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Figure 34: M81 in the FITS Viewer window.

Viewing FITS Photos

TheSkyX Professional Edition uses the High Energy Astrophysics Science Archive
Research Center’s (HEASARC) CFITSIO software library to manage FITS files. It is the
“standard” library that handles the all complexities of different FITS file formats so that
your FITS (provided it adheres to the FITS standard) will be opened and displayed
correctly.

Opening a FITS

1. Click the Open FITS command from the Tools menu.
2. Navigate to the location of the FITS file, select it and then click Open.
3. The FITS photo is now displayed on the FITS Viewer window.

FITS Viewer Window

The FITS Viewer window contains basic image manipulation commands and shows a
table with the FITS header information. Software Bisque plans to implement a more
robust feature set in future versions.

Photo Pop-Up Menu

The following commands are available from the Photo pop-up menu.
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Figure 53: The 3D Stars window.

3D Star Map Controls

On the left, you will see the controls that operate the 3D Stars tool. On the top, you will
see a slider that allows you to view visible stars from those relatively nearby to those
quite distant.

The bottom slider, labeled Viewing Distance from the Sun, ranges from 1 to 2,000 light
years. A light year is a fundamental “cosmic yardstick™ used to describe the distance to
the stars. One light year is equal to the distance that light travels in one year. Since light
travels at approximately 300,000 kilometers per second in a vacuum, then a little math
tells us that a light year is equal to about 9.5 trillion kilometers: that’s pretty far! Another
interesting fact about light years is that the number of light years distant an object is tells
us how long it takes light to arrive here from that object. So, if an object is 2,000 light
years away, that means it took the light we see from that object 2,000 years to reach us.
Also, it means that we see that object, not as it exists today, but as it existed 2,000 years
ago. The further we look out into space, the further we see back in time.

Using the Filter Stars by Distance from the Sun slider will allow you to see the general
stellar structure of our galaxy by displaying stars up to 2,000 light years away from our
home solar system. Using this can help you to get a feel for the relative distance of many
stars, including well-known favorites, such as Betelgeuse and Rigel in the constellation
Orion. Notice that the number of stars that disappear grows as you move the slider to the
left, meaning that most of the stars we see at night are quite close to us, relatively
speaking.

Viewing a Single Constellation

If you would like to focus on a single constellation, you can do that, as well. Using the
Show constellation pop-up menu, select a constellation; you can choose from any of the
88 official astronomical constellations. Let’s use the functions of the 3D Stars tool to
explore the region around a famous constellation, Orion, the Hunter.
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Choose Tools > 3D Stars.

Select Orion from the Show constellation drop-down menu. You will now

see the constellation of Orion, the Hunter in the viewer, surrounded by the

constellation boundary box. These boxes are used by astronomers to describe
regions of the sky found near the 88 constellations.

3. Check Show common star names to show the names of the more “famous”
stars, the A-listers, if you will. In Orion, the stars of his shoulders, knees, and
belt are labeled, as well as the brightest star of his head.

4. Use the Filter Stars by Distance from the Sun slider to hide or reveal stars
based upon their distance from the Sun. Move the slider to the left, and take
note of when each star in Orion disappears.

5. Now, using the Viewing Distance from the Sun slider, adjust the distance
back and forth and observe the effect on the constellation’s appearance.

6. Try sliding the same slider about one-quarter of the way to the right. Then,
click and drag on the constellation. You will see an exploded view of Orion’s
stars through 3D space. This gives you a great view of the relative distance of
each of Orion’s stars. Experiment with various viewing distances to get a feel
for how it works.

7. Use the Filter Stars by Distance from the Sun slider to see an excellent

demonstration of each star’s distance, as they appear and disappear, based

upon their distance.

N —

Experimenting with the sliders and with different constellations will serve to give you a
good grasp on relative stellar distances. The next time you look up at Orion, think about
space in 3D and the vast distances over which that light travelled to get to your eyes.

Closer to Home: Atmospheric Phenomena

As we mentioned earlier, some of the most interesting things we can see in the sky are
happening right above our heads, in the upper atmosphere.

Meteors and Fireballs

You’ve probably seen a so-called shooting star (maybe you’ve even wished on one). A
shooting star isn’t really a star at all, but a grain of space dust. When one of these
particles hits our atmosphere, it’s traveling at tens of thousands of kilometers an hour.
Friction makes it glow white hot, turning it into a meteor. It may seem surprising that a
speck of dust at the edge of space could create a streak of light visible from the ground,
but even the brightest meteor is rarely bigger than a pea.

The flying dust grains that cause meteors mostly come from the tails of comets. Several
tons of this material falls to Earth every single day. If you get away from the lights of the
city and watch the sky on a moonless night for an hour or two, you’ll see at least a few
meteors — maybe quite a few. They’re falling everywhere, all the time.

Once in a while something much larger than a speck of dust falls to Earth and creates a
spectacular fireball. Fireballs can blaze across the sky with such intensity that they
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literally light up the landscape. They can range in size from a few centimeters to several
meters. Bits and pieces of them sometimes survive the fiery descent through our
atmosphere and crash into the ground. These fragments are called meteorites.

Meteorites are chunks of asteroids and they fall into three main categories, based on
chemical composition. [ron meteorites are the most commonly found because they are
very distinctive, consisting of ninety percent iron with a bit of nickel mixed in. They are
extremely dense, and have magnetic properties.

Stony meteorites look more like common rocks. They are the most common form of
meteorite but aren’t found as often as iron meteorites for two reasons: they look like
ordinary, everyday Earth rocks, and they can’t be located using a metal detector.

The third class is the stony irons, which, as the name suggests, are a mixture of the iron
and stony types.

A few people around the world make a good living hunting and selling meteorites. A
decent-sized specimen can be worth thousands of dollars to a museum or a private
collector. A really big meteorite with an unusual composition can be worth millions.
Something to think about next time you see a fireball...

Meteor Showers

The dust trails left by comets that have visited the inner solar system follow predictable
orbits around the Sun. Several times a year Earth passes near one of these cosmic debris
trains, resulting in a meteor shower. Halley’s comet, which has a 76-year orbit, is
responsible for two annual meteor showers, the Eta Aquarids in early May, and the
Orionid shower in mid-October.

Have you ever looked at a set of railroad tracks and noticed, as they stretch into the
distance, how they seem to converge to a single point? A similar effect can be seen
during a meteor shower. The debris “train” of the shower’s parent comet follows the
tracks of an imaginary railroad. If you pay attention to the direction most of the meteors
in a particular shower seem to be coming from, they all converge back to the same point
in the sky — the “vanishing point” of the tracks of the debris train. This is called the
radiant. TheSkyX plots the radiant for all annual meteor showers and estimates the date
and time they are expected to peak.

To display meteor shower radiants, select the Chart Elements tab from Display menu.
Within the list of elements, there is an item called Reference Objects. Click it, and a new
list of items is displayed. Check the box next to Meteor Shower Radiants.

The radiants for all meteor showers will now be displayed on the Sky Chart. If you move

the cursor to the center of any radiant, details on that shower, including when it is
expected to peak, will be displayed.
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The Northern (and Southern) Lights

The Northern Lights, or aurora borealis, can be as stunning as any fireworks display.
They appear as curtains of colorful, shifting light, suspended high up in the night sky.
Unfortunately, they are generally only visible from high latitudes, and when they might
occur is notoriously hard to predict.

Auroral displays are caused by charged particles from the solar wind striking the Earth’s
upper atmosphere. Our planet’s magnetic field guides these particles toward the poles,
which is why auroras are only visible from high northern and southern latitudes (the
auroral light show is called the aurora australis in the southern hemisphere).

Our Celestial Backyard: The Solar System

Our Sun is one of countless stars in the universe. The planets that circle the Sun are its
family, figuratively speaking, and it would be hard to deny that Earth is its favorite child.
The planet we call home is located at just the right distance to be neither too cold nor too
hot for liquid water and life to flourish on its surface. But the rest of the Sun’s family —
the solar system — is full of diverse and fascinating characters. Some of them may once
have harbored some form of primitive life. These bodies are much, much closer than
even the next nearest star, and so astronomers like to say they inhabit our celestial
backyard.

Finding a planet in TheSkyX is simple. Simply go to the Edit menu and choose Find.
Type the name of the planet in the Search For box. Information about the planet will be
displayed. You can center the planet in the Sky Chart by clicking the Center button near
the bottom of the screen. Note that this same procedure applies to every object in
TheSkyX’s database. If you’re unsure of an object’s name or catalog number, click the
Advanced button to view a comprehensive list of searchable objects.

The Moon

The most familiar object in the night sky is undoubtedly the Moon. It’s been Earth’s
constant companion for more than four billion years. Scientists believe that the Moon
was formed shortly after the birth of the solar system, when a molten planet about the
size of Mars smashed into the Earth. That planet is no longer around, but much of the
fallout from its impact settled into orbit around us and aggregated into the Moon.

The Moon is tidally locked to the Earth. Our gravitational pull, over millions of years,
slowly put the brakes on the rotation of our satellite. Today the Moon makes one
complete rotation for every single orbit it makes around the Earth. Because of this, the
same side of the Moon always faces the Earth. We had no way of seeing the far side of
the Moon until spacecraft were sent there in the late 1950°s. Some people mistakenly call
the far side of the Moon the dark side of the Moon. With all due respect to Pink Floyd,
the Moon has no “dark” side. Over the course of a lunar day (about 29.5 Earth days) the
far side of the Moon gets just as much sunlight as the side facing us.
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As the Moon orbits the Earth, it goes through its familiar phases, from New to Full and
back again. TheSkyX can tell you the phase of the Moon on any date, at any time. It is
automatically displayed on the star chart in its current phase and proper location
whenever it is above the horizon. The orbit of the Moon is not a perfect circle, but an
ellipse, meaning it has an oval shape (in fact, all orbits, from artificial satellites to planets
to stars circling the centers of galaxies, are ellipses). TheSkyX will tell you the current
distance between the Earth and Moon.

The Moon is one of the most interesting things to look at in binoculars or a telescope.
Even a little magnification will reveal the larger lunar craters, and help you see the mare,
the so-called lunar “seas,” which are really cooled lava basins. The Moon has no
atmosphere, so liquid water cannot exist there. Our single natural satellite is dry as a
bone, but there is some evidence that small amounts of water ice might reside in the
permanently shadowed craters near the Moon’s poles.

Moon Photo Viewer

TheSkyX includes a detailed map of the Moon based on photographs taken by a spacecraft
called Clementine. Clementine was launched into space on a converted intercontinental
ballistic missile — a Cold War sword was turned into a lunar plowshare that yielded a rich
scientific harvest, giving scientists important new information on the morphology (shape)
and mineralogy of the Moon.

To access the Clementine Moon map, go to the Tools menu and choose Moon Photo
Viewer. Your lunar journey begins with a photo showing the region near the feature
Trangquillitatis, better known as the Sea of Tranquility. As you move the mouse cursor
over the photo, different features are highlighted in red, and the Moon’s longitude and
latitude are shown to the left. (To highlight larger features, place the cursor near its
center.)

eoeoe Moan Photo Viewer
Label Moon Features >
E‘ Show Moon Features

[T Craters m
[T Sub-craters

O Mare (seas)
1 Landing sites
1 Catena (crater chains)

(TumAllOn ) ( Turn All OFF )

Feature Information & Mouse Coordinates !
Feature name: Tranquillitatis ’ % ¥ oGt ikt
More information: "Sea of ¢
Tranguility".

Lengitude: +30° 39' 27", Latitude:
+07° 41' 38"
Show Adjacent Photo

4+ Above )

(<t Y &Right )
(¥ Below )

Options

E‘ Show crater outlines

T Show high-resolution photos
™ Show grid on Sky Chart's Moon
EHighligh( region on Sky Chart's Moon  [§

Figure 54: Moon Photo Viewer window.
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You can use the Sky Chart’s Moon with the Moon Photo Viewer to locate a particular
feature in a photo on the Earth-based view of the Moon. Or, you can click on the Sky
Chart’s Moon to show the photo of that region.

Do to so, first position the Moon Photo Viewer window so that the Sky Chart is also
visible on your screen.

Lock On and Frame the Sky Chart’s Moon
1. Clicking the Find command from the Edit menu.
2. On the Find window, type Moon and then click the Lock On button.
3. On the Find window, click the Frame button.

Figure 55: The Sky Chart Moon showing the position of the current Clementine photo (red
rectangle) and the Moon grid lines.

The Moon is now fixed to the center of the Sky Chart. Make sure that the Highlight
Region on Sky Chart’s Moon checkbox is turned on (page 108). You can now click on
the Sky Chart Moon to show the photo of that region on the Moon Viewer window. Or,
you can change the Moon Viewer Photo by clicking the Left/Right/Above/Below buttons
and the Sky Chart’s Moon will highlight this region in red.

Label Moon Features

A number of interesting lunar features can be labeled on the Clementine photos,
including:

Craters

Sub-craters

Mare (lunar “seas”)
Landing Sites

Catena (crater chains)
Rima (rilles)
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Lacus (lakes)

Mons (mountains)
Dorsum (wrinkle ridges)
Promontor (promontories)
Vallis (valleys)

Turn on the Show Moon Features checkbox to display the selected features. The Turn
All On and Turn All Off buttons can be used to show or hide all features.
Feature Information & Mouse Coordinates

Placing the mouse cursor over the photo reveals additional information, including the
precise lunar latitude and longitude and details about the feature. When the Show Crater
Outlines checkbox is turned on, the crater beneath the mouse cursor is also highlighted in
red.

Show Adjacent Photo

Press the Left/Right/Above/Below buttons to navigate the Moon’s surface.

As you scroll around, you might notice black rectangular regions on some photos. These
show areas where no photographic data was acquired during the survey.
Options

The Moon Viewer window offers the following display options.

Show Crater Outlines

Turn on the Show Crater Outlines to display yellow circles around the craters on the
photos.

Show Grid on the Sky Chart’s Moon

Turn on Show Grid on the Sky Chart’s Moon to show lines of latitude and longitude on
the Sky Chart’s Moon.

Highlight Region on Sky Chart’s Moon

Turn on this checkbox to show the location of the current photo on the Sky Chart’s
Moon. You can also click anywhere on the Sky Chart Moon to show the Clementine
photo for that area.

Show High-Resolution Photos

Turn on this checkbox to show 100-meter resolution Clementine photos in TheSkyX
Professional Edition.

Setting the Moon’s Font

The font used to label Moon features on the Clementine photos is the same font used to
label the Sky Chart’s Moon. If you wish to change this font, edit the Moon’s font
attributes from the Chart Elements window (page 136) .
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The Classical Planets

Not counting Earth, five planets are visible to the naked eye. It has been known since
ancient times that the planets slowly change position relative to the stars, which appear to
be fixed, never moving with respect to each other from year to year. In fact, the word
planet derives from an ancient Greek term that means “wanderer.”

All planets in our solar system orbit the Sun (you probably know that the Sun is a star,
not a planet). Their orbits lie more or less in the same plane, so as they circle the Sun,
their paths are restricted to a narrow band in our sky, which is called the ecliptic. The
constellations that lie in this plane received special attention from ancient astronomers.
Collectively they are known as the Zodiac constellations.

The farther a planet is from the Sun, the longer it takes to complete a single orbit. Planets
farther from the Sun therefore move more slowly through the Zodiac.

TheSkyX can locate any planet wherever it happens to be on a given night. Below we
describe some general features of the planets, starting from the closest in, then moving
out to the edge of the solar system.

Mercury

Mercury is the closest planet to the Sun. It takes only 88 days to travel around the Sun
once. This is another way of saying that a year on Mercury is 88 days long.

Because Mercury is so close to the Sun, it can be spotted only shortly after sunset and
shortly before sunrise, when it is near the “edge” of its orbit from our perspective. It is
hard to see much surface detail on Mercury in even the most powerful telescope, but the
Mariner 10 spacecraft made three “fly-bys” of Mercury in 1974 and 1975. Pictures from
that spacecraft revealed Mercury strongly resembles our Moon, with a heavily cratered
surface. It is comparable to our Moon in size, but much denser. Being so close to the
Sun, the surface of Mercury is very hot, as you would expect. The average daytime
temperature there is above 400° C.

Venus

Commonly known as both the morning and the evening “star,” Venus is the brightest
natural object in the sky after the Sun and Moon. Its beautiful radiance has dazzled
mankind throughout history. Venus is so bright that, from a very dark location, it can
cast shadows.

When astronomers first eyed Venus through telescopes, they discovered that the planet is
perpetually enveloped in clouds. They never part, keeping the surface of the planet
forever shielded from direct view. This fact led to a great deal of fevered speculation
about what might be hidden beneath those relentless clouds. Could Venus harbor steamy,
tropical rainforests, inhabited by alien dinosaurs or even more exotic forms of life?
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Much to the disappointment of science fiction writers, astronomers discovered in the
early 1960’s that the surface temperature of this deceptively serene-looking planet is hot
enough to melt lead. Venus is a hellish, uninhabitable desert. The reason for this is a
runaway greenhouse effect. The Venusian atmosphere is almost entirely carbon dioxide
(CO»), a gas notorious for its effectiveness at trapping heat. The fact that high
concentrations of CO, have raised the surface temperature of Venus so far above what we
would otherwise expect is one reason some worry about rising CO; levels on our planet.
If Venus had the same mix of nitrogen and oxygen in its atmosphere as we have in ours,
it would almost certainly be a lovely place to spend your vacation.

When Galileo began to systematically observe Venus with his telescopes, he discovered
it goes through phases like the Moon. This helped convince him that the Sun, not the
Earth, is the center of motion in the solar system. Venus, like Mercury, is an “inner”
planet, meaning that they lie closer to the Sun than we do. This is why these planets are
visible only in the early evening or pre-dawn skies — from our location in the solar
system, they never appear to travel very far from the Sun.

Earth

Earth is the third planet from the Sun. Scientists sometimes refer to Earth as the Water
Planet because more than 70 percent of our surface is covered by liquid water, and water
is essential for life. Our world is the only planet in the solar system that can support life
as we know it.

A day is defined as the amount of time it takes for Earth to make one complete rotation
on its axis. A year is defined as the time it takes Earth to make one complete orbit of the
Sun. The length of a day and year are different on other planets because they rotate at
different rates and have different orbits.

The axis about which our planet turns is tilted relative to the plane of our orbit. This is
why we have seasons. In the summer, our northern hemisphere is tilted toward the Sun,
so the days are longer, and sunlight strikes the Earth more directly, making the northern
hemisphere warmer (the opposite is true in the southern hemisphere) than it is in winter.
In the wintertime, our northern hemisphere is tilted away from the Sun. The days are thus
shorter and colder (again, the opposite is true in the southern hemisphere).

A solstice occurs when our axis is tilted directly toward or away from the Sun. The
winter solstice is the shortest day of the year, and the summer solstice is the longest
(depending on your latitude, this may or may not correspond to the times of earliest
sunrise and latest sunset — the explanation is a little more complicated than what we’re
prepared to discuss here).

An equinox occurs when the center of the Sun is directly above the Earth’s equator.
There are two of these each year, one in spring (the vernal equinox) and one in fall (the
autumnal equinox). Equinox is derived from Latin and means “equal night.” During an
equinox, night and day are both just about 12 hours long.
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Like all planets, the orbit of the Earth is not perfectly circular, but slightly elliptical. The
Earth is about a million kilometers closer to the Sun in December than June.

Mars

The next planet out from the Sun is Mars. It is about half the size of our planet and takes
a little more than two years to go around the Sun once. Mars is very similar to Earth in
two important ways. Its day is just over 24 hours long, and its axis of spin is tilted about
23 degrees, almost exactly the same tilt as Earth. This means that Mars has seasons, just
like we do. But they last twice as long, since a Mars’ year is about twice as long as one
of ours (687 Earth days, to be more precise).

Like Venus, the atmosphere of Mars is almost entirely CO,. Unfortunately it is an
extremely thin atmosphere, about 1/ 100" the pressure of our atmosphere at the equivalent
of Martian sea level. During the day, the surface temperature of Mars near the equator
can rise above freezing, but that same night it will drop well below —100° C. A little
more greenhouse effect on Mars would be a welcome thing. As it is, the air on Mars is
too thin to support liquid water on its surface, another blow to all those science fiction
writers who imagined alien beings and ancient civilizations on Mars.

Still, Mars is the only other planet in our solar system whose surface is directly accessible
to astronauts. Even though liquid water can’t exist on Mars today, there is lots of
geological evidence to suggest that in the distant past, the atmosphere of Mars was much
thicker, and water flowed there freely. This gives scientists hope that Mars may have
once harbored simple forms of life. If life did thrive there in the distant past, it may still
survive today, perhaps in small “oases” deep underground, where organisms would be
protected from the harsh conditions on the surface.

The best time to look at Mars in a telescope is during an opposition. About every 26
months, Mars and Earth line up on the same side of the Sun. This is when Mars is at its
brightest and closest, and therefore appears at its best in a telescope. TheSkyX can
calculate the dates of future oppositions and even tell you how large, in arcseconds, the
disk of Mars will appear in an Earth-bound telescope.

As Mars approaches opposition, it briefly exhibits retrograde motion. This is a fancy
way of saying that Mars looks like it turns around and moves backward in the sky for
several days. This is simply a trick of perspective. As our two planets orbit the Sun,
Earth catches up to and passes Mars. When we pass, Mars appears to move backward
with respect to the far more distant stars.

Looking at Mars through a telescope, the first thing an observer usually notices on the
disk of the planet are the albedo features. These are bright and dark markings that mostly
correspond to variations in the coarseness of Martian surface dust. They were first
systematically charted and named by the Italian astronomer Giovanni Schiaparelli in the
19" century. He mistakenly believed that the dark features were seas and lakes, and he
used the Latin terms mare and lacus accordingly. Today we know there is no surface
water on Mars, but like Earth, the Red Planet does have polar caps. Unlike our polar ice,
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they are made not just of frozen water but carbon dioxide or “dry ice” as well. During an
opposition, you can usually glimpse either the northern or southern cap in a small
telescope.

There is a huge difference between seeing Mars in a telescope and looking at images of
Mars taken by orbiting spacecraft. Beginning with the Mariner 4 fly-by in 1965,
American, Russian, and European spacecraft have revealed Mars to be a world of
geological wonders. Huge craters, towering volcanoes, and immense systems of canyons
mark and etch its surface.

Mars is orbited by two small moons, named Phobos and Deimos (ancient Greek words
for fear and terror, respectively). They are much smaller than our Moon, irregularly
shaped, and difficult to see in most amateur telescopes. Some scientists believe these
moons are actually wayward asteroids.

The Asteroid Belt

A ring of interplanetary debris circles the Sun between the orbits of Mars and Jupiter.
These rocky fragments are thought to be remnants from the original disk of material that
formed the planets. The gravity of Jupiter prevented these bodies from aggregating into a
planet in their own right. There are literally millions of asteroids, but collectively their
mass is only about 1/10 the mass of our Moon.

Ceres is the largest asteroid, and the first to be discovered back on New Year’s Day in
1801. TheSkyX does not include asteroids in its main database, but you can add
information on asteroids through the Input > Small Solar System Bodies menu.

Jupiter

Jupiter is the king of the planets. Ten times wider than Earth, it has more mass than all of
the other planets in our solar system combined. Nearly a billion kilometers from the Sun,
it takes twelve years to complete a single orbit.

Jupiter has a family of dozens of moons of various sizes and shapes, forming, in effect, a
“mini” solar system. At last count, astronomers have charted over 60 moons orbiting this
giant world. Many of these bodies are small as a typical asteroid (some of them might
even be asteroids that were captured by Jupiter, caught like flies in its gravitational web).

Jupiter is attended by four large moons comparable in size to our own Moon. Because
they were discovered by Galileo when he first turned his telescope on Jupiter in 1609, we
call them the Galilean satellites.

TheSkyX includes telescope and spacecraft images of Jupiter, and can plot the orbits of its
Galilean satellites. This is a particularly useful feature if you have a telescope. The
moons shift position night to night as they orbit Jupiter, and you can track these motions
with a modest telescope, or even a good pair of binoculars. Also, when a Galilean moon
passes in front of Jupiter, it casts a shadow on the disk of the planet that can be observed
in small telescopes. These shadow transits are fascinating to observe, and TheSkyX can
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tell you when they will occur. It also provides timings for another interesting
phenomenon involving Jupiter’s moons, an occultation. These occur when one of the
moons enters the giant planet’s shadow and passes behind it. Interesting Historical Note:
by timing the occultations of the Jovian moon lo, the astronomer Ole Romer was able to
make a rough estimate of the speed of light way back in 1676.

Saturn

Author’s comment: I’ll never forget the first time I saw Saturn through a telescope. [
was 11 years old. The telescope was small enough to fit in a lunchbox, but it was made
by an extraordinary man named Max Bray, and was more than a match for Saturn. In
the eyepiece, I saw a small white disk nestled inside a perfect set of white rings. It took
my breath away. Everyone I know who has ever seen Saturn in a telescope remembers it.
The most fun I’'ve ever had in over three decades of being involved in astronomy is
showing someone Saturn in a telescope for the first time. The planet is best known of
course for its extraordinary rings.

Saturn takes nearly 30 years to complete one orbit around the Sun. During this period,
our view of the rings is slowly changing. Sometimes they are spread relatively wide and
are easy to see, but about every 15 years they line up edge-on to our view. These “ring
plane crossings” last a few days or so, and during this time all that can be seen of the
rings is a dark, thin line crossing the disk of the planet.

Like Jupiter, Saturn is attended by numerous moons of various shapes and sizes. Titan,
the largest, has a mostly—nitrogen atmosphere about one-and-a-half times thicker than the
Earth’s.

Going Farther

Saturn is the farthest planet that was known to man in ancient times. The invention of the
telescope revealed innumerable new worlds never before seen by human eyes, including
previously unknown planets in our own solar system.

Uranus

The seventh planet out from the Sun, Uranus is the first planet discovered by telescope.
The astronomer William Herschel is credited with recognizing it as a planet over two
hundred years ago, in 1781 (other astronomers had seen it, but mistook it for a star —
Herschel initially thought it was a comet). Like Jupiter and Saturn, it is a giant, much
larger than Earth, and its atmosphere is mostly made of hydrogen and helium. But there
are also significant amounts of water, ammonia, and methane ice in this frigid world, and
so astronomers refer to it as an Ice Giant.

At a distance of almost 3 billion kilometers, Uranus takes 84 years to make a complete
trip around the Sun. Its axis of rotation is tilted 98 degrees to the plane of its orbit, as if
the planet had been flipped on its side. Like all of the giant planets, Uranus has an
extensive family of moons, at least 27. They are named after characters taken from the
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works of Shakespeare and Alexander Pope. The largest, Titania, is about half the size of
Earth’s Moon.

On a dark, moonless night, Uranus is just barely visible to the naked eye — if you have
very sharp vision and know exactly where to look. TheSkyX, of course, can tell you
where to find it. Uranus is relatively easy to find in a good pair of binoculars.

Neptune

The next planet out, Neptune, is similar in size and composition to Uranus. It is also
considered an Ice Giant. The existence of Neptune was predicted by mathematical
analysis of the orbit of Uranus. Deviations in the predicted orbit of Uranus led
astronomers to believe that some other large body farther out in the solar system
periodically tugs at Uranus. This theory was confirmed when Neptune was discovered
close to its predicted position.

In a telescope, Neptune appears cool blue in color. It was first spotted by none other than
Galileo, when it happened to be near Jupiter in the sky, but Galileo assumed that this faint
blue object was a star, not a planet, and so he is not credited with its discovery.

It takes Neptune over 184 years to make a single orbit of the Sun. Discovered in 1846, it
has yet to make a single orbit since it was first recognized as a planet. It lies some 4.5
billion kilometers from the Sun, and is attended by 13 diverse moons. The largest,
Triton, 1s 2700 kilometers in diameter, just a little smaller than our own Moon. Triton
orbits Neptune in a retrograde orbit, which means that it travels backwards relative to the
direction of rotation of Neptune itself. This suggests that Triton did not form with
Neptune, but came into being somewhere farther out in the solar system and was later
captured by Neptune’s gravity.

Pluto and the Ice Dwarfs

We all used to be taught that there are nine planets in the solar system. That is no longer
the case. Pluto has been demoted. Today it is not considered a full-fledged planet, but an
ice dwarf, one of perhaps hundreds of such objects that inhabit the outer reaches of the
solar system.

Many people, including a lot of astronomers, are unhappy that Pluto has lost its status as
a planet. Controversy is still raging over the decision to reclassify it. If you’re
wondering who gets to decide whether or not Pluto is a planet, the authority rests on a
group called the International Astronomical Union (IAU). Founded in 1919, the IAU
has some 10,000 members, all professional astronomers. Its main purpose is to promote
and protect the science of astronomy internationally, but it also has sole authority for
classifying and naming astronomical objects. Despite some groups that claim otherwise,
you cannot have a star named after yourself or a loved one without going through the
IAU.

During their August, 2006 meeting, the IAU membership voted on a new, more rigorous
definition of a planet that had been developed by one of its working groups. This new
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and improved classification scheme included the category “dwarf planets” to cover
objects in our solar system that had recently been discovered beyond the orbit of Pluto.
Unfortunately for Pluto fans, it perfectly fits the new category, hence the demotion.

Land of the Comets: The Kuiper Belt and the Oort Cloud

One of the most beautiful things you’ll ever see in the sky is a bright comet. Comets are
refugees from the outer fringes of the solar system. Mixtures of ice and dust, the
astronomer Fred Whipple famously described comets as “dirty snowballs.”

Astronomers believe that most comets spend their lives in either the Kuiper Belt or the
Oort Cloud. Named for the astronomers who first theorized their existence, these regions
of space, far beyond the orbit of Pluto, are thought to be repositories of matter left over
from the formation of the solar system.

A gravitational nudge from a nearby star or a passing cloud of interstellar dust can send
an object from this region careening into the inner solar system. When a comet gets close
to the Sun, its ice begins to sublimate. The escaping gas and dust form the coma and tail
that give comets their distinctive appearance.

Most comets are unexpected strangers to our part of the solar system, but some have
settled into predictable, short-term orbits. Halley’s Comet is probably the most famous
example. TheSkyX charts the orbits of several periodic comets. Most of them can only
be seen on rare occasions with a telescope, but you never know when a new comet will
be discovered and grace our sky in spectacular fashion, as comets Hyakutake and Hale-
Bopp did in the late 1990°s.

You can also enter the orbital elements of newly discovered comets into TheSkyX
database using the Input > Small Solar System Bodies command. The position of the
comet from night to night can then be displayed in the Sky Chart. Orbital elements can
be downloaded from Harvard University’s Center for Astrophysics website.

A 3D View of the Solar System

Planetary motion is complex. It took humans thousands of years to figure it all out.
Fortunately for us, computers make the tough math a breeze, and they allow us to create
useful simulations of the motions of solar system objects.

Modeling Planetary Motion

The planets move in predictable orbits about the Sun, and with the easy-to-use Solar
System Tool, you can model their positions and motions with ease.

The Planets

For a 3D solar system simulation including the eight classical planets, plus Pluto, select
Solar System from the Tools menu. A window then opens showing the solar system
simulator. On the right, you see the simulation. You can click and drag on the simulated
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solar system to change the orientation and view it from varying angles. Time can also be
moved forward or backward using the 7Time Skip item in the Tools menu, or the
corresponding toolbar buttons. Alternately, you can adjust the time using the Date and
Time item in the Input menu.

On the left are the menus and controls that affect what you see in the simulator. There is
a slider that lets you control the viewing distance from 1 to 50 A.U., or astronomical
units. An astronomical unit is a basic unit of distance used to describe the distance
between objects within the solar system. One A.U. equals the average distance from the
Earth to the Sun, about 150 million kilometers. Try out the distance slider to get a feel
for how it works.

There are also checkboxes used to toggle on or off the ecliptic grid, orbit depths, and the
background stars.

Small Solar System Bodies: Comets

Small solar system bodies include comets and asteroids. TheSkyX can display the orbits
of these objects in the solar system simulator. By default, there are none available to
show, so you will have to download some from the internet. Let’s start by downloading
some comet data

1. With the Solar System window open, select Input > Small Solar System
Bodies. A new window appears with three tabs at the top, Comets, Asteroids
(Small Database), and Asteroids (Large Database). Select the Comets tab.

2. A window opens labeled Comets Available for Display. Here, you will see
the total number of comets available for display, as well as a list of their
names with checkboxes. It is with these checkboxes that you can toggle
comets on or off in the Sky Chart or in the solar system simulator.

3. You have three options for importing comet data into TheSkyX. You can
import them from an existing file, or you may download comet data directly in
TheSkyX using internet databases. You may download individual comet data
by name, or you can download all the data for all observable comets at once.
For our example, let’s download all observable comets at once. To do this,
simply click Observable.

4. The data will then download, and the observable comets will now appear in
the list above, on the Sky Chart, and in the solar system simulator.

Note: Be sure that your computer is connected to an active internet connection before
attempting to download comet data.

Small Solar System Bodies: Asteroids

The process is very similar when downloading asteroid data from the Asteroids (Small
Database) tab. There, you can choose to import asteroid data from an existing file, by
orbital characteristic, such as distant, critical, or unusual, or you may import by asteroid
name.
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Should you decide to import asteroids from the Asteroids (Large Database) tab, you will
have to visit one of the websites provided and download a file with the desired data. You
can then select the file with the Choose button to reveal the asteroids in the Sky Chart
and solar system simulator. Additionally, the checkboxes you see under the Asteroids
(Large Database) tab toggle important display options such as computing asteroid
positions at startup and 24-hour object paths for imported asteroids.

Eclipses

One of the most spectacular phenomena in nature is a total eclipse of the Sun. If you’ve
seen one, you’ll never forget it, and chances are you’ll want to see as many as you can in
your life. TheSkyX can predict eclipses literally thousands of years in the future. It can
tell you where the eclipse will be visible and how long it will last, so naturally it’s a great
tool for planning a trip to see one of these extraordinary events.

There are three kinds of solar eclipses: total, annular and partial. In a total eclipse, the
Moon passes in front of and completely covers the disk of the Sun, making it possible to
see the Sun’s corona, its extended atmosphere, and eruptions of surface plasma called
prominences. This is truly a unique coincidence: the Sun is 400 times bigger than the
Moon, but the Moon is 400 times closer to the Earth, so in our sky, they have almost
exactly the same angular diameter, about half a degree. No other moon in our solar
system can treat its home planet to a total eclipse.

Similar to a total eclipse, an annular eclipse occurs when the Moon goes right in front of
the Sun. Due to differences in orbital positions, the angular size of the Moon is a bit
smaller than the Sun. At the peak of an annular eclipse, a ring or “annulus” of light
appears around the Moon.

In a partial eclipse, the Moon covers a portion of the Sun, so the corona and prominences
aren’t visible. Still, a partial eclipse can be fascinating to observe — as long as you use an
appropriate filter to protect your eyes.

The Solar and Lunar Eclipse Finder lists hybrid eclipses that include both total and partial
eclipses during the event. For example, the eclipse in April 2023 near Australia begins as
an annular eclipse, becomes a total eclipse, then reverts to an annular eclipse. This type of
eclipse is designated as Hybrid A-T-A.

NEVER LOOK DIRECTLY AT THE SUN WITHOUT A SAFE FILTER! You can
instantly and permanently damage your eyesight by looking at the Sun without proper
protection.

Lunar eclipses occur when the Moon passes into the shadow of the Earth. If the Moon
orbited the Earth in the same plane as the Earth orbits the Sun, a lunar eclipse would
happen every month, when the Moon is in its Full phase. But because the orbit of the
Moon is tipped about five degrees relative to the orbit of the Earth around the Sun, lunar
eclipses only happen about once every eighteen months when the orbits are aligned.
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You might imagine that when the Moon passes into our shadow it completely disappears,
but it doesn’t. Dust in our atmosphere scatters a little bit of sunlight into our planet’s
shadow. Because dust mostly scatters red light, the Moon typically takes on a dim red or
copper glow during the total phase of a lunar eclipse. How dark the Moon becomes
depends mostly on how much dust happens to be in the air at the time of the eclipse. One
of the fun things about viewing a lunar eclipse is that you never know exactly what shade
of red or how dark the Moon will appear.

Viewing Eclipses

Selecting Tools > Solar & Lunar Eclipse Viewer from the menu bar will bring up the
Solar & Lunar Eclipse Viewer Window.

eoce Solar_Lunar Eclipse Viewer
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11/13/2012 1.1 Totalce... [
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10/23/2014 0.8 Partial
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Figure 56: The Solar and Lunar Eclipse Viewer window.

In it, you will see a list of upcoming eclipses, a box displaying local circumstances for a
selected eclipse, the eclipse viewer, and several checkboxes and sliders used to control
the viewer.

Solar Eclipse Viewing

While using protective eyewear is certainly not necessary when viewing a solar eclipse in
TheSkyX, the importance of using proper protection when observing the actual Sun at any
time can never be overstated. Experienced observers should consider the following
guidelines when observing a total eclipse:

1. get a proper eclipse viewing filter — do NOT improvise — and use it right up until
the sky darkens rapidly,
ii.  enjoy the total phase naked eye as nature intended,
iii.  use the filter again as soon as the corona has been outshone by the diamond ring.

In the eclipse viewer, solar eclipse paths are viewed on a three-dimensional Earth globe,
showing the eclipse shadow’s path, rise and set curves, and umbral and penumbral limits.
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To view a solar eclipse, scroll down the list near the top of the window and select a solar
eclipse. Immediately, you will notice that the eclipse viewer will update to show the
pertinent data on the Earth globe. A small green circle indicates your home position, as
entered in the location section of TheSkyX. Additionally, you will notice a black circle
along with colored lines representing important data about the selected eclipse. The
following is a brief description of these markings.

The Black Circle marks the umbral (darker) eclipse shadow as projected onto Earth.
This is the region where eclipse totality is possible.

The Yellow Line represents the line of central eclipse. It shows the eclipse’s center line
path over the globe. Yellow Ovals at the beginning and end points of the yellow line
represent the umbral rise and set curves

The Grey Line represents the limits of the umbral shadow.

The Red Lines show both the rise and set curves and the shadow limits of the penumbra
(lighter shadow).

The White Line marks the penumbral shadow on the Earth globe.

All of these markers can be toggled on or off by using the checkboxes under Solar
Eclipse Display Options on the lower left of the window.

Once you have selected an eclipse from the list, you will notice that the Local
Circumstances box now displays the local information regarding the eclipse, such as its
local visibility, magnitude, start and end times, and moment of greatest eclipse. Once an
eclipse is selected, the Sky Chart automatically updates to display the eclipse from your
selected location.

Using the slider immediately below the Solar Eclipse Display Options, you can view the
path of the eclipse in progress, ranging between its start and end points. Simply slide it to
the left to move toward the start point, and sliding it to the right will move toward the
eclipse’s end point.

Note: Another way to move time is to click Go Forward in the toolbar. Sclecting an
eclipse automatically stops time in TheSkyX, but by restarting it, you can watch the
eclipse progress in the viewer in real time, or at any speed you choose.

Below the eclipse start/end slider is the slider marked Solar Eclipse Viewing Distance.
With the slider all the way to the left, the eclipse viewer is set to view the globe from a
perspective of one Earth radius away. Slide the slider to the right, and you will gradually
increase the viewing distance up to 50 Earth radii. If you have a scroll-wheel mouse, you
can adjust the viewing distance by moving the cursor over the viewer and rolling the
scroll wheel up (for closer distance) or down (for farther distance). Clicking and
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dragging the mouse will rotate the globe, adjusting the angle at which the eclipse path is
viewed.

Note: In case your view of the globe is cut off, this window is resizable by clicking and
dragging on the lower right corner.

Lunar Eclipse Viewing

Also included in the eclipse list are lunar eclipses. These are shown from the perspective
of Earth’s surface in the Sky Chart.

®NO X My Settings - TheSkyX Serious Astronomer Edition )
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Figure 57: Lunar eclipse showing the umbra and penumbra (the light gray background above).

By selecting a lunar eclipse from the list, the Sky Chart will automatically update to show
the chosen eclipse. Note that the Moon and penumbra and umbra of Earth’s shadow
appear with labels.

Looking at the Local Circumstances box will show the start date and time for the
selected eclipse, as well as the maximum shadow coverage in lunar diameters. As with
solar eclipses, time is stopped when an eclipse is selected, but can be started again
whenever you wish to view the eclipse in motion. Using this tool, you can take note of
shadow contact times when preparing for the exciting spectacle that is a lunar eclipse.
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Artificial Satellites

Before 1957, nothing made by human hands existed above our atmosphere. But in that
year, the Soviet Union launched the world’s first artificial satellite, Sputnik. Since then,
thousands of satellites have been launched into Earth orbit.

TheSkyX downloads orbital elements or two line elements (TLEs) from the web to keep
track of thousands of satellites and other orbital debris. Using these numbers, TheSkyX
can calculate where satellites will appear in the sky for any location on Earth.

To manage which satellites are shown, click the Satellites command in the Input menu.

eoce satellites
[ Satellites| Iridium Flares |
Import Status
( Import From Web... ) Number of satellites: 92
_( Import From File... \ Average age of TLEs: 1.3 days
g Remove sl Number rejected by date

(TLE older than 45 days):

a Show Satellites

Paths Appearance

"1 Show satellite paths

Brightness: 45
Length: 2.00 minute r?

peciosesy

3

Figure 58: The Satellites dialog (Satellites command from the Input menu).

Satellite TLE data can be imported from the web or from a text file that contains the
properly formatted data. T7heSkyX uses orbital element information from Space
Command Center’s TLEs to predict and display satellites’ positions. Two-line element
data must be updated frequently and are available for most satellites on the web.

Gravitational forces, among other things, constantly perturb the orbit of a satellite around
earth, so its position is not precisely predictable over long periods of time. TheSkyX
automatically updates selected TLEs for your each time it is launched.

Download Satellite TLEs from the Web (Import From Web button)

Current satellite TLE data are retrieved from Dr. T.S. Kelso’s Celestrak web site.

Clicking the Import from Web button shows the Import Satellites from Celestrak dialog.
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Figure 59: The Import Satellites from Celestrak dialog.

Turn on the desired categories, then click the Download button to retrieve them from the
web. Importing all the satellites will most likely sap your computer’s processor, so
choose wisely.

Import from File

TLE data residing in a text file, rather on the web, can be imported and displayed by
clicking the Import From File button. The text file must contain TLE data only. For
example, the TLE data for the GOES 2 satellite looks like this:

GOES 2
10061U 77048A 98127.50441330 .00000045 00000-0 10000-3 0O 97472 10061
13.1659 29.4732 0005723 183.8196 16.8163 1.00281760 21356

Status

The Status section shows the total number of satellites that were successfully loaded, the
average age of the TLE data (the “newer” the better) and the number of TLEs that have
been rejected because they are older than 45 days.

Use the Advanced tab on the Find window to locate a particular satellite.

Show Satellites

When this option is turned on, satellite positions are computed and displayed on the Sky
Chart.

Show Satellites’ Paths

Turn on this checkbox to draw a line on the Sky Chart that represents the upcoming path
that the satellite will follow.
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Length of Satellite’s Path (Length input)

Enter the length of time, in minutes, of the satellites’ paths.

Fun Example: Observing the International Space Station (ISS)

Watching the International Space Station fly overhead is a truly exciting event. TheSkyX
can be used to predict when the ISS will travel overhead, and show you its path.

To find the best passes for the ISS, do the following.

Click the Satellites command on the Input menu.

Click the Import From The Web button.

Turn on the International Space Station radio button.

Click the Download button.

Click the Satellites From Above Earth button on the Satellites dialog (lower left
corner of the window).

6. Select ISS (ZARYA) from the list of satellites, then click the Find Best Passes
button.

Nk W=

A list of the times when this satellite is visible above the horizon is displayed. Double-
click the items in the list to show the pass from an above-Earth perspective. Turn on the
Update Chart radio button to show the path on the Sky Chart.

Iridium Flares

Beginning in 1998, a network of sixty-six communication satellites called Iridium was
launched into orbit. At any given time, at least one of them is above the horizon for any
location on Earth (not counting the territory around the north and south poles).
Sometimes, as an Iridium satellite moves across the sky, sunlight bounces off its antennas
and solar panels, creating a brief but brilliant Iridium flare. TheSkyX can calculate when
the next flare will be visible from your location (they only happen in early evening or
shortly before dawn). Click the Tools > Iridium Flares command to find the next flare
that you can observe from your backyard.

Choose the Iridium Flares command from the Tools menu.
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Figure 60: The Iridium Flares tab on the Satellites dialog (Tools > Satellites command).
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Specifying the Type of Flare to Find (Search For pop-up menu)

Flares can be located based on what time of day they occur.

e Daytime Flares occur between sunrise and sunset
e Nighttime Flares occur between sunset and sunrise
e Dawn/Dusk Flares occur during the morning and evening hours

Choose the All Flares item to search for flares that occur any time, day or night.

Length of Time to Search (During the next)

Enter the number of days from now to search for flare events. Flare prediction involves
some heavy duty computing, so you may want to limit the length of the search to less
than a week so on slower computers.

Minimum Height Above the Horizon (Above altitude)

Mountains, trees or nearby buildings can hide flares that occur at lower altitudes. Enter
the lowest altitude that a flare can be seen from where you will be observing.

Limiting Magnitude of Flare (Brighter than)

Enter the magnitude of the faintest flare you want to find. Faint nighttime flares are easy
to spot; but if you’re looking for a daytime or evening flare, make sure to enter
magnitude minus 2 or brighter (the lower the magnitude, the brighter the flare).

Show Iridium Flare Paths

Turn on this option to show a line on the Sky Chart that shows where the flare occurs and
how long the flare lasts.

Set Time to Now (Computer clock)

This button resets TheSkyX'’s date and time to the computer’s clock.

Begin Searching for Flares (Find flares)

Click this button to begin the search for flares. Even a very fast computer requires a
minute or more to locate all the flares for the next month.

Iridium Flare Report

The right side of the window shows a report containing the following information for
each flare.

Local time when the flare begins.

Coordinated Universal Time when the flare begins.

Maximum magnitude of the flare.

The altitude and azimuth position at maximum magnitude.

The angle, in radians, between observer's line of sight and Sun, subtended
at the satellite.

e The name of the Iridium satellite.
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e The mirror number on the satellite that is causing the flare and its angle.
e The Julian date of the flare.

Click a column header to sort the column’s contents from smallest to biggest (that is, an
ascending sort). Clicking a particular header more than once will invert the sort. For
example, clicking the Magnitude header once sorts the flares from brightest to faintest.
Clicking it twice sorts from faintest to brightest (a descending sort).

Simulating the Flare (Watch flare)

Now the fun begins. Clicking the Watch Flare button orients the Sky Chart so that the
selected flare is visible near the center of the window. If no flare is selected, the first
flare in the report will be simulated. A green laser pointer momentarily appears, showing
you exactly where to look to view the start of flare. They’re really easy to miss in the
actual sky.

The excitement builds as the satellite’s mirror begins to reflect the Sun’s light and grow
brighter for the next few seconds.

Now that you’ve seen a simulated flare, your goal is to go outside and actually observe
the real thing. Take your friends or family along; after viewing the flare, they’ll think
you are an astronomy wizard.

Satellites from Above Earth

Often people who have not studied or practiced astronomy are amazed that many
satellites are visible to the naked eye. Most times, satellites are observed by chance when
someone looks up and catches a glimpse of something moving among the stars. TheSkyX
has a useful tool that aids with satellite observation and can tell you not only when and
where to look, but also the name and purpose of many satellites in the sky.
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Figure 61: The Satellites Above Earth tab (Tools > Satellites From Above Earth).
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e Turning on/off the zoom tool
e Playing the startup sound
e Showing the splash screen at startup

Customizing Chart Elements

There are over ninety different chart elements that can be displayed in the TheSkyX. The
universe is made up of vast emptiness, punctuated by an infinite variety of objects with
an infinite variety of form. From stars, nebulae, and galaxies, to ecliptic lines, coordinate
grids, and reference lines, they are all here. What follows is an introduction to each chart
element. To toggle any chart element on or off in the Sky Chart, simply check the box
next to its name in the window.

Editing Chart Element Attributes

Before we continue to discuss chart elements, it would be prudent to say a word their
customizability. Many of the chart elements have editable attributes, giving you the
ultimate flexibility in customizing the Sky Chart. Things such as object color, point style
(graphic representation), and label font are all editable. Simply double-click on any
object in the Chart Elements tab, and the Edit Chart Element Attributes window opens.
Here, you can change fonts, line attributes, object fill color, and symbol options. Also,
for objects that have them, you can adjust the magnitude limits, and angular size limits
by selecting the appropriate tab in the same window. Experimentation is perhaps the best
teacher when exploring the customizable item attributes for chart elements.

Note: Not all attributes of all chart elements are editable, as many are not applicable
or do not make sense. These attributes will appear grayed out and are not selectable.

806 Edit Chart Element Attributes

Selected chart element: Galactic Equator

[ Magnitude Limits  Angular Size Limits | Properties ]
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Color,
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Figure 68: Properties tab on the Edit Chart Element Attributes for the Galactic Equator.
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In Figure 67, the Properties tab for the Galactic Equator chart element is shown. Notice
that the Fill Color and Symbol buttons are grayed because the galactic equator is a line so
it does not have an associated fill color or symbol.

eCe Edit Chart Element Attributes

Selected chart element: 7 different chart elements are selected.
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Figure 69: Properties tab on the Edit Chart Element Attributes when more than one element is
highlighted.

The Edit Chart Elements window can be used to set the magnitude limits, angular size
limits and properties of multiple object types, too. For example, on the Chart Elements
window, highlight the Galaxies text under the Non-stellar Objects node of the Celestial
Objects group and then click the Edit Attributes button.

The Selected Chart Element text shows that seven different chart elements (that is, all
the different classifications of galaxies) have been selected. Any attribute changes will
now be applied to each object type.

As another example, you could limit magnitude of every object on the Sky Chart to only
those between magnitude 8 and 10 by selecting the Celestial Objects group, then setting
the Hide Fainter Than number input to 10 and the Hide Brighter Than to 8.

Editing Attributes By Right Clicking
The attributes of a chart element can also be edited by right-clicking the mouse (#+click

on the Mac) over the element on the Sky Chart, and then clicking the Edit <Chart
Element> Attributes where <Chart Element> is the element beneath the cursor.
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Figure 70: Right-clicking (38+click on the Mac) on a constellation line shows a context pop-up menu.

Celestial Objects

Here, you will find all of the real objects of the universe that are included in TheSkyX's
database.

Non-stellar Objects

Celestial objects other than individual stars and the objects of our solar system, such as
galaxies, nebulae, and star clusters, can be found under the heading Non-stellar Objects.

Galaxies

Galaxies, sometimes called “island universes,” are the largest building blocks of the
observable universe. Galaxies are classified according to their shape. You can choose
among galaxy types that you wish to display in the Sky Chart. You can choose to show
Type C, elliptical, lenticular, spiral, and irregular galaxies, as well as galaxy clusters.
Under Non-stellar Objects > Galaxies, the list of checkboxes will allow you to toggle on
or off galaxies based upon their type. Notice that there are several different graphical
points indicating galaxy type; these allow for quick identification in the Sky Chart.

Nebulas

There are many kinds of clouds of gas and dust in the sky, such a cloud is known as a
nebula. Each of the different kinds of nebulae can be selected for display in the Sky

Chart.
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Bright Nebula

Bright nebulae are nebulae that emit or reflect light visible to the naked eye and appear as
glowing clouds in the night sky. In some bright nebulae, called emission nebulae, the
radiation from nearby stars ionizes the gas in these nebulae, and causes it to glow. A
well-known emission nebula is the Orion Nebula in the sword of Orion, the Hunter. In
still others, the light from stars bounces off of dust particles in the nebula, thereby
illuminating it; these nebulae as known as reflection nebulae. A famous reflection nebula
is that around the Pleiades.

Dark Nebula

Not all nebulae emit light. Sometimes they are dark and are only visible by being
amongst or in front of regions of ionized gas (bright nebulae). A famous dark nebula is
the Horsehead Nebula, also known as Barnard 33, in the constellation of Orion, the
Hunter. A dark nebula is a region of cold, dense dust and gas. They are so dense as to
block the light from background stars or from a nearby emission nebula. Star formation
occurs within the dark nebulae, but such formation has not yet reached a level great
enough for nebular ionization to occur. The Great Rift of the Milky Way is a dark nebula
that is visible to the naked eye from a dark sky site.

Planetary Nebula

Planetary nebulae are special kinds of nebulae occurring near a dying star or white dwarf.
When stars about the eight times the mass of our Sun or smaller begin to decline, they
swell and contract, throwing off the outer layers in the process, and eventually leaving a
white dwarf at the center. The white dwarf’s radiation causes the cloud of gas to glow.
These objects are called planetary nebulae because they looked like planets in the
telescopes of astronomers during the 18th and 19th centuries. They do not have anything
to do with the planets of our solar system, though. They are all quite far away. An
interesting fact is that our Sun will end up as a planetary nebula in some 5 billion years
from now.

Star Clusters

Visible in the sky are several clusters of stars. These are stars which formed together in
the same region of space at about the same time. Star Clusters come in two varieties,
open and globular.

Open Clusters

An open star cluster is a group of a few hundred stars up to a few thousand stars. These
stars all formed from the same nebula, or cloud of gas and dust. These stars still interact
with each other gravitationally, albeit loosely. Some open clusters, such as the Pleiades,
in Taurus, the Bull, are still surrounded by remnants of the cloud from which the
component stars formed. Others, such as the Hyades, also in Taurus, do not reveal
distinct nebulosity.
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Globular Clusters

Globular clusters are ancient, high density clusters of stars existing beyond the plane of
the Milky Way or other galaxies. They are so-called because they look like globes in the
sky. Some people have described them as looking, in telescopes, very much like salt
spilled onto a black table cloth. These clusters orbit the galactic core in the region
beyond the disk, known as the halo. Globulars are composed of old stars, and are
remarkably free of gas and dust, presumably because that material was long ago turned
into stars. Some globulars are visible to the naked eye, such as Omega Centauri and M13
in Hercules, though M13 requires very dark skies and good vision.

Cluster + Nebulosity

Some clusters contain nebulosity, either reflection nebulae caused by light from the
component stars bouncing off of dust and gas surrounding them, or emission nebulae,
which glow due to ionization of the cloud by the component stars’ radiation. Use this
item to toggle such clusters on or off.

Other Sources

Quasar

Quasars, quasi stellar radio sources, are among the oldest known objects in the universe.
They are all very far away, lying hundreds of millions or even billions of light years away
from Earth. The first quasars were discovered in the late 1950°s by radio astronomers.
For years, the debate raged as to their nature. Today, it is believed that they are
supermassive black holes. Tremendous energy emits from such a black hole region rising
from the tremendous turmoil of the material orbiting and flowing into the black hole, in
what is known as the accretion disk. It is possible that such objects are the precursors to
modern galaxies, and would therefore account for the presence of the supermassive black
holes found at many galactic cores.

X-ray Source

Many high-energy objects in the universe emit x-rays, such as stars, nebulae, and
galaxies. Unusually strong x-ray emissions indicate a very high energy situation, such as
a black hole’s accretion disk. In fact, it was by observing strong x-ray sources, such as
Cygnus X-1, that black holes were eventually brought from the realm of the theoretical to
that of the real. Other powerful x-ray sources include quasars, certain double stars, such
as those with a neutron star or white dwarf component, and some galaxy clusters.

Radio Source

Some objects emit large quantities of radio waves, these are known as radio sources.
Pulsars (short for pulsating star) are perhaps the most well-known examples of
astronomical radio sources. Pulsars are rapidly rotating neutron stars with a beam of
radio radiation that sweeps by Earth like the beam from a lighthouse. The result is a
pulsing radio signal detectable in radio telescopes. The first pulsar was discovered by
Jocelyn Bell and Antony Hewish in 1967.
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target temperature is -2.5°C. In the real world, cooling capacity will vary somewhat. As
long as your values stay in the 75%-85% range, you are going to get good results.

Taking a Photo

To take a photo, click the Camera tab, enter the Exposure Length, Binning and click
Take Photo button.

When the photo is ready, it is displayed in the FITS Image Viewer window (page 62).
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Focuser Control

TheSkyX can control focusers that are part of the telescope’s control system. Simply plug
the focuser into the telescope’s focuser port, then use the Focuser controls on the
Telescope window to adjust focus.
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