams of electrically charged particles. When these
particles interact with Earth’s magnetic field, they cause the beautiful high-altitude
light displays called aurora borealis or “northern lights” (in the southern hemi-
sphere, this is called aurora australis or “southern lights”). sunspots can also occur
in large groups of 100 or more in a long string that can persist across the Sun for
many weeks. Often times such a group will form and rotate out of view around the
Sun’s far side and then reappear about two weeks later. Sunspots also only appear
between a range of latitudes between about 40 degrees and 7 degrees north and
south of the Sun’s equator. Sunspots can never be seen in the polar regions. The
reason for this is that the Sun does not rotate as a solid body. The Sun rotates at
the equator once each every 25 days, but requires 29 days for a rotation at the poles.
This amplifies the Sun’s magnetic field at the equatorial latitudes.

Sunspot activity is cyclical, peaking on an eleven-year cycle that is extremely
regular. From the peak, sunspots will fall off to a minimum over a three-year period
then activity will gradually build again to a new peak over the next eight years. At
peak times of activity, such as occurred in 2002, sunspots can number as many as
150 per day. When the sunspot cycle ebbs to a minimum, the Sun can be completely
devoid of any spots for many weeks at a time. As activity begins to increase again,
sunspots will first appear in the mid latitudes at about 35-40 degrees from the
equator and then as activity increases, moves towards the equatorial regions. As
each cycle is completed, the Sun completely reverses its magnetic field. At the end
of the next eleven-year cycle, the field reverses again. This twenty-two-year pattern
is called the “Hale cycle.”

As the Moon travels around Earth, at least twice each year it will block at least
part of the Sun creating a solar eclipse. If any part of the photosphere is left
exposed then a partial eclipse will be the result. Even if the Moon passes centrally
across the Sun’s face, it may not completely cover the Sun. It is one of the most
amazing coincidences in nature that the Sun is simultaneously 400 times larger
than the Moon and 400 times farther away. When the Moon is near the perigee
point of its orbit, the Moon appears slightly larger than the Sun and a total eclipse
occurs. If the Moon is farther away from Earth near the apogee point of its orbit,
then an annular eclipse occurs with the Moon leaving a ring of photosphere visible
behind it. Other than the unusual “ring of fire” effect, there is no significant dif-
ference between a partial eclipse and an annular eclipse. It is the total eclipse that
is most special. When the brilliant photosphere is completely hidden, the beauti-
ful outer atmosphere of the Sun comes into view. The rim of the Moon is sur-
rounded by the pinkish chromosphere. The name literally means, “sphere of color”
After gases cool during the climb through the photosphere, they begin to heat up
again during the ascent through the chromosphere. Temperatures will rise from
about 5,700 K in the photosphere back up to around 10,000K in the chromosphere.
As the chromosphere becomes visible, one might also see the appearance of solar
prominences peaking out of the pink gases. Prominences may or may not be
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associated with sunspot activity. Those that are associated with sunspots are called
“active” and will persist for several hours. Active prominences can be among the
most spectacular features on the Sun and sometimes will form dramatic arcs of
gas between sunspots. Prominences that form away from sunspot activity are
called “quiescent.” These prominences may extend for tens of thousands of kilo-
meters into space and persist for months. Gases erupting from a quiescent promi-
nence will eventually peak out in altitude and fall back into the photosphere and
can be seen as a sort of gaseous “rain” falling back out of the outer atmosphere.
The Sun’s outer atmosphere is called the corona and is the one of the great signa-
ture sights of astronomy. The sight of the corona during a total eclipse is one of
those visions that turn people on to a lifetime of astronomy. The corona is divided
into two major components. The high-energy “K” corona consists of high-energy
electrons streaming from the Sun in various streamers and plumes. As the photo-
sphere generates active regions beneath it, the corona changes in shape and texture
to the eye as various plumes and streamers grow and shrink. The high-energy
gasses in the corona can reach temperatures of nearly one million degrees K. The
outer part of the corona, called the “F” corona, glows in a softer and more consis-
tent white light that is scattered by slow moving dust particles around the Sun. The
beauty of the corona is the thrill that brings amateur and professional astronomers
alike from around the world to stand in the narrow shadow of the Moon.

Solar eclipses occur in saros series just as those of the Moon do. Currently there
are 39 solar saros series in progress. It is ironic how the laws of probability work
and don’t work with eclipse tracks. During the last ten years, the same town in west
Africa experienced two total solar eclipses within 18 (June, 2001 and December,
2002) months but the entire mainland United States is in an eclipse drought that
began with the total eclipse of 1979 and will not end until 2024 (not counting
annular eclipses of 1984, 1994 and 2017). Solar saros series are numbered just as
lunar series are, though the odd-even node relationship is reversed from lunar
eclipses. Odd numbers are reserved for ascending node events while descending
node events get the even numbers. A solar saros progresses much the same a lunar
one does. For example, the youngest currently running series is Saros 155, which
began its run of 71 events with the first of eight partial eclipses on June 17, 1928.
The series will then go on to produce 56 central eclipses, of which 33 will be total,
20 will be annular and three others will be a mix of both. The series then ends with
seven partial eclipses, the last of which will occur on July 24, 3190 ending a run of
1262.1 years!

Observing Projects VI - The Power

and Beauty of the Sun

Observing Project 6A - Tracking
Solar Activity

The activity level of the Sun generates far more than just sunspots. As the Sun
becomes more and more active, it affects our lives more and more particularly as
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we become more and more dependent on technology. Satellites route more and
more of our television, phone calls, cellular communications, Internet, air and sea
navigation services and information. Long-range communications between air-
lines and air traffic control can be disrupted. As the Sun grows more and more
active, the potential for service disruptions grows. Our dependency on space-based
technology has grown to such an extent that it has required the birth of a whole
new science, astrometeorology, or literally “space weather.” Here is your chance to
be the weatherman.

As often as possible, keep an eye on sunspots. As the Sun’s activity level increases,
watch for sunspots to increase in terms of both quantity and quality. As activity
increases sunspots will also begin to appear in groups. They will also become more
persistent. The key things to watch for are sunspots that are forming in pairs, or
in pairs of groups in close proximity. These are prime places for solar flares to
occur or for large prominences to be thrown into space. If one should occur while
it is rotating past Earth in space, enormous amounts of high-energy radiation and
gas will be thrown at us in what as known as a coronal mass ejection. These create
prime conditions for aurora to form and by keeping an eye on the activity of the
Sun you may be among the first to know when an aurora is imminent, along with
the various negative aspects of strong solar activity. Astronomers now monitor the
activity of the Sun very closely because an energetic Sun is a threat to many bil-
lions of dollars of commercial and military space-based assets. The low-orbiting
space shuttle and International Space Station are not at risk because they operate
well beneath the protective shield of Earth’s magnetic field but high-orbiting geo-
stationary communications and weather satellites are endangered when coronal
mass ejections strike.

Watch sunspots as they form, grow, spawn groups, then shrink and die or rotate
out of view. If a large sunspot group rotates out of your view, make sure you note
when it disappeared and make a note of what, if anything, appears from around
the Sun’s opposite limb in about twelve days. If a sunspot is particularly energetic,
it may continue to persist during the fortnight’s journey behind the far side of the
Sun. Remember that even if the Sun is not active, large sunspots can at times
appear. In late 2003, despite being deep into a post solar maximum decline, two
massive sunspots nearly 100,000 miles across appeared on the Sun and maintained
their strength for more than 10 days until rotating out of view. To the surprise of
many solar observers, twelve days later the two massive sunspot groups returned
and traveled again across the front face of the Sun before disappearing around the
far side to die.

If you become an avid solar observer and the weather is bad, or if you’re one of
those who is just a bit apprehensive about peering at the sun’s blinding glare you
can follow the Sun on the Internet at the SOHO web site. The Solar and Helios-
pheric Observatory images the Sun through eight different filters, including a coro-
nagraph (camera which creates an artificial solar eclipse). One camera images in
normal visible light and allows viewing of sunspot activity no matter what the
weather on Earth. SOHO is positioned in space at what is called a “Lagrangian
point” where the gravity of the Sun and Earth balance each other out. The space-
craft slowly circles this point about 1.3 million miles sunward of Earth. From this
position, SOHO serves as our sunward sentinel, guarding Earth against the ravages
of the Sun. We’ll talk more about SOHO a bit later on in this chapter.
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Observing Project 6B - Total Solar Eclipse

Atleast once in every amateur astronomer’s lifetime, he or she will take the journey
to see a total solar eclipse. It is one of nature’s most rare and most beautiful spec-
tacles. Traveling to see an eclipse requires careful forethought and planning. It can
involve travel to some of the world’s most remote (Antarctica 2003) or most dan-
gerous (west central Africa 2001 and 2002) places. The average location on Earth
gets to view a total solar eclipse about once every 300 years, so the odds are against
your having home field advantage for an eclipse.

Another important consideration is the quality of the event in question. How
wide is the eclipse track and how long will totality last? If you will only travel to
see one eclipse in your lifetime, should it be the thirty-second eclipse next year or
the seven-minute eclipse in three years? The choices are not always easy. The dura-
tion of the event will depend upon the size of the Moon. When the Moon is near
perigee, it will produce maximum duration eclipses because the Moon is maximum
size. But when the Moon is at its mean distance, it is just barely large enough in
size to cover the entire Sun and thus totality may only last a few seconds. Any
farther away than this and the Moon will be too small to cover the entire Sun,
causing an annular eclipse to occur. Some events are hybrid in nature where at the
beginning and end of the eclipse track, it is annular, but the curve of Earth brings
its surface far enough towards the Moon to allow the shadow to reach the surface
and then the eclipse becomes total along the center portion of the track. But such
totalities are very short in duration.

You must also carefully consider the weather where you are going. An eclipse
track can be many thousands of miles long, so there will often be plenty of choices.
You must carefully evaluate the quality of the weather at your planned viewing
location. A desert or arid location provides the best chance of clear weather.
Autumn events are far more likely to produce clear skies than are springtime or
summer events. Choose carefully, as a trip to a remote eclipse site will easily
consume several thousand dollars both in travel costs and shipping for your equip-
ment. It would be the understatement of the century to state that cloudy weather
would be a disappointment.

Speaking of equipment, plan to take along as much as you can carry to the
observing site. You will certainly need your telescope, its associated solar protec-
tion, field power and at least your SLR camera. Check everything before you leave
home for proper operation and again when you arrive at your destination. If you
are going to a site in the southern hemisphere, remember that your telescope’s
drive motor will be useless to you because it turns the wrong way. You will need a
special motor that will drive the scope counterclockwise for a trip south of the
equator. If you are using AC power, make sure that your equipment is up to foreign
specifications, such as 220 volt European power supplies, which can fry a 110 volt
U.S. made motor.

As important as it is to prepare your equipment, it is important to prepare your-
self as well. Make sure you eat a good meal before heading out, sleep well the night
before, be well organized and in all seriousness make sure you go before you leave.
There will likely not be a readily available outhouse in the Outback. Also take the
time to be very familiar with exactly what will happen exactly when. There are four
major events that you must know the precise times of. The point where the Moon
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first touches the Sun is called “first contact” and this is where the partial phase of
the eclipse begins. Over the next hour, the Moon will progressively hide more and
more of the Sun’s disk. Here is where eclipse watching can become very danger-
ous. The Sun’s surface brightness is what causes eye damage when you look at it
for even a fleeting glance but the reason you look away by reflex is because of the
total light present. The total light from the Sun rapidly decreases as more and more
of it is hidden, but the surface brightness remains unchanged and thus its poten-
tial to injure your eyes is even greater because your natural reflex to look away is
inhibited.

As totality nears, the Sun wanes to a thinner and thinner crescent. Take the time
to notice what is going on around you. As the sky begins to darken, animals will
begin to behave as though night is setting in. Birds will stop flying and ground-
based animals will retreat to their shelters. If you are standing near a tree, the pin-
holes in the leaves will cast hundreds of tiny little crescent projections of the Sun
on the ground. The temperature will also begin to fall. If conditions were mild
before first contact, you may need a jacket by the time totality nears. In the sky,
stars and the bright planets may begin to appear. This is an excellent chance to
spend a few minutes with normally elusive Mercury if it is a safe distance from the
Sun. Venus will also appear in all its glorious brilliance along with many other
bright stars.

The second event that you must know the precise moment of is “second contact,”
where the Moon’s advancing limb touches the opposite limb of the Sun and total-
ity begins. You may even be able to see the shadow of the Moon advancing towards
you from the west, a dark and foreboding apparition hovering in the sky. In the
final minute before second contact, any breeze present will likely cease and a series
of shadow bands will run across the ground. These are an eerie harbinger of what
will come next. In the final seconds before second contact, the hairline crescent of
the Sun will break up into a series of bright segments as lunar mountains block
the Sun, but lunar valleys allow light to pass. These segments are known as Bailey’s
Beads and will persist for a few seconds before the Sun is completely extinguished.
As the Sun is covered and darkness falls, the pinkish red chromosphere and the
pearly white corona will appear in the sky around the silhouette of the Moon. The
total light present here is less than that of a full Moon and thus is safe to view
without a filter. Make sure you have a precise plan for how you will spend these
precious few minutes or seconds for which you have spent years in planning. Take
note of the size of the corona. This tells us a great deal about how much dust is
present in space close to the Sun. A large corona suggests the presence of a large
amount of dust in the upper atmosphere of the Sun while a lack of dust will cause
the upper F corona to be suppressed.

The next and perhaps most critical event to know is the time of “third contact,”
the instant that total eclipse ends. In this instant, the Sun peaks back out from
behind the Moon. You must know exactly when third contact will occur because
in that instant the Sun becomes dangerous again and your equipment must be pro-
tected before that happens. Don’t lose track of time and be late. Your telescope,
camera, or worst of all your eyes will regret it deeply. As the Sun begins to reap-
pear at third contact, all the events that took place prior to second contact will
occur in reverse. Watch again as Bailey’s Beads come and go on the opposite limb
and the post eclipse shadow bands race by again. As the partial phase of the eclipse
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ends, watch the world come back to life around you. Birds will fly again and animals
will come out of hiding. The final event is “fourth contact.” This is the last instant
where any part of the Moon hides any part of the Sun and the eclipse ends.

You have now completed that once in a lifetime journey to see a total solar
eclipse. Or so you think. Having viewed one eclipse just about guarantees one
thing. You will just have to go back somewhere and see another. When you get
home, getting that film developed will certainly be your first task. Seeing your travel
agent will likely be the second.

Observing Project 6C - The Analemma and
the Equation of Time

Have you ever looked at a globe of Earth and noticed the odd figure eight shape
that is placed usually somewhere over the Pacific Ocean and wondered what it was?
The figure eight pattern is called the analemma. The analemma is a representation
of where the Sun appears in the sky at exactly the same day on each day of the
year. Two important motions that are fundamental to astronomy and to our lives
on Earth are responsible for the motion. These motions are Earth’s axial tilt and
Earth’s elliptical orbit around the Sun.

Earth’s axial tilt causes the Sun to alternately travel north, then south in the sky
reaching extremes of 23.5 degrees north of the equator in June and the same dis-
tance south of the equator in December. So if the Sun’s position on the sky were
to be plotted each day starting in December, it would move a bit farther north each
day until June 21, then it would stop and begin moving south again. So this explains
the up/down pattern on your globe. Now why the left/right motion?

If Earth moved in a perfectly circular orbit around the Sun, then it’s orbital speed
would be constant at all times. Then each day at local noon, the Sun would cross
the local meridian. But Earth’s orbit around the sun is slightly elliptical, so while
Earth’s rotational speed is constant its orbital speed is not. In January when Earth
is at perihelion, it is traveling at its fastest around the sun. After 24 hours, Earth
rotates through 361 degrees completing one solar day.'® But because Earth is
moving slightly faster than normal it takes slightly more than 24 hours for the Sun
to catch up. Now it will only take about eight seconds for Earth to rotate the addi-
tional distance necessary to bring the Sun to the meridian. What is important to
understand is that difference is cumulative and builds up each day until Earth’s
orbital speed slows down enough so that the actual solar day is an even 24 hours
again. During that time the Sun is drifting slowly eastward in the sky each day at
local noon. By early spring the cumulative delay in the Sun’s crossing the merid-
ian will have built up to approximately eight minutes. The difference between local
noon and the time when the Sun crosses the meridian is called the equation of
time. After April 2, the effect is reversed because Earth is slowing down in orbit as

'® A solar day is the time from noon to noon and is exactly 24 hours. The time it takes Earth to com-
plete one full rotation (360 degrees) is slightly less than that, 23 hours and 56 minutes. The difference
is caused by the additional one degree of rotation needed to make up the change in point of view caused
by Earth’s motion around the Sun.
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it drifts farther from the Sun. This will cause the Sun to drift westward in the sky
until October. This turns the straight north-south line of the Sun’s seasonal motion
into the figure eight illustrated on the globe.

One of the most difficult photographic achievements in astronomy is a photo-
graph of the full analemma. This will require the use of a camera mounted on a
stationary pier that will not move over the course of the entire year. The camera
must be able to open the shutter repeatedly without having to advance the film.
Probably the right camera for this task would be an older model Hasselblad. Such
cameras have not been built for many years, so just the difficulty in finding the
right equipment makes imaging the analemma very difficult. The next thing you
then need is a lot of luck. You want to be able to image the Sun at regular inter-
vals, approximately once each five days. The right time to begin your project would
be at the equinox, when the Sun is at the crossing point of the figure eight and
fairly early in the morning. This provides smooth air and maximizes the proba-
bility of clear skies. What you must account for next is that the two loops are not
the same size on film. When the Sun is in the south, the low altitude will cause the
lower loop of the analemma to appear much larger than the upper one so you must
position your camera so that the upper loop is targeted into the upper right of the
frame. If you are successful, when you are done you will have achieved something
that few astronomers at any level have ever accomplished, an image of the Sun’s
annual journey across the sky.

There is a simpler way of documenting the analemma if you don’t want to depend
on luck and spend a lot of money on photographic equipment. Find a spot where
the Sun shines all year around without ever being hidden behind a house, a tree or
anything else where you can drive a rod in the ground. The rod should be about
three feet tall and be constructed in such a way that it will not move over the course
of the year. Each few days at exactly the same time (noon at local standard time
works best and one hour later during daylight savings time) note where the end of
the shadow cast by the rod falls and mark that spot. Do this for a year and when
the year is over, your marks on the ground will have traced the analemma.

The analemma also tells us something important about our Earth. The figure
eight shape is very narrow and the length of it only spans some 47 degrees of sky.
This tells us that Earth’s orbit is very close to circular and the change of seasons
is not unusually extreme. Imagine what the analemma might look like if Earth’s
orbit were as eccentric as Pluto’s were and its axis were tilted to the extremes that
Uranus’ was. The extremes of season and temperature between perihelion and
aphelion would make life on this planet very difficult to enjoy at best.

Observing Project 6D - The Invisible Sun

In visible light, the Sun shows us dramatic examples of its activity level. Sunspots
show signs of powerful action in the solar subsurface but beyond the photosphere
there is little to see in visible light. Massive solar flares and prominences generally
hide from view when they are on the solar limb and cannot be seen unless a total
eclipse is in progress. At least that is if you are observing in visible light. At this
point youre probably asking, “What else would I be looking at?” Is there some-
thing more perhaps to see?
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Actually to see more of the Sun, you need to see less. The Sun produces energy
across the entire spectrum and when we look at it through a telescope, we are
seeing the entire visible band from deepest red to deepest blue or what is called
“white light” Red dominates the solar chromosphere because hydrogen emits
energy principally at the red end of the spectrum. When we limit our view to a
very narrow part of the spectrum and eliminate everything else, amazing detail
jumps into view. What we are most interested in is the light of what is called hydro-
gen-alpha. Hydrogen is the simplest element in the universe. A hydrogen atom con-
sists of one electron orbiting one proton. That electron can orbit in one of several
different orbits, which are numbered outward from the nucleus of the atom. When
an electron gains energy, it jumps to a higher orbit and when it does so, it creates
what is called an absorption line in its spectrum. When it loses energy or when a
proton gains energy the electron drops to a lower orbit and creates an emission
line in its spectrum. An electron that drops from the fourth orbital level to the se
cond emits a special kind of light called hydrogen-beta. This kind of light is emitted
by many deep space phenomena such as emission nebulae like the famous Orion
nebula. Hydrogen-beta is a higher energy light so is visible more readily than is
hydrogen-alpha. The Orion Nebula does emit hydrogen-alpha but is too faint to
see in most cases. But this is not the case with the Sun. The Sun emits hydrogen-
alpha that is very bright just as it does at every other wavelength. Hydrogen-alpha
is produced when the electron drops from the third level orbit to the second. This
causes an emission line to appear in the Sun’s spectrum about 2 angstroms wide
centered on 6,562.8 angstroms'. A hydrogen-alpha filter limits our view of the Sun
to only that light emitted by hydrogen-alpha at 6,562.8 angstroms. These filters
basically come in two types for your telescope, front mounted and rear mounted.
The rear mounted filter is much more complex but offers much narrower band-
pass, as little as 0.1 angstroms deviation from 6,562.8 angstroms. It will usually
require an electrical power source to heat an internal oven. The front mounted
filter is mechanically very simple requiring no electrical input, but is not as precise.
The light passed through can be off by as much as 0.7 angstroms. This is impor-
tant because if the bandpass gets any wider, then the detail of hydrogen-alpha will
disappear and be overwhelmed by white light. What type you choose will be deter-
mined primarily by budget. Hydrogen-alpha filters start out at nearly $500.

All H-alpha filters systems consist of three main elements, an energy rejection
filter (ERF), a telecentric lens system and the H-alpha filter itself. The energy rejec-
tion filter removes unwanted light from the ultraviolet and infrared bands. The tele-
centric lens system straightens light prior to passing the filter. It typically consists
of a 2x Barlow, an optically neutral spacer and convergent doublet. Light emerges
from the telecentric system traveling straight and enlarged by a factor of three. In
effectan f/10 telescope becomes an f/30. The final element is the actual H-alpha filter.
When light strikes the filter, it first passes an antireflective element that enhances
contrast and transmission. Light then passes through a narrow-band filter, which
further restricts passage of light to very little beyond the H-alpha band. The heart
of the filter is a Fabry—-Perot etalon. The etalon consists of two panes of parallel glass
or quartz coated with a reflecting material that passes only a very narrow band of

' A nanometer is equal to exactly one-billionth of a meter. An angstrom is equal to one-tenth of a
nanometer or about the size of an atom.
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light. The two filter elements are separated by a spacer that maintains a very precise
distance between the two elements. The spacing between the two etalon elements is
critical because it very precisely determines what the final bandpass of the filter will
be. The two elements are spaced by somewhere between 100 and 200 nanometers.
Since such a simple etalon will pass multiple secondary wavelengths of light, a
broadband filter backs up the etalon and eliminates the secondary wavelengths and
a final antireflective glass element forms the end of the filter.

With the H-alpha filter installed, the Sun comes to life in dramatic new ways.
Though sunspots are best viewed in ordinary white light, the active regions sur-
rounding them become more apparent including surface features such as spicules
that point radially away from sunspots, or fibrils and loops that occur when the
magnetic field are stronger close to the surface. Solar flares are caused by extremely
severe magnetic field stresses and are transient events that can last between a few
minutes and several hours. Normally the matter blown out of the photosphere will
settle back onto the surface in the form of a mist raining out of the corona. If
sufficiently energetic, the rising solar material could be blown clear at escape veloc-
ity and leave the Sun in the form of a coronal mass ejection. This in turn can have
serious impact on the magnetic and near-space environment here on Earth.

Observing Project 6E - Solar Astronomy for
a Rainy Day

So you think the clouds got the best of your plans to view that huge new sunspot
group? Fear not for SOHO is on the job. The Solar and Heliospheric Observatory
has been one of the most productive space astronomy missions ever launched.

Figure 6.3. A LASCO
C3 image from the
SOHO spacecraft.

NASA image. 2005/10/30 18:42
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Despite running into several problems, including a loss of communication and ori-
entation that nearly caused the loss of the mission, SOHO on a continuous basis
beams back pictures of the Sun through its many different cameras.

SOHO carries 12 instruments on board to study the Sun’s entire structure.
Throughout each day, the SOHO web site updates eight images of the Sun. Four
images are taken from Extreme Ultraviolet Imaging Telescope (EIT) at varying
ultraviolet wavelengths. The various images show the movements of gas at several
different levels of the Sun. The hotter the gasses, the higher you are looking in the
solar atmosphere. At 304 angstroms, the brightest gas is about 60,000 to 80,000
degrees Kelvin. The 284-angstrom images are the hottest gasses at over 200 million
degrees!

There are two images taken by SOHO’s Large Angle and Spectrometric Coron-
agraph (LASCO). The images taken by the wide-angle C3 imager are the ones that
have produced the most unexpected scientific rewards when it began picking up
Sun grazing comets! Astonished astronomers have just found as of this writing
their 1,000th comet using SOHO. SOHO also uses a narrow-angle instrument called
the C2, which images the inner solar corona out to about five million miles of the
Sun’s surface.

The last two images are taken by the Michelson Doppler Imager (MDI), which
images the Sun across the entire continuum and is close to what the Sun looks like
in visible light. The magnetogram highlights areas of powerful magnetic activity.

Our Sun is the dynamo that drives all life here on Earth. Light and heat radiate
from it to illuminate and warm our world. Yet in the grand scheme of things our
Sun is quite normal, a very average star in terms of energy output, luminosity, size
and temperature. It is the very model of an ordinary hydrogen fusing star, rock
steady in its output and unchanged for billions of years. We take it so for granted
and yet it means everything to us. It affects our lives in subtle ways as well. By
blinding our communications satellites in a fit of temper, it can affect services that
are a given part of our daily lives. By learning more about it and how to predict
and understand its more violent tendencies, we can better learn to prepare our
technology and ourselves for those times when the Sun is not so even-tempered.
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Figure 7.1. Venus at
greatest brilliancy on
May 14, 2004. Image
by author using a
Celestron Super C8
Plus and a low-
resolution video
eyepiece.

Every object in the heavens conveniently passes opposite the Sun in the sky and
makes it very easy for us to see them except for two. These two enigmatic objects
make it very difficult for observers to see and enjoy because they rarely if ever
wander far from the Sun. Instead they stray east of the Sun coming into view for a
few short weeks or months, hugging the horizon murk, then they dart back towards
the Sun disappearing in front of it, then emerge west of the Sun into the predawn
skies, playing the same tantalizing games of hide and seek before sunrise before
circling behind the Sun gradually sinking out of view. The planets Mercury and
Venus have therefore hidden their secrets from us more effectively than any other
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objects in the solar system. Because they always hide low in the twilight murk, the
seeing through a telescope is always poor, leaving the tiny disks of the planets
swarming in the turbulent atmosphere close to the horizon. Yet with work and
patience, Venus and Mercury slowly yield their secrets and visual treats to the
patient amateur astronomer. Both planets require more careful planning to observe
than do the other planets or nighttime objects. When the outer planets are at their
best and brightest, they are visible all night, so you can set up outside about anytime
you want. The inner planets may only offer you an opportunity that is just a few
minutes long. One must plan wisely and know what youre going to do long before
you actually observe. One must also realize that the rules for observing Venus and
those for observing Mercury turn out to be very different from each other.

Venus, Goddess of Love

Venus is the far easier planet to observe. Its brilliant white color led the ancient
Greeks to name it in honor of their goddess of love. Venus’ brilliance comes from
the reflection of light from those thick white clouds, which cause the planet to
reflect some 80% of the sunlight, which falls on it. It comes closer to Earth than
any other body in the solar system except the Moon. It is very nearly identical to
Earth in size, measuring 12,103 kilometers in diameter. It is remarkably similar to
Earth in density and mass. It was thought for centuries that Venus was a twin of
Earth. But for the entire age of the telescope, its surface has been a mystery to us
because it is shrouded in clouds. Spectrographic analysis gave us the first sign that
Venus is very different from Earth. Venus’ atmosphere turns out to be about 96%
carbon dioxide and exerts pressures on the surface equal to 90 times that on the
surface of Earth. This combination of pressure, cover and carbon dioxide drives
temperatures on the surface to levels around 500 degrees Celsius (932 degrees
Fahrenheit). That temperature is sufficient to melt lead and other soft metals. That
combination of temperature and pressure makes even robotic exploration of the
surface incredibly difficult. Though four Russian built spacecraft have made it to
the surface intact and returned pictures, all expired after less than two hours.
American spacecraft have observed the planet from orbit. The Pioneer Venus 1
orbiter made the first global radar map of the surface in the late 1970s. In the early
1990s, the Magellan probe improved dramatically on the resolution produced by
Pioneer Venus 1. In fact, the Magellan maps are so good they are an order of
magnitude better than any produced for any application on Earth, at least until
the Shuttle Radar Topography Mission of 2000. It was a common joke among
astronomers during the decade between those two missions that if you were going
to get lost in the solar system do it on Venus. It has better maps. So some four
hundred years after Galileo first observed Venus through his telescope, we know
how the surface is shaped and contoured, but it still remains a mystery what the
surface is made of and what helped shape it. Many of Venus’ surface features appear
to be sculpted by volcanism. Magellan radar images show indications of lava
flows on the surface in the somewhat recent past. What the source of volcanism is
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however is different from Earth. Venus does not appear to have any surface plates
like Earth has. The crust is all one piece. There are surface features called “rift
valleys” that resemble surface plates pulling apart from one another. The East
African rift and the Dead Sea are both formed by this process on Earth, by the
Eurasian and African plates moving apart. Large valleys on Venus of this same geo-
logical type must have been formed by more local activity. It was thought for many
years that Venus had no magnetic field but it does appear that Venus does have a
very weak field. The planet has an average density of 5.2 grams per cubic cen-
timeter, suggesting an Earth-like iron core. The weakness of the field may be related
to the slowness of the planet’s rotation.

Venus rotates on its axis like all the other planets do, but Venus does two very
unusual things. First as viewed from above, Venus rotates retrograde, that is to say
that it rotates clockwise rather than the counterclockwise direction that all the
other planets do. It also takes longer to complete a rotation than it takes to go
around the Sun. A sidereal day on Venus is 243 Earth days long, but the planet
requires only 225 Earth days to make one orbit around the Sun. Why this is so is
poorly understood. Though there is little empirical evidence to back up any theory,
the leading theories available suggest that Venus was formed from two large masses
that impacted in such a way so as to almost completely null the rotation rate of the
joint mass. Imagine what an analemma looks like on Venus! While the planet
rotates slowly, its atmosphere moves quickly at altitude. As strange as the planet’s
rotation speed is, the planet’s orbit is neat and orderly. Venus’ orbit is the most
nearly circular of all the planets in the solar system.

Weather at Venus also behaves nothing like on Earth. Ultraviolet imagery of the
Venusian cloud tops by the Pioneer Venus orbiter shows us that the cloud tops
rotate about the planet at speeds of well over 300 kilometers per hour. At that speed,
the entire upper atmosphere rotates as a whole around the planet every four days.
But winds on the surface are very different. The Venera 9 and Venera 10 landers
found during the brief time that they functioned on the surface that winds at
surface level are nearly calm and the atmosphere is completely stagnant. The
atmosphere is almost completely lacking in water vapor. The dominant feature of
Venusian weather is the amazing temperatures. The runaway temperatures are the
result of an out-of-control greenhouse effect. Venus appears to have no more in the
way of available greenhouse gases than Earth does, but the planet’s closer prox-
imity to the Sun appears to be the key difference. Most of Earth’s carbon dioxide
is bound up in the rocks. Such rocks, like limestone, prevent the gas from flooding
the atmosphere. But on Venus the rocks are heated more than on Earth, forcing
them to release carbon dioxide to the atmosphere. As the volume of carbon dioxide
increases in the atmosphere, the greenhouse effect accelerates to the point that any
water that might have been on the surface boiled off into the upper atmosphere.
Once there, ultraviolet radiation would break apart the water molecules into hydro-
gen and oxygen, which then could easily escape the planet’s gravity and depart into
interplanetary space.

The age of the telescope led us to believe that Venus was a world very much like
Earth. The age of space flight taught us that nothing could be farther from the
truth. Venus is a world much like hell. Crushing pressures, scorching temperatures
and corrosive clouds make it anything but a romantic place.
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Venus in our Sky and

our Telescopes

Because Venus orbits inside the orbit of Earth, the planet always stays relatively
close to the Sun, but at times Venus can become easily observable. After the planet
passes behind the Sun, a position called superior conjunction the planet will slowly
begin to appear in the evening sky. At this time, the Sun is traveling about one
degree per day across the sky eastward against the background of the stars, or 30
degrees per month. Venus at this point is traveling 38 degrees eastward per month,
so the planet only very slowly pulls away from the Sun. By a month after superior
conjunction the planet has pulled only seven or eight degrees ahead of the Sun. At
that pace, it usually takes two to three months for Venus to pull far enough away
from the Sun to become easily visible. How long it takes to actually begin to see
the planet as it rises above the horizon depends not only on angular distance from
the Sun but also upon the angle of the ecliptic relative to the horizon, as we dis-
cussed during the chapter one observing projects. If it is springtime in the north,
the planet will become visible much more rapidly than it would during autumn.
If you can train a telescope on the planet, it shows you a tiny disk barely ten arc
seconds across, nearly fully illuminated. As the months go on, it will become
obvious that Venus is becoming more and more gibbous in shape, exactly as a
waning Moon does. As Venus circles the Sun, it slowly begins to present more and
more of its dark side towards Earth. As the planet begins to grow larger in tele-
scopes, it also grows brighter. From magnitude —3.3 at superior conjunction the
planet will surpass magnitude —4 by the end of the fifth month of the apparition.
The planet’s phase continues to wane as is draws closer to Earth. By five months
after superior conjunction, the planet has grown to about 17 arc seconds in diam-
eter and has waned to about two-thirds illuminated. Now Venus begins “rounding
the corner” in its orbit, traveling less tangentially to our line of sight and more
directly towards us. This causes the planet’s eastward motion to slow gradually. By
the time the planet is eight months past superior conjunction, Venus has swelled
to 24 arc seconds in size and it reaches a position in space where it is now at the
corner of a right angle with Earth and Sun. At this time, Venus is at its maximum
angular distance from the Sun. This value ranges from between 46 and 48 degrees
depending whether Venus is at perihelion or aphelion at the time. With the right
angle geometry, Venus at this point shows us exactly a half illuminated disk, a con-
dition called dichotomy. Now Venus’ rate of eastward motion against the stars slows
to less than that of the Sun and the Sun begins to overtake it in the sky. The half-
phase rapidly begins to wane to a crescent as the planet moves ever more rapidly
towards the Sun. Eventually the planet’s eastward motion ceases and it begins to
move westward on the sky, an effect called retrograde motion. The planet contin-
ues to swell, wane and brighten until about 38 days prior to passing between Earth
and the Sun, a point called inferior conjunction. At this point Venus is about 38%
illuminated and spans about 38 arc seconds. At this time the planet achieves its
maximum brightness or what astronomers refer to as greatest brilliancy. At mag-
nitude —4.8, Venus shines so brightly in the evening sky that it can cast shadows
on the ground. The planet’s brightness is dependent entirely on how much surface
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area is visible to us. Until now, the planet has been growing in size faster than its
waning phase can diminish the total surface area. So at this time, Venus shows us
the largest amount of surface area expressed in square arc seconds and thus
achieves its maximum brightness. This is the time of greatest illuminated extent
and this is when an inferior planet is at its brightest. But from this point forward,
the planet’s waning phase begins to diminish the total surface area faster than its
rapidly growing size can make up for. Over the final month of the apparition Venus
begins to fade and fall from the sky, closing on the Sun at faster than a degree per
day. The planet’s crescent phase fades to a hairline even as it lengthens to as much
as a full arc minute. The planet’s brightness fades from its peak to about —3.6.
Before long, the planet is completely lost from view. How long you can keep it in
sight will again depend upon the angle of the ecliptic relative to the horizon.
Venus’s orbital inclination can also be a factor. Although the planet’s orbit is
inclined only a few degrees from Earth’s, the difference is enough that if Venus is
on the north side of its orbit, it can add quite a bit of altitude to the planet’s posi-
tion and delay its disappearance by a few days. But in the end, disappear it will as
it overtakes Earth and passes between the Sun and us.

As Venus moves rapidly to the west of the Sun, it will begin to reappear in the
morning sky as fast as it fell from the evening sky and thus become what the
ancients called the “morning star.” Venus runs through a morning apparition in
exactly the reverse order that it ran through an evening apparition. The planet
appears within a few days or weeks, depending upon the angle the ecliptic makes
with the morning horizon. Late summer and early autumn offer the most favor-
able conditions. Just over a month after inferior conjunction, the planet achieves
greatest brilliancy and a month later the planet’s westward motion stops and direct
motion resumes. About ten weeks after inferior conjunction, the planet reaches
greatest elongation west of the Sun and then again its eastward motion against the
stars causes it to again begin to overtake the Sun. Over the next eight months, the
planet slowly closes the gap between it and the Sun, waxing from dichotomy at
greatest elongation to a gibbous phase that grows more and more full as the planet
shrinks in size back to a minimum of about nine or ten arc seconds by the time
the planet reaches superior conjunction again about twenty months after the last
time it passed behind the Sun.

The Resonance of Venus

In Chapter 5, we discussed the remarkable resonance between the Moon’s synodic
and Draconian periods, which produce eclipses in continuing series. Gravitational
interactions between Earth and Venus cause the orbits of the two planets to res-
onate in such a way that for every eight times Earth orbits the Sun, Venus com-
pletes fourteen. So every eight years Venus, Earth and the Sun return to almost
exactly the same alignment in space. This creates a remarkable regularity in Venus’s
apparitions in both the morning and the evening skies. During each eight-year
period, Venus will overtake Earth five times, producing five sets of apparitions that
repeat themselves over and over each eight years. For example, on June 8, 2004
Venus reached inferior conjunction. Almost exactly eight years and five inferior
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conjunctions later, on June 6, 2012, the planets will again line up in just about the
exact same position. The conjunction will occur about forty hours earlier than it
did eight years before. Each of the five apparitions is distinctly different from each
other. In the apparition that ended in June 2004 Venus emerged from behind the
Sun in August of the previous year and needed about four months to appear in the
evening sky before the combination of increasing elongation and rising ecliptic
brought the planet more rapidly into view. This apparition eventually becomes the
most favorable of the five in the cycle because the planet reaches greatest elonga-
tion about ten days after the vernal equinox. About this time, Venus stands some
40 degrees high at sunset and sets as much as four hours after the sun. The morning
apparition that follows is almost as good. The only difference is that Venus is south
of the ecliptic at greatest elongation so its altitude is not quite as high. When Venus
next returns to the evening sky for the second apparition of the cycle, it enters the
evening sky quickly, but stalls out because it is pulling away from the Sun during
summertime so the ecliptic lies progressively flatter with respect to the horizon
even as Venus pulls away from the Sun, so the planet never climbs more than 20
degrees above the horizon. After inferior conjunction, in January 2006 the planet
will have an equally poor apparition in the morning sky. After six more appari-
tions, Venus will return to the evening sky in August, 2011 and repeat almost
exactly the evening apparition of 2003-2004, reaching inferior conjunction again
on June 6, 2012. When Venus reaches inferior conjunction in March, as it will in
2008, it is near the northernmost point of its orbit and from our point of view
appears to pass about eight degrees north of the Sun at inferior conjunction. This
creates an opportunity each eight years to view the planet on conjunction day both
in the evening sky at sunset and the morning sky at sunrise.

Another fascinating aspect of Venus-Earth resonance is that the planet’s rota-
tion is timed such that every fifth midnight on Venus, the planet presents exactly
the same face to Earth. That means that at the end of each resonance cycle at a
given inferior conjunction the planet will always present the same face towards
Earth. If we could see surface features both through clouds and in the dark, Venus
shows us exactly the same face at its inferior conjunctions in June 1980, 1988, 1996,
2004 and 2012. Venus will do so again at the inferior conjunctions of June 2020,
2028, 2036 and so on. The term “resonance” takes something of a beating here
though because a resonance requires some type of gravitational interaction to
occur and for their respective masses; Venus and Earth are just too far apart to
have any effect on each other’s rotational periods. It would appear that the rota-
tional resonance of Venus is one of the more remarkable coincidences in science.

Venus’s orbit is inclined slightly with respect to Earth’s, by 3.394 degrees. But there
are two points in the orbit where Venus will cross the ecliptic traveling north
(ascending node) or south (descending node). If Venus reaches inferior conjunc-
tion within about forty hours of crossing a node, its orbital path will carry it across
the face of the Sun creating what is called a transit. Transits of Venus are exquis-
itely rare events. They can only occur if Venus passes inferior conjunction and
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crosses the node of its orbit within about two days of each other. So if inferior con-
junction occurs within a four-day wide window in early June or early December,
then a transit will occur. Since the time of inferior conjunction backs up by about
two days with each eight-year cycle of apparitions, transits usually occur in pairs
spaced eight years apart. A transit occurred with Venus just past the descending
node of its orbit on June 8,2004 and another will occur just prior to Venus reach-
ing the descending node on June 6, 2012. These transit pairs are spaced by
122 years. The last transits prior to 2004 were in 1874 and 1882, respectively.
Transit pairs take place on opposing sides of the Sun at each cycle. The 1874 and
1882 events were at the ascending node and took place in December. The next
pair on December 11, 2117 and December 6, 2125 will also be ascending node
events. If however a transit occurs right on the node, the rate at which inferior
conjunction will regress on the calendar is greater than the radius of the transit
window of opportunity can contain and in such a case there will only be a single
transit in the cycle. The time between the first ascending node transit of one cycle
and the first ascending node transit of the next such pair is called the Venus Cycle
and lasts 243 years. The two pairs of transits are not precisely spaced. The time
between the first ascending node transit of one pair and first descending node
transit of the next pair is always 129.5 years while the time from the first descend-
ing node transit to the first ascending node transit of the following pair is always
113.5 years.

The same resonant motion of the two planets that we have been discussing is
what causes transits to occur in such a regular cycle. Since the planet repeats the
same five apparitions basically over and over again, there are five points along the
orbits of both planets where inferior conjunction occurs. These five points form a
pentagon shape in space. The fourteen-to-eight resonance of the two planets is not
quite that precise. The time between the June 2004 and 2012 inferior conjunctions
is actually 7.997 years, not eight years. As a result of this, the point of each inferior
conjunction on the pentagon slowly drifts westward around the Sun with each
cycle. Each 243 years, one of the pentagon points will drift past each one of Venus’
nodes enabling two transit sets to occur. One pair will be at the descending node
in June and the next pair at the ascending node in December. Over the course of
thousands of years, the passages drift away from the previous locations. For
example each 243 years, the path followed by the 2004 and 2012 transits will slowly
drift northward until the 2012 path drifts off the Sun entirely and the 2004 path
will be nearly at the center of the Sun’s disk. When this occurs, the pentagonal point
for the next passage will drift too far away from the node after the eight-year cycle
and no second transit can occur. This last occurred in the year AD 60 and will next
occur in 3956.

The Messenger of the Gods

Venus’ brilliant beacon enables it to be easily viewed even during times when the
planet is buried low in the twilight of morning or evening and often rises well
above the murky horizon to allow for easy viewing. During at least four of its five
evening and morning apparitions, Venus will at some point rise or set at least three
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hours before or after the Sun. Mercury enjoys none of these advantages and in fact
for northern hemisphere observers the combination of favorable circumstances
that often come together to make Venus easy to see even at modest distances from
the Sun never at any time come together for Mercury.

Despite the difficulties of viewing it, Mercury was known even in antiquity. The
ancient Greeks saw Mercury alternately in the evening sky and in the morning sky
but they did not comprehend that they were seeing the same object and so gave it
two different names. Because of the speed with which the planet moves in the
evening sky, they named it for the messenger of the Greek gods, Hermes. When
the planet appeared in the morning sky, it was called “Apollo” the Greek god of the
Sun. The Romans did know it was a single object and called the planet “Mercury”
for the Roman god of commerce, travel and thievery (of all things!). After the
invention of the telescope, it was eventually discovered that like Venus, Mercury
displays Moon-like phases, but the disk of the planet was too small and it was too
difficult to get steady views of the planet to learn what the surface of the planet
was really like. We knew little about the planet physically during the pre-space age
era of astronomy. We know the planet is small, just 4,880 km in diameter. We also
knew that the planet flies around the Sun at more than twice Earth’s average speed,
nearly 30 miles every second. At that speed Mercury scoots around the Sun once
every 88 Earth days. It was also believed until the mid-1960s that Mercury’s rota-
tion period was synchronous with the Sun, as the Moon’s is with Earth. Studies
using Doppler radar in 1965 determined that Mercury has a rotation period of 59
days. This creates yet another example of a resonance between Mercury’s rotation
period and its revolution period. For every two revolutions Mercury makes around
the Sun (88 x 2 = 176 days), the planet revolves three times (59 X 3 = 177 days).
Because of this, over two revolutions around the Sun, no place on Mercury sees the
Sun rise or set more than once, sort of. Unlike Venus, Mercury’s orbit is very eccen-
tric carrying it from a minimum of 46 million kilometers from the Sun at perihe-
lion to a maximum distance of 70 million kilometers. Mercury’s orbital speed
varies dramatically as it speeds around the Sun. When the planet is at perihelion,
it moves so fast in its orbit that if you are experiencing sunset on the planet’s
trailing limb, the planet’s orbital velocity is so great that the Sun will actually peak
back over the horizon creating a double sunset, an event unique in all the solar
system. Mercury’s orbital period also created dilemmas for physicists of the time
because its precise orbital period defied attempts to predict it. Though the dis-
crepancies were minute, they were nonetheless troubling. It was thought for a time
that a planet inside Mercury’s orbit was responsible for the disturbances in the
planet’s orbit, just as Neptune was found as a result of the effect it has on Uranus.
Scientists had even named the theoretical unnamed planet “Vulcan” for the Greek
god of the forge. Vulcan was never found despite an extensive search. The real
answer turned out to be a result of the effects of general relativity. The ability of
Einstein’s theory to correctly predict the orbit of Mercury was one of the first
great triumphs for Einstein in the battle for acceptance of the theory of general
relativity.

Only one spacecraft has ever visited Mercury. In 1973, the United States sent the
Mariner 10 spacecraft to conduct three flybys of Mercury. The probe first flew past
Venus, using its gravity to slow the spacecraft and cause it to fall deeper into the
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inner solar system into a solar orbit that would carry it close to Mercury three
times. Each time Mariner 10 trained its TV cameras on the tiny scorched world.
Mercury turns out to be a world that is as heavily battered as the Moon is. During
its three flybys Mariner 10 did tell us some surprising things about Mercury.
Though it was similar in size to the Moon and looked a lot like the Moon, it’s inter-
nal composition seems to be more like Earth. The planet has a mean density of 5.5
grams per cubic centimeter, about the same as Earth. This tells us that the planet’s
core is largely iron. The core itself is the largest in relation to its planet’s size in the
solar system. Mercury is almost all core, with a thin silicate mantle and crust. Much
to the surprise of astronomers studying the Mariner 10 data, Mercury has a
substantial magnetic field. While it is not nearly so strong as that of Earth (about
1%), it is more than strong enough to turn away the solar wind. Mercury also
boasts an enormous impact basin which scientists named “Caloris Basin.” The
impact the created Caloris was so powerful that it created ripples in the terrain
clear on the opposite side of the planet. Unfortunately at each of Mariner 10’s three
encounters with Mercury, the planet showed the same side to the probe and its
cameras so to this day, we have mapped barely one half of the planet’s surface. In
2004 the United States launched the first mission to Mercury in more than three
decades. Dubbed MESSENGER, the probe will begin orbiting the planet after
having made one flyby of Earth, two of Venus and three of Mercury before braking
into orbit around the planet in 2011. MESSENGER will conduct the most extensive
survey of Mercury conducted to date and reveal the planet’s hidden side for the
first time.

Since Mercury is so close to the Sun, it receives about nine times as much solar
energy as Earth does. Daytime high temperatures at Mercury are nearly as hot as
they are at Venus, over 500 degrees Celsius. Since the planet has no appreciable
atmosphere to retain heat, when the long Mercury night sets in, the temperature
falls more than 700 degrees Celsius. This makes Mercury not only one of the hottest
places in the solar system, but one of the coldest too. Mercury’s axis also has just
about no tilt so the planet’s poles never view the Sun at a very steep angle and
certain crater bottoms, like on the Moon are never exposed to sunlight. Scientists
speculate that these permanently shadowed craters might also contain deposits of
water ice from primeval comets. One of MESSENGER’s most important assign-
ments will be to use a spectrometer to check for the presence of hydrogen emis-
sion lines at Mercury’s poles as Lunar Prospector did in the late 1990s. Also because
the planet’s solar period is so slow, areas near the terminator are slow to heat
while the Sun is close to the horizon. When the Sun is about 10 degrees above the
horizon, the temperatures are approximately 25-40 degrees Celsius, a warm to hot
summer day on Earth. If man were to ever visit Mercury he would likely choose a
sunrise location for his first landing.

Though we have known of Mercury since the days of antiquity, it remains the
planet we know the least about. Its position deep in the solar system makes it very
difficult to observe by telescope and also very difficult to reach by spacecraft
because of the amount of fuel needed to decelerate a spacecraft into the realm of
Mercury. But slowly as man turns his energy, telescopes and ingenuity to the prob-
lems, the speedy, stealthy planet named for the ancient Roman god of thieves is
slowly yielding to us its secrets.
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Mercury in the Sky and in

our Telescopes

Because Mercury orbits inside the orbit of Earth, many of the same basic rules that
apply to the movement of Venus though the sky also apply to the movements of
Mercury. Mercury just does everything much faster than Venus does. From behind
the Sun, the planet first appears in the evening sky pulling rapidly away from the
Sun. Because the planet’s orbit is considerably more elongated than is that of Venus,
Mercury’s angular distance from the Sun at greatest elongation can range anywhere
from 18 to 28 degrees. The planet then rapidly closes back in on the Sun, within a
matter of a few weeks and passes through inferior conjunction. Within a few days
if circumstances are favorable, the planet will rapidly appear in the morning sky,
pulling out to its greatest angular distance in just about three weeks. The planet
will then circle around behind the Sun coming back to superior conjunction about
120 days after previously being there.That means that Mercury overtakes and
passes Earth three times every year. By comparison, Venus needs about 540 days
to go from one superior conjunction to the next. Mercury will run through the
same range of phases as Venus does. There are however many differences in the
way Mercury behaves from Venus.

The first is the unfortunate coincidence for northern hemisphere observers is
that when Mercury reaches greatest elongation at aphelion; it does so when the
viewing geometry is at its most unfavorable. This occurs in March for morning
apparitions and September for evening apparitions. When Mercury reaches great-
est elongation in March for evening apparitions or September for morning appari-
tions, it is always near perihelion. So this gives rise to a startling contradiction. An
evening apparition of Mercury is much more favorable in March, when the planet
strays only 18 degrees from the Sun. That 18 degrees is almost vertically above the
Sun and Mercury is in the sky for as much as an hour and a half after sunset. When
the planet reaches greatest elongation in the evening sky in September, it will
stretch to 28 degrees away from the Sun, but that 28 degrees is almost straight along
the horizon. The planet never rises out of the horizon haze and sets within 40
minutes after the Sun.

While Venus is brilliantly reflective, Mercury is a dullard. The planet has no
atmosphere, no bright reflective surface features such as oceans and much of the
surface is made of dark materials that are likely volcanic in nature. While Venus
reflects 80% of the light that strikes it back to space, Mercury is more like the Moon
and reflects back only about 7% of the light that strikes it. Mercury is also less than
half the size of Venus and so never has as much surface area to show as Venus does.
Venus at its smallest apparent size is nearly as big as Mercury can ever appear at
its largest.

In a telescope, Mercury runs through phases the same way Venus does. Mercury
is much smaller than Venus is. At superior conjunction, the planet’s disk is slightly
less than four arc seconds across and by the time the planet is lost near inferior
conjunction, its disk is between 10 and 12 arc seconds across. So as it draws nearer
to us, Mercury’s disk increases in size by a factor of two and half from the time it
first appears to the time it disappears. By comparison, Venus disk increases by a
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factor of about six over the same period of time. Because of this, Venus reaches its
point of greatest illuminated extent when it is a thick crescent. Mercury is at its
greatest illuminated extent within a couple of weeks of superior conjunction. To
illustrate, a fully illuminated Mercury four arc seconds across shows more illumi-
nated area than a one-third illuminated Mercury eight seconds across. This gives
Mercury a property unique in all the universe. By comparison, a fully illuminated
Venus is nine arc seconds across. When it is one-third illuminated, it is 45 seconds
across. This explains the mystery of Mercury’s changing brightness that we illus-
trated in Chapter 1. Mercury is the only object in all the heavens that grows fainter
as it gets closer! After passing superior conjunction, Mercury will shine at anywhere
between magnitude —2.0 and —1.5 depending upon its distance from us. As the
planet emerges into the evening sky and begins to become visible, this is the best
time to see it. By the time the planet reaches greatest elongation, it has faded from
anywhere between about —0.5 to +0.5. After greatest elongation, the planet will be
visible for only a few more days because as it falls back into the solar glare it fades
dramatically, by more than a tenth of a magnitude per day until it can no longer
be picked out of the twilight glow.

Venus’ phases are very regular. The planet reaches dichotomy within a very short
range of time centered on greatest elongation. Mercury can be very irregular. The
planet is always half-illuminated when it is at the bend in a right angle between
the Sun, itself and Earth. But this is not always the point of greatest elongation. If
its orbit were a perfect circle, as Venus’ nearly is, then it would be so. But the eccen-
tricity of Mercury’s orbit causes some unusual things to happen. If Mercury is out
at aphelion well before reaching that right-angle position then greatest elongation
will come early just because it is several million miles farther from the Sun then
than it is at the geometric position where greatest elongation should appear. Thus
when Mercury is at greatest elongation in such instances it may be as much as 60%
illum