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Rod Mollise is an engineer by profession. He is also the author of numerous books
and magazine articles on every aspect of amateur astronomy. Known to his fans as
“Uncle” Rod Mollise, he is most well known for his books about catadioptric tel-
escopes (CATs), which aim to help new CAT owners get past the inexperience and
anxiety that often accompanies their entry into this wonderful hobby. In addition
to his books and Internet sites, Rod’s writings can frequently be found in Sky ¢
Telescope, Night Sky Magazine, Astronomy Technology Today, and many other pub-
lications.

Rod also finds time to teach astronomy to undergraduates at the University of
South Alabama in Mobile. When he is not on the road attending and speaking at star
parties, he shares a rambling old Victorian home in Mobile’s Garden District with
his wife, Dorothy, two (four-legged) cats, and, at last count, 11 telescopes.



Thirty-five years of using and loving Schmidt Cassegrain telescopes (SCTs) has
taught me a few things about these wonderful telescopes, but I hardly know every-
thing. This book would not have been possible without the assistance of many kind
and generous members of the amateur astronomy community.

The input from my online catadioptric telescope (CAT) user groups proved inval-
uable from start to finish. These individuals have taught me far more about SCTs
than I could ever have learned on my own. Special recognition is due these out-
standing amateur astronomers: Bob Berta, Cal Beard, Matthias Bopp, Paul Cezanne,
Steve Clayworth, John Clothier, Richard Edelson, “Poppa Fred,” Tanveer Gani, Steve
Jaynes, Andrew Johansen, Leonard Knoll, Joe Kuhn, Jim Norton, Robert Piekiel,
David Polivka, R. Richins, Dick Seymour, “Doc” Clay Sherrod, Rick Thurmond,
Gord Tulloch, and many more.

One of the greatest things about the SCT community is the close and supportive
relationship that exists between telescope users and telescope makers. The following
astronomy business pros provided me with the images and software I needed to make
this book a reality: Paul Rodman (AstroPlanner); Michelle Meskill (Celestron); Steve
Tuma (Deepsky Astronomy Software); Paul Hobbs (Meade); Terry D’Auray, Claire
Kleffel, and Peter Moreso (Imaginova/Orion Telescopes and Binoculars); John Pem-
berton and all the good folks at Orion Optics UK; and Greg Crinklaw (SkyTools).

Finally, as has been the case with every book I have done for Springer, three people
have earned my deepest appreciation. John Watson shepherded this one along in the
early days, and without his efforts it would not have been published. Pat Rochford, my
best friend, checked and proofread the manuscript, and without his hard work, it would
not have been much good. Dorothy Mollise, my wife and always “the brightest star in
this astronomer’s sky,” contributed the most of all. Without her love and understand-
ing, it would not have been written. Thanks, y’all!
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CHAPTER ONE

Since you're reading this, I'm guessing you have made an exciting decision: You
want a telescope. Specifically, you want a telescope for looking at the sky, a
telescope that will open the depths of space to your gaze and allow you to visit
the Moon, the planets, and all the strange and distant wonders of our magnificent
universe. And you are not looking for just any telescope, either, but for a Schmidt
Cassegrain telescope (SCT), whose full-color advertisements fill the pages of
astronomy magazines.

In our consumer culture, most of us have become wary of high-pressure ads from
manufacturers who promise the Moon and deliver little. Luckily, that is not the case
when it comes to SCTs. Sometimes, the advertising does contain hyperbole, but
Schmidt Cassegrains really can deliver the Moon—and the stars, too.

SCTs, like anything else, are not perfect, but when all is said and done, the Schmidt
Cassegrain may be the most versatile, technologically advanced, and easy-to-use
telescope ever sold to amateur astronomers. Since SCTs were first offered at prices
the average person could afford way back in 1970, they have dominated the amateur
astronomy telescope market. Don’t believe that? Take a stroll around the observing
field of a local astronomy club during the next star party. Chances are a majority
of the telescopes there will be SCTs. Fancy advertisements alone simply could not
account for the enduring popularity of Schmidt Cassegrains. Something good is
going on.

Not that an SCT (Plate 1) looks much like a telescope of any kind to novice
astronomers. Catadioptric telescopes (CATs, for short), which are telescopes that
use both lenses and mirrors, do not much resemble the telescopes we are used to
seeing in the movies or on television. The eyepiece is where it “ought” to be, at the
end of the tube, and that tube is perched on a tripod, but that is where the similarity
ends. The tube is short and fat, looking more like a beer keg than a respectable
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3 Choosing and Using a New CAT

Plate 1. (SCT) An 8-inch
Schmidt Cassegrain tele-
scope set up at a dark site
and ready for an evening
of deep space voyaging.”
Credit: Author

telescope. It is not just attached to a tripod, either. It is sitting on a complicated-
looking “mount” festooned with myriad lights and switches.

The SCT looks different enough in beginners’ eyes to be positively frightening,
maybe scary enough to make a new astronomer who just wants a good look at the
craters of the Moon turn tail and run. Appearances can deceive, however. The SCT is
at heart an uncomplicated telescope. Despite its looks, its basic operation is easy to
understand, and it is actually one of the most user-friendly scopes ever made.

And, it is not just user friendly. A beginning amateur astronomer may start out
just wanting a look at the good old Moon but will soon find the faithful SCT can
take even a novice observer way beyond our cosmic neighborhood—maybe even
as far as the daunting depths of the universe inhabited by the mysterious quasars.
Although nothing in the design of the SCT is astoundingly innovative, its basic lay-
out is extremely sound and features good optics in sizes sufficient to take even a tyro
a long, long way from home.

Capability is just the beginning of the SCT story, though. What also sets these
CATs apart is their versatility. Other telescope types—Dobsonian reflectors and
apochromatic refractors, for example—may do some things better than the SCT,
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but no telescope is as capable of doing so many things as well as the Schmidt
Cassegrain. One of the reasons is that, like the personal computer, the SCT is a
system. Much as the personal computer (PC) industry has done, the world’s two
SCT makers, Meade and Celestron, have standardized their products. A camera
adapter sold by Meade will usually work just as well on a Celestron. Also, as in the
computer industry, there are numerous third-party manufacturers making accessories
for the telescopes. Actually, some of the best accessories for Meade and Celestron
SCTs do not come from either company but from the hordes of aftermarket vendors
large and small. SCTs have been in production and basically unchanged for nearly
40 years, and that means any accessory imaginable—focus motors, digital setting
circle computers, electronic cameras, spectrographs, and much more—has probably
already been made by somebody and will work on any Schmidt Cassegrain, old or
new. As astronomy interests change over the years, an SCT can also change.

Does the SCT’s ability to do so many things in astronomy have a downside? An
old aphorism that is often all too true is “jack of all trades, master of none.” In some
ways, that is the case when it comes to CATs. As good as an 8-inch SCT is for plan-
etary observing, for example, it will never be able to do quite as well as a high-priced
apochromatic refracting (lens-type) telescope. As far as it may be able to voyage
out into deep space, it will never show as many objects as a Dobsonian reflecting
telescope with a 20-inch diameter mirror.

The SCT really does not fall far behind any other telescope in doing anything
however. The differences in the planetary images of an SCT and a refractor are small
and subtle. New observers may not be able to detect this difference for years. When
observing deep space objects, the SCT has some features that help it keep up with the
largest Dobsonians. Following is a discussion of a few of the many things a Schmidt
Cassegrain can do well.

Visual Observing

There are lots of cool things out there in deep space for you and your friendly CAT
to look at and admire: star clusters, nebulas, and galaxies. The SCT is not only
capable of showing these deep sky objects (DSOs), it is able to deliver remarkably
detailed visual images of them under good sky conditions. It can do that because of
its generous aperture (the diameter of the main mirror). To see an inherently faint
object like a galaxy well, what is needed is plenty of light. Not all telescope designs
are created equal in this regard. A very large refracting telescope, for example, will
have an objective lens 6-inches in diameter. An average SCT has a main mirror
8-inches in diameter, which will collect nearly twice as much light as the 6-inch
lens (objective area, not diameter, is what counts). Also, a fine 6-inch refractor is
a fairly heavy and very expensive instrument. An 8-inch SCT, in contrast, is light,
easily transported, and inexpensive enough to be within the financial reach of just
about anybody.

It is not just optics that have allowed the SCT to pull ahead in the contest for the
hearts and minds of amateur astronomers who are interested in deep sky observ-
ing. Almost all SCTs currently available have easy-to-use go-to computers. What’s
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“go0-10”? Select the object of interest on a little TV remote control-like “hand controller,”
push a button, and a pair of motors automatically points the scope at the target and
tracks it as it moves across the sky. This is a boon for people more interested in look-
ing at objects rather than looking for objects. Big Dobsonian telescopes, which are
often recommended for deep sky observing, usually do not have go-to, and finding
objects to observe often involves squinting at star charts and peering though dim
finder scopes. Some Dobsonians can be adapted for go-to and can use other com-
puterized pointing aids, but in general they are still not as accurate or easy to use as
a go-to SCT.

Another Schmidt Cassegrain advantage for visual workers is the comfort inherent
in CATs. An SCT allows its user to observe anything in the sky while comfortably
seated. A big Dobsonian telescope can deliver a lot of that prized light, sure, but to
see anything, the observer will often be swaying at the top of the tall ladder required
to reach the eyepiece observing position of a large scope. A DSO may be brighter in
the Dobsonian, but if it can be viewed in comfort while seated, almost as much—
or more—may be seen in an SCT with a considerably smaller aperture. Nearly all
Schmidt Cassegrains can track stars and other objects across the sky via built-in
motor drives, allowing an observer to sit and stare at a galaxy for as long as desired,
until the object sets or the Sun rises, anyway. Most Dobsonians lack any kind of
motor system to make up for Earth’s rotation. “Dob” users must continually nudge
the scope along to follow objects, which can be distracting. Push a button to find an
object. Sit comfortably to view it. Stare at it for as long as desired as it sits centered in
the eyepiece. What could be better for visual deep sky observing?

Solar System Observing

There is a lot to view in the “great out there” of deep space, but there are also myriad
wonders closer to home in our cozy little solar system: comets, asteroids, and most
of all, the planets. When it comes to visual observing of the planets, as mentioned,
the SCT cannot claim to be “the best” The refractor really is tops here. The SCT
can deliver excellent solar system images, though. When the atmosphere is steady,
you can bump up the magnification on a C8 SCT to over 400X and not only see the
rings of Saturn but also detect subtle detail in the rings—detail that may escape a
smaller-aperture refractor. Light, you see, is also important in planetary observation.
Sharp is good, but if the image is so dim the eye has difficulty picking out details, the
refractor’s razor sharpness does not do much good.

The other pluses the SCT brings to the deep sky help it master the solar system as
well. These telescopes’ excellent, accurate drive systems are even more of an advan-
tage in the realm of the Sun than they are in deep space. Imagine trying to nudge a
telescope along to keep Jupiter in view at a magnification of 500x. Sitting relaxed
on an observing stool while looking through the eyepiece helps even more when
viewing the planets than it does viewing deep space objects. The planets—especially
Jupiter and Mars—offer a wealth of detail, but it is subtle. When trying to see these
details, being comfortable and relaxed really helps.
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In my earlier book, Choosing and Using a Schmidt Cassegrain Telescope, this section
was titled “Photography.” Oh, how things have changed over the last 8 years! These
days it is hard to find good film to use to photograph terrestrial objects, much less
celestial ones. CATS are still taking pictures of the universe, but they are now doing
it with sophisticated CCD (charge-coupled device) cameras. The digital picture-
taking revolution has hit amateur astronomy with a vengeance, and SCTs are at the
forefront.

There is no doubt that digital picture-taking techniques have made the dif-
ficult art of astrophotography a little easier; at least you do not have to wait until
film is developed to find out whether any of your shots turned out. Taking long-
exposure pictures of the deep sky is still a difficult and sometimes maddening
pursuit, however. Is an SCT a good telescope to use for digital astrophotography?
You betcha.

Although almost any telescope can be adapted for imaging, the SCT is one of
the few instruments that will not require sometimes-extensive modifications before
picture taking can begin. Newtonian reflecting telescopes, for example, may require
their primary mirrors be moved up the tube before a camera can even be focused.
The SCT may need the addition of a few accessories before it is ready to take pictures
of the sky, but it does not require any major alterations. Tom Johnson, Celestron’s
founder, designed his Schmidt Cassegrains for astrophotography from the beginning,
and Meade and Celestron have continued to pay due attention to astronomical picture
taking. Attach a modern CCD camera such as Meade’s color DSI (Deep Space Imager)
to an SCT, and even a novice can start capturing pleasing shots of the universe’s distant
wonders almost immediately.

“Deep space pictures of galaxies, nebulas, and star clusters from your first night
out!” That may sound like a late-night TV commercial pitch, but anyone who has
taken a little time to familiarize themselves with the basic operation of the SCT
can get impressive astroimages from night one with modern digital cameras. There
is very little to do beyond pushing a couple of buttons to get the scope pointed
at your targets and focusing the telescope carefully. Meade’s DSI software—like
most imaging programs—is full featured but can be operated on a very basic,
automated level. You can set up the program to take short images so you will not
have to guide out drive errors, stack these images into the equivalent of one long
exposure, and keep doing that until you tell it to stop. Just push the “go” button
and wander around the field looking through friends’ telescopes and scanning the
sky with your binoculars while your scope and camera do their thing. After 15
minutes, wander back to the telescope and computer. Staring back at you from the
monitor might be the Whirlpool Galaxy in all its glory (Plate 2). No, this image
may not be as spectacular as the magnificent pictures in Astronomy or Sky &
Telescope, but it will excite you.

Now, this may not say much about your skills as an astrophotographer. What it
does say worlds about is the ease of astronomical picture taking offered by the SCT
and modern CCD cameras.
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Plate 2. (Whirlpool
Galaxy) M51, a beauti-
ful face-on spiral galaxy
in the constellation Canes
Venaitici, is a prime target
for CAT users. Credit:
Author.

The capabilities of the SCT do not stop with visual observing or astroimaging. The
Schmidt Cassegrain’s versatility means it is a telescope that can handle “advanced” pur-
suits as well as simple ones. There is nothing wrong with “just” having fun looking at
the Moon or showing off the wonders of the deep sky to friends and family. The new
SCT owner does not have to take even one picture to be a real amateur astronomer,
and nothing says any amateur has to contribute to science. One of the great things
about amateur astronomy is that there are no rules to dictate how someone should
view the night sky or use a telescope. Some amateur astronomers do eventually find
they are interested in contributing to our store of astronomical knowledge, however,
and undertake some pretty serious research and discovery programs. Many—if not
most—of these amateurs are using SCTs for their endeavors.

What can the average CAT user contribute science-wise? How would you like to
discover a new world? Amateurs are using SCTs and sensitive CCD cameras to find
new asteroids almost every clear night. What else is there? Double-star measurement
is a time-honored way for amateurs to contribute to astronomy, and the combination
of the SCT with its long focal length and inexpensive high-resolution digital camera is
stimulating a rebirth of amateur interest in this important pursuit.

Amateurs have long been engaged in the esoteric but scientifically important task of
measuring the changing light output of variable stars. In the past, this had to be done
by estimating brightness by eye or, if the amateur had the financial resources, meas-
uring it with an expensive “photometer,” a special light meter. That has all changed.
The exact brightness of these fascinating stars is now easy to pin down with a CAT
and an inexpensive CCD camera. The SCT’s reliable and accurate go-to is proving to
be a real plus for variable-star observers. In the bad old days, considerable time had
to be spent just locating stars of interest.

Do these scientific pursuits sound interesting except for the fact that they require
spending hour after hour in a dark, cold backyard? Then, you will be pleased to
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learn that most current go-to SCTs are easy to control remotely from the warmth
and comfort of your house.

SCT Liabilities

Yes, I am enthusiastic about Schmidt Cassegrains and other CAT designs. That is
why I have come to be known as “Mr. SCT” by fellow amateur astronomers. How-
ever, they are far from perfect. The SCT design, like that of any other telescope, is a
compromise. SCTs and other CATs have some minuses to go along with the pluses
I have been gushing about. Do not think these minuses outweigh the pluses, but
prospective buyers should be aware of them.

Contrast Problems

SCTs are obstructed telescopes. What that means is that there is an obstruc-
tion—a “secondary” mirror—placed in front of the main (primary) mirror.
Optical experts say obstructing the primary mirror of a telescope in this fash-
ion will inevitably degrade the contrast of its images because light is scattered
by the secondary into places where it should not go. Any reduction in contrast
is potentially harmful for planetary observers. When straining to make out an
almost-invisible cloud band on Jupiter, the last thing that is wanted is reduced
contrast. Any telescope that uses a secondary mirror to divert light to an eye-
piece will be affected by this problem, but the SCT is particularly troubled by
this effect due to the size of its secondary mirror. To keep a Schmidt Cas-
segrain’s tube short and easy to mount, the secondary mirror’s diameter must
be relatively large, often as much as 30% the size of the primary mirror.

That is pretty big, true, but the simple fact of the matter is that an obstruction of
any size in a telescope’s light path, no matter how small, will damage contrast. Even
a Newtonian reflector with an obstruction of less than 20% will have lost out when
compared to an unobstructed design like that of a refracting telescope. The question
is, does the larger secondary of the SCT make things much worse? Based on my 43
years of observing experience with telescopes of all types, the answer is, “No”—or
at least, “Not much.”

Listening to scope “experts” down at the local astronomy club or on the Internet
go on and on about this issue, the novice will get the idea that a C8 must produce
planetary images not much better than those of a 60-mm junk-o-scope from a dis-
count store. This beginner will then be amazed at his or her first look at, say, Jupiter,
through a Schmidt CAT. The job an SCT can do on Jupiter or any other planet is
simply astounding. There are plenty of belts to see, and subtle colors are easily dis-
cernible on Jove’s huge globe. The Great Red Spot will not just be visible; there may
be detail within it. Maybe this image will not be quite as high in contrast as one in
a refractor, but as mentioned, the SCT at least delivers more light than all but the
most horrendously expensive lens scopes (priced an 8-inch refractor lately?), and
in my opinion, this extra light does a lot to make up for the Schmidt Cassegrain’s
contrast faux pas.
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Collimation

A Schmidt Cassegrain can only produce beautiful images if it is properly collimated.
If the primary and secondary mirrors are not properly aligned with respect to each
other, expect Jupiter to look more like a custard pie than a planet. Because the SCT
uses a convex-shaped secondary mirror that magnifies images five times, it is par-
ticularly sensitive to miscollimation—errors are magnified. The good news is that
the Meade and Celestron SCTs are the easiest of all telescopes to collimate, and once
adjusted they may remain in good collimation for years. Do check the collimation
occasionally, but you might find you do not have to change anything—despite some
bumpy trips over back roads—for at least several years.

Small Aperture

An 8-inch SCT’s mirror looks positively huge to a novice amateur astronomer—
until the first time the scope is set up next to a 20-inch Dobsonian at a star party,
that is. Suddenly, the “big” SCT will seem pretty puny and not very capable of
delivering decent images of DSOs or anything else. It Is true that an 8-inch SCT’s
visual images will never be able to compete with those of a 20-inch scope, but an
8-inch is nevertheless more than large enough to show plenty of good stuff, espe-
cially under a dark sky. An 8-inch CAT will reveal thousands of clusters, galaxies,
and nebulas, more than most amateurs will ever get around to observing. Many
of these objects, the brighter ones, will also show off plenty of detail. M13 will be
revealed as a massive ball of tiny stars, M51 will pirouette its graceful spiral arms
across the field, and the veil-like folds of M42, the Great Orion Nebula, will seem
to stretch on forever. Remember also that if 8-inches is “not enough,” SCTs are
available in apertures up to 20-inches.

Portability

Are SCTs really portable? Well, sort of. Above 8-inches, the SCT enters the realm
of “transportable” rather than “portable.” Even with an 8-incher, expect to spend
considerable time loading and unloading and preparing the telescope for the night’s
observing run. An 8-inch CAT, especially a fork-mounted model, may not exactly
be lightweight either and may require a lift of as much as 50 pounds to place the
telescope and fork on the tripod. What is the setup of a Schmidt Cassegrain like?
When transporting a scope to a dark site where it can really rock and roll, the routine
goes something like this:

I drive onto my club’s observing field and start looking around for a good place
to setup. While I'm hunting for a reasonably level spot for the tripod, the Dobso-
nian owner next to me has pulled her scope’s simple wooden mount out of the
backseat of her car, plunked the 10-inch scope’s tube down in this “rocker box,”
inserted an eyepiece, and is ready to go. Not me. Not by a long shot.

With the tripod set up and adjusted to the proper height, I manhandle my Nex-
Star 11 SCT’s case out of the trunk. I'm glad it’s got wheels since the scope and case
combo approaches 100 pounds. I position the case as close to the tripod as I can
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so I don’t have to move the 66 pound tube and fork mount far. After gingerly lifting
the scope onto the tripod, I hunt around for the three bolts that attach the CAT to
the tripod and insert and tighten them.

The CAT is on the tripod with just a little cussing from me, but it’s far from ready
to observe anything. Not without power. I return to the car for two 12-volt battery
packs, one for the telescope and one for the dew heater that keeps the 11-inch SCT’s
big corrector lens dry. Luckily, for once, I've remembered to bring power cords for
both batteries. Ready yet? Not yet.

Not only will I need eyepieces to look through, I'll need a little optical device called
a star diagonal so I don’t strain my neck while looking. I gather these items, remove
and store their covers, screw the diagonal onto the rear port of the telescope, and
insert an eyepiece. I can’t start viewing yet, though. Not until I get the NS11’s go-to
computer aligned on the sky by sighting a couple of bright stars. Before I can do that,
the “finder” telescope will need to be attached to the main telescope’s tube and
maybe aligned on a bright star so I can get those initial alignment stars in the field
of view of the CAT without a struggle.

If ’'m going to be doing any imaging on this evening, I need to set up a table for
the laptop, haul its battery out, and connect the PC to the telescope. Next to me, my
Dob-using neighbor is happily observing Saturn.

This is an accurate depiction of what is involved in setting up the average SCT.
Remember, though: once the CAT is assembled, it can do a whole lot more than
any Dob. It is virtually a portable observatory. The average SCT does not dictate its
owner’s choice of vehicle, either. I have seen 14-inch CATs transported in subcom-
pact autos—including a tiny Geo Metro. A Dobsonian that size may demand an SUV
or pickup truck.

Is a CAT for Me?

SCTs are good. They can do a lot and do it easily. But, is one the right scope for you? You
Are the only person who can answer that question, but the following should help.
The SCT may be your scope if

¢ You have not specialized in a particular “branch” of amateur astronomy and do not
intend to. You are an amateur astronomy dilettante. One night it is lunar observing,
the next galaxy hunting, the following evening you are taking pictures of Jupiter. If
this is you, then you are a prime candidate for an 8-inch or larger SCT.

o “Just looking” is okay, but what you really want to do is take pictures of distant,
beautiful, DSOs. You do not want to or cannot spend a lot of money to do that,
either. An SCT, especially one mounted on a GEM (a German equatorial mount),
will allow you to play celestial Ansel Adams without breaking the bank.

¢ You do most of your observing from the backyard, but you like to travel to dark
sky sites occasionally. You do not want to give up computerized pointing and
other niceties, though. You also want to be able to pack a feature-laden scope into
the family’s Japanese sedan. An 8-inch or 10-inch SCT is just right for you.

e Your long-held dream is a personal observatory. You want to place a powerful
scope in a dome, and you intend to leave it there. The SCT’s compact tube in
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12-, 14-, or evenl16-inch apertures allow the size of an observatory to be kept rela-
tively small and helps the dream become an affordable reality.

¢ You are a geek. You love gadgets and electronics and computers and would no more
buy a telescope without go-to than you would an automobile without satellite radio.
The top-of-the-line telescopes from Meade and Celestron are not just techno-heavy;
they sport features even you will probably never get around to trying.

¢ You are physically challenged. A 6-inch Dobsonian is too much to move around,
even into the backyard. You need a scope that can be broken down into small,
easily manageable pieces. Not having to contort your body around a tube to find
objects would also be a big help, and sitting while observing is a must. Go-to-
equipped CATs are available in ultraportable 6-, 5-, and 3.5-inch apertures.

An SCT may not be for you if

o All you care about is looking. You do not want to take pictures. You do not want
to measure stars. You just want to see DSOs the best they can be seen without any
technology getting in the way. You do not care if you need a huge truck or trailer
to transport the telescope; you just want to see as much as possible. You want a
large Dobsonian, not a CAT of any kind.

¢ You are an advanced CCD imager, and you are particularly interested in wide-
field shots. You want perfection—and have the money to pay for it. You could still
be happy with a top-of-the-line SCT equipped with a focal reducer or perhaps an
SCT on a large third-party GEM mount, but you will probably be happier with a
big, short focal length refractor.

¢ You do not like computers, and they do not like you. In fact, you are not fond
of electronic gizmos of any kind, and the thought of hauling batteries and com-
puters onto damp observing fields gives you the willies. Your motto? “Simpler is
better.” You will be happier with a 6- to 10-inch Dobsonian than with a micro-
chip-infested SCT.

Still having trouble deciding whether a Schmidt Cassegrain is the telescope of your
dreams? Even if you are pretty sure you do want a CAT, you should get out and see
(and use) some in person. Most cities and towns in the United States and Europe
have active astronomy clubs. If not, there is likely one within driving distance. Find
the local club and join immediately. You will be able to look through members’ SCTs
at club star parties—group observing sessions—and just as important, you will be
able to ask your fellow amateurs questions that will help in your decision. In fact,
most amateurs will consider it their personal mission to help you select the right
scope. There probably will not be any lack of SCT owners at your club, and you can
bet they will be willing to offer their opinions on their instruments—and maybe
even offer to let you play “copilot” during the next observing run.

No club? There is always the Internet. True, the Internet is renowned as a source
of misinformation as well as information. There are, however, some reliable and
friendly venues on the Internet for amateur astronomers. Some of these gathering
spots devoted entirely to CATs and SCTs are listed in Appendix 2 of this book. Just
like nonvirtual astronomy clubs, these online groups are inhabited by knowledge-
able amateur astronomers who are eager to help.

What is next? The following couple of chapters present some history about SCTs
and other CATs and how they perform the optical magic that brings the distant
universe home.



CHAPTER TWO

What allows a Schmidt Cassegrain telescope (SCT) to make distant objects bigger
and brighter? Optics: Lenses or mirrors or a combination of the two are the heart
of any scope. Everything about a telescope, including its capabilities and its price,
is determined by its optical design. Before we find out what makes SCTs tick, let us
go back to basics with the simple instruments of Galileo and Newton, the refract-
ing and reflecting telescopes, respectively. The SCT—and the other members of the
catadioptric telescope (CAT) tribe—are optical hybrids that combine aspects of
these two simple designs, so understanding them is the key to understanding the
catadioptric.

The Refracting Telescope

In the beginning, there was the simple refractor, the lens-type scope that was proba-
bly first turned on the heavens by Galileo Galilei on a mythic Italian evening in 1609.
Galileo did not invent the telescope and may not even have been the first person to
use it for viewing the night sky. He was the first real astronomer to wield a telescope,
however, recording his observations and trying to understand what they meant. The
puzzling thing is not that Galileo turned his scope to the Moon, planets, and stars or
that he did it in 1609. What is mystifying is that it took so long for someone to stum-
ble onto the idea of the telescope itself since it is such a laughably simple thing.
The secret of Galileo’s telescope or any refracting telescope is at the end of its
tube, where a large lens is found (Figure 1), the refractor’s objective. This objective
may be, as it was in Galileo’s telescope, a single lens or element, or, as in today’s
refractors, it may be composed of two or more elements. The purpose of the objective
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Figure 1. (Telescope Types) The three most common telescope types: the refractor, the
(Newtonian) reflector, and the catadioptric (CAT). Credit: Image courtesy of Meade Instru-
ments Corporation.

is easy to understand. Its job is to collect light, lots of light, much more than the tiny
lens of the human eye can gather.

The objective not only gathers light, it also brings it to a focus at the opposite
end of the telescope’s tube. The image formed at this focus is bright but small. In
order for the human eye to make out details in this telescopic image, a magnifying
glass is placed just past the focus point. This magnifying glass, like the telescope’s
objective, may be made from one lens element or many and is commonly referred to
as an “eyepiece” or “ocular” In modern telescopes the eyepiece can be removed and
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replaced by one with differently shaped lenses that delivers a different magnification
(“power”). A refracting telescope’s images are focused, brought to best sharpness, by
moving the eyepiece in and out, placing it closer or farther away from the objective.
That’s all there was to Galileo’s telescope and all there was to any astronomer’s
telescope for many years: a lens to collect and focus light and a lens to magnify
this image for human inspection.

Simple as these first telescopes were, astronomers in the seventeenth and eight-
eenth centuries used them to take humankind’s first steps towards unlocking the
mysteries of the cosmos. It soon became clear, however, that Galileo’s version of the
telescope, with its single element objective lens, had some debilitating defects. The
most severe of these was chromatic aberration. The Galilean telescope’s simple lens
could not bring all rays of light to the same focus. Red rays, for example, focus at a
slightly different position than blue rays. No matter how the focus of the telescope
was adjusted by moving the eyepiece, the image remained slightly blurry and dev-
iled by (usually) purple-colored halos around bright objects. Eventually, a means of
making refractors “color free” would be found, but lens-type telescopes completely
free of this “spurious” color would not be possible for a long time, not until the
twentieth century.

Fortunately, it wasn’t too long after Galileo’s time that a genius turned his atten-
tion to the telescope problem. Isaac Newton, perhaps the greatest scientific mind
the human race has yet produced, came up with an elegant solution for chromatic
aberration. It was obvious the spurious color was due to the basic properties of the
telescope’s objective. The lens brought images to a focus by bending, by refracting,
light; that’s where the color came from. Why not use something other than a lens,
then? A mirror can collect light as well as a lens, and a concave mirror can bring this
light to a focus.

In Newton’s reflecting telescope (Figure 1), a large concave primary mirror does
just that. It gathers light from the sky like a lens. The “Newtonian’s” primary mirror
then reflects this light back up the tube, where it is intercepted by a small, flat, second-
ary mirror tilted 45°. This secondary diverts light rays out the side of the tube to an
eyepiece for viewing. Since there is no refraction going on, there is no chromatic
aberration. Reflecting telescopes have optical problems of their own, but colored
halos around bright stars is not one of them.

The refractor and the reflector sound like very different animals, but in some ways
they are quite similar. Their basic characteristics are measured and stated in the same
ways. The diameter of a telescope’s lens or mirror is its aperture and is expressed in
inches or millimeters. The point at which the lens or mirror brings the light to a
focus is the focal point. The distance from lens or mirror to this focal point is the
telescope’s focal length. The ratio of the telescope’s aperture to its focal length is its
focal ratio (“speed”). For example, a 6-inch (150-mm) diameter mirror with a focal
length of 48-inches (1,200-mm) has a focal ratio of “f/8” (48/6). Telescopes with low
(“fast”) focal ratios deliver smaller, brighter images and wider fields, eyepiece for
eyepiece, than telescopes with high, slow focal ratios. An /4 telescope with a 12-inch
(300-mm) aperture mirror produces a magnification of 48X with a 25-mm eyepiece
(300 x 4/25 mm = 48x). A 12-inch mirror with a focal ratio of {/6 gives 72x (300 X
6/25 = 72X).
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Birth of the CAT

Isaac Newton’s idea for a reflecting telescope was a brilliant one, but it was not long
before other scientists and optical tinkerers began to find ways to improve on it.
The reflecting telescope designs that have appeared over the last 400 years since
Sir Isaac’s “Newt” was born are often so different from his original concept that the
only thing they seem to have in common with it is that they use mirrors instead of
lenses to produce images. Two of these alternate designs, one that appeared shortly
after Newton brought forth his telescope, and one that did not come around until
the twentieth century, are the direct ancestors of today’s Schmidt Cassegrains. These
scopes are, as you might have guessed, the Cassegrain telescope and the Schmidt
camera.

The Cassegrain Telescope

A Frenchman named Cassegrain came up with a clever design for a reflecting telescope
in 1672, only a few months after Sir Isaac wowed the members of London’s Royal
Society with his Newtonian. What is surprising about Cassegrain is that, consider-
ing the impact his idea has had on astronomy over the last four centuries, we know
so little about him. Historians are not even sure of the man’s first name. Maybe
it was “Jacques,” or, perhaps, “Guillaume” or “Giovanni.” Some historians think his
first name was “Laurent.” All we know for sure is that his telescope design was so
innovative that it, rather than the Newtonian, is the basis for almost all professional
telescopes in use today, including the Hubble space telescope. Unlike Isaac Newton,
though, it seems Cassegrain never actually built one of his scopes. The Cassegrain
existed only on paper for many years, perhaps because it took optical skills a while
to catch up with Cassegrain’s brilliant conception.

Cassegrain’s idea, like Newton’s, is simple and seems intuitive once you have heard
it. Make a concave mirror with a shape identical to that used in Newtonians. Cut a
hole in the center of this mirror. As in the Newtonian, place a secondary mirror at
the opposite end of the tube, which will direct light to an eyepiece. Unlike the Newt’s
secondary, which is flat, the Cassegrain’s secondary is convex in shape and is parallel
to the primary and positioned so it reflects light back down the tube and through
the hole in the primary mirror, as shown in the CAT diagram (Figure 1).

Cassegrain’s arrangement has a number of advantages over the Newtonian design.
Since viewing is done at the rear of the telescope, as in a refractor, the eyepiece is
almost always in a comfortable position. The Newtonian’s ocular, in contrast, is
fixed at the top of a long tube and may be placed in inconvenient positions as the
telescope moves across the sky. The Cassegrain’s secondary design offers another
advantage: It can reduce the length of the telescope’s tube. Since the mirror is a con-
vex shape, it does not just redirect light down the tube of the Cassegrain; it magnifies
the image. Because of that, a Cassegrain can pack a long focal length into a short
tube. A 6-inch (150-mm) Newtonian with a focal length of 60-inches (1,500-mm)
will be nearly 60-inches long. A 6-inch Cassegrain of the same focal length may have
a tube half that long or even less, and the shorter the tube, the better. Short telescope
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tubes dramatically reduce problems involved in designing and building solid yet
light mountings.

Is the Cassegrain the perfect telescope? Not exactly. The design is brilliant, but
it has some serious failings. One is that, since it usually uses a relatively short focal
length parabolic-shaped primary mirror, it suffers from severe coma. What that
means to the observer is that objects in the center of a Cassegrain’s eyepiece field are
sharp, but those on the edge appear out of focus. Stars may look more like comets
than pinpoints at the field periphery. Astigmatism, another optical fault common
to Cassegrains, may reduce sharpness at both the center and the edges of the field
of view. Because of these inherent problems, it is rare to see a pure “classical” Cas-
segrain telescope today.

The Schmidt Camera

In 1930, a brilliant but eccentric Estonian optician, Bernhard Schmidt, had a
conversation about telescopes with Walter Baade, an astronomer at Mount Wilson
Observatory, home of the 100-inch Hooker reflector, then the largest telescope in
the world. It was clear telescopes were just going to keep getting bigger. George Ellery
Hale was already hard at work on a 200-inch giant. It was not all gravy, though.
Bigger mirrors naturally meant longer focal lengths and resultant smaller fields
of view. Astronomers needed some kind of a supplementary telescope or camera,
a “scout,” to survey large areas of sky and pick out interesting objects for the big
scopes to view and photograph. The seed planted by this conversation led Schmidt
to develop the camera design that bears his name.

Schmidt’s camera was simple to explain but difficult to produce. He began with
a sphere-shaped primary mirror since spherical mirrors are easy to make, even in
large apertures. Although they are easy to produce, spherical mirrors have a serious
problem that limits their use in telescopes: spherical aberration. This is a defect that
is very similar to chromatic aberration in refractors. When light is reflected from a
spherical mirror, not all the rays come to focus at the same point. Those at the edge
come to a focus closer in than those reflected from the mirror’s center. The end
product is not colored halos, as in chromatic aberration, but even worse, images that
are badly blurred. This is the exact same problem that afflicted the Hubble Space
Telescope when it was first launched. Schmidt was well aware of the effects of this
aberration and knew he had to do something to “correct” for it if he were to use a
spherical mirror in his astro-camera.

His great idea, the thing for which he is most remembered, was a special lens, a
corrector plate, that he placed at the opposite end of his camera’s tube from the pri-
mary mirror. This thin glass lens, which in Schmidt’s camera is somewhat smaller in
diameter than the primary mirror, bends incoming rays of light very slightly, just
enough so rays at the edge of the corrector are at a different focus than those passing
through its center. This different focus distance is identical to that of the mirror’s
edge and center, but reversed. Rays from the corrector edge focus at a longer distance
than those passing through its center. The corrector introduces negative spherical
aberration. This lens’s negative spherical aberration and the mirror’s positive spherical
aberration cancel out, and, theoretically, result in an image that is perfectly sharp.
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As mentioned, the Schmidt camera design was easier to describe than make. The
corrector was the problem. Generating the complex (“fourth-order”) curve that
would produce negative spherical aberration was very difficult. Finally, Schmidt
devised a trick that made grinding the lens a little easier. He placed a glass lens blank
in a special cylindrical jig with the blank forming one end of the cylinder. A precise
amount of vacuum was then applied to the cylinder to pull the glass blank inward
slightly. The optician ground and polished the exposed side of the lens blank into a
sphere shape, and when the vacuum was released and the blank sprang back, it
almost magically assumed the required shape. The problem was that applying the
exact amount of vacuum required and maintaining this pressure was madden-
ingly difficult. This method did work, however, and allowed Schmidt to success-
tully complete working cameras.

The Schmidt, which uses both lenses and mirrors to produce images, was the
first catadioptric instrument in wide use by astronomers. It was not a catadioptric
telescope, however. Its focus point is at an inconvenient position halfway between
the corrector and the primary mirror. That makes it difficult to position an eyepiece
for viewing. Schmidt was not concerned. He did not imagine his instrument would
be used visually; it was to be a giant camera that did not have and did not need a
secondary mirror or an eyepiece. Instead, he placed a film plate holder at the focus
position. Astronomers accessed this “focal plane” through a door on the side of the
tube. Schmidt’s camera was very successful in professional astronomy, and one of
the instruments built shortly after his untimely death in 1935, the 48-inch Oschin
Schmidt at Mount Palomar, continues to do cutting-edge research today.

Putting it All Together: The Schmidt
Cassegrain

By the middle of the twentieth century, the two pieces of the Schmidt Cassegrain
puzzle, the classical Cassegrain telescope and the Schmidt camera, were lying around
waiting for someone to assemble. It was also at about this time that amateur astron-
omers began to be in need of a telescope of a new type.

Two things were changing the amateur’s world as the 1960s arrived: light pollu-
tion and an interest in picture taking. The unchecked growth of the suburbs and
the brightening of most astronomers” home skies meant more and more observ-
ers had to travel to get good views of the night sky. Also, quite a few of the more
serious amateurs were trying to take pictures of what they saw. The average ama-
teur’s traditional instrument, the long-tubed Newtonian reflector, did not fit in
well with either of these new realities. Long Newts were not easy to haul around to
dark sites and often had to be rebuilt if not redesigned before they could be used
for astrophotography.

It was becoming more and more obvious that something like a Cassegrain with its
short tube and convenient eyepiece (or camera) position would be an ideal telescope
for amateur astronomers. Many amateurs did build or buy classical Cassegrains at
this time. Unfortunately, home-built Cassegrains were often a bust. The convex
secondary mirror was considerably harder to make than it seemed. Store-bought
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Casses? Even if made perfectly, the optical problems inherent in the design discour-
aged even the most forgiving amateurs.

A few brilliant amateur telescope makers thought they had a better idea. They
had been experimenting with a design that combined the Schmidt camera and the
classical Cassegrain. This “Schmidt Cassegrain” took the Schmidt camera’s spherical
primary mirror and corrector plate and added the Cassegrain’s convex secondary and
behind-the-primary eyepiece arrangement (Figure 1). In most designs, the secondary,
like the primary, was spherical in shape. These mirrors’ curves were figured so the
secondary could be placed in a holder suspended near the corrector end of the tube
or even attached to the corrector itself. This SCT design would be easy enough to
make—two spherical mirrors are easy for even a novice “glass pusher”—if only a
way could be found to produce that nasty corrector easily.

The stumbling block for amateur telescope makers was the same thing that gave
Bernhard Schmidst fits (literally) 30 years before: the corrector lens. Some advanced
and enterprising amateurs tried their hand at SCTs nevertheless. A few of the most
talented workers were able to grind and polish correctors by hand. Most, however,
tried Schmidt’s vacuum trick. Some were successful, but most found the Schmidt
trick hard to execute without a well-equipped optical shop at their disposal. There
things remained for a while. An SCT would occasionally show up at Stellafane, the
big U.S. amateur telescope-making yearly convention, but these CATs were curiosi-
ties. The SCT’s impact on the average amateur was nil. Correctors would never be
practical for most people to produce at home, and commercially made telescopes
that required these labor-intensive lenses would, it seemed, be far too expensive for
the average amateur to afford.

That’s what everybody thought, anyway.



CHAPTER THREE

Tom Johnson was a man with a mission, but that mission had nothing to do with
telescopes, at least not at first. Johnson had formed a small company in the early
1960s in southern California, Valor Electronics, to produce power supplies and
other items for the burgeoning hi-tech industries of the area, and he was focused
on making his firm a success. There things would have stayed if he had not bought a
small Newtonian reflector for himself and his children. That was the spark. Johnson
became one of those rare people who discover their true calling, and he was soon a
full-fledged amateur telescope maker. By 1963, he had finished building an innova-
tive 18.75-inch Cassegrain telescope, a huge amateur instrument for the time, and
was showing it off at area clubs and star parties. Tom Johnson and his absurdly big,
portable, and advanced telescope were featured in a Sky & Telescope magazine cover
story that year.

Johnson soon set his sights higher than just occasionally contributing to astron-
omy magazines, however. Seeing the tremendous response his big Cassegrain got at
amateur gatherings, he began to wonder if he could sell telescopes like it to amateurs
or maybe sell telescopes that were even more advanced and easier to use and trans-
port. He was well aware of the Schmidt Cassegrain design and its potential advantages
for the amateur astronomer. He was also aware of the problems involved in fabricat-
ing corrector lenses. While considering the problem, he ordered a 20-inch corrector
plate from optics giant Perkin-Elmer, but by the time this massive, expensive piece
of glass arrived he had already thought of an elegant and inexpensive way to make
Schmidt Cassegrain telescope correctors.

It was obvious that hand grinding and figuring correctors would not be practi-
cal in a mass production setting. Schmidt’s vacuum trick was the way to go, but
something needed to be done to make the process easier. What he came up with
was his “master block” process. In this method a master corrector “form” is first
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ground and polished into a Pyrex glass blank somewhat larger than the desired
size of a finished corrector. The figure ground into this master is the exact inverse
of the shape needed for the finished corrector, which is thick in the center, thinner
between center and edge, and thick again at the edge (Figure 1). The master block’s
shape is the exact opposite.

When the painstaking process of making the master block is complete, a glass
blank that is to become a corrector is placed on the master and pulled against it with
a vacuum. The exposed surface of the blank is then ground and polished flat. When
the vacuum is released, the blank springs back and assumes the opposite curve of the
master, just as in Schmidt’s original process.

The master block system is actually considerably more difficult and complex than
described. In addition to the basic challenge of making a master block (luckily, a
single master can produce many corrector plates), it is hard, for example, to pull the
blank evenly against the master so the two pieces of glass are in perfect contact. The
interface between the blank and the block also must be nearly clean-room clean as
any dust between the master block and the corrector blank will show up as light-
scattering depressions on the finished corrector plate. These problems are manage-
able, however, and the master block technique allowed Johnson to start cranking
out SCTs.

The Commercial SCT

That is just what Johnson did. Not long after he cracked the corrector “code,” he
renamed Valor “Celestron Pacific” and turned it into a telescope company. It was
not quite the Celestron today’s amateurs know. Johnson thought the SCTs he was
producing in apertures of 6, 8, 10, 12, 16, and 22-inches would be perfect for ama-
teur astronomers, but his scopes were not marketed to amateurs at the beginning.
The first Celestrons were beautiful instruments with striking blue-and-white paint
schemes and excellent optics (Plate 3). Unfortunately, they were expensive—very

Plate 3. (Blue and
White Celestron) One
of the Celestron’s legen-
dary 1960s Blue and
White SCTs, the C10.
Credit: Image courtesy of
Bob Piekiel.
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expensive. A C10 10-inch SCT, which was the Celestron most often purchased by
amateur astronomers, cost almost as much as a brand-new Volkswagen Beetle.
Celestron did sell quite a few of the blue-and-white Schmidt Cassegrains to small
colleges and universities eager for good telescopes that did not cost as much as cus-
tom professional instruments.

Celestron could easily have stayed on this path, selling a few scopes to educa-
tors and even fewer to wealthy amateurs, but Tom Johnson wanted more. As Robert
Piekiel says in his excellent history of the company, Celestron: The Early Years, “In
the late 1960s, Celestron was realizing that the Vintage, blue-white scopes they were
producing were not selling to a fair share of the market due to their cost, as well as
their bulk and weight” Tom Johnson knew amateur astronomy was changing ever
more rapidly as the 1970s dawned, and he decided he was going to furnish this new
breed of amateurs who traveled to dark sites and dabbled in astrophotography with
the telescope they needed.

The breakthrough was the original C8, the “Orange Tube” (Plate 4), so called because
of the orange paint job Johnson settled on—maybe in an effort to stand out from the
crowds of white-tube scopes advertised in Sky ¢ Telescope. The paint scheme was not
the only thing that made the C8 different from earlier Celestron scopes (most of
which remained available through the early 1970s). The design of the Orange Tube
was almost identical optically and mechanically to the earlier Celestrons, but the
company had to cut some corners to lighten and cheapen the massive and complex
white-and-blue Celestron Pacifics.

In the Orange Tube C8, the focusing mechanism was simplified, the heavy piers
furnished with the original scopes were replaced by light but sturdy tripods, and the
telescope drive systems were equipped with simpler and cheaper gears and a mini-
mum of electronics. The optics were still as good as ever, though, and the telescope
was so far in advance of the simple Newtonians and refractors amateurs were
used to buying that the C8 caused a real revolution in amateur astronomy. Almost
immediately, old-time companies, amateur traditions such as Cave and Unitron,
began to wither. Johnson was soon selling every C8 his dramatically enlarged

Plate 4. (Orange Tube
Celestron) Celestron’s
first mass produced
Schmidt Cassegrain, the
ground-breaking Orange
Tube C8. Credit: Image
courtesy of Bob Piekiel.
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company could produce, even though the C8 was not exactly cheap. The Orange
Tube commanded a whopping $1,000 (a lot of money in 1970) once the customer
stocked up on all the “optional” accessories, such as a tripod.

What happened to Tom Johnson’s little company, Celestron? The 1980s and 1990s
brought plenty of changes. After the success of the C8, the product line was expanded
to include a C5, a Cl11, a C14, and other catadioptric telescopes. The company con-
tinued to grow and prosper under Johnson, but after he sold out to a Swiss holding
company in the 1980s, Celestron began to suffer some setbacks. These culminated
in the 1990s with the sale of the company to notorious junk-scope importer Tasco.
Thankfully for Celestron fans, that state of affairs did not last. By the early years
of the new century, Celestron had been purchased by Taiwanese optical/telescope
giant Synta, under whose guidance the company appears to be flourishing again.
Whatever happens to Celestron in the future, it and its founder, Tom Johnson, have
certainly earned a mention in the astronomy history books for finally bringing
the amateur astronomer a modern, high-quality, affordable telescope.

Meade

Changes in ownership were not the only challenges Celestron had to face as the
years rolled on. For the first decade after the introduction of the Orange Tube C8,
it had no competition when it came to SCTs. One company, Criterion, formerly
known for producing cheap but good Newtonians, had introduced a Schmidt Cas-
segrain of their own, the Dynamax. However, this telescope was never a serious
contender for a number of reasons. What mostly kept Criterion down was poor
optics. Some of their SCTs could be described as having “acceptable” optical qual-
ity, but very few were better than that. Most were worse, and most amateurs stuck
with Celestron.

Then, in 1980, it was a whole new ball game for Celestron. A little company called
Meade, which had been started by another southern California electronics engineer,
John Diebel, introduced an 8-inch SCT that some amateurs thought was not just as
good as the C8, but better.

The rise of Meade Instruments is one of those old-fashioned success stories
Americans love. The world’s number one telescope company began as John Diebel’s
one-person “garage” business in the early 1970s, selling small imported telescopes
and accessories through tiny ads in the astronomy magazines. Meade did not exactly
take amateur astronomy by storm, but Diebel kept plugging away at it, continuing
to add to and broaden his product line. After a couple of years this steady plodding
started to pay off. Amateurs noticed Meade was offering some pretty good eyepieces
for bargain prices, something that was rare in the early 1970s. Meade’s prospects
advanced even further in 1978 when they began selling serious telescopes—6- and
8-inch Newtonian reflectors.

It was clear to Diebel that Meade had potential, but it was also clear that the mar-
ket for the accessories, Newtonian telescopes, and old-fashioned achromatic refrac-
tors (another big product for the young company) was strictly limited. One thing
appeared certain: The Schmidt Cassegrain was the wave of the future, and the only
way to really get ahead was to take on Celestron by producing a CAT. Meade, it was



Inside a CAT

Plate 5. Meade
2080 20 Celestron’s
first serious competitor,
the Meade 2080 8-inch
SCT, which featured an
improved worm gear
drive system.Credit:
Image courtesy of John
Clothier.

decided, would give it a try, even though the other popular Newtonian maker of the
time, Criterion, was in the process of failing due to its SCT woes. After 2 years of
development, Meade released its first SCT, the 2080, in 1980 (Plate 5).

Lucky for John Diebel and his employees, the 2080 was not another Dynamax.
The design was similar to that of the C8, but in some regards the Meade was clearly
superior to Celestron’s famous orange CAT. Diebel and his Meade colleagues had
done their homework, taking those 2 years to painstakingly design a telescope and a
manufacturing process to produce it. The all-important corrector was made using a
method similar to Schmidt’s original vacuum process. Early Meade correctors were
maybe not as good as those produced by Celestron’s proprietary master block sys-
tem, but before long Meade had its act down, and its SCT optics were close in quality
to those of Celestron. One thing astrophotographers liked about the 2080 was that
it used a high-quality worm gear in its drive system that was at least perceived to be
more accurate than the cheaper spur gear of the C8.
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In the nearly 30 years since the arrival of the 2080, Meade has continued to grow
and prosper. There have been a few bumps on the road of late, but Diebel’s kitchen
table company has become established as the innovator in technology for the ama-
teur astronomy market. This approach culminated in the introduction in 1992 of the
LX-200 series of SCTs, the first practical and affordable go-to Schmidt Cassegrain.

Which Is Better, Celestron or Meade?

It is a cliché, I know, but if I had a dime for every time I've been asked the ques-
tion which is better, Celestron or Meade by a novice amateur astronomer, I would
be rich. It's not that I don't want to answer this question; it is just that it is a hard
one to answer. There are differences in the Schmidt Cassegrains sold by Meade and
Celestron, but they are minor differences. When it comes to the all important optics,
it is close to impossible to tell the difference between the two companies’ scopes.
Mechanically, Meade and Celestron SCTs are also very similar.

How to choose, then? It used to be simple: look for the features you want. Want
permanent periodic error correction (PPEC)? Buy Meade. Want StarBright optical
coatings? Celestron. Truth is, though, that today the feature sets of the two firms’
go-to scopes are just about as indistinguishable as their optics. If there is a clear
difference in the two SCT brands, it might be in company philosophies. Meade tends
to be on the cutting edge of electronics and computers. Celestron tends to focus
more on optics and mechanics. That is not as true as it used to be, though. Meade,
for example, has recently pulled ahead in the optics race with its “advanced coma
free” SCTs. Celestron, meanwhile, has worked to close the electronics technology
gap and was the first telescope maker to include onboard global positioning system
(GPS) receivers in its Schmidt Cassegrains.

How, then, to decide on “orange” or “blue” (the companies’ traditional color
schemes)? There are still differences. Meade’s telescopes still tend to be possessed
of more computer features and frills. Meade CATs are also available in larger sizes
than the Celestrons, including 16- and 20-inch models. Scope for scope, Meades are
noticeably heavier than the Celestrons. The larger-aperture SCTs—and this includes
even the 12-inch models—cry out for permanent mountings. Celestron’s CATs tend
to be less feature laden and perhaps a tad more user friendly. They are also lighter
in weight. The largest -aperture Celestron, the 14-inch C14, is surprisingly easy for
one person set up, both because its tube is lighter than the equivalent Meade and
because it is furnished on a German equatorial mount rather than a huge fork, like
the Meade 14-inch.

Anatomy of an SCT

To now we have been talking about the Schmidt Cassegrains in general terms. Next
is a detailed tour of a Meade/Celestron SCT tube (optical tube assembly, or OTA).
An 8-inch telescope is dissected, but smaller and larger CATs are almost identical.
When done poking around in the tube, we move on to take a look at the mounts on
which these tubes ride.
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Optical Tube Assembly

As mentioned in Chapter 1, a new user’s first impression of a Schmidt Cassegrain
tube is that it is short and fat, like a little beer keg. The SCT is very compact due to
its “folded” optical system. Seen in Figure 1, light enters the corrector end of the
tube, passes through the all-important corrector lens, strikes the primary mirror,
and is reflected back up the tube to the secondary mirror. The secondary sends this
light down the tube again and out through a 1.5-inch diameter hole for viewing. The
SCT’s convex, magnifying secondary mirror allows the Schmidt Cassegrain to pack
a lot of focal length into its short tube, which is only about 17-inches long. Stand-
ard Meade and Celestron Schmidt Cassegrains have focal lengths of approximately
2,000 mm, and if not for these SCT tricks—the folded optics and the magnifying
secondary—the tube would need to be approximately that long, about 80-inches,
or over 6.5 feet.

Almost all the SCTs Meade and Celestron produce today have focal ratios of /10
(for an 8-inch SCT, 2,000/200 mm [focal length/mirror diameter] = 10 or /10).
Meade sold an f/6.3 focal ratio version for a while, but it was never very popular
with consumers despite the wider fields of view its shorter focal length yielded, and
it was phased out a few years ago. Recently, however, Meade has begun to offer an
alternative to /10 again. Its top-of-the-line LX400ACFs feature the slightly faster
focal ratio of /8.

Physically, most of Meade’s and Celestron’s SCT tubes are made of thin-walled
aluminum. Both companies have also used carbon fiber for some of their top-of-
the-line telescopes at times. The tubes’ interiors, whether made of carbon fiber or
aluminum, are painted a flat black to reduce unwanted reflections. At one end of the
tube is the “corrector assembly,” and at the other end is a “rear cell.” The corrector
assembly is designed to, naturally, hold the corrector and secondary mirror securely
and maintain proper alignment. The rear cell contains the primary mirror, focusing
mechanism, and the “rear port,” a hole onto which eyepieces, star diagonals, cam-
eras, and other accessories can be mounted.

Probably the most striking part of the SCT OTA is its big glass corrector lens
(Plate 6). This lens does not look much like a lens, and some beginners mistakenly
assume it is just a flat piece of glass designed to hold the secondary mirror in place
and keep dust out of the tube. The corrector is thin (about 5 mm thick) and very
gently curved, but it is a lens, all right. At least one person we know of broke a
corrector and replaced it with a piece of nice, flat window glass. This person was
mightily flummoxed when he looked through his “repaired” scope and found its
images were a blurry mess. As we know from our discussion of the Schmidt camera,
the corrector plate has the important job of removing image-destroying spherical
aberration. In the center of the corrector and extending through it is the mounting
for the secondary mirror.

This secondary holder both supports the CAT’s small convex mirror and provides
ameans for adjusting its tilt so that the telescope’s optics can be aligned, or collimated.
Look closely at the secondary holder, and three screw heads equally spaced around
its circumference in a triangular pattern will usually be obvious (Plate 6). These
screws, Allen screws on Meade scopes and Phillips screws on Celestrons, are used to
adjust the telescope’s collimation.
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Plate 6. (Corrector and Secondary Holder) The business (corrector) end of a Celestron
Schmidt CAT.Credit: Author.

Moving around to the CAT’s back end, take a look at the rear (or “mirror”) cell.
In addition to the central hole, the rear port, there is usually at least one knob, the
focus control, that moves the telescope’s primary mirror forward and back in the
tube to focus the telescope. If the CAT in question is one of Meade’s LX200ACF’s,
there will also be a second knob, which is used to lock the primary mirror in place
during picture taking. If the scope is an LX400 ACEF, neither knob will be present.
The 400’s primary mirror is permanently fixed, and the scope is focused by moving
a (motorized) secondary mount.

The rear port is surrounded by a raised and threaded metal lip. The size and
threading on 8-inch rear ports is the same on all modern Meades and Celestrons
(2-inches, 24 threads per-inch). Some equipment, such as camera adapters, threads
directly onto the port. Other items, mainly diagonals and eyepieces, require the use
of a “visual back” (Plate 7). This is an adapter that is composed of a threaded ring
and a barrel. The ring screws onto the rear port and snugs the barrel up against
the rear cell. The visual back’s barrel has an inside diameter of 1.25-inches, allow-
ing “American standard” eyepieces, star diagonals, and other small accessories to be
inserted into it and secured with a set screw.

Look through the rear port and into the OTA interior, and the first thing that
you will notice is an eye staring back, reflected by the secondary mirror at the cor-
rector end of the OTA. The other thing is that the rear port does not look out onto
the surface of the primary mirror; instead, it opens into a metal tube that is the
same diameter as the rear port and extends about halfway into the telescope. This
is the SCT’s “baffle tube,” which serves two purposes. First, it prevents the contrast
destroying “sky flood” that would happen if light passing through the corrector at
oblique angles were allowed to bypass the telescope’s mirror system and “flood” the
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Plate 7. (Rear Cell) SCT rear cell assembly showing rear port, visual back, and focus knob.”
Credit: Author.

eyepiece with unwanted light. The baffle tube blocks the eyepiece from these con-
trast-spoiling light rays. The other important job the baffle tube does is to provide
something for the primary mirror to slide up and down on during focusing.

Other telescope designs focus by moving the eyepiece in and out, just like Galileo’s
little refractor did—but not Schmidt Cassegrains. Meade’s and Celestron’s standard
SCTs focus by moving the primary mirror back and forth. The focus knob on an
SCT’s rear cell is attached to a threaded rod that screws into the scope’s primary mirror
holder. This simple system allows the mirror to be moved up and down on the baf-
fle tube in small, fine increments. Turning the control clockwise moves the mirror
down the tube. Counterclockwise moves it up the tube. Note that in most SCTs the
mirror is not riding directly on the baffle tube. Instead, a sleeve/hub is inserted into
the primary’s central hole, and that is what actually moves up and down on the baf-
fle. Also, note that turning the focus control to both ends of its range does not move
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the mirror very far. It does not have to move very far; a small amount of movement
has a large effect on focus due to the magnifying effect of the secondary.

Why don’t Schmidt Cassegrains focus by moving the eyepiece, like other tele-
scopes? Moving mirror focusing has some advantages. Not having to move the rear
port and visual back in and out to focus makes for a more stable mounting for heavy
items such as cameras. The moving mirror system also gives the SCT a large focus
range. Almost any eyepiece, even insanely long focal length or homemade oculars,
will come to focus in a Schmidt Cassegrain. Remember how we said that a Newto-
nian will sometimes need to be modified by moving its mirror up the tube before a
camera will focus? The reason that is not necessary with SCTs is because of the mov-
ing mirror-focusing system and its huge amount of focus travel, or “back focus.”

Alas, the moving mirror focus system is not all to the good. Meade and Celestron
SCTs are pretty well put together, but they are not Swiss watches. There is generally
a small amount of space between mirror and baffle, and the mirror rides just a little
loosely on the tube. That causes the primary to tilt slightly when the focus control
is turned since the threaded rod is on one side of the mirror and is pushing up or
pulling down. When that happens, images move slightly in the field, which is annoy-
ing but not debilitating. Most new SCTs display a “focus shift” of only about 45 arc
seconds, about the diameter of the planet Jupiter as seen from Earth.

A more serious problem with moving mirror focusing (for astrophotographers) is
mirror flop. Unfortunately, a CAT’s primary mirror may move slightly even when it
is not being focused. When the scope’s attitude changes significantly, when it tracks
across the local meridian (the imaginary line that divides the sky in half from north
to south), for example, the primary may shift a little bit. If an image is being exposed
when the mirror flops in this fashion, the picture may be ruined; stars in the frame
will come out as little lines rather than dots. Fortunately, there are several simple
means of eliminating or at least reducing flop and shift, which are covered later.

SCTs larger than 10-inches are very similar to the 8-inchers, but one way in which
they differ is the size of their rear ports and baffle tubes, which are larger in dia-
meter, almost 3-inches rather than 1.5-inches. That allows big CATs to use long focal
length wide-field eyepieces without suffering the “vignetting” that cuts off the edge
of the field of view in some long focal length eyepieces when they are used on 8-inch
scopes. Unfortunately, not many accessories can be used with the larger rear port.
One reason is that, unlike the 8-inch scope ports, Meade and Celestron use different-
size big backs (3.25-inch 16 tpi [threads per inch] for Meade, 3.3-inch 16 tpi for
Celestron), do not ask why. Luckily for big CAT owners, standard SCT accessories of
all types can be used on the larger scopes with the aid of a “rear port reducer.” This
item is supplied as standard equipment with all Schmidt Cassegrains bigger than
10-inches.

What else does the rear cell do? It provides a place to mount a finder. Even if the
SCT has go-to, as most do these days, a finder scope will be needed to help locate
two or three go-to alignment stars. An {/10 2000-mm focal length 8-inch SCT has a
narrow field of view, even when long focal length (low-magnification) eyepieces are
used. This field of view is so narrow that it is surprisingly difficult to get even the
Moon centered in an eyepiece without a finder. Finders are of two basic types. One is
a small, low-power telescope with a magnification of about 6X to 12X. Some recent
CATs use nonmagnifying zero-power (“unit power”) finders instead. These employ



Inside a CAT y

a red light-emitting diode (LED) and an optical window to “project” a dot or bulls-
eye reticle on the night sky for aiming.

Back at the front of the CAT, take another peep down the tube, this time focus-
ing on the primary mirror. Looks pretty, doesn’t it? All bright and shiny? Due to
the semi-sealed nature of the SCT’s tube (it is not exactly airtight), dust and dirt
on the mirror are not usually a problem. Theoretically, an aluminum-coated first-
surface mirror will need recoating every 10 to 15 years. Maybe that is the case with
Newtonians, but luckily it is not the case with SCTs. I have a 1973 Orange Tube C8
at the university where I teach astronomy labs, and its mirror at least looks as shiny
as it did the day it rolled off the line at Celestron’s Torrance, California, plant. That
is good because getting SCT mirrors recoated normally requires the scope to travel
back home to Celestron or Meade.

Mountings

What good is a telescope without a sturdy mounting? Absolutely no good at all.
Without an adequate mount, a telescope becomes a source of frustration rather than
a pleasure. This is especially true in the case of the Schmidt Cassegrain since its
relatively long focal length produces a fairly high magnification with any eyepiece.
It is at higher magnifications that “the shakes” become most obvious and serious.
In addition to supporting the scope, an SCT’s mount contains the motors and elec-
tronics that allow it to point at objects and, once pointed, track these objects as they
move across the sky due to Earth’s rotation.

Meade’s and Celestron’s SCTs are currently available in two flavors of mount, fork
and GEM. The GEM, the German equatorial mount, must be properly aligned on
the North Celestial Pole (or just Polaris) before it can track the stars. The fork, on
the other hand, can be used in either of two modes. In equatorial mode, it is aligned
on the Celestial Pole, just like a GEM, and also like a GEM, tracks objects by coun-
tering Earth’s rotation. Today’s go-to-equipped fork mounts can also be set up in
alt-azimuth mode. This does not require any kind of polar alignment for the scope
to track. In “alt-az,” a fork needs the services of two motors to counteract the Earth’s
rotation, one for altitude (up/down) and one for azimuth (right/left). Alt-az track-
ing is a complicated business only made possible by the computers contained in
go-to mounts, which can accurately “stair-step” a telescope across the sky.

Fork MOuUNTS

Most of the SCTs Meade and Celestron sell are equipped with fork mounts. The rea-
son is that the fork is easy to produce, is easy to use, and provides a reasonably stable
mounting for a short-tubed Schmidt Cassegrain. The fork, which has not changed
much since the days of the Orange Tube C8 seen in Plate 4, is just that, a large metal
fork attached to the SCT’s OTA on either side by means of declination (altitude)
bearings. Today’s forks contain some electronics and a motor in one of the fork arms
that drive the telescope in declination/altitude during go-tos. In the past, almost all
SCTs also featured mechanical slow-motion declination controls. These were knobs
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located on a fork arm and were designed to allow a user to manually move the
telescope slowly and precisely in declination (north-south)/altitude. Some Meade
telescopes still feature declination “slo-mo.” Most Celestrons do not. With the move
to motorized go-to forks, there is less need for mechanical slow motion. Another
common feature before go-to was a graduated dial, an analog declination “setting
circle,” to assist in finding objects. The tube is held stationary in declination with a
lock lever or knob.

The fork sits on the telescope’s drive base, which contains most of the electronics
and controls needed to run the telescope. The fork can swivel 360° in azimuth (or
right ascension, RA [east-west], in equatorial mode). Before go-to, most SCTs had
manual RA slow-motion controls as well as declination slow-motion controls. As
with declination slow-mo, this feature is disappearing. Having an RA slow motion is
still handy, though, since it can be used to track objects across the sky when power is
unavailable. Even if the scope does not have a right ascension slow motion control,
it will have a right ascension lock to secure the tube during go-to and tracking. Like
declination setting circles, RA setting circles have disappeared from many telescopes
with the advent of go-to.

Look at all those switches, lights, and connectors! The fork-mount Schmidt Casseg-
rain’s control panel (Plate 8) is usually located either on the top or the side of the drive
base, but some models, including Celestron’s NexStars and CPCs, place some connec-
tors on the top of the drive base and switches and power indicators on the side.

Wherever they are, these complex-looking panels are intimidating for a beginner.
They become less scary when they are boiled down to a few important indicators,
sockets, and switches. First, there will be a receptacle for a power cable. The type of
current required is usually 12 volts direct current (DC) and may be supplied either

Plate 8. (RCX Control
Panel) The drive control
panel of a modern SCT, the
Meade LX400-ACF. Credit:
Image courtesy of Meade
Instruments Corporation.
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by a DC source like a battery or by some kind of alternating current (AC)-powered
DC supply. Somewhere in the area of the power connector, there will be an on-off
switch—usually one that is way too small for convenient use by gloved hands in the
wintertime. There may also be a little red (to preserve night vision) power-on indi-
cator, usually an LED.

Next up is an R] (“telephone-style”) connector for the hand control (HC). There
are several styles/sizes of R] connector—R]J-11, RJ-12, RJ-45, and more—which is
good, since it allows telescope makers to use different sizes of connectors for dif-
ferent purposes, ensuring SCT users do not plug the telescope’s HC into the wrong
socket, which could be disastrous. The usual plug style used for an HC is RJ-12,
which can handle as many as eight wires, enough for all HC signals and power.

On many scopes, there will be yet another R] jack labeled “autoguide” (or similar).
This allows a telescope’s aim to be automatically fine-tuned, “guided,” during pic-
ture taking using Santa Barbara Instrument Group’s relay-switch-closure autogu-
ider format, which has become a standard in the telescope industry. Plug a cable
from an autoguiding-capable camera into this RJ-12 port, and the camera will detect
and correct any small drive gear errors that would otherwise spoil long-exposure
images.

On some fork-mount go-to scopes, there will also be an RS-232 (serial) jack on
the control panel. If present, this will usually be an RJ-11-style connector. Recently,
however, Meade and Celestron have migrated this RS-232 port to the hand control
for most models. RS-232 serial data are used for a variety of functions on a fork-
mount SCT, including sending the telescope on go-tos using an astronomy program
running on a laptop personal computer (PC), autoguiding the telescope serially if a
dedicated autoguide port is not available, and updating telescope firmware.

If the CAT in question is a Celestron, there will be another RJ port on the drive
base, one labeled “PC.” You'd think that would be the place to connect a laptop
computer to control the scope via “planetarium” software. Makes sense, right? But,
the Celestron engineers had other ideas apparently. This port, which uses an RJ-45
connector, is instead used for two very different purposes. One use is for upgrad-
ing the telescope’s motor control firmware. Celestron go-to scopes use two separate
computers, one in the HC and one in the mount (the motor control board). The PC
port is also used when operating the telescope via the NexRemote software program
rather than a hand control (see Chapter 10).

Finally, both Meade and Celestron fork-mount telescopes feature “auxiliary”
ports. These are used for a variety of functions, most often for operating accesso-
ries such as motorized focusers. Beware of plugging anything into these ports that
should not go there since these receptacles are “hot.” They supply power to devices
that need it and can damage anything that does not.

That is the control panel. But, what is inside the drive base? We do not recommend
opening the base of a modern telescope. It is generally a maze of easily pinched and
disconnected wires. It is also full of circuit boards that can be damaged by static
electricity. Also in there, however, are the same things that have been in there since
the days of the Orange Tube C8: a drive motor and drive gears (Plate 9). The motors
on today’s telescopes are of two types: steppers or servos. These motors differ in one
respect; steppers, as their name implies, move in distinct steps, while servos move
continuously. Stepper motors were originally developed for use in computer print-
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Plate 9. (Worm Gear Assembly) A fork mount SCT’s worm gear right ascension drive.
Credit: Author.

ers and are therefore easy to control with computers. Servo motors, on the other
hand, feature smoother operation since they do not “step along.” In practice, both
types work well for fork-mounted CATs.

These motors are coupled to the telescope’s main drive gears, either directly or
through a gear train. However they are linked to it, their purpose is to drive a smaller
gear that turns a large gear that is attached to the fork. In older fork-mount SCTs and
some current less-expensive telescopes, the gears used for the telescope drive were
both spur gears. In spur gear systems, a small gear with straight teeth is attached to
the motor and drives a larger gear of the same type coupled to the fork. Spur gear
systems work fairly well, are inexpensive, and can be highly accurate. Their draw-
back is that the gears’ teeth cause tiny random variations in the telescope’s tracking
speed. This is not a problem for the visual observer, but it means imagers guiding
manually must monitor the scope’s aim very carefully and be ready to push a HC
direction button when these random variations show up. An autoguider may have
trouble with the sudden, random errors introduced by spur gears.

In all but today’s least expensive Meade and Celestron telescopes, the smaller gear
in the drive system is now a worm-type gear. A worm gear is a cylindrical, helically
cut (slanted) gear renowned for smooth precision. The helical nature of the worm
ensures good contact with the gear it is meshed to and delivers an accurate drive rate.
More important, much of the spur gear system’s randomness is eliminated. Like any
mechanical gear system, worm gear drives still show some error, but this is usually
periodic error, a slow and regular variation that is easy for an astrophotographer to
“guide out” using the scope’s HC or an autoguider. One thing to remember when
talking about Meade and Celestron SCTs’ worm gear drives is they are only really
half a worm system. In these scopes, the larger gear the worm drives is actually a big



Inside a CAT y

spur gear. In a true worm system, this larger gear would be the “wheel” and would
have helically cut teeth, like the smaller gear.

Although the half-worm system works decently, the very nature of Meade and
Celestron forks tends to limit their drive accuracy. They have to be designed both to
track at an accurate “sidereal” rate and, when called on, zip the scope across the sky
for go-tos at speeds as high as 8° per second—much faster than the tracking rate of
15° per hour. Unfortunately, they must do that without relying on high-cost gears,
motors, and couplings. For that reason, it is common to find some looseness and
backlash in the companies’ fork drives that limit them during demanding applica-
tions like long-exposure imaging.

If a fork-mount telescope is to be used in equatorial mode—which is a require-
ment for serious imaging—it requires one additional component, a “wedge.” The
wedge, shown in Plate 5, is a simple wedge-shaped metal affair that has a single
purpose: It tips the telescope over so it can be aligned on the North Celestial Pole.
When tipped in this fashion, the up-and-down movement of the tube in the fork
tines becomes movement in declination (north/south). When swiveling on the drive
base, the scope moves in RA (east/west) rather than left/right.

What makes a fork mount a good choice for an amateur astronomer? Comfort.
Forks are incredibly comfortable to use for visual observing when set up in alt-az
mode. Nothing is more pleasant for just looking than an alt-azimuth SCT. When
mounted on a wedge for equatorial use, a Schmidt Cassegrain’s eyepiece can be
placed in some odd positions. When pointing to far northern targets (or far south-
ern ones south of the equator), for example, the eyepiece will be nestled up against
the fork arms and difficult to get at. In alt-az mode, the worst it gets is when the
telescope is pointed at the zenith. In that position, the ocular will be up against the
drive base, but still not as difficult to access as the eyepiece on a north-pointing
wedge-mounted scope.

Should your Schmidt Cassegrain be a fork-mounted Schmidt Cassegrain? If you
want ease of use and want to keep the price down without sacrificing strength
or features, the answer is “yes.” There are some reasons to consider an alternative
to a fork, however. In addition to gearing/drive deficiencies, forks are not as sta-
ble as other mounts. One look tells the story: The thing is a big metal fork, like
a big tuning fork. The fork mount is naturally prone to vibration. Need to set a
fork mount scope up in equatorial mode? That makes the vibration problem even
worse. Tipped over on its base, the fork is off balance, and the whole shebang, and
not just the fork, is prone to a right good case of the shakes. Finally, have you seen
large-aperture fork-mount telescopes like a 12 or 14-inch? In person? To support
large OTAs, these forks must be huge—and heavy. Modern go-to SCT OTAs cannot
be easily separated from their forks, either, so the whole, heavy thing has to be lifted
onto a tripod in one big piece.

So, maybe fork-mount Meade or Celestron SCTs, as pretty and appealing as they
appear in the ads, are not quite the thing for all amateur astronomers. What then?
Do not worry. There is an alternative: the GEM seen in Plate 10. The GEM has a
lot of fans, especially among photographers and other serious amateurs. Although
it has been overshadowed by the fork mount for Schmidt Cassegrains, the German
mount has been offered as an option since shortly after the first Orange Tubes began
rolling out of California. Although it has not and probably will not displace the fork
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Plate 10. (German mount) A C8 CAT mounted on Orion’s Atlas EQG German equatorial
mount. Credit: Author.

mount as the most popular support for the SCT, it has some advantages that make
it worthy of consideration.

The German Equatorial Mount

What’s “German” about a GEM? It was invented by a German priest, Christoph
Grienberger, in the seventeenth century, not long after Galileo did his refractor
thing. Perhaps it should have been called the Grienberger equatorial mount, but
“German” does have a nicer ring.

Whatever you call it, the GEM is a simple if complicated-looking device. In Plate
10, you can see that it is composed of two axes connected to form a “T” shape. The
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“vertical” bar of this T forms the RA axis, while the “cross” bar of the T is the decli-
nation axis. The telescope is attached to the crossbar, and the vertical bar is tilted to
point at the North Celestial Pole. Arranged in this fashion, the GEM can track the
stars by turning on its RA axis. Add a single motor, and it can track automatically.
Hook up a computer and add a declination motor to the German mount, and it can
go-to as well as any fork mount can.

The details are a little more complicated, but not much. A shaft runs through the
vertical bar of the T, rotates on bearings, and forms the actual RA axis. The RA axis
is physically attached to a strut or housing that allows it to tilt to point at the pole,
and there are usually fine-adjustment knobs that allow this tilt to be precisely set for
exact polar alignment. The RA axis can also be adjusted finely in azimuth. There is a
lock to secure the scope in RA during tracking and go-to.

The crossbar of the T houses the declination axis shaft and its bearings. There
is a lock on the declination axis just like the one on the RA axis that must also
be tightened down for go-to. The declination shaft extends through and out of its
housing, and “counterweights” are mounted on this extension to counterbalance the
scope that is attached to the opposite end of the axis. The counterweight end of
the declination shaft is usually equipped with a safety bolt that prevents the heavy
weights from accidentally sliding off the end of the declination shaft. That is a very
good thing. As a very young man, I had a bad experience with a counterweight on
a GEM-mounted 4-inch reflector that did not have this feature. In the course of
adjusting the scope’s declination balance, I let go of the 10 pound counterweight,
which I had loosened, and it slid right off the shaft and onto my big toe. Ouch!

Drives on GEMs are not much different from those on fork mounts. There is a
separate servo or stepper motor for each axis, and these motors are controlled by a
computer in a hand control. One advantage GEMs, even low-cost imported ones,
have over less-expensive fork mounts is that almost invariably the smaller and larger
gears on both axes are both worms. One drawback to GEMs is that the RA gear is
usually smaller than those gears used in the fork mounts. A fork usually has an RA
drive gear as large as the drive base—6-inches in diameter or larger. RA gears on all
but the largest GEMs are typically half that diameter or smaller. That does not seem
to affect GEM tracking, however. A GEM’s declination gear is typically identical to
its RA gear.

Unlike forks, German mounts are still available without go-to, mostly from third-
party manufacturers. Non-go-to GEMs typically feature manual slow-motion
controls on both axes, while go-to models do not. Often, manufacturers, especially
of cheaper mounts, use the same basic mount for go-to and non-go-to models, with
the slow-motion controls removed to allow go-to motors to operate without the
addition of the clutches that would be needed if the slow-motion controls were
retained. Even without slow-motion controls, most GEMs are easy to point and
hand track without power. They are considerably easier to balance than fork-mount
scopes, and that helps a lot when pushing the scope along after the battery dies.

Is a German mount better than a fork? In some ways, it is. Despite the aforemen-
tioned smaller RA gears on some GEMs, most of the German mounts seem to track
better than similar-quality forks. In large part, this is because they are easier to
balance. Unlike a fork, a telescope on a German mount is easily balanced in RA
by moving the counterweight up and down its shaft. Declination balancing is also
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easy and is accomplished by the simple expedient of moving the scope back and
forth in the dovetail/cradle that is used to attach tube to mount. A fork may need the
addition of weights to the fork and to the OTA to achieve balance in both RA and
declination—assuming the telescope can be properly balanced in both axes, some-
thing that is not always possible with fork-mount Schmidt Cassegrains.

One tremendous advantage for the GEM is that, unlike most fork-mount scopes,
the tube can be removed from the mount easily. That makes the scope/mount
combo much easier to transport since it can be broken down into several easy-to-
handle pieces. Being able to remove the scope from the GEM also allows the same
mount to be used for a number of different telescopes. Most GEMs use one of two
standardized and easily available dovetail/cradle-mounting systems to attach scopes
to the mounts.

Who is the GEM for? The GEM is for two groups. The first is those folks, begin-
ners or just the budget conscious, who want a mount that does everything a fork can
do, including go-to and computer control, but for a less-expensive price. Meade and
Celestron offer medium-size imported (Chinese) GEMs for their SCTs that work
well and are as full featured as more expensive forks.

Since, as we all know, “there ain’t no such thing as a free lunch” (TANSTAAFL),
there must be a penalty of some kind. There is: GEMs are harder for beginners to
learn to use than forks. Since the GEM cannot be set up in alt-az mode, the novice
must learn to at least roughly polar align if the mount is to track the stars accu-
rately. A halfway decent polar alignment is also needed for good go-to performance
on some models. Go-to alignment is also a bit more complicated with GEMs, with
many models requiring the user to sight as many as six or seven stars for optimum
accuracy rather than the fork’s two or three.

The biggest fans of German mounts, however, are serious imagers. They often
eschew the GEMs offered by Meade or Celestron and place their SCT tubes on large
(and expensive) third-party mounts sold by companies such as Losmandy, Asro-
Physics, Software Bisque, and Mountain Instruments. These big guns are often in the
$10,000 price range.

Hand Controls

Meade’s (Autostar) and Celestron’s (NexStar) HCs look a little different (Plate 11)
but are similar in function. They include both numeric keypads and an array of
dedicated buttons to allow users to input information. Both flavors of hand control
feature relatively small LCD displays that give feedback on what is being entered
into the HC (date, time, and location, for example) and display various types of
output—object data, telescope position, etc. The major difference between Meade
and Celestron HCs is that Meade uses a red-on-black display, while Celestron uses
black on red. Meade’s HC display is much easier to read at 3:00 in the morning.
Otherwise, the NexStar and the Autostar are nearly indistinguishable. The Nexstar
offers nine user-selectable slewing/centering/guiding speeds: 6°/second; 3°/
second; 1.5°/second; and 128X, 64X, 16X, 8%, 2%, and 1x sidereal. There are also
three selectable drive rates: sidereal, solar, and lunar. The Autostar features 6.5°/
second, 3°/second, 1.5°/second, 128X, 64X, 16X, 8%, 2x, and 1X sidereal and the
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Plate 11. (Hand controllers) The Meade Autostar and Celestron NexStar hand controllers are
very similar. Credit: Author.

same user-selectable tracking rates as the NexStar. The HCs’ features and slewing
speeds can vary a bit, depending on the model of scope with which they are used.
Meade also makes an Autostar IT HC for its top-of-the-line models that offers
further features and refinements.

TrRIPODS

If a telescope is not any good without a good mounting, a mount is not any good
without a good tripod. What is a good tripod? In my opinion, the baseline is still
Celestron’s original Orange Tube tripod. It provides the best combination of light-
ness and stability ever seen in a Schmidt Cassegrain tripod. This famous “triangle-
tripod’s” legs and braces were a series of triangles forming, from an engineering
standpoint, the perfect design for a tripod. A similar arrangement is often found in
the expensive tripods used by professional photographers for large-format cameras
or by surveyors for their instruments. This tripod provided excellent support for the
C8, but users did not like the fact that it was not adjustable or collapsible. Most own-
ers described loading it into a small sedan as akin to wrestling with an octopus.
Today, all Meade and Celestron telescopes feature collapsible tripods. The usual
one found on a CAT is a tubular affair with legs that can be extended to bring the
height of the tripod head up to about 4.5 feet. Most also have a “spreader,” a metal
or plastic bracket that fits beneath the tripod head and pushes against the legs. A
threaded knob-and-rod arrangement allows the spreader to be tightened against
the legs, ensuring they are held firmly apart. Both Meade and Celestron have done
a considerable amount of work to upgrade their tripods in recent years, but it
must be said that most of the companies’ tripods, while adequate, are hardly oversize.
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One thing that can help is leaving the tripod legs unextended. Since most CAT users
like to sit while observing, that does not usually create a problem.

Who Makes SCTs?

The question of who makes SCTs is easy to answer: Meade and Celestron. That is it.
In the past, a few other telescope manufacturers have tried their hand at the Schmidt
Cassegrain, but usually not for long. Renowned Japanese telescope manufacturer
Takahashi, for example, produced only approximately 100 of its legendary TSC225
9-inch SCTs in the late 1980s. Belgium’s Lichtenknecker Optics has also made a few
SCTs. Their 8-inch models are renowned for their optical quality, or so it seems. They
are rarely seen.

Why are no companies other than Meade and Celestron making SCTs today?
Maybe this is because the other makers who have entered the SCT arena have been,
like Takahashi and Lichtenknecker, focused on making the best SCTs it is humanly
possible to make. That does not come cheaply in any scope design. The Lichtenk-
necker 8-inch, for example, cost nearly 5,000 German marks in the mid-1980s. The
big problem, though? It is hard to best Meade and Celestron when it comes to SCTs,
whether you want to produce an expensive scope or just something similar to what
comes out of California. They have the process down, and their products, while not
on the Takahashi level, perhaps, are very good nevertheless. As a matter of fact, the
few Tak TSC225 SCTs that I have used have been very good, yes, but only somewhat
better than a good Meade or Celestron.

Other Members of the CAT Tribe

Thus far, except for an occasional aside, the terms CAT and SCT have been used
interchangeably. The SCT is far from being the only CAT in use by amateurs. A visit
to any club observing field will also reveal SNTs (Schmidt Newtonian telescopes)
MCTs (Maksutov Cassegrain telescopes), MNTs (Maksutov Newtonian telescopes),
and maybe even KCTs (Klevtzov Cassegrain telescopes). All these variants are
described in the next chapter, but a few words about the Maksutov family are in
order here.

The Maksutov Cassegrain telescope, the MCT or “Mak,” is without doubt the
non-SCT CAT most beloved of amateurs. The SCT and MCT are such similar scopes
that beginners often have a hard time telling one breed of CAT from the other. The
principal difference, visible in Plate 12, is the MCT’s corrector. Unlike the thin, com-
plex-curved Schmidt Cassegrain lens, the Mak has a corrector plate that is thicker,
deeper, and simpler. It is often called a “salad bowl” corrector because of its appear-
ance. While it looks different, the Mak corrector’s function is the same as that of the
SCT corrector: remove spherical aberration. One other striking difference between
these two types of CATs is that the MCT often does not have a separate secondary
mirror. In Gregory design MCTs, the secondary is a silvered (aluminized) spot on
the inside surface of the corrector plate.
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Plate 12. (MCT Corrector) The deep-dish corrector plate of a Gregory-style Maksutov
Cassegrain telescope, the Meade ETX125PE. Credit: Author.

Why would somebody want an MCT instead of an SCT? because—some ama-
teurs think—MCTs have better optics. Although SCTs are good, the MCT does usu-
ally pull ahead of the SCT in image sharpness. This is due in part to the nature of the
corrector. In the MCT, it is usually figured in an easy-to-make spherical shape, which
is less demanding to make than the SCT’s corrector, and for that reason is often of
better quality. Also, the MCT’s primary mirror (which is sometimes a sphere, just
like an SCT mirror) usually has a higher focal ratio (and thus a shallower curve)
than a comparable SCT (often f/3 instead of {/2). Higher focal ratio mirrors are
usually more optically forgiving than lower focal ratio ones. The final focal ratio of
the MCT’s primary/secondary mirror combination is usually considerably higher
than that of most SCTs (f/15 is common). The longer Mak focal length and longer
tube that result from this design difference mean the MCT’s secondary mirror can
be smaller than that of an SCT, allowing the Mak to possibly deliver slightly higher
contrast images.

Everything does not come up roses with the Mak, however. Problem number
one is expense. Thick Maksutov correctors require expensive glass blanks that drive
MCT prices up. The (usually) higher focal ratio of the MCT means there is lot of
focal length, which delivers higher magnifications eyepiece for eyepiece and nar-
rower fields of view. Do not buy an MCT to scan the vast star fields of Sagittarius.
Buy one if you value optical quality above all else (and do not like superexpensive
apochromatic refractors) and do not mind focusing on small and medium-size tar-
gets. If you are a planetary observer, a Mak may be just the CAT for you.

Our tour of a generic SCT is now at its end. I have already mentioned a few specif-
ics of the two SCT makers’ telescopes, but in the next chapter we get down to brass
tacks and survey each company’s scopes model by model and in detail. The MCTs,
MNTSs, and SNTs are also not ignored, and a few of the CAT zoo’s even more exotic
beasts are introduced.



CHAPTER FOUR

Telescope Buyer’s Guide

What is so difficult about choosing a new Schmidt Cassegrain telescope? There
are just so darned many of them, and the manufacturers’ ads in the astron-
omy magazines and on the Web tend to confuse more than they enlighten. Is a
fork mount best? Or, is a German mount better? Are ultra high contrast coat-
ings (UHTC and XLT) optical coatings necessary (whatever they are)? Is any kind
of Schmidt Cassegrain the “right” catadioptric telescope? Might a Maksutov
Cassegrain or a Schmidt Newtonian be better? Yes, all those models, all those
options—it is enough to confuse anybody.

Choice is good, however, and picking a first serious telescope is not as hard as it
seems if the prospective buyer has at least some idea of what the telescope will be used
for and how much money can be spent on it. The different CAT designs, SCT, MCT,
SNT, and MNT have different strengths as far as what they are best suited for viewing
or imaging, and that will help when choosing a model. When it comes to price, the
SCTs, at least, sort into three categories: bargain, medium priced, and top of line.

One thing not to do is skimp on a telescope, even if spending more than was
initially planned means putting off buying for a while. The worst thing for a novice
amateur astronomer to do is choose an unsatisfying scope that will be rapidly out-
grown and soon need to be replaced. That does not mean a top-of-the-line telescope
is necessary the first time around. Today’s less-expensive SCTs sport features at least
as advanced as those of the most advanced telescopes on the market 10 years ago.
The critical thing is not to choose an aperture that is too small to show good detail
in objects. Hold out for at least an 8-inch if possible. A question I am often asked
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by beginners is whether buying a particular manufacturer’s most expensive model
ensures better optics than those in one of their less-expensive telescopes. In general,
the answer is “no,” not if the scope in question is an SCT. Celestron and Meade use
identical optics in all their standard design telescopes.

Are there any other caveats before we start kicking the tires of telescopes? There
are a couple. First, if at all possible, try to examine the scope of interest—or at least
a similar model—in person before committing to buying it. SCTs look a lot smaller
in the magazine ads than they do in person, and all too many novices wind up buy-
ing more scope than they can handle weightwise. There is a lot to ponder beyond the
general information given here that is best experienced in person. Is a particular tel-
escope’s control layout easy for you to use? Do the images it produces impress you?

A Few Words about GPS

When Celestron and Meade first began integrating global positioning system (GPS)
receivers into their SCT mounts about 10 years ago, amateurs were plenty excited.
We imagined GPS would take the last of the drudgery out of telescope setup: no
more sighting go-to alignment stars, no more polar alignment headaches. Reality
turned out to be a little different. Onboard GPS receivers did and do help some but
not to the extent we thought they would.

GPS can be a considerable labor saver with fork-mounted telescopes set up in alt-
azimuth mode, but it does not work alone. Yes, Meade and some Celestron forks can
find north, level themselves, and head for go-to alignment stars without much user
intervention. The observer still has to center the alignment stars, however. And, GPS
alone could not even do this much. A GPS-enabled fork-mount scope must also be
equipped with level sensors and an electronic compass to do its roboscope thing.

In equatorial mode on a fork or when used with a German equatorial mount (GEM),
supplying accurate time, date, and position information is all a GPS receiver does. It
does not polar align the scope, and it does not help the mount when slewing to align-
ment stars. Look on GPS as a timesaver for equatorial mode and nothing more. Paying
extra for the minor convenience of not having to manually input time and position
does not really seem worthwhile, but the manufacturers must believe amateurs want
that since almost every GEM mount has GPS available at least as an option.

Some amateurs wonder if the go-to alignments produced by GPS scopes are more
accurate than those produced by non-GPS scopes. The answer is “no.” Accurate time,
date, and location may help the scope come closer to go-to alignment stars during its
initial slews, but it will be no more accurate than a scope with date, time, and loca-
tion entered manually with reasonable care. Amateur-grade mounts are simply not
able to take advantage of the precision time and location data offered by GPS.

SCT Buyer’s Guide

This guide to new SCTs is current as of the writing of this book, but CAT manufac-
turers tend to change models, prices, and features every year or two. Celestron and
Meade are especially prone to this since they sell nearly identical telescopes and are
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locked in fierce competition for a relatively small number of potential customers.
Often, these “new” Meades and Celestrons are only superficially different from pre-
vious models, however, so even if a particular telescope is not here, there is probably
one that is very similar to it. Finally, Meade’s scope offerings are somewhat in flux
due to the company’s decision to move production offshore. Some models are not
available at the time of this writing (including the LX200-ACF 14-inch and the entire
LX400-ACF series) but may be on sale again by the time this book is published.
Okay, now let us find you a telescope.

Entry-Level 8-Inch SCTs

Traditionally, the entry-level 8-inch SCT was the realm of the “manual” fork-
mount telescope. Turn on a switch, and the telescope tracked the stars. Turn it off,
it stopped. “High tech” was powering the scope drive with an internal battery rather
than plugging it into an alternating current outlet.

Bargain scopes have changed a lot. The biggest change is that non-go-to SCTs
have almost vanished. Meade and Celestron believe CAT buyers want computer
drives, and that is almost all they offer at all price levels. One other recent develop-
ment is that Meade and Celestron (remember, they are the only mass-production
SCT makers) have had to abandon traditional double-tine fork mountings for their
loss-leader scopes. Old-style forks are now too expensive to produce to be sold at the
critical $1,000 to $1,500 price point amateur astronomers have come to expect to
pay for an introductory SCT.

Continuing to (profitably) market 8-inch SCTs at beginner-friendly prices has
meant switching to German mounts or “half forks.” Meade offers a GEM-equipped
introductory scope, while Celestron offers both single-fork arm and GEM-equipped
models for cost-conscious buyers. The medium-weight German mounts used by
both companies are imported from China, and the tubes can either be imported
or made in the company’s California factories. As mentioned, Meade has recently
moved all production to Mexico and China, and Celestron is heading in the same
direction. Both the mountings and optical tube assemblies (OTAs) for Celestron’s
single fork-arm models are imported.

Bargain-basement SCTs are just right for some observers, but prospective CAT
owners whose main interest is astronomical imaging, or astrophotography, should
think long and hard before buying an entry-level telescope. The cheap scopes can
take pleasing pictures of deep sky objects (DSOs), but the difficult art of astronomi-
cal picture taking is made even harder by an inexpensive telescope.

Meade LXD75 Schmidt Cassegrain

Meade’s LXD75 (Plate 13) is a standard 8-inch aperture SCT optical tube mounted
on an imported (Chinese) GEM. Although this model is hardly in the high-priced
league, it is an attractive and fairly reliable scope whose mounting offers a surpris-
ing number of high-tech features thanks to its Autostar computer hand control.
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Plate 13. (LXD 75 SCT) Meade
LXD75 8-inch Schmidt Cassegrain.
Credit: Inage courtesy of Meade
Instruments Corporation.

This mount is very similar to Japanese scope maker Vixen’s renowned Great Polaris
GEM, if not as sturdy or well finished. Most imported GEMs in this payload class (20
pounds) are “clones” of the Vixen. The LXD75 tube itself does not feature frills, like
the mirror locks and motorized Crayford-style focusers found in the high-end Meade
telescope, but the optics are the same as those used in the company’s other standard
SCT OTAs and come equipped with Meade’s UHTC, on the primary mirror, second-
ary mirror, and corrector plate.

A frequent question is whether UHTC make a difference. The answer is “yes.”
When comparing a Meade OTA equipped with these coatings to one without, the
UHTC telescope clearly shines as the winner. Images of DSOs are noticeably brighter
due to the higher transmission of the UHTC corrector and the higher reflectivity of
the primary and secondary mirrors. Though the difference is not overwhelming, it
is there, and sometimes it makes the difference between seeing and not seeing dif-
ficult DSOs.
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Mechanically, there are no surprises in store for the LXD75 owner. The moving
mirror focuser is smooth and focus shift is minimal, about 45 to 60 arc seconds in the
examples tested. The 75’s tube is finished a gleaming white, a color that is extremely
attractive and that matches the similarly finished mount. White is an unusual color
for CAT tubes these days, but it may be a plus. A white finish may aid in the thermal
cooldown that is necessary when an SCT is taken from a warm house and into the
cold night air. The white tube may radiate heat away from the tube interior more
quickly than a dark color.

The mount this tube rides on, although not fancy, is workmanlike and workable.
Operationally, its German mount is more complicated for beginners to learn to use
than a fork. The major difference is that, as discussed in Chapter 3, the GEM must
be at least roughly polar aligned if it is to accurately go-to and track sky objects. That
involves pointing the right ascension (RA) axis of the mount at the North (or South)
Celestial Pole, which lies about half a degree from bright Polaris, the North Star.
This polar alignment process can be somewhat confusing for a beginner but is not
overly difficult since perfection is not required for most observing tasks. For visual
use or casual picture taking, it is only necessary to get the RA axis pointed close to
the pole, and Meade has made that fairly simple with the LXD75’s polar alignment
telescope (polar alignment viewfinder), which is inserted through the mount’s hol-
low RA (polar) axis. Place Polaris on the correct spot on this small refractor’s reticle
using the mount head’s altitude and azimuth adjusters, and the LXD75 is more than
ready for go-to and visual observing.

Once the LXD75 mount is polar aligned, the user switches on the power and uses
the Autostar computer to do a go-to alignment. In its most basic form, that involves
entering current date, time, latitude, and longitude into the HC and centering two
alignment stars. Normally, the Autostar picks a pair of stars and moves the telescope
to the positions where it thinks they should be. The observer uses the hand control’s
direction buttons to center these stars in the finder and then in the eyepiece. Once
that is done, the scope should theoretically be able to find any of the 30,000 stars,
planets, and DSOs in the Autostar’s memory—theoretically.

Beyond the obvious fact that at least some of those thousands of galaxies, clusters, and
nebulas (the Autostar includes the entire Messier, NGC, and IC catalogs) are going to be
beyond the reach of an 8-inch telescope, the LXD75 will need a careful go-to alignment
to perform well. Even centering the two stars precisely with a high-power crosshair
reticle eyepiece usually did not ensure good accuracy. For that, you may need to
forgo the two-star “Easy Alignment” and use the more accurate “Three Star Align-
ment” instead. In Three Star mode, the Autostar chooses an additional alignment
star on the opposite side of the sky from the other two (on the other side of the local
meridian). That allows the Autostar computer to take into account any misalign-
ment caused by less-than-perfect mechanical alignment of the mount’s axes, some-
thing that is common on all but the most expensive German mounts.

Featurewise, the LXD75 hardly seems an inexpensive telescope. Thanks to the
Autostar, it has more features than you can shake a Nagler eyepiece at. Not only does
the HC contain a library of 30,000 objects, it provides descriptive data for many of
these wonders. Center the Great Orion Nebula, press a button, and the computer
scrolls a message across the display telling all about M42: how big, how far away, and
more. Some of the Autostar’s other capabilities, which frankly are amazing to find in
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an introductory telescope, include guided tours, periodic error correction (PEC) for
long-exposure imaging, and computer control via a laptop. Stumped about what to
look at on a given evening? Take a guided tour. The “Tonight’s Best” excursion will
send the LXD75 to the “best” astronomical objects visible on a given date. The Auto-
star contains a number of other similar expeditions, and it is even possible for the
LXD75 owner to write personalized tours with the aid of a personal computer (PC).

Do you fancy taking long-exposure deep sky images? The LXD75’s mount may
be a little light for that demanding task, but the Autostar can help achieve success
with its PEC feature. As mentioned in the discussion of mounts in Chapter 3, all
gears contain slight imperfections that cause small tracking errors that spoil long-
exposure photos if not “guided out.” PEC allows the HC button presses made to keep
a star centered in a high-power crosshair eyepiece during guiding to be “recorded.”
The finished PEC recording can be played back for the rest of the evening, automati-
cally making corrections. PEC is not perfect, and a guide star will still need to be
closely monitored during exposures, but corrections will be fewer and smaller with
PEC than without.

A telescope is more than just a mount and a tube; a few accessories are needed
before any observing can be done. How does the LXD75 stack up there? It is a little
Spartan but not overly so compared to other SCTs, including considerably more
expensive ones. In the box, in addition to the tube, mount, and Autostar hand con-
trol, there’s a 26-mm Pldss] eyepiece, an imported ocular that, while not a world
beater, is of decent quality. There is also a 1.25-inch format prism star diagonal that,
like the eyepiece, is usable if not exactly impressive in its build quality or perform-
ance. Even though this is a go-to scope, a decent finder is needed to help locate go-to
alignment stars (or objects the computer misses). Meade’s 7 X 50 is a good one, pro-
viding prominent crosshairs, a wide field, and enough aperture to pull stars out of
light-polluted suburban skies. Finally, there is a battery pack that holds eight D cells
for powering the mount. Unfortunately, the D cells will not power the telescope for
long, especially in cold weather. Forget this battery pack and purchase the optional
12-volt power cable so you can run this surprisingly power-hungry mount off a
hefty 12-volt direct current battery.

How good is the LXD75 SCT? What are the negatives? There are not many. The
LXD75’s predecessor, the LXD55 had a poor reputation, but Meade seems to have
worked most of the bugs out of the new mount. Some users have found they have
needed to do some tightening and tune-up of the GEM after it has been used for a
while (as with the LXDS55, the declination drive gears tend to suffer from loose set-
screws over time). Mostly, the mount seems reliable and fairly accurate. The LXD75
GEM is not heavy duty, of course. “Medium duty” might even be stretching it, but it
is at least sufficient for the short SCT tube. The mount could use a little sound sup-
pression. When it is slewing to an object at high speed, it sounds as if it is grinding a
pound or two of coffee in the process.

What is there to like? A lot, beginning with very good 8-inch optics. Under a dark
sky, this CAT is going to impress. It is more than capable of showing all the basic
wonders of the universe. Brighter DSOs—like the Messiers—will display consider-
able detail, as will the Moon, Mars, Jupiter, and Saturn when they are well placed.
No, the mount is not rock solid, but part of this scope’s appeal is its light weight and
the fact that it can be disassembled into mount and tube, making it easy to waltz
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around a dark backyard. Its eminently reasonable $1,500 price tag does not hurt,
either. With its long list of features and its big library of objects, this scope could
keep even a fairly demanding astronomer happy for years.

Celestron Advanced Series C8-SGT

At first blush, the Celestron C8-SGT (Plate 14) does not appear much—if any—
different from the LXD75. Ah, but appearances can be deceiving. At nearly the same
price, $1,515, the Celestron is arguably a more capable telescope. It does not look
that way at first glance, certainly, with its subdued gray tube and black GEM, but
some of its characteristics make it more suited for advanced pursuits, such as imag-
ing, than the Meade.

My C8-SGT story starts with a lingering backache. The SGT’s CG5 GEM did not
cause this complaint; the culprit was my Celestron Ultima C8, an optically splendid
old-school manual fork-mount SCT. I had always loved the U8 for its wonderful

Plate 14. (C8 SGT) Celestron
C8-SGT German mount SCT. Credit:
Image courtesy of Celestron.
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views, and when it came time for a recent star party, I decided I would take the
Ultima with me rather than my go-to CAT, a large and heavy Celestron NexStar 11
GPS. The images delivered by the U8 are, to put it mildly, as good as any I have seen
in any 8-inch telescope of any design over 40 years of observing.

Unfortunately, good images are not everything. It had been a while since I had
used the Ultima or any noncomputerized fork scope (I do subject my freshman
astronomy students to them), and I had forgotten what using an SCT on a wedge
meant. It meant that all too frequently I was contorting my body into a pretzel shape,
both to find objects and to view them. That was okay when I was 30. It was still okay
when I was 40. But at 50? I was laid up for a solid week.

After I returned from the star party, I determined that I still had a place in my
telescope stable for an 8-inch CAT, which is superportable but with plenty of view-
ing horsepower for all types of sky objects. I decided no more crouching behind
the non-go-to Ultima. What to do? Pony up for a new Meade or Celestron 8-inch?
It seemed a waste to let those wonderful Ultima optics go idle. What if I removed
the tube, the OTA, from the Ultima’s fork mount (a simple operation involving
removing four screws) and put it on the Advanced Series’ CG5 GEM (which was
available without an optical tube)? I would make my own C8-SGT and see what
the mount would do.

Three years later, I am still happily using my “custom” C8-SGT. When I received
the mount and placed my Ultima 8 OTA on it (via a third-party dovetail rail), I was
given an education in what is possible go-to mountwise for relatively few dollars in
this new century. I had expected a flimsy aluminum tripod. What I received was a
hefty tubular steel affair with 2-inch diameter legs. The mount head itself was fairly
well finished and seemed larger and sturdier than it looked in the pictures. The com-
puter? The mount was equipped with the same HC used on my much more expen-
sive NS11 GPS (albeit loaded with the different software required to run a GEM).

The proof is on the observing field, however, and I soon had the scope running
through its alignment. The go-to alignment is similar to that of the LXD75 in that
it defaults to a two-star alignment. When the alignment is complete, though, the
mount gives the option of adding up to four cone-alignment stars, which makes
the C8-SGT’s CG5 mount surprisingly accurate. I was amazed, in fact, at how good
the GEM’s go-to accuracy was. On my first evening with the SGT, I punched galaxy
M63 into the HC without expecting much. The mount began moving, appearing to
position itself in the correct general area of the Sunflower Galaxy. Still, I expected
nothing more than an anonymous field star or two when I put my eye to the eye-
piece. Surprise! There was the dim ghost of a spiral galaxy staring back at me. Okay,
Mr. Smarty Pants, give me M64. Boom! The Blackeye Galaxy was centered. M53!
That glittering star ball was almost perfectly positioned. I was so excited I ran into
the house, grabbed my wife, and literally dragged her into the backyard for a look. I
would have thought that after my many years of observing with lots of fancy equip-
ment it would be impossible for a sub-thousand-dollar mount to excite me, but it
did. The CGS5 just worked well and simply.

I later found out that the CG5 was even better than I thought. I could even take pic-
tures with it. I am not exactly an advanced astrophotographer, even after 40 years of
trying, but I do like to take the occasional deep sky snapshot. The CG5 has more than
enabled me to do that. I have taken scads of attractive (to me) color charge-coupled
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device images with the Meade DSI (Deep Space Imager) color imager and my home-
made C8-SGT. All these have been unguided 30-second to 1-minute exposures. The
gears on the CG5 are good enough to usually deliver nice round stars when the scope
is well balanced. It is also not difficult to achieve a polar alignment good enough for
imaging. The hand control includes a polar alignment utility that actually makes that
task easy.

But, this was with my Ultima 8 OTA riding on the CG5. What will images be like
in a genuine Celestron SGT-8? Probably, they will be better than in the Ultima 8/CG5
combination. The Ultima is a fine OTA, but it is unlikely the nice old CAT would be
able to compete with a just-produced C8 with Celestron’s high-performance XLT
coatings, their analog of Meade’s UHTC. The new OTA correctors pass more light,
and their mirrors reflect more. Images in a current C8 are noticeably brighter than
those in an old Ultima. What one thing is better with the older OTA? The focus action
on current Celestrons is smooth but not quite as buttery smooth and easy as on the
old scope. On the other hand, some users have commented that the focus on the
Ultima OTA is “too easy.” Maybe it depends on what you are used to. The glossy black
Ultima OTA is certainly classier looking than the gray finishes of the new C8 OTAs.
Of course, all CATs are black in the dark.

What is there not to like about the Celestron? Sure, there is always something not
to like with any telescope. The Celestron NexStar HC is very similar to the Meade
Autostar but has one big strike against it for imagers: It lacks PEC. There is no way
of recording a guiding run to minimize periodic error. That is not a fatal lack for
astroimagers, however. The periodic error on the CG5 is smooth and regular and
easily guided out manually with button pushes or automatically with a guide cam-
era. The mount features an ST4-compatible autoguider port, and autoguiding pro-
grams are able to deliver round stars in exposures as long as 15 minutes at /6.3 or
t/3.3 (via focal reducers and reducer/correctors described in Chapter 6), which are
the longest exposures you will probably need to do.

Are there other complaints? Let us face it, the CG5 GEM is not the rock of Gibral-
tar, and while slightly heftier than the LXD75, it is not in another class. It is very
stable with the C8 OTA except on windy nights, and even then visual observing is
not much affected. Imaging is affected and is simply not practical under windy con-
ditions. A set of Celestron’s vibration reduction pads (Chapter 6) can at least reduce
vibrations caused by wind, if not completely eliminate them. The noise produced
by the CG5 mount while moving to targets at its maximum go-to rate is slightly less
than that of the LXD75, but not much. If the neighbors are easily awakened, do not
do too much go-to slewing in the backyard late at night.

The accessories included with the C8-SGT include a 12-volt DC power cable
(there is no option for onboard batteries; this mount needs lots of current to oper-
ate reliably), a too-small 6 X 30 mm finder, a decent 25-mm Pléssl eyepiece, and a
CD containing TheSky home planetarium software. For observers strapped for cash,
the C8-SGT is available without XLT coatings for a slightly lower price (not recom-
mended).

All in all, the quality and utility of the Celestron C8-SGT and its CG5 mount are
excellent. Yes, there are some nits to pick, but the mount is adequate. A more expen-
sive, heavier GEM might do things a little better or more easily, but the C8-SGT gets
the job done.
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Celestron NexStar 8 SE

When the forerunner of the Celestron NexStar SE, the NexStar 8, appeared in 1998, it
was not just a striking-looking new telescope; it was the telescope CAT fans thought
might be the savior of Celestron. The company had spent much of the previous dec-
ade in the doldrums. It had offered a few interesting products, but mostly it seemed
to be playing catchup with Meade. To add insult to injury, the venerable Torrance,
California, company had just been bought out. The new owner, Tasco, despite what
we feared, did not turn Celestron into a purveyor of junk-o-scopes. In fact, their
cash allowed Celestron to release a genuinely innovative instrument, the aforemen-
tioned NexStar 8.

Today’s NexStar SE 8-inch (Plate 15) builds on that success with refinement. Its
sleek design is not quite as striking as it was in 1998, but it still looks as if it would

Plate 15. (NexStar 8
SE) The halffork mounted
Celestron NexStar 8 SE.
Credit: Image courtesy of
Celestron.
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be right at home on the bridge of Captain Kirk’s Enterprise. “Streamlined” is a good
word for the SE. Its snazzy lines are further enhanced by the fact that the NexStar HC
nestles in a recess in the single-fork arm. What is the first thing you notice about the
SE, though? It is the color of the OTA, a brash orange, homage to the original Orange
Tube Celestron C8 of 1970.

It is what is under the hood that counts, of course, and despite its fairly modest
price, the SE does not scrimp. At first, there seems to be a lot of plastic involved in its
construction, but that is deceptive. The plastic on the single-fork arm is just a covering;
the arm itself is aluminum. The SE feels considerably more solid than competing
telescopes in its price class.

Some amateurs have expressed doubts about the SE’s country of origin. This SCT
was the first Celestron scope to be made entirely in China. In the past, the company
has placed tubes on imported GEMs, but the fork-mount scopes have been entirely
American made. What impact did this change have on the NexStar’s quality?
Absolutely none it seems. The SE is almost indistinguishable from the last Amer-
ican-made version of the scope, the NexStar 8i. “Almost” because there have been
some minor cosmetic changes to the OTA’s rear cell and corrector assembly. The SEs
are very good optically when compared to other SCTs and are mechanically as good
as or better than the NexStar 8 or 8i.

Who will like the NexStar 8 SE? Anyone who wants a light, visual-use telescope
and does not want to spend a lot of money. At a street price of $1,400, the SE is
slightly more than $100 less expensive than the C8-SGT, and it is about as close to
the traditional “$1,000 for an 8-inch SCT” price that amateurs have grown accus-
tomed to over the last couple of decades. This little CAT will be particularly attrac-
tive for beginners because of its incredibly easy setup.

An SE user does not need to perform any kind of polar alignment. Being a fork-
mount SCT, the NexStar SE can operate in alt-azimuth mode. Plunk the scope down
in the backyard, level the tripod, perform Celestron’s SkyAlign procedure—point
the scope at three stars using the hand control—and it is ready to observe any of the
40,000 objects in its database that are visible in an 8-inch telescope.

The SkyAlign go-to alignment routine is one of the biggest advances in computer-
ized scopes to come around in the 20 years since go-to scopes appeared on the amateur
astronomy scene. This new alignment method is largely the result of a legal tussle with
Meade. Formerly, during alignment, Celestron’s go-to telescopes pointed themselves
north, leveled their tubes, and chose two alignment stars. The scopes would then slew to
the general vicinity of these stars, and the user would fine-tune centering. That worked
well and yielded good go-to alignments. Unfortunately for Celestron, Meade claimed
they had a valid patent for this “north-and-level” alignment system. The courts agreed.
What was Celestron to do, other than pay royalties? They designed a new and nonin-
fringing routine.

This new alignment method, SkyAlign, is almost the complete opposite of the
earlier north-and-level procedure. With SkyAlign, the telescope does not choose the
alignment stars, the user chooses them. But, here’s the kicker: The user does not have
to know which stars are which; all the user must do is point the scope at any three
bright objects—yes, objects. These three targets do not have to be stars; Jupiter, Sat-
urn, Mars, or Venus will do. Even the Moon will work. Once the three objects have
been centered, the telescope figures out their identities and generates an internal
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model of the sky. The user can ask the scope to give the names of the three objects
following the alignment, but that is not necessary.

Can it really be that simple? Yes. Testing both the new SkyAlign routine and the
old north-and-level system on the same telescope, my NexStar 11GPS, showed that
SkyAlign yielded go-tos that were every bit as good as—if not better than—north
and level. It seemed that SkyAlign tended to almost always place requested objects
nearer the center of the eyepiece than a north-and-level setup.

The bargain-basement SE is not loaded with accessories, but it does hold its
own in this area. Celestron ships the scopes with the advanced XLT coatings stand-
ard. That is somewhat remarkable since these coatings are a fairly costly option on
more expensive Celestron SCTs. Like the previous two scopes, the SE is equipped
with an inexpensive 1.25-inch format star diagonal and a minimalist 25-mm Chi-
nese-made Plossl eyepiece. As for the finder scope, there isn’t one. Instead, the
NexStar SEs use a zero-power red-dot “BB gunsight.” Some astronomers may pre-
fer a real finder telescope, but since the average SE user will only need a finder for
initial go-to alignment, the red-dot job is not a huge handicap. Other than the HC
and a decent steel-legged tripod, that is almost all there is in the box other than
the scope itself.

Celestron does throw in a couple of CDs. One is unremarkable, a copy of the
basic edition of TheSky computer software home planetarium, which can be used to
send the scope to targets with a PC connected to the scope with an optional serial
communications cable. The other CD contains the remarkable NexRemote software,
which can really make this sing (see Chapter 10). As shipped, the SE does not sport
GPS capability, but that can be added at any time with the purchase of the optional
CN-16 GPS receiver module.

The SE can be powered by internal batteries—eight AA cells in this case. Like
other CATs that can use small batteries, it will eat AAs in a hurry, though, and works
best with an optional DC power cord and a strong 12-volt DC battery. Do not waste
time with the AC power supply Celestron sells for use with this telescope; it tends to
send the scope off into never-never land rather than to sky targets.

Is the NexStar 8 SE really that good? Yes! That does not mean the scope does
not have a few liabilities. The biggest aggravation is the SE’s fork-mount gears. Like
Meade’s and Celestron’s inexpensive GEM-mounted SCTs, the SE’s gear train tends
to be a little sloppy. When the scope is tracking, that is not a problem, but slew the
scope with the HC, especially at slower speeds, and then reverse directions with the
opposite button, and there will be a considerable time lag—often as much as 15
seconds—before the scope begins moving while the motors take up the gear slack.
This is not an insurmountable difficulty as there is a software routine in the hand
control to reduce “backlash” that helps some, probably more than enough for the
visual observing for which this telescope is best suited.

Can the SE take pictures? Yes. Imaging the Moon and planets with this scope is
fairly easy despite the aggravation backlash causes when centering these objects
at high power. Can deep sky images be taken? Maybe. Some fairly impressive
long-exposure shots have been done with this telescope, and it is certainly more
capable in this area than the earlier NS8s due to a somewhat improved drive sys-
tem. This is still not a deep sky imaging powerhouse, however. Also, if the SE is
to be used for deep sky exposures longer than about a minute, it will require an
optional wedge.
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One thing a lot of prospective SE buyers worry about is its half-fork nature. Does
the fact that it uses only one fork tine instead of two to support the OTA make the
SE shaky? The answer is “no.” A dual-tine fork would be steadier, but for the rela-
tively light 8-inch OTA a single arm does fine, especially for just viewing. The SE
mount does have one excellent feature. Unlike just about every other fork-mounted
telescope that has been sold by Meade and Celestron over the last 40 years, the SE
features a removable optical tube. The OTA is mounted to the single-arm fork via
a dovetail bracket. The tube can slide back and forth in this bracket to balance,
which will do a lot to improve tracking and backlash characteristics. It can also be
completely removed from the arm for easy transport and storage—or to mount to
another scope (maybe a small wide-field refractor, for example) on the fork via the
standard “Vixen-compatible” dovetail bar.

The C8 SE is at least impressive, if not overwhelming. If you are a beginner, you
will probably be even more impressed. The scope is a great choice for the visual
observer or even for the astrophotography dabbler. It is also light and highly port-
able and may change the minds of those people who do not think they can handle
an 8-inch SCT. The SE is a cute and wonderful beginner’s scope.

Midlevel 8-Inch SCTs

Celestron’s and Meade’s midgrade SCTs, the LX90 and the C8 CPC, are a definite
step up from the basic telescopes. They are not much better accessorized than the
low-cost models (Why is it that an imported Dobsonian is often equipped with
two or three eyepieces, while much more expensive SCTs come with only one?),
but the ills that plague the price-buster scopes have been at least partially cured.
Most notably, the gear systems on these SCTs are much better; they exhibit far less
annoying backlash than the LXD75, C8-SGT, and especially the NexStar 8 SE. The
midgrade mounts are also less shaky, and both brands are equipped with PEC to
make imaging easier. All this goodness comes at a penalty, however. These telescopes
are heavier, if still transportable by any healthy adult. They are also more expensive.
At the midlevel, plan to pay about $2,000 for a scope. Still, this seems very reasonable
considering the capabilities of these CATs. One of them could very well be the scope
of a lifetime (“aperture fever” notwithstanding).

Meade LX90 8-Inch SCT

When Meade announced the LX90 SCT toward the end of the 1990s, amateur
astronomers were a little skeptical. The fact that that this telescope, which would
replace the company’s non-go-to LX50 model, was to be equipped with the Auto-
star computer, the same HC that was introduced with the company’s go-to ETX
telescopes, seemed a recipe for disaster. What Meade would do, it seemed likely, was
scale up the tiny ETX 90 MCT to 8-inch size. It would have all the plastic of its little
brother, but since it would have 8-inches of telescope aperture onboard, it would be
as shaky as a leaf in a Gulf of Mexico hurricane. Nobody in their right mind would
buy the thing. Wrong!
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The LX90 was an immediate and continuing hit with amateur astronomers and
for good reason: its outstanding design. The telescope simply does what it is sup-
posed to do, simply and reliably. The Autostar computer—variations of which are
now used on all Meade’s go-to telescopes—means it is full featured. In fact, most
observers will never get around to making use of all its capabilities.

The LX90 is currently priced at $2,000, putting it squarely in the midprice pack.
As seen in Plate 16, it has that classic SCT look. Unlike the Celestron SE, it has a
double-tine fork mount. There are no fancy paint jobs; the LX90 is finished in the
same good old Meade blue-and-black color scheme the company has been using
for the last 30 years. A look at the base of the right fork arm reveals a group of tele-
phone-style RJ-11 connectors and that spells “go-to”—and does it go-to. The LX90
features a built-in library of 30,000 DSOs, planets, and stars, just like the LXD75.
Worried about exhausting those 30,000 objects In that unlikely event, the scope

Plate 16. (8-inch LX90) Meade’s
mid-price 8-inch SCT, the LX90-ACF.
Credit: Image courtesy of Meade
Instruments Corporation.
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can be hooked up to a computer via an RS-232 connector in the Autostar’s base
and utilize an astronomy software program’s library of hundreds of thousands
or millions of objects. If you do not want to spend money on astronomy software
needed to control a telescope, that is okay. Meade throws in a copy of its Autostar
Suite software with every LX90.

If long-exposure deep sky imaging with the LX90 is a goal, be prepared to spend
more money, and not just for a camera. Meade’s optional LX90 wedge is a must buy
for versatile imaging use of the scope. As delivered, this CAT, like other fork-mount
telescopes, can only be set up in alt-azimuth fashion directly onto the head of its
tripod. The LX90 cannot use just any Meade wedge; it requires the Meade wedge
designed specifically for the 90 (the LX90 has only one bolt hole in its base rather
than the normal three) or Meade’s “wedge adapter plate,” which will allow the LX90
to be mounted on a standard Meade wedge. It is not known why Meade did not just
put three holes in the drive base.

When it comes to included accessories, the LX90 is not much advanced from the
el cheapo brigade. Other than the aforementioned software CD, there is a 1.25-inch,
26-mm Plossl eyepiece (good enough) and a star diagonal. One nice touch is that the
telescope ships with a high-quality 50-mm finder telescope in addition to the red-dot
LNT finder/module that Is used for initial go-to alignment. As is the case with most
other Meade CATs, the enhanced UHTC optics are standard.

Other than relatively minor software changes, the LX90 remained the same for
quite a few years. Then, beginning in 2005, Meade piled on the new stuff. In addi-
tion to introducing larger-aperture LX90s, a 10-inch and a 12-inch, it added GPS to
the 8-inch LX90. Coupled with the scope’s north-and-level alignment routine, the
GPS makes go-to alignment a true no brainer: Turn on the telescope, and it listens
for GPS satellites, gets a “fix”—determines time and the scope’s current location—
and does a little dance. The tube levels itself, finds north, determines the tilt of the
scope tripod/mount, chooses two alignment stars, and heads for the first one. All
the user must do is center the alignment stars in the finder (either the red-dot LNT
finder or the real finder scope), hit enter, and the telescope is ready for an evening’s
sky voyaging.

The LNT red-dot finder is a pleasure to use for alignment. Since there is no mag-
nification, the field of view is wide, making it easy to get the alignment star centered.
One other nice thing about the LNT: When the alignment begins, the Autostar HC
automatically turns on the red dot. When alignment is done, it turns it off. Many
times a red-dot finder’s small batteries have been burned out by forgetting to shut
the thing off in the excitement of starting to observe.

One other feature that makes LX90 go-to alignment easy is that the user does not
have to set the mount or tube in a special “home position” before beginning. Unlike
most of Meade’s other go-to telescopes, the LX90’s receptacles for the hand control,
power, and other cords are in a fork arm and not in the base, so there are no cables
running up from the drive base to the fork to twist if the scope is rotated too far in
one direction. There are no “hard stops” needed in the base to prevent this rotation,
and the scope does not need to be made aware of its rotational position in reference
to these stops at startup by placing the tube in a particular starting position. Plunk
the LX90 down with the tube facing anywhere, hit the power, let it do its dance, and
it is good to go.
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The LX90 is a remarkably well-designed scope. However, your Old Uncle Rod can
always find nits to pick with any SCT, and the LX90 is no exception. One negative
thing about this telescope is its elevation/declination lock knob. It always feels too
loose, but the user may be reluctant to tighten it down too much for fear of breaking
something. In the scope’s defense, while the knob felf too loose, it always seemed to
hold the scope firmly in place in declination. The problem was merely “feel.” Then,
there is the fork. The LX90’s fork mount is hefty enough for extensive visual use and
some imaging, but it could not be called rock solid. Do not expect to do 2-hour CCD
exposures in the middle of a windstorm.

Astrophotographers will be pleased to learn that, like the LXD75, the LX90 Autostar
includes PEC. It is unfortunate, though, that this is PEC and not PPEC, permanent
periodic error correction. Meade’s more expensive models allow guide corrections
to be recorded and stored permanently. As is the case with the entry-level LXD75,
unfortunately, an LX90 PEC recording is erased at power down and has to be redone
for every imaging session. That is a shame since the LX90 is otherwise nicely suited for
astrophotography. A shame, but not a show-stopper. One other feature of interest to
astrophotographers the scope lacks is a dedicated autoguide port. That can be fixed
with the addition of the Meade 909 accessory port module (about $50), or the scope
can be guided through its serial port with the proper software.

Another quibble concerns, as usual, the telescope’s power arrangement. As with
the Celestron SE, the telescope can be powered by internal batteries, eight C cells
this time. Although that might be a minor step up from AAs, Cs will not last long,
either. Get the optional DC cable and run the LX90 with a reliable lawn tractor or
automotive “jump start” battery. Meade really should face the realities of the power
situation and begin including the necessary DC power cable instead of making new
buyers pay extra for it.

Do not take the foregoing to mean that we do not like the LX90. Its pluses far out-
weigh its minuses. This is a well-thought-out, sweet little scope sure to please both
beginners and advanced amateurs. In fact, there may not be another SCT that is both
as easy to use and as capable of carrying out demanding observing programs.

Just as this book was being finished, Meade announced yet another version of the
venerable LX90, the LX90-ACF. This new edition is identical to the previous LX90-
GPS, but the standard SCT optics have been replaced by Meade’s £f/10 Advanced
Coma Free optics package. For more details, see the entries on the LX200-ACF and
the LX400-ACF, but in a nutshell, these aplantic SCT optics can produce flatter fields
and sharper stars.

Celestron CPC 800 GPS

When Celestron began to put itself back together following its economic problems
of the late 1990s, the SCT that re-won the company the hearts and minds of ama-
teur astronomers was the NexStar GPS. These heftily mounted fork scopes equipped
with built-in GPS receivers took the amateur community by storm. Alas, nothing
lasts forever, and we knew Celestron would eventually have to retire these classic
CATs. The question was Celestron would do for an encore. The GPS was a tough
scope to follow.
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What Celestron did was introduce a fork-mount CAT that was a lot like the Nex-
Star GPS, but with some hardware and software refinements. The CPC 800 8-inch
($2,000) model, shown in Plate 17, features a larger drive base and RA gear system,
an improved tripod, and updated firmware that includes the new SkyAlign routine
(see the entry for the NexStar 8 SE). In fact, one of the main reasons Celestron may
have introduced the CPC when it did was to make a clean break with the old north-
and-level GPS scopes. Every GPS scope sold meant a royalty payment to Meade for
the use of the north-and-level routine.

Plate 17. (CPC 800)
Celestron’s mid-price
entry, the CPC 800 8-inch
SCT. Credit: Image cour-
tesy of Celestron.
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What is a CPC like? To be honest, it is not as attractive as the GPS models.
The base is absolutely huge in comparison to the 8-inch OTA. That may be good
for tracking, but it looks kind of funky. Then, there is the color scheme, silver-gray
base, black fork arms, and gray aluminum tube. Something just does not work there.
By the way, CPC supposedly stands for “Celestron Professional Computerized”,
whatever that means. Like cats, all CATs look alike in the dark anyhow, and you
can call your scope anything you want. What matters is how a CAT performs on the
observing field.

Optically, there were no surprises. Celestron seems to have been on a roll in that
regard over the last 10 years or so. There does not seem to have been an optically
inferior Celestron OTA produced in a long time. Equipped with the (standard) Star-
Bright XLT optics, this OTA should whip—at least slightly—even the Ultima 8 OTA.
Other than that, there is not a lot to say about the tube. The OTA has been slightly
redesigned (all Celestron’s OTAs have), but this seems to be for appearance only.
Build quality, including focus action, is still very good.

The mounting, despite its wacky color scheme and big base, is very much like that
of the NexStar GPS scopes. There are two sturdy aluminum (plastic-covered) fork
arms. The base has RJ- (telephone) style inputs for the HC, PC (for NexRemote),
and “Aux.” What are the uses of Celestron’s Aux inputs? Not much. Celestron prom-
ised us “numerous Smart Accessories” would “soon be available” to use these con-
nectors, but it has been 6 years since these plugs appeared, and no Smart Accessories
have appeared on the scene. One of the most wonderful things about this mount is
that it is like a radar antenna. How so? It uses a slip ring to transfer power and data
from the base to the fork. This arrangement, like that used for rotating radar anten-
nas, means that there are no wires to get twisted. Signals are conveyed by two rings
rotating against each other. For this reason, Celestron does not have to either put the
connectors in a fork arm or use hard stops, as Meade does.

What makes that base so darned big? This is Celestron’s take on an SCT RA drive.
The tube is driven by a worm/spur gear set just like Meade’s scopes. The CPCs differ
in regard to what the mount moves on. Instead of a ball-bearing race, Celestron’s
CPC mount uses rollers riding in a large-diameter track. That makes for smooth
azimuth/RA movement. The only real complaint about this system is that over time
the NexStar GPS (which uses a similar but slightly smaller track) gets dirty, making
movement a little rough and herky-jerky. The track is fairly easy to clean, however.

The CPC uses the same HC shipped with all Celestron’s other current go-to scopes
(programmed with CPC software). The NexStar hand control contains over 40,000
objects, tours, and space for 400 user-defined objects (like comets, etc.). Again, the
main complaint about the HC is the black-on-red display, which is hard to read at 3
a.m. with middle-aged eyes.

One word sums up the drive system on this scope: solid. Celestron uses high-qual-
ity servomotors. You often hear long-time amateurs joke about the coffee grinder
noise made by go-to scopes on a peaceful observing field—no java with this one.
Even slewing at high speed (3° per second maximum), the sound is more like the
purring of a big cat than a refugee from Starbucks.

In the area of included accessories, the scope is similar to the less-expensive
Celestrons (and the Meades). Included is an inexpensive Plossl (a not-so-hot 40
mm) and a similarly inexpensive 1.25-inch star diagonal. Both these items work
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okay but are destined to be tossed in a drawer and forgotten as soon as something
better can be purchased. There is also a good 50-mm finder and a CD containing
the all-important NexRemote software. Way down in the Styrofoam peanuts is one
last item: a DC power cable. It is unclear why Celestron does not include this cord
with all its SCTs. Encouraging users to power the scope with a reliable 12-volt
DC power source would prevent a lot of “tech support” calls to the company. The
CPC tripod is Celestron’s improved heavy-duty field model (chrome) with 2-inch
steel legs. This is at least an incremental advance over the Celestron “heavy-duty”
tripod of yore.

“Ain’t nuthin’ perfect on God’s green Earth,” as Rod’s old granny used to say, and
the CPC is not exempt, even if there is not foo much bad we can think to say about
this one. It was disappointing to see that this series of scopes uses aluminum tubes
rather than the carbon fiber of the NexStar GPS series. Carbon fiber was both ele-
gantly attractive and a boon for imagers. It does not expand or contract very much
with temperature changes, meaning astrophotographers do not have to refocus
NexStar GPS telescopes very often. Aluminum-tubed scopes do have the benefit of
reaching thermal equilibrium faster than carbon fiber ones, though, and being able
to get the scope settled down for viewing quicker is probably of more interest to
most observers than avoiding tiny changes in focus.

The only other criticism is not really a criticism per se. The CPC is a very good
fork-mount telescope, but it is a fork-mount telescope, and a comparably priced
GEM seems a better investment if astrophotography is a major interest. The CPC
is certainly as imaging capable as any other fork scope and has an advantage over
the LX90 in that it is equipped with PPEC. Like other current fork-mount scopes
from both Meade and Celestron, a wedge, required for long exposure photography,
is optional for the CPC. Like the SE, the entire CPC is now apparently being pro-
duced offshore in China. Also, as with the SE, quality does not seem to have been
affected.

Despite its odd looks, it must be admitted that the CPC is a worthy successor to
the GPS scopes. It is at heart very similar to those classic instruments and can cer-
tainly give a lot of pleasure as a general-use or even an advanced-use CAT.

n-of-the-Line 8-Inch SCTs

The top-of-the-line 8-inch SCT is the best of the best for mass-produced Schmidt
Cassegrains, and it is where Meade’s and Celestron’s offerings diverge. At one time,
Meade was saying its top scopes, the LX200-ACF and LX400-ACF, were not really
SCTsatall, but CATs of an “advanced Ritchey Chrétien design.” Most optically knowl-
edgeable amateurs called the ACF telescopes “optimized/aplantic SCTs” instead, and
in a recent settlement between Meade and makers of true Ritchey-Chrétien tele-
scopes, Meade has agreed not to refer to its telescopes as Ritcheys any more.

Optics aside the Meade ACFs are similar to other Meade fork-mount SCTs in
most ways. Celestron takes a different path here. Rather than producing a fork scope
with more features or a new optical design, they abandon the fork altogether and
place a standard C8 SCT OTA on a high-quality GEM mount, the CGE.
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Celestron CGE 800

Celestron’s premier 8-inch SCT, the CGE 800 (Plate 18), uses the same optical tube
as the C8-SGT, a standard /10 Schmidt Cassegrain OTA equipped with enhanced
XLT coatings. The 800’s CGE GEM is the product of an evolutionary process that
started over 10 years ago. Initially, Celestron did not make heavy-duty GEMs, but
instead sold scopes on mounts obtained from Losmandy, famous for their G11 Ger-
man mount. Unfortunately, Losmandy could not produce GEMs in the numbers
Celestron required, and that resulted in Celestron phasing out the Losmandy GEMs
in favor of a similar mount produced in-house, the CI700. The 700 was not a bad
mount, but it was one with a few rough edges, especially in the electronics depart-
ment. And, it had one huge strike against it: no go-to at a time when computerized
mounts were becoming the norm.

Plate 18. (CGE 800) The top-of-
the-line Celestron 8-inch SCT, the
German mount CGE 800. Credit:

Image Courtesy of Celestron.
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As soon as possible, Celestron brought forth the CGE, which was a near-complete
redesign of the CI700. In addition to adding go-to via the NexStar computer HC,
Celestron cleaned up the electronic/electrical issues that plagued the CI700. The
CGE is a very clean-looking mount, with all cables being internal to the mount head
and nothing to get tangled up. The CGE 800’s price, about $3,600—almost two and
a half times the price of the C8-SGT GEM SCT—takes some scope shoppers aback.
What makes the CGE cost so much more?

It is not apparent in magazine ads, but set the SGT next to the CGE in person, and
the reason becomes clear. The CGE is a far heavier-duty mount than the C8-SGT’s
CGS5. Couple this mount with an 8-inch OTA, and the result is that elusive goal of
astrophotographers, a scope that is truly steady as a rock.

The CGE mount is capable of supporting a payload of 65 pounds, according to
Celestron, enabling an imager, for example, to load a C8 OTA down with all kinds
of accessories and piggyback scopes and cameras and not even make this big dog
flinch. And, it is not just in payload capacity that the CGE pulls ahead of less-
expensive Meade and Celestron scopes. The gears are high quality, as are the motors,
strong Pittman servos. Unlike its smaller sister, the CG5, the CGE uses a consider-
ably heftier Losmandy-compatible dovetail to attach scope to mount, which further
aids stability.

Is a CGE overkill for a C8? As any astroimager will say, there is no such thing as
too much mount.

The NexStar hand control shipped with the CGE 800 is identical to the C8-SGT
model and features the same tours, utilities, and library of objects (40,000 targets).
Other CGE 800 accessories include, surprisingly, a way-too-small 6 x 30 finder
scope, a DC power cord, an okay 1.25-inch, 25-mm Plossl eyepiece and star diago-
nal, and the NexRemote software CD.

Then, there are those inevitable downsides. The foremost of these for many of
us is probably price. The CGE 800 costs over twice as much as the C8-SGT, but
does it deliver twice the performance? For the visual observer, probably not. For the
astrophotographer, most definitely yes. Do not get the idea that this is really a top-
of-the-line GEM, though. Top of the line for truly serious astronomy picture takers
means paying three times what the complete CGE 800 costs for just a mount. The
CGE is a very capable GEM mount similar to the much-loved Losmandy G11, and
all but the most experienced and demanding imagers will find the CGE 800 more
than sufficient.

The steadiness and sturdiness of the CGE comes at a weight penalty. The CGE 800
package—mount, tripod, and OTA—weighs in at a frightening 100 plus pounds.
That is not quite as bad as it sounds since the 800 can be broken into its components.
The tripod, the biggest Celestron sells, weighs about 40 pounds when combined
with the short pier on which the mount head is placed. The CGE equatorial head
without counterweights is another 40 pounds, and that is 40 pounds that will have
to be lifted fairly high to place it on the (extendable) tripod. That is well within the
ability of most healthy adults but do not kid yourself: The CGE 800 is not a scope to
grab in one piece and carry into the backyard for a quick look at the Moon.

The CGE 800 is heartily recommended for the experienced amateur, especially
the experienced amateur devoted to imaging. For the beginner who might want to
pursue astrophotography, it may be. But, the novice or the casual visual observer
might be better served with an easier-to-use fork mount. Again, nothing is more
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comfortable and user friendly for the visual observer than a fork-mounted go-to
scope set up in alt-azimuth fashion. Like the CG5 mount, the CGE requires a polar
alignment each time it is used.

Meade LX200-ACF 8-Inch

By the middle of the first decade of the twenty-first century SCT-using amateurs
were getting a mite antsy. What would Meade do next? Celestron was playing things
fairly safe with the CPC. Would Meade up the ante as far as technical innovation,
something they have been known to do frequently? Indeed, they did, with the
LX400-ACF (initially called the RCX400). This innovative CAT, unfortunately, was
a little too much for most amateurs—too much money and too many radically new
features. Meade did not forget the rank and file, however, and soon replaced their
former top-kick scope LX200GPS with the $2,700 LX200-ACF (Plate 19).

“Replaced” is probably too strong a word. All Meade did to update its LX200GPS
SCT into an LX200-ACF (originally sold as the LX200R) was change the optics in
the OTA. Meade’s Advanced Coma Free optics are different, but not tremendously
different, from those used in the company’s other and earlier SCTs. The focal ratio
is still £/10, and the coatings are Meade’s advanced UHTC recipe (standard). What
is changed is the secondary mirror and the corrector. The “traditional” Meade (or
Celestron) SCT has heretofore been equipped with a spherical convex secondary.
The ACF-type SCT replaces this with a secondary mirror that is figured as a
hyperbola (or a parabola, depending on which optics guru you listen to), a deeper
curve, instead. The primary remains a sphere. The corrector may be slightly altered
in figure for the new optical prescription but is much the same.

What benefits do these “optimized” optics confer on the amateur? Not many, not
for the visual observer, anyway. Their main benefit is that they flatten the naturally
curved SCT field, making stars look “tighter” away from the center of the field,
delivering sharper stars and less “coma” (although field curvature is a far more seri-
ous problem for SCTs, and that is mainly what the ACF fixes rather than true coma)
than normal SCT optical sets. Amateurs have been achieving this same effect for a
long time, however, by using one of Meade’s or Celestron’s inexpensive {/6.3 reducer/
correctors, which have the added advantage of making the scope’s field wider.

One group of amateurs will benefit from the new optics: astrophotographers using
digital single-lens reflex cameras (DSLRs) or astronomical CCD cameras with large
chips. While reducer/correctors can be useful for cameras with smaller imaging
chips, using a reducer/corrector with a DSLR tends to result in vignetting. The entire
frame is not evenly illuminated; the resulting picture gives the appearance of looking
through a porthole. That can be cured or at least improved with flat-field frames
and other processing tricks, but it is always best to work with an image that does not
require much cleaning up. ACF-type images are flatter, mostly free from vignetting,
and require less postprocessing.

Other than the optics, what is the LX200-ACF like? There is a built-in GPS
receiver like the one on the LX90 that makes alignment in alt-azimuth mode a
joy. The fork? It is sturdy, if not overkill. The LX200-ACF replaces the standard
497 Autostar with the Autostar II, which amazingly adds even more computer-
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Plate 19. (LX200-ACF
8-inch) Meade’s latest
LX200 features the com-
pany’s “Advanced Coma-
free” ACF optics. Credit:
Image courtesy of Meade
Instruments Corporation.

ized features, including an overwhelmingly huge library of 147,541 objects (if
you cannot see many of these, you can at least image some of them). One of the
more important features of the LX200-ACF for imagers is the mirror lock. Once
focus is achieved, the mirror is locked down with a rear cell knob to prevent mir-
ror “flop” during long exposures. What if a focus touch-up is needed after the
lock is engaged? Meade provides an Autostar-controlled motorized Crayford-style
focuser that attaches to the rear port.

What accessories are included with the ACF? In addition to UHTC coatings,
there is the standard Meade field tripod, which is both heavy enough to hold the
scope fairly steady but still light enough to spare middle-aged astronomers’ backs.
Power is provided via eight C cells that are as useless with this scope as they are
with the LX90 (optional AC supplies and DC cords are readily available). The
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finder is the same good 8 x 50 shipped with the LX90. The included eyepiece
is Meade’s 25-mm Series 5000 Plossl and is paired with a better-than-average
1.25-inch diagonal. Meade usually also throws in a copy of the Autostar Suite plan-
etarium software.

The drive system on the ACF is Meade’s good worm-spur gear set, which, unlike
the LX90 drive, features PPEC. Record a guiding run, striving to carefully guide
out the occasional fluctuations the LX200-ACF’s drive—Ilike any telescope drive—
displays, and periodic error will be drastically reduced.

Unlike the PEC system used in the LX90, this PPEC recording is not lost when
power is turned off at the end of the evening. The ACF’s drive is also blessed with a
feature called “Smart Mount.” This is a software utility accessed from the Autostar II
HC that allows the scope’s go-to pointing accuracy to be refined by sighting multiple
alignment stars (more than 40) following a “normal” go-to alignment. This proce-
dure is probably mainly of interest to observers with permanently mounted tele-
scopes since those 40 stars must resighted if the telescope is moved. Frankly, Meade’s
normal go-to accuracy is good enough that visual observers and most imagers will
not need to bother with Smart Mount.

The bring-downs associated with the LX200-ACF are few but need to be men-
tioned. While reasonably priced, this is not a cheap scope at $2,700. It has a lot
of features and frills, but many amateurs would be just as happy with the similar
and cheaper LX90-ACEF. Also, while LX200-ACF’s go-to accuracy is very good, its
tracking accuracy is average at best. At the scope’s native focal length of {/10, do not
expect unguided exposures longer than 30 seconds even with a careful polar align-
ment. The scope can be autoguided with CCD cameras, but it may take considerable
tinkering with autoguide software settings and PPEC “training” before the LX200-
ACPF’s mount behaves well enough for long exposures. The addition of a reducer/
corrector can help, but Meade has not released a reducer/corrector designed for the
ACF’s slightly different optics. A “stock” /6.3 reducer/corrector can be used, but it
may not provide results as good as those on a standard SCT.

The altitude lock on this SCT, like the one on the LX90, does not have a firm feel
when tightened. This has driven some users to invest in the aftermarket mod kits
sold by Peterson Engineering, which makes several interesting accessories and mod
kits for these scopes, that allows the declination axis to lock firmly without requiring
the knob to be cranked down hard. As is the case with the LX90, this is probably not
needed; the scope is usually held firmly enough with the standard lock finger tight.
Finally, small hardware—nuts and bolts on the OTA and tripod—is another minor
issue. As with its other CATs, Meade does not use high-quality stainless steel hard-
ware, so screwheads may begin rusting after several dew baths. Some users replace
these bolts and screws with a better grade of hardware, but a little rust does not do
harm beyond the cosmetic.

There are a few negatives, true, but not enough to steer CAT buyers away from
the LX200-ACEF. This is a sophisticated scope with very good optics, perhaps the
finest optics available in a production SCT. If you are after a fork-mounted SCT for
general use, a top-of-the-line model with tons of features, you should give strong
consideration to the ACE. Although many folks look on this as a scope for imagers,
its real strength may be for visual observing. Mounted in alt-azimuth fashion, the
scope is extremely solid and a joy to use.
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Meade LX400-ACF 10-Inch

The LX400 (Plate 20) does not come in an 8-inch version, so I have chosen to place
the smallest model, the 10-inch, with the 8-inch SCTs rather than with the big CATs.
That is because this is a remarkable scope in many ways, one that is worthy of con-
sideration by anyone in the market for an SCT of any size, not just something for
folks suffering from the dreaded aperture fever.

What makes the LX400-ACF “remarkable”? There are a number of things, but
basically this was the first new idea in SCTs to come down the pike in a long time
when it was introduced in 2005. It still stands alone today. For mass-produced SCT
buyers, this is as advanced as it gets. To start with the optics, like the Meade LX200-
ACEF, the LX400 features the optimized “aplantic” SCT design. Meade did not stop
there, however. The LX400 optics set has a focal ratio of f/8 rather than what has

Plate 20. (LX400-ACF 10-inch)
The smallest member of the LX400
family, a 10-inch LX400-ACF. Credit:
Image courfesy of Meade Instruments
Corporation.
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been the standard for SCTs over the years, /10, so its field of view is wider eyepiece
for eyepiece, and imaging exposures can be shorter and will deliver wider fields than
those taken with a standard SCT at £/10 without the need for reducer/correctors.
It has been the norm for SCT-using imagers to have to fool around with these and
other “focal-reducing” lenses to achieve shorter exposures and wider fields in the
past. With the LX400, the telescope can often be used at its “native” focal ratio, elimi-
nating problems such as vignetting caused by focal reducers.

The LX400-ACF optics are at least incrementally better than the previous SCT
standard, but it is really the “everything” else that is the draw here. Let us look at the
optical tube first. The question that comes to mind when you see your first LX400
in person would probably be, “Where is the focuser?” There is no focus control on
the back of the LX400 OTA. There is no mirror lock, and none is needed. As men-
tioned, rather than focusing by moving the primary mirror, the LX400 focuses by
moving the secondary mirror. Actually, the entire corrector assembly at the front
of the scope moves back and forth as the telescope is focused. This is done with
small motors and is controlled with a couple of buttons on the Autostar II HC.
The primary mirror is firmly and permanently locked in place. This system finally
eliminates the focus shift and mirror flop that have disturbed SCT users since the
scopes were first introduced.

The focus motors do not just focus the LX400, however; they can also be used
to collimate it. By activating combinations of the focus motors, the telescope can
be optically aligned by pressing buttons on the Autostar. What if a new user starts
playing around with this motorized collimation and gets things so far out of whack
it is difficult to get a decent alignment back? A push of a button will restore default
factory collimation.

One thing that has always been irritating about Celestron’s more expensive
fork-mount telescopes is that while they have the wonderful slip ring arrange-
ment on the drive base to eliminate cable wrap, a dew heater (with cable) must
usually be installed on the corrector to keep the lens dry—and back comes cable
wrap. Why does an SCT not feature a built-in corrector heater? Meade listened.
The LX400 includes an integral corrector plate dew heater that is controlled by
the Autostar II.

What else could Meade pack into an SCT OTA? I have just begun to describe
the features of this amazing scope. On the rear of the tube, there is an advanced
control panel that features an additional port for the hand control, a Meade “aux-
iliary” port, an ST-4-style autoguider input, and most important, three USB (uni-
versal serial bus) ports for external computer control. Why is this most important?
Computer manufacturers have eliminated serial (RS-232) ports on almost all laptop
PCs. Unfortunately, until the LX400 came along, scope makers still insisted on using
RS-232 serial data for computer control. That meant paying extra for a PCMCIA
serial adapter card or trying to make a USB-to-serial converter cable work (often an
impossibility). Meade includes special driver software with the LX400 that should
allow off-the-shelf astronomy software to use the scope’s USB ports.

As if all the above were not enough, the LX400’s tube is made of low-expansion car-
bon fiber, material similar to what Celestron used on its now-discontinued GPS series.
LX400-ACF-equipped astroimagers will not have to keep refocusing all night long as
the temperature changes. Carbon fiber is also slightly lighter than aluminum and keeps
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the weight of these hefty scopes down. Carbon fiber tubes do take longer than alumi-
num OTAs to acclimate to outdoor temperatures, and the RCX addresses this problem
handily with the addition of a built-in (filtered) cooling fan on the rear cell.

The fork mount and base of the telescope are a little less innovative than the
tube. The mount is really not much different from that found on the LX200-ACF
scopes. The drive base control panel does contain another USB port at least. The
drive/gear system has been somewhat improved over that found in the LX200-ACF
8- to 12-inch telescopes, but performance is fairly similar. The LX400 includes both
PPEC and the Smart Mount pointing accuracy improvement feature, just like the
less-expensive scopes.

As befits Meade’s top scope, the LX400’s accessory lineup is impressive, if not as
lavish as might be supposed. The scope comes standard with a UHTC-enhanced
2-inch star diagonal. The eyepiece shipped with a scope is a long way from the
25-mm Plossls I have been accustomed to finding in the boxes with the other SCTs.
The LX400’s single included eyepiece is a 24-mm 2-inch Meade Series 5000 Ultraw-
ide with an 82° apparent field of view. The tripod is also something of an advance.
It is heftier than Meade’s standard field tripod and features an innovative “trigger
release” mechanism that makes extending and collapsing the tripod legs easy.

All the above sounds good, but what is an LX400 like in the field under the stars?
Thanks to the kindness of a Meade representative, I had the opportunity to give the
10-inch a hands-on tryout at the 2006 Cherry Springs star party where I was speak-
ing. My first impression was that it was big. I could not believe I was looking at a
10-inch CAT. The LX400 OTA is larger than the “normal” 10-inch to accommodate
all the motorized gizmos needed to handle focus and collimation. Combine that
with the extra-heavy-duty tripod, and I thought I was looking at a 12-inch.

Getting the telescope going was simplicity itself. Like all Meade’s GPS-equipped
north-and-level scopes, when setup in alt-azimuth mode, the LX400 practically
aligns itself. Turn it on, the scope gets a GPS position, date, and time fix, finds
north and level, and heads for the first of two alignment stars. Center these two
stars in the eyepiece, hit Enter, and an evening of productive observing can be
enjoyed with the aid of deadly accurate go-to. Like the LX200-ACF, the RCX400-
ACF does not have to be placed in home position before beginning alignment—
the scope does that itself.

How good were the images the LX400 presented once the go-to had been aligned?
They were very good indeed. Stars did seem sharper out at the edge of the field than
they do in a “normal” SCT. But, as with the LX200-ACF scopes, the images were
really only slightly better. They might make a great deal of difference for an imager,
but most visual observers spend their time looking at the center of the field, not the
edges, so the improved flatness of the ACF field would not be as big a factor.

What were the drawbacks? One was the noise level of the motors. No, they were
not any louder than those of the LX90 or LX200, but they were not any quieter,
either. At a price almost twice that of the LX200-ACF, you would expect something
that sounded better. Now, admittedly, this was mainly an aesthetic consideration.
The scope tracked well (visually), and the go-tos were great.

How about the motorized focusing? It is good, once you figure out how to use
it. The Autostar does not have a dedicated focus control key; instead, the number 4
key is used to activate the focuser. Pressing this key while “focus speed” is displayed
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on the Autostar will adjust focuser movement from fast to slow. A second press of
the 4 key after the focus speed display is gone (after 2 seconds) allows the user to
access focuser “presets,” user-defined focus positions for a particular camera or eye-
piece. Focusing itself is done by pressing the up/down arrow keys. All this sounded
reasonable enough when reading about it in a brightly lit motel room. Out on the
dark Cherry Springs observing field, it was difficult to remember which button to
mash to focus the thing. Once the correct button is pushed, focusing is easy and
precise. The focus motor emits the usual Meade coffee grinder noise, just like the
drive motors.

In fit and finish, the scope was fairly impressive. The tube is a thing of beauty. Its
distinctive shape and the carbon fiber’s elegant grayish finish stand out. The tripod
was also very professionally put together and attractive. The fork mount was another
matter. It was not much different from those on any of Meade’s other scopes—work-
manlike, but not exactly beautifully done. As a matter of fact, the castings on the RCX
fork were somewhat the opposite; in a couple of places, they had the look of being
“sand-cast in someone’s backyard.” Admittedly, this was an early example, and the
mount did perform well. Last, the LX400 is a big, heavy scope, even for a fork
SCT. The tube/fork combo weighs in at 84 pounds, so be sure you can handle it.
There also is a fairly heavy price tag: $5,600.

Regarding overall quality, that is impossible to judge from one example. The scope
I used worked flawlessly despite having been dropped at another star party (the fork
had the scars to prove it). A bit disturbingly, however, input from LX400 owners over
the last couple of years indicates the scope has not been completely problem free.
Quite a few buyers have had to return their LX400s to Meade for various problems,
many involving the focus/collimation motors. Over the last year, Meade has been
working hard to resolve the telescope’s problems, stopping production for a while,
and perhaps by the time this book goes to press the last bug will have been extermi-
nated. Some owners have also expressed concern about the LX400’s unsealed optical
tube. Due to the fact that the corrector must move to focus, there is a gap between
the tube and the lens, and dust, dirt, and insects can conceivably gain entry. While no
serious problems have surfaced in this regard, it is clear that if something gets inside
the tube, it will be hard to get it out. The corrector cannot be removed as easily by
the user as that of a standard SCT.

Some astrophotographers have raised questions about the RCX drive’s tracking
quality. However, the scope’s periodic error and general tracking accuracy appear
to be at least as good as that of the LX200-ACF and perhaps somewhat better. That
is, not as good as a GEM mount costing two or three times as much as the whole
10-inch RCX, but very good nevertheless. The LX200 in its various incarnations
over the years has taken thousands of excellent deep sky images.

Should you buy an LX400-ACF? If you want a fork-mount telescope, the LX400
would be impossible to ignore. Meade uses the word advanced a lot in this CAT’s
advertising, and in this case, it is not hyperbole. This telescope really is a consider-
able advance over what has been available to the fork-mount SCT user previously.
Also, despite the usual Internet rumors, Meade has a good record of satisfying its
customers. The biggest problem with the LX400? Getting one. As this book goes to
press, it appears Meade has chosen to suspend production of the LX400 telescopes
(except for the top of the line 16- and 20-inch instruments) indefinitely.
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The Big CATs

How much telescope is too much? If the new baby is going to be installed in a
permanent backyard observatory, the sky is literally the limit, and bigger usually is
better. This is not so if the CAT must be set up and torn down for each observing
run. A too-large first telescope can often bring a swift and bitter end to a budding
amateur astronomy career.

The above being said, larger mirrors do enhance visual enjoyment; there is no
denying that. Although an 8-inch or 5-inch telescope can do a good job from a dark
site, it may be badly handicapped when used from a typically light-polluted subur-
ban location. When light pollution is a factor, contrary to what you may have heard
from some amateurs, more aperture is always better. As said in my book, The Urban
Astronomer’s Guide, skeptics should set up 5- and 12-inch SCTs side by side under
light-polluted skies and point them at the great globular star cluster in Hercules,
M13. In heavy light pollution, the star cluster is okay in the C5, a little on the smudge
side with not too many—if any—cluster stars visible. In the 12-inch, M 13 shows its
true nature as a gigantic globe of distant suns.

Yes, aperture always wins, all things being equal. Fortunately or unfortunately, all
things are not usually equal. Aside from the question of how to pay for a really big
SCT, there is always the problem of how to move it. Unless the telescope is going into
a permanent home, think long and hard before going bigger than 11-inches.

Celestron €94 and C11-SGT

If an 8-inch Advanced Series SGT is good, the 9%- and 11-inch versions must be
better, right? Perhaps. Going to the 11, especially, results in a significant perform-
ance boost for the visual observer. The trade-offs involved in moving up to the 9%
or 11 SGT are a little more problematical than just weight or price. Price is not a
huge obstacle as the 9% and 11 are “only” $485 and $765 more than the C8-SGT,
respectively (the C11-SGT is currently $2,400, and the C9%4-SGT is $2,000). Setup
is not overly difficult. At 20 and 27.5 pounds, respectively, these optical tubes,
identical to those used with the CGE series, are fairly easy to place on their mounts.
If the legs of the CG5 tripod are not extended; the mount head and saddle are low
enough to make mounting the OTAs laughably easy. No, the problem is not set up;
it is what happens when the tube is on the mount. When a larger-than-8 OTA is
perched on this GEM, it gets the shakes in a hurry.

Certainly, the SGT’s CG5 GEM performs well enough with the 9%-inch, if not as
well as with the 8-inch. At the 11-inch point, however, the blush is off the rose. That
is not to say the C11-SGT is inadequate for the visual observer. It does a remarkably
good job in that role, especially when the tripod is placed on Celestron’s vibration
suppression pads. Imaging is another story. If there is even a little wind or the
telescope is the least bit unbalanced, picture taking is likely to be frustrating at best.

Let us not be too hard on the C11-SGT, however. It is, if nothing else, a tremendous
bargain, an astonishing bargain, in fact. At this time, the C11-SGT package is only
$100 more than just a C11 tube alone; the OTA currently retails for $2,300 without
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a mount. A hundred bucks is not a bad price for the computerized CG5, even if you
have to bite your tongue on windy nights to keep from cussing the thing.

Leery of placing the C11 on the CG5 but still want more than 8-inches? Consider
the 9%4; it has excellent optics and considerably more light-gathering power than an
8-inch for not much more money.

Accessories included with the larger SGT packages are identical to those that
come with the 8-inch: 1.25-inch diagonal, TheSky software on CD-ROM, a 50-mm
finder, and a DC power cable. The 11-inch is equipped with a somewhat “yucky”
40-mm NexStar Plossl rather than the better 25 mm that is shipped with the 8-inch.
StarBright XLT coatings are an extra cost but recommended option for both larger
SGT scopes.

Celestron CPC 925 and 1100

Celestron has long since discontinued its huge C14 fork-mounted SCT, but that
does not mean the fork fan has to be satisfied with 5, 6, or 8-inches. Like its forerun-
ner, the NexStar GPS, the CPC comes in 9%- and 11-inch flavors. These telescopes
are identical to the CPC 800 as far as accessories and fittings: same HC, same DC
power cord, same decent 50-mm finder, same cheap 1.25-inch diagonal, same infe-
rior 40-mm Plssl eyepiece. Why Celestron insists on including a 40-mm Plgssl is a
mystery. A 25 mm has nearly the same field of view and is much more comfortable
to use. XLT coatings are optional on the CPC 925 and 1100, just as they are with the
CPC 800. The CPC 1100 is equipped, like all C11s, with a rear port “reducer” that
can be unscrewed to reveal the scope’s larger 3-inch port for use with specialized
accessories.

Like the CPC 800, these telescopes are wonderfully comfortable to use when set
up in alt-azimuth mode. When they are used in this fashion, both the 9% and the
11-inch are also wonderfully steady (although a set of vibration suppression pads
does not hurt). As with the other forks, an optional wedge is required for equa-
torial mode setup for picture taking. Equatorial setup is where the normally solid
11-inch begins to lose a little steam. As mentioned, tipping a fork-mount CAT over
to point the mount’s arms at the pole makes for an inherently flimsy telescope. The
fairly heavy weight of the 11-inch fork and tube combination (65 pounds) makes
the process of mounting the 1100 on a wedge dangerous for one person. In contrast,
setting the CPC 1100 on its tripod for alt-azimuth observing is easy as pie for most
adults. The telescope uses the same excellent, ergonomic handles as the 800 (and
925), which make it easy for most adults to get the telescope on the tripod head for
alt-azimuth use. Still, 65 pounds is a fair amount of weight to be slinging around. If
it sounds like “too much,” there is always the 925. The CPC 925 is a little lighter, at 58
pounds. The 925 is also less awkward and bulky than the CPC 1100, though, and is
therefore somewhat easier for one person to place on a tripod or a wedge.

So, which of these two scopes should you buy? Despite the outstanding optical
reputation of the 9%-inch OTA, it should probably be the CPC 1100. Its optics
are easily as sharp as those of the 925, and its cost is only about $300 more. That
$300 buys nearly two additional inches of aperture, which results in nearly a 70%
increase in light (remember, area is the thing, not diameter). Under a dark sky, CPC
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1100 images can be spectacular, and if the user must observe from light-polluted
areas, DSOs are usually at least “pretty good” compared to the “barely there” the
800 and 925 sometimes offer. Let us say that an alt-azimuth mounted 11-inch go-to
scope is pretty close to perfection for a visual observer, offering comfort, a man-
ageable price, and a physical profile that is bearable for most of us.

Celestron CGE 925, CGE 1100, and CGE 1400

The mounting for these telescopes, Celestron’s CGE GEM, is exactly the same as
the unit shipped with the CGE 800, so see the entry for that scope in this guide
for comments on the mount. The only major differences in these packages are the
apertures of the OTAs and the number of RA counterweights included to balance
the tubes. Accessories are similar to those shipped with the 8-inch: Plgssl eyepieces
(25 mm for the 9% and 40 mm for the 1100 and 1400), cheapo star diagonals
(1.25-inch for the 9% and 11, and 2-inch for the 14), and the NexRemote software.
As is the case with the CGE 800, the desirable XLT coatings are an extra-cost option
for the 925, 1100, and 1400.

The Celestron 9%-inch OTA definitely deserves a few lines of comment here.
When this CAT was first introduced in 1996, it attracted a lot of notice from astron-
omers. For one thing, it was the first new aperture size Celestron had introduced in
16 years. For another, the 9% soon gained a reputation for optical excellence. The
telescope was so good that some amateurs decided it simply could not be an SCT.
No, the rumor went, this was not a “real” SCT. It did not have a spherical primary
mirror, but a parabolic one. That was the reason for its exceptional performance.

Celestron’s designers must have had a good laugh over that one. The 9% is a nor-
mal SCT with a spherical primary, a spherical or slightly aspheric secondary, and a
corrector with a complex curve. The reason for its improved performance is that
the primary mirror is slightly slower in focal ratio than that of other Celestron tel-
escopes. Instead of the normal {/2, the 9% has an /2.3 primary mirror. Because of
that, the secondary mirror can be slightly smaller than would otherwise be required.
The secondary’s curve is a little less “steep” as well (its magnification is such that the
final focal ratio of the system comes out to {/10). The smaller, less radically curved
secondary is what is responsible for the slightly better performance of the 9% OTA.

Yes, I said “slightly” Rumors to the contrary, the performance of the 9 Y4-inch
is right in line with that of the other Celestron telescopes. It is very good, and the
image in an average 9% may be noticeably sharper or higher in contrast than that
of the average C8, but the difference is minimal. Most of the improvement in image
quality compared to an 8-inch actually comes from the 9%’s superior light-gather-
ing power, about 34% more.

One thing is sure, the 9% makes a nice set up when combined with the sturdy
CGE mount. Although the scope has noticeably more deep sky reach than a C8, the
still-light 9%4-inch tube (20 pounds), while slightly longer than a C8 OTA, does not
even begin to stress out the CGE. Any drawbacks are mainly to do with the scope’s
higher price ($4,000 with XLT) and the fact that the next step up, the 11-inch CGE
1100, is still relatively easy to manage weightwise but provides an even greater per-
formance increase.
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Until the C9% came along, it was usually the C11 that folks pointed to when they
talked about Celestron’s “best.” The company just seems to have done everything
right with the C11 when it comes to optics. That is not to say that the C11 tube
shipped with the 11-inch CGE setup, the CGE 1100, is exactly revolutionary. It uses
the same optical prescription the C11 always has: an {/2 primary and 5x amplifying
convex secondary that produce a focal ratio of f/10. Focus is via a standard moving-
mirror system using the same rubber-covered knob and ball-bearing drive as seen
on all modern Celestrons. The CGE 1100’s OTA, which was carbon fiber back in the
NexStar GPS days, is aluminum again, this time painted an inoffensive if not striking
shade of gray.

The CGE 925 is an impressive scope, but the CGE 1100 may be the sweet spot
in Celestron’s GEM CAT lineup. The OTA is big enough to produce truly impres-
sive visual performance, but it is lightweight enough to prevent setup from becom-
ing an exercise in dangerous frustration. An imager or a visual observer who
longs for wide-field views will find the 1100’s focal length, while starting to creep
up at 2,800 mm, is still usable via focal reducers and wide-field, low-power eye-
pieces. Wide-field imagers will be disappointed to learn that Celestron has stopped
equipping the CGE 1100 with the Fastar-compatible secondary mirror mount.
In the past, the telescope was available with this desirable option (Chapter 11),
as were some of the company’s 8-inch OTAs. Celestron has now phased out Fas-
tar secondaries for all scopes except the C14. Custom C11 OTAs are still avail-
able with this option directly from the vendor Starizona (Appendix 1), however.
Starizona also makes a corrective optics set for Fastar use, the Hyperstar. Celestron
never got around to producing a Fastar corrector of its own for the 11-inch (Stari-
zona can also retrofit a variety of other Celestron and Meade scopes for Hyperstar
use). How good is the CGE 1100? Many CAT lovers find the views in the CGE 1100 so
good that they never get around to buying a C14.

Nevertheless, the Celestron C14 (Plate 21) has always been and still is the Holy
Grail for Celestron CAT fanciers. It is the biggest, the most impressive, and the most
expensive Celestron—if it has not always been the best. Even today, when Meade
offers considerably larger SCTs, the C14 still impresses. Actually, it is probably a more
impressive and better telescope than it has ever been. The dirty little secret about the
C14 OTA is that it has often possessed “rough” optics. A lack of smoothness on its
mirrors caused light scatter and meant the scope did not live up to its potential,
especially on solar system objects. Thankfully, Celestron dramatically improved the
C14 OTA during the 1990s. Today, C14s seem almost invariably good; it has been a
long time since I have seen an optical lemon.

Featurewise, the GGE 1400’s C14 OTA is similar but not identical to the smaller
Celestron tubes. Although all the other Celestron SCTs are {/10s, the C14 has stuck
with the f/11 focal ratio its designers bestowed on it back in the 1970s. One other
thing that is different is the presence of two “mirror stabilization” bolts on the rear
cell. These are meant to be tightened against the primary assembly during shipment
to prevent the heavy primary from being damaged. Some astroimagers have been
able to use these bolts to lock the mirror down, preventing the dreaded mirror flop.
Like the Cl11, the C14 features a 3-inch rear port and concomitantly a larger baffle
tube. A rear-port reducer is included and allows the C14 to use all standard SCT
accessories.
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Plate 21. (CGE 1400) Celestron’s
largest aperture telescope, the CGE
1400 German mount C14 SCT.

Credit: Image courtesy of Celestron.

What is it like to use a CGE 1400? This is an almost-overwhelming telescope.
Its XLT coated optics and long focal length mean it can keep up with considerably
larger telescopes when viewing medium-small DSOs. In the solar system it frankly
leaves the big Dobs in the dust, presenting better views of Jupiter, Saturn, and Mars
than a 24-inch Dobsonian. Visual users will love the CGE 1400. Its considerable
light-gathering power allows it to deliver stars dimmer than magnitude 15. Unlike
Dobsonian light buckets, however, it brings all those CAT niceties to the table—
precision tracking, go-to, and comfortable seated observing.

Can anything bad be said about this legendary “portable observatory”? Once you
get past the price—a reasonable if not inconsequential $6,600 (including the Fastar-
compatible secondary mount and XLT optics options)—there comes the main argu-
ment against this big scope: It is big. If the C11 OTA is intimidating at first, an initial
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encounter with a C14 will be frightening. This thing is the size of a trash can—a 45
pound trash can that must be lifted onto the high saddle of the CGE mount. Over
the years, Celestron has advertised the C14 as the world’s largest one-person port-
able observatory telescope. That may be a little truer now that the company has
discontinued the enormous fork-mount model, but setting up a CGE 1400, while it
can be done by one person, is not for the faint of heart. On the other hand, the CGE
1400 assembly is amazingly easy for two people.

Once the tube is on the CGE mount, how does the package perform? It performs
tolerably well. Actually, for the visual observer, it performs very well. The telescope/
CGE combo is steady enough for visual use under most conditions. Imaging is
another matter. Although good deep sky pictures can be taken with the CGE 1400,
there is no doubt the CGE GEM is somewhat overwhelmed by the monster C14
OTA. A serious imager would be wise to think about a larger third-party mount—
a Losmandy Titan, maybe, or an Astro-Physics 900.

If the thought of spending $10,000 for a telescope mount to do imaging does not
appeal, order a CGE 1400 with the optional Fastar secondary. Equip it with one of
Starizona’s Hyperstar correctors, and astrophotography can be done at the more
mount-forgiving focal ratio of /2 (the higher the focal ratio and longer the focal
length, the sturdier a mount must be). Be aware that Starizona does not exactly
give Hyperstar lenses away; the C14 model is $1,500 (this is less than $10,000, of
course).

Let us face it: If you love SCTs, somewhere deep down you want a C14. This
telescope is a legend, and if you can deal with the realities that accompany the
legend, you might be very happy with this granddaddy of a big CAT. For many of
us, the practicalities of everyday life may mean we keep putting off getting one, but
we can still dream of the day, perhaps in retirement, when we can build that long-
dreamed-of and planned backyard observatory that will, naturally, house our very
own C14.

Meade LX90-ACF 10 and 12-Inch

How good these larger LX90s are depends on what is done with them. A visual
observer who wants more than what is delivered by an 8-inch and who does
not habitually use high magnifications may find the Meade LX90-ACF 10- and
12-inch pair is worthy of consideration. The 10-inch and 12-inch LX90s have
all the nice features of the 8-inch, including built in GPS receivers, no-extra-cost
UHTC-enhanced coatings, and Meade’s excellent ACF optics.

Although the 8-inch is a winner, the bigger LX90s are less exciting. The reason is
obvious in a picture of the 12-inch member of the family (Plate 22). What Meade
did to produce the two big sisters was merely upsize the 8-inch fork’s length and
width to accommodate the longer, larger-diameter tubes. The drive base is precisely
the same. And it is not that big, folks, not even for the 8-inch. The drive base is
undersize for the 10-inch and ridiculously small looking for the 12-inch. Now, looks
are not everything, but the fact is that the small drive base, when combined with
these too-light forks, does limit the telescopes’ stability. The 10 and 12 are bearable
for visual observers but inadequate for demanding imaging.
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Plate 22. (LX90 12-inch) Meade
has recently upsized and rede-
signed the LX90, adding a 12-inch
ACF model to the series. Credit:
Image courtesy of Meade Instru-
ments Corporation.

That is the bad. Where is the good? At $2,700 and $3,300, the 10- and 12-inch
LX90-ACFs are substantially cheaper than their LX200-ACF cousins. Going the
cheap route does not mean sacrificing good optics, either. These /10 telescopes
use the same aplantic optics used in the LX200s. Weight is another consideration. At
60 pounds, the 12-inch is not exactly a lightweight, but it is a lot easier to place on
the tripod than the equivalent LX200-ACF and is lighter than the smaller-aperture
Celestron CPC 1100. The 10-inch is 10 pounds lighter still and will not be a huge
problem for almost anyone to get on a tripod for alt-azimuth operation.

Like the 8-inch LX90, the 10 and 12 are competitive when it comes to accessories,
which include 1.25-inch star diagonals, decent (imported) 26-mm Plossl eyepieces,
and Meade’s Autostar Suite telescope control and planetarium software.

Should a CAT buyer consider the LX90 10-inch and 12-inch? Keep this maxim in
mind when deciding: The only enemy of good enough is more better. The 8-inch
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LX90-ACF is such a good scope, it is a shame Meade tried to improve it by equipping
its mount with too big OTAs.

Meade LX200-ACF 10, 12, and 14-Inch

Could a CAT user be happy with a 10-inch LX200? It is very likely. Everything that
is good about the 8-inch is also good about the 10, and the larger-aperture tube, while
increasing the scope’s visual reach substantially (about 50% more light-gathering
power), does not stress the hefty LX200 fork much. Yes, the longer focal lengths
mean narrower fields of view than what is possible with the 8-inch, focal reducers or
not, but the loss is not huge. The optics, like those on the 8-inch, are very sharp, with
the optimized aplantic design making the edge of the field look noticeably better.
Unlike the most comparable Celestron scope, the CPC 1100, the LX200-ACFs come
standard with enhanced coatings (UHTC).

What are the bring downs? There are not many. Meade could have improved the
action of the main focus control (as on the other Meade SCTs, it uses thrust bearings
rather than ball bearings) instead of adding the motorized microfocuser. The hard
stops the LX200 uses to keep the cables running from base to fork from tangling are
irritating, and it would have been nice had they used all stainless steel hardware to
prevent rusting for those of us whose scopes are often bathed in dew. The 10-inch
is not overly heavy at 64 pounds for the tube/fork, but the poorly thought-out han-
dles Meade puts on LX200s (and its other fork-mount scopes) make it an awkward
and unpleasant—if not dangerous—task to get the scope on the tripod even in
alt-azimuth mode. There are a couple of entrepreneurs selling much-improved
replacement handles for the LX200 that make lifting the scope onto the tripod easier
and safer.

All in all, the 10-inch LX200 is a good compromise weight- and performance-
wise. Where it falls behind the power curve is price. At $3,700, it is nearly a thou-
sand bucks more expensive than the larger-aperture Celestron CPC 1100. Why does
Meade think they can charge such a premium for the scope? Its advanced optics
perhaps may be the reason. Again, the performance increase, especially for visual
observers, does not seem worth that much extra money.

The 12-inch LX200-ACEF, like its predecessor the LX200GPS 12-inch, has thus
far proven to be a somewhat problematical scope. That is not surprising since it is
exactly the same as the earlier model except for the switch to the aplantic optics.
Both scopes have had some problems with tracking, vibration, and reliability. Why?
Maybe this is because Meade chose to take the easy way out with these scopes. How
do you make a 12-inch LX200-ACF? The same way as a 12-inch LX90. Take the fork
and drive base from the 8-inch and make the arms a little longer and more widely
separated. That works after a fashion, but as with the larger LX90-ACFs, only after a
fashion. At 12-inches of aperture, the OTA is getting long, wide, and heavy. What
works for an 8-inch or 10-inch will not necessarily work well with a 12-inch. The
added weight puts more stress on the motors (which are exactly the same as those
used on the smaller scopes), gears, and drive electronics, and that may lead to
reliability problems. This is not to say all Meade 12-inch LX200 scopes have prob-
lems. Most 12-inchers are reliable if somewhat shaky.
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Before considering the 12-inch, remember that to see anything it will have to be
mounted on its tripod. This is nearly 75 pounds of telescope at the 12-inch aper-
ture level, which is more than many of us want to lift regularly, especially given
the less-than-useful Meade handles. Heck, even this scope’s Giant Field Tripod is
difficult to move around. There is also no concealing the fact that this is where the
price begins to climb away from the usually very reasonable SCT fare. At 12-inches
of LX200, that fare is $4,700. Of course that is still very reasonable for a scope with
all the myriad features of this one. This CAT has its attractions: the computer-
ized Autostar II niceties and lovely ACF UHTC-coated optics in a really generous
aperture.

Like the C14, the LX200-ACF 14-inch is not just a huge scope; it is a specialized
one. This is not the SCT for slewing aimlessly through the Milky Way or imag-
ing the North America Nebula. Its long focal length lends it to more esoteric and
specialized pursuits, such as detailed studies of smaller objects: galaxies, planetary
nebulae, and planets. A CAT this big can actually open up the world of serious
astronomy since, with this much aperture horsepower, it is more than capable
of undertaking honest-to-god research, including supernova hunting, asteroid
discovery and photometry, systematic study of the planets, and other even more
advanced activities.

The really good news about the 14-inch LX200 is that Meade did some thinking
before they did the designing. Unlike the 12-inch LX200-ACE, steps were taken to
make the fork/drive base more capable of supporting an instrument in this class.
Meade also made some small but welcome improvements in the scope’s gearing. The
LX200 14’s go-to accuracy is superb, its tracking is acceptable, and it is stable enough
to stop you from saying bad words when a breeze is blowing—although it is still not
built like a tank and is not much more stable than the Celestron CGE 1400.

There are really only a few strikes against the LX200-ACF 14. Other than price
($6,500), the big stop sign for many of us is the scope’s size and weight. A C14 OTA
can be a little scary, but an 82 pound LX200 in its enormous fork is downright ter-
rifying. Some folks can lift the 14-inch onto its tripod by themselves, usually with
the aid of a portable hoist of some kind, but that is not something anybody should
consider lightly. Instead, be prepared to provide an observatory for this telescope
and have a buddy handy to help heft the scope onto a good, solid pier, where it will
remain. Who wants to haul a scope of this size around regularly to weekend star
parties? There is maybe one exception to the “observatory rule.” If there is a clean,
dry area like a garage where the 14-inch can be stored that is adjacent to a paved
viewing area/pad, the telescope could conceivably be put on “wheelie bars” (sold
by JMI and other accessory vendors; see Appendix 1) and wheeled in and out for
observing.

The accessories included with the 14-inch and other large LX200 scopes are
nearly identical to those in the 8-incher’s box and include the Autostar-control-
led Crayford style microfocuser, a 26-mm Plssl, a star diagonal (a 2-inch model
for the 12-inch and 14-inch), a 50-mm finder, the Autostar Suite software, and
Meade’s standard field tripod for the 10-inch and the Giant Field Tripod for the
12- and 14-inch telescopes. While it is possible to run the 10-, 12-, and 14-inch
LX200s with a passel of C batteries, do not. As always, a 12-volt DC cable and good
battery are much better.
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Meade LX200-ACF 16-Inch

For many years, ever since Celestron discontinued its C16 in the early 1970s, the
LX200 16-inch has been the king of the CATs. That has changed recently with the
introduction of Meade’s Max Mount 20-inch SCT, but the fork-mounted 16-inch
LX200-ACF (Plate 23) is still a huge and impressive telescope. Think a C14 or Meade
14 is enormous? You ain’t seen nothin’ yet. Do I need to say this one belongs in an
observatory? Everything concerning the 14 is doubly true here when it comes to
this telescope’s portability or the lack thereof. The 16-inch fork/OTA weighs in at
125 pounds, and the tripod is even heavier, at nearly 200. This CAT is, frankly, fairly
painful for even two people to erect. Not that this is not done— I've seen one person
setting up a 16-inch at the Texas Star Party using an engine hoist with only a little
help from passersby. But, as with the 14-inch, one man setup is not something most
of us will be willing to attempt.

The accessories included with this big, expensive telescope are, surprisingly,
modest and similar to what is included with the smaller LX200s: a 26-mm Pl6ssl,
a 2-inch diagonal (UHTC coated), a 50-mm finder, a copy of the Autostar Suite
program, and a (huge) Super Giant Field Tripod (Meade also sells the scope with
alt-azimuth and equatorial piers rather than a tripod as an option). Do not even
think about running this one off C batteries. The scope understandably has no

Plate 23. (LX200-ACF
16-inch) Meade's largest
aperture LX200, the fork
mount 16-inch model.
Credit: Image courtesy

of Meade Instruments
Corporation.
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provision for internal cells and is powered either by the included AC adapter or an
optional 12-volt DC cord.

This scope looks awe inspiring and promises great things given its sterling ACF-
type optics and all the countless computer frills provided by the Autostar II. The
16 might even deliver these good things—or not. Unfortunately, the 16-inch in
its previous LX200GPS incarnation and in its initial configuration as the “classic”
LX200 has been a problematical CAT. There have been problems with electronics,
problems with optics, design problems regarding the support of the primary mirror,
and other gremlins that have kept the scope in all its mutations from ever achieving
“most wanted” status among amateur astronomers. Will the ACF version be differ-
ent? Maybe it will.

Why the troubles? After all, even though it is very modestly priced compared to
other scopes of similar aperture and capability, the LX200-ACF 16-inch is not exactly
cheap at $13,000 (plus the cost of an equatorial pier instead of a tripod). Maybe it is
that Meade does not make/sell enough of these to really get in a production groove
with the 16-inch and get all the bugs worked out. Or maybe $13,000 just is not quite
enough to produce a consistently good fork-mounted SCT in this aperture.

Despite these issues, it is also true that when the 16-inch is right, it is flat-out
amazing. At least one of these scopes (which I saw at a professional observatory’s
visitors’ center) seemed entirely problem free and produced truly mind-boggling
views. Despite the long focal length (4,064 mm), the 16 was truly excellent visually.
Wide-angle views were not missed at all. Small NGC globulars began to look like
M13, and galaxies ... oh my ... it felt as if you were falling into M51. All in all, the
experience of using the 16-inch LX200 was more similar to using a professional
observatory instrument than to looking through an amateur’s CAT. It is massive,
and it is powerful. If you can get a good one or are willing to tinker and work with
Meade until it is right (and Meade will help you get it right, eventually), there is no
doubt the 16-inch LX200-ACF could be the scope of a lifetime.

Meade LX400-ACF 12, 14, and 16-Inch

For Meade fanciers, this is almost the end of the rainbow. Like the 10-inch LX400,
the 12-, 14-, and 16-inch models boast features that make them some of the most
advanced CATs on the planet. Not many custom observatory scopes are as loaded
with advanced computer frippery as the LX400 SCTs. What the larger LX400s
bring to the party is serious aperture in addition to the computer gee-whizzery.
But, they are heavy. For someone living in a city and unable to build a permanent
observatory, portability is a must, and that is something the big LX400-ACFs defi-
nitely do not offer.

In the discussion of the 10-inch scope, we mentioned it looked like a “nor-
mal” 12-inch. The real 12-inch is even bigger, the 14-inch is enormous, and the
16-inch—well, you get the idea. The 12-inch requires a lift of 96 pounds onto the
tripod. The 14 comes in at 121 pounds. As for the 16-inch, try 250 back-breaking
pounds. Making that even worse is the fact that many LX400 users are focused on
imaging. To do serious picture taking, the CATs will have to be lifted and tilted to
be placed on a wedge.
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Might the large LX400s be the ultimate CATs for a permanent installation? Per-
haps they will. As was the case with the 10-inch, this is a mighty impressive instru-
ment, with all the features SCT users have for years been clamoring for: zero image
shift focusing, motorized collimation, a built-in dew remover for the corrector plate,
USB connectivity, and more. The optics are the same amazing /8 aplantic SCT optics
used on the 10-inch. Accessories, while not lavish considering the prices ($7,000,
$9,600 and $17,000 for the 12-, 14-, and 16-inch, respectively) do include one of
Meade’s top Series 5000 Ultrawide eyepieces, a 2-inch UHTC-coated diagonal, and
the Autostar Suite CD. The 10, 12, and 14-inch, like the 10-inch, are mounted
on Meade’s new heavy-duty tripod. The 16-inch, as is the LX200, is available with
either the enormous Super Giant Field Tripod or a permanent pier.

What is the final verdict on the big LX400s? The 12 and 14, especially, have had
their growing pains, maybe even more so than the 10-inch. The difficulties seem, as
with the 10-inch, to center around focus/collimation motors and electronics at this
time. As mentioned, Meade appears to have suspended production of these scopes—
at least for now.

How about the 16-inch? Certainly, the pictures of this humongous CAT
are impressive, although they seem to indicate Meade has mostly just scaled up
the basic RCX design. Admittedly, it is hard to tell much from pictures, and
there are not many around to look at. Unfortunately we may never see one, since,
as with the smaller LX400s, Meade has stopped production on the 16-inch fork
mount scope. Nobody seems to care much, though, since amateurs in the mar-
ket for something in this class are now focused on what is undoubtedly the most
impressive pair of SCTs ever produced by Meade—or Celestron—the Max Mount
16- and 20-inch LX400 SCTs.

Meade LX400-ACF 16 and 20-Inch
with Max Mount

8-inches aperture does not excite? Is 12-inches still ho-hum? Even 16 is not quite
enough inches? If you have the dollars, Meade has the SCT. Just when the dust had
settled from Meade’s introduction of its fork-mount LX400 SCTs, the company
announced a pair of GEM-equipped scopes with similar optical tubes: a big 16-inch
and a positively huge 20-inch (Plate 24). This Max Mount 20-inch is, in fact, the
largest production SCT sold since Celestron stopped making its gargantuan C22 in
the late 1960s.

Optically, the 16 and 20 are identical to the smaller LX400s and have all the bells
and whistles Meade has bestowed on this series: electric focusing and collimation,
a built-in cooling fan, USB ports—the works. The optics are done to the same pre-
scription as those in the smaller models; they are a UHTC-coated /8 optimized/
aplantic SCT design.

It was not the tubes that caught everybody’s attention when this pair debuted,
however. A 20-inch offers a sizable increase in light-gathering power over a 16, but
it is still an incremental leap, big as it is (on the 20-inch OTA, the standard Meade
50-mm finder looks like a tiny red-dot peep sight). What surprised amateurs was the
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Plate 24. (20-inch
Max Mount) The
world’s biggest produc-
tion SCT, the enormous
Meade Max Mount
20-inch. Credit: Image
courtesy of Meade Instru-
ments Corporation.

huge GEM Meade built to carry these OTAs, the Max Mount. This towering thing
weighs in at 329 pounds without counterweights and is probably the largest mass-
production mount ever offered to amateur astronomers. Although Meade advertises
the Max as having a payload capacity of 500 pounds, that includes counterweights.
The actual maximum Optical Tube Assembly (OTA) weight the mount can handle
is probably closer to about 250 pounds, but that is still a lot of pounds to play with,
especially considering the fact that the titanic 20-inch OTA weighs in at a compara-
tively modest 190 pounds.

The weight and size of the Max are what grab you when you first lay eyes on it, but
its capabilities are just as impressive. This GPS-enabled GEM can be controlled by an
included Autostar IT hand control or with a PC via furnished software. The large gears
used on the Max lend it what is probably its most impressive statistic: a very low peri-
odic error. Meade claims a before-PPEC-training periodic error of 5 arc seconds. After
making a PPEC recording, typical error is about 2 arc seconds (they say). If so, the
mount can be used for unguided imaging at all times, 2 arc seconds being below
the scintillation threshold of atmospheric seeing.
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So, will everybody at the next star party be setting up a Max Mount 16 or 20? Not
likely. Beyond the fact that this is not by any means a portable or even transport-
able pair of scopes (the manual’s assembly section has numerous notes that warn
“death or serious injury may result” due to mishandling of the tremendously heavy
OTA and GEM), they are quite expensive now. When first introduced, Meade was
offering some real deals on both scopes, but just as they were going into production,
prices rose precipitously. The 16-inch version is currently $40,000, and the 20-inch is
$50,000. That is a lot of money to spend on a hobby—or even a “serious avocation.”
Still, some people who are not exactly millionaires have been known to spend that
much or more on a bass boat.

Size and price aside, it is early in the life cycle for these two telescopes. As men-
tioned, the fork-mount LX400s have had some technical issues, and it would not be
surprising if the big guns also had some teething problems. Still, who would not buy
a Max Mount 20 if they could? It is the top CAT in every way at the moment and
will probably remain unchallenged for the foreseeable future—if Meade can resolve
its current difficulties and get Mad Max and the LX400 sisters operating without
hiccups, that is.

Little Kitties: Smaller SCTs

Just as there are larger than 8-inch SCTs, there are smaller ones. At this time, pur-
chasing a small SCT means buying a Celestron. Meade produced a 4-inch model for
many years, the 2045, but that scope was discontinued over a decade ago when the
company decided to use the Maksutov Cassegrain design for its smaller CATs. How
good is a small SCT anyway? These are definitely kittens compared to big jungle
CATs, like the C14 or Meade 16, but for an apartment dweller, a physically chal-
lenged person, or just someone who wants a telescope that can be set up and taken
down at a moment’s notice, it is hard to beat the portability combined with useful
aperture found in the wee ones.

Celestron NexStar 5 SE, Omni XLT 127,
and NexStar 6 SE

The Celestron C5 Schmidt Cassegrain has had a checkered career ever since it was
introduced way back in the early 1970s. Celestron has discontinued the C5 three times
over the last 30 years. The 5-inch scope’s problems have had nothing to do with its
£/10 optics, however—they are almost always outstanding. The problem for the C5 has
been that it is nearly as expensive to produce as the C8, and that many people consid-
ering the C5 eventually turn to an 8-incher since it is “only a little more.” At this time,
an 8-inch SE scope is about $200 more expensive than her 5-inch sister, and there is no
denying that a lot more can be seen with a C8. That is not the whole C5 story, though,
and never has been; if it were, Celestron would not keep bringing the little scope back
for one last bow.
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The secret to the C5’s longevity is that, in addition to fine optics, it is genuinely
portable. At 27.6 pounds, including tripod and mount, the NexStar 5 SE ($800, Plate
25) is only somewhat lighter but is considerably less bulky than a NexStar 8 SE and is
more practical for the apartment dweller—or anybody with limited space—to store
and transport. For amateur astronomers without a backyard to use for observing
and who must, instead, view from urban/suburban balconies, apartment roofs, and
semipublic places, a telescope like the C5 may mean the difference between observ-
ing regularly and not observing at all. The 5-inch is not just for beginners, either.
Many long-time amateurs have smaller CATs like the C5 in their stables for use when
a big gun is not practical.

The little guy does not skimp on features. The NexStar 5 SE uses the same NexStar
computer as the 8-inch telescope, and almost all the accessories developed for SCTs
over the last three decades will work on the 5 because of its standard SCT rear port.

Plate 25. (NexStar
5SE) Celestron’s highly
portable C5 OTA on an
SE halffork mount, the
NexStar 5SE. Credit:
Image courtesy of
Celestron.
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The fork/drive base combo is identical to the one furnished with the 8-inch model. It
is easy to set up and comfortable to use, if not the best mount for serious imaging tasks.
The lighter OTA of the 5-inch SE may make for a somewhat more stable setup, allow-
ing some long-exposure experimentation. The 5-inch OTA is capable of decent visual
performance on the deep sky and the solar system but obviously has less oomph than
an 8-inch (which will deliver more than 2.5 times more light). In the city or heavily
light-polluted suburban areas, the NexStar 5 SE is somewhat handicapped, if still quite
acceptable. Travel to a dark site, though, and prepare to be surprised at what this “little”
telescope can show.

The “fixins” that come with the scope are not bad either. The NexStar 5 SE, like the
NexStar 8, comes standard with Celestron’s advanced XLT coating, the same usable
25-mm Plossl eyepiece, a 1.25-inch star diagonal, a red-dot finder, and a CD with the
NexRemote and TheSky software on it. The telescope can be powered by AA cells—
eight of them—or an optional DC power cable.

Is even the NexStar 5 SE too much? Want something even cheaper and easier to
carry around? Do not like or do not need go-to computers? Celestron may have just
the thing. The company has recently begun selling a C5 OTA on a CG4 GEM mount,
which is similar to but slightly smaller than the CG5, for a measly $600 (or $700 with
amotor drive). The Omni XLT 127 (Plate 26) does not come with a go-to computer,
but the optional dual-axis drives and HC will allow the scope to track the stars and
maybe even do a little beginning deep sky imaging.

Surprisingly, the Omni comes with nearly the same accessories as the more expen-
sive SE: XLT optics, a 25-mm eyepiece, a 30-mm finder, a 1.25-inch star diagonal, and a
software CD containing TheSky. The motor drive system for the CG4 operates off four
D cell batteries, and since there is no computer to suck them down, they last a long
time. The Omni is also a pretty little thing, sporting a blue-and-white color scheme
that harks back to the classic 1960s Celestron Pacific SCTs.

What the Omni offers is simplicity and portability. While at 40 pounds the total
weight of the package is considerably heavier than that of the NexStar 5 SE, this
GEM scope breaks down into light components, with the heaviest piece weighing in
at 20 pounds. The Omni XLT 127 is aimed at beginners, but its noncomputerized
simplicity is refreshing, and this scope should appeal to grizzled veterans as well.

Care to give up a little portability in return for a little more horsepower? Celestron’s
got that base covered as well. The NexStar 6 SE is exactly the same package as the
NexStar 5 SE but with a 6-inch £/10 OTA instead of a 5-inch one. There is no doubt
the C6 OTA brings a little more of the deep sky home. The larger primary mirror
delivers 50% more of what we all want—Tlight. That may not seem a huge advance,
but this extra inch is a real help with many DSOs, particularly globular star clusters.
Under good conditions, the NexStar 6 SE has the ability to resolve quite a few of the
Messier globs.

Celestron C6-SGT

Like the idea of a 6-inch OTA but do not like fork mounts? Consider the C6 SGT,
then. This is the same {/10 6-inch tube used on the SE version but mounted on
Celestron’s go-to CG5 mount. Accessories are almost the same as those provided
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Plate 26. (Omni XLT
5-inch) The bargain
priced but very capable
Omni XIT version of the
venerable Celestron C5.
Credit: Image courtesy of
Celestron.

with the C8-SGT: 25-mm eyepiece, 1.25-inch diagonal, 30-mm optical finder, and
TheSky CD.

This CAT is considerably cheaper than the C8-SGT ($1,000 for the 6-inch com-
pared to $1,600 for the XLT 8-inch), but if you are going to pay the extra money for a
CG5 mount instead of the SE fork and go to the trouble of hauling the GEM around,
you might want a bit more of a “reward” in the form of an 8-inch tube. If you want a
C6, it would be best to stick with the fork-mount SE version.

Schmidt Newtonians

The Schmidt Newtonian telescope (SNT) has always been an also-ran in the CAT
popularity contest. Although the design has some real strengths, only Meade has
offered serious SNTs to the amateur. Even there, the telescope’s popularity has waxed
and waned, with Meade discontinuing SNT production in the late 1980s. With the
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advent of the LXD55 and the follow-on LXD75, the SNT is back. That is not a bad
thing, either. This somewhat un-CAT-like CAT does have some pluses. At this time,
Meade is still the only non-custom producer of SNTs.

What the heck is an SN'T? Think “mutant offspring of an SCT and a Newtonian.”
Like the SCT, the SNT uses a spherical primary mirror at one end of the tube and
a corrector plate at the other. Unlike the SCT, it does not use a convex magnifying
secondary. Light from the primary mirror is instead diverted out the side of the tube
to a focuser by a Newtonian style flat mirror tilted at 45°. The secondary mirror’s
holder is mounted in the center of the corrector plate, just as in the SCT. Since this
mirror does not magnify, the “final” focal ratio of the scope is identical to that of
the primary mirror, which is usually f/4 to f/5. The benefit of this system is that it
yields wide fields without the distorting coma that ruins Newtonian edge-of-field
performance.

Meade SN-6AT, SN-8AT, and SN-10AT
LXD75 Schmidt Newtonians

Since Meade reintroduced the SNT design with the SN-6AT, SN8-AT, and SN-10AT
after a long hiatus as the LXD55 series, they have managed to improve the LXD
GEM mount so that it is generally reliable electronically and mechanically. That
does not mean LXD75 is optimum for a Schmidt Newtonian. The problem is not
so much weight, at least not with the 6-inch and 8-inch SNTs, but length. Schmidt
Newtonians necessarily have longer tubes than SCTs of the same aperture: 27-inches
for the 6-inch SNT (13 pounds) and 30-inches for the 8-inch SNT (24 pounds).
The longer tubes put more strain on the medium-weight LXD75 GEM and make it
shakier than it is with an SCT OTA, if still usable. The 10-inch SNT increases both
tube length (36-inches) and weight (30 pounds). What was bearable on the 6 and the
8 is just too much with the 10-inch in my opinion.

Optically, the SNT OTAs are similar, differing only in aperture and focal ratio.
The 8-inch (Plate 27) and 10-inch are f/4s, and the 6-inch is an f/5. Although the
mount these telescopes are shipped with is questionable, the optics are impressive.
At a star party under the dark skies of Chiefland, Florida, an informal shootout was
arranged between the 10-inch SNT and a 10-inch Dobsonian Newtonian (with a
known “good” mirror). The results? The edge of the field in the SNT looked better,
with the stars looking like stars instead of comets. DSOs seemed slightly brighter in
the SN, probably due to the LXD75’s UHTC coatings.

The LXD75 SNT’s features, in addition to UHTC (which is standard), include
an 8 X 50 mm finder scope and a single 26-mm Plossl of good quality. The OTA
sports a steel tube that is finished an attractive white. All three Schmidt Newtoni-
ans include 2-inch rack-and-pinion focusers. This focuser is workable for visual use,
but if imaging is to be attempted, it should be replaced with a better unit. Luckily,
several companies, including Jim’s Mobile, offer vastly superior Crayford focusers
that are near plug-and-play replacements for the SNT focuser.

How good are these SNTs? They are more than capable of producing quality
images visually and photographically, but there are a couple of things the CAT
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Plate 27. (LXD75 8-inch SNT) A
Meade's wide field Schmidt Newto- (‘7
nian OTA on a go-to GEM mount,

the LXD75 8-inch SNT. Credit:

Image courtesy of Meade Instru-
ments Corporation.

shopper should know. First is that to deliver good images an SN'T must be accurately
collimated. The process of lining up the optical elements of a Schmidt Newtonian
is decidedly more complicated than it is on a Schmidt Cassegrain. The SCT owner
only needs to adjust the secondary mirror’s tilt. The SNT may potentially require
the secondary’s rotation as well as tilt to be adjusted. The SNT primary must also be
collimated, unlike the SCT primary. Users familiar with Newtonian alignment will
be right at home, but SCT users may be in for some head scratching.

The bottom line on the SNTs also depends on their use. Dark skies that encour-
age wide-field viewing allow these OTAs to perform in world-class fashion, outdo-
ing much more expensive telescopes. Lunar and planetary observers who frequently
use high powers may be less enchanted by these short focal length OTAs and their
undersize mounts. But, the Meade Schmidt Newtonian design is good. It provides a
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lot of potential for a little money ($1,000 for the 6-inch, $1,200 for the 8-inch, and
$1,400 for the 10-inch). It would be ideal if the three were available in OTA-only
configurations. On a sufficiently sturdy mount, these SN'Ts can really rock.

Here Come the Maks!

Many amateur astronomers say they love Maksutov Cassegrain telescopes (MCTs,
Maks). What is not to love? As discussed in Chapter 3, the SCT-like MCT has the
potential for producing better images than a Schmidt Cassegrain. The only thing
most pre-1990s amateur astronomers did not like about MCTs was their prices.
Until the advent of the Meade ETX, the only widely available astronomy-oriented
Mak for amateurs was the very fine but very expensive Questar.

The Mak scene began to change for the better in the early 1990s when Meade
added a 7-inch MCT to its LX200 line of go-to scopes. This Mak was somewhat
more expensive than an 8-inch SCT but not horrendously so. The floodgates really
opened in 1996 when the company began to sell the ETX, a 90-mm MCT. Since
then, Maksutovs have multiplied like rabbits, at both the high and low ends of the
price scale.

Meade ETX-90PE and ETX-125PE MCTs

I should preface this by saying I downright love the ETX. I own an ETX-125PE, and
although I am sometimes accused of being a “Celestron man,” I bow to no one in my
appreciation of Meade’s small wonder.

Be that as it may, there is no doubt the ETX has weaknesses as well as strengths.
What does ETX stand for, anyway? When Meade was developing this little Mak
(Plate 28), the letters were an abbreviation for the MCT project name, Everybody’s
Telescope. By the time the wee CAT was released, it was just called ETX, but it was
still meant to be everybody’s telescope. Is it?

That depends. The ETX, which is currently available in 90- and 125-mm aper-
tures, has a lot going for it, most notably the optics. There are things that can be crit-
icized about the ETX, but its optics are not one of them. The secondary obstruction
on these scopes, the percentage of the aperture diameter obscured by the secondary
mirror, is high at 40% for the 125 and 30% for the 90, but contrary to expectations,
contrast does not seem to have been harmed much (the secondary mirrors are not
overly large but are surrounded by big cone-shaped baffles to protect against stray
light). The ETX-90 and ETX-125 produce outstanding, high-contrast images.
Compare the 125 side by side with a C5, and you will have no doubt the Mak pro-
duces noticeably sharper, higher-contrast planetary images. Saturn in the ETX is
chock full of detail, all that can be expected of any 5-inch telescope, and the visible
disk and ring features compare very favorably with what can be detected in a C11.
How about the 90-mm scope? If anything, this little wonder amazes even more.
Tested against a Questar 3.5-inch MCT (which costs about five times as much as the
Meade), there seemed to be no difference in the images.
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Plate 28. (LX90 PE)
The latest version of Eve-
rybody’s Telescope, the
ETX90 PE.” Credit: Image
courtesy of Meade Instru-
ments Corporation.

That does not mean it is all gravy with the ETX. Face it—at these price points
($700 and $1,000 for the 90 and 125, respectively), there is going to be a lot of plastic.
That does not seem to harm either telescope’s performance, but they certainly do
not have an heirloom feel. You will not be passing an ETX down to your grandchil-
dren. Also, the 90-mm is a cute little CAT, but 3%-inches of aperture will severely
limit views of the deep sky in or out of light pollution. Very few of the 30,000 galax-
ies, nebulae, and star clusters in the telescope’s included Autostar HC’s library will be
visible no matter how good the observing site. The 125 fares better in this regard, but
more aperture means more weight (28.5 pounds vs. 21 pounds for the 90-mm). The
125 is also quite bulky. You can waltz the 125 out into your backyard assembled on
its tripod, but just barely. This telescope is not much more portable than a C8.

Optically, yes, the ETXs are fantastic, but do not expect wide-field views. Even the
90-mm needs long focal length eyepieces to take in medium-size vistas. That should
not be a surprise since ETX focal ratios are high in typical Mak fashion: £/13.8 for
the 90-mm and {/15 for the 125. The upside here is that the long focal ratios are well
suited for urban observing, allowing for medium-high magnification with comfort-
able, long focal length eyepieces. The comfortable higher magnifications of these
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long focal length CATs tend to reduce the annoying background sky glow that is
visible at lower powers in any telescope in light-polluted areas.

Despite a need to keep production costs down, Meade has spent the last 10 years
continually upgrading both the software and hardware on its ETXs. The original
125, for example, was merely an upsized 90. The larger OTA was too heavy for the
all-plastic fork mount. Today’s 125PE still appears to have a plastic fork, but that is
deceptive. The plastic is only an outer skin; inside, the 125PE fork is aluminum. Both
the 90PE and the 125PE use the 497 Autostar for computer control. The 497 is user
upgradable over the Internet, and Meade issues frequent software updates to fix ETX
problems and add ever-more features.

Other than optically, what is 90PE and 125PE performance like? The go-to on
both scopes is satistyingly accurate. That does not mean every object you request
from one side of the sky to the other is always in the center of the eyepiece, but even
when the 125 misses, it is not by much. As long as due care is taken in centering
the go-to alignment stars the scope chooses, the ETX mount and computer get the
job done. Go-to accuracy seems to be as good as or slightly better than that of the
Celestron NexStar SE SCTs. The go-to alignment procedure for the ETX Premier
scopes is very similar to that of the GPS-equipped Meade SCTs, even though the
ETXs do not come with GPS: Place the scope in its Home position and turn it on;
it does all the alignment tasks except the fine-tuning of alignment star centering.
Thanks to an internal battery, the ETX Premier models keep time and date current
in memory, so these items normally will not have to be reentered for subsequent
go-to alignments. What about tracking? The ETX drives provide OK tracking in
alt-azimuth mode but are really not up to the task of anything more than casual
lunar and planetary imaging due to small random tracking “jumps” that cannot be
trained out with PEC (which the ETX Autostar does feature).

One thing not good about the ETX is its nonstandard rear cell. It would have
been nice if it had used the normal SCT-style rear port like Meade’s earlier MCT, the
LX200 7-inch. Instead, the ETXs use a built-in diagonal that limits users to 1.25-inch
eyepieces. This diagonal is equipped with a flip mirror. Flip the mirror up (via a
knob), and light goes up to the eyepiece. Flip it down, and it is directed out a rear
port (hole) to which cameras and other “external” accessories can be attached. The
ETX’s model 884 Field Tripod is more difficult to judge. It is fairly steady with the
90-mm, but due to the unwise use of plastic in a few critical areas, it is not quite
as good with the heavier 125-mm. One other thing: There have been complaints
about is the scope’s tube. The Premier ETX are available either with an Astro Tube
silk-screened with color astronomical images or a standard Meade-blue OTA. Some
astronomers think the Astro Tube looks gaudy, but I think it gives the little telescope
even more personality than it already has. Both ETXs are of the Gregory type and
therefore do not have adjustable secondaries. How are they collimated? They cannot
be easily collimated by end users, but they usually do not need to be.

Accessories shipped with the ETX are, not surprisingly, minimalist and, in addi-
tion to standard UHTC coatings, are limited to a Meade Series 4000 26-mm Plossl
eyepiece (which is a cut above the average imported Plossl) and a CD containing the
basic edition of Meade’s Autostar Suite planetarium and telescope control software.
The scope can be powered by (many) AA batteries. In this case, with these small tel-
escopes, AA batteries can actually be a welcome option. It is nice to be able to throw
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the ETX in the trunk of the car for use during (nonastronomy) vacations without
having to pack a large 12-V DC battery pack to power it.

What are my final words on Everybody’s Telescope? It is not a thing of machined
beauty. It is plastic and utilitarian. Nevertheless, it has delighted thousands of
observers old and new and has probably done more to introduce more people to the
wonders of the night sky and CATs than any telescope that has hit the market since
the original Celestron C8 rolled out in 1970.

Questar 3.5

In 1956, the Questar Corporation of New Hope, Pennsylvania, begat a tiny telescope
that has inspired 50 years of lustful amateur astronomer dreams, the Questar 3.5
MCT. The Questar 3.5 (inch) can best be described as “jewel-like.” It is an incredibly
attractive little instrument that is executed in gleaming stainless steel and beautiful
anodizing. The most discriminating telescope connoisseur will search in vain for
plastic here.

You “cannot judge a book by its cover,” of course, and the Questar probably could
not have hung on for 50 years if its optics could not deliver. They can and do, pro-
viding images as sharp and high in contrast as it is possible to achieve with any
3Y-inch telescope. Quite a few Q3.5 fanciers are surprised to learn that the optics
in the telescope are not made by Questar. They never have been. Instead, the com-
pany has always contracted them out to other manufacturers, with the firm of J. R.
Cumberland having produced the lion’s share over the years. No, the optics are not
made in-house, but Questar’s stringent testing and quality assurance program mean
every scope that goes out the door possesses world-class optics.

If it were only that the telescope is “pretty” and has good optics, no one would
likely pay the $4,250 that a Questar 3.5 sans tripod and with basic bottom-of-the-
line coatings commands. What keeps the Qs coming, then? The Questar was an
innovative design in 1956, and it is still innovative today, offering some unique fea-
tures no other telescope can boast.

When an amateur astronomer finishes admiring the Questar’s beauty, the first
question that comes to mind is, “Where is the finder?” The Questar 3.5 does not
appear to have one, which is surprising. This is a slow focal ratio, long focal length,
Gregory-type Maksutov (f/14.6, 1,300 mm), so a good finder is mandatory. Actu-
ally, the Q3.5 does have a finder, just not a conventional one. When a finder is
needed, the observer continues looking through the main scope’s eyepiece and
flips a little switch on the rear cell. This switches the ocular to a wide-field finder
objective via a unique reflex optical system. The finder objective is mounted on
the bottom of the rear cell and delivers a 4x image that takes in a full 12° of sky
with the Questar’s lowest-power eyepiece. The advantage of this somewhat com-
plex arrangement is that the observer never has to move an eye from the eyepiece
to find or center objects, a distraction when trying to pull in dim DSOs with the
3.5’s limited aperture.

Need more magnification rather than less? With other telescopes, the user would
change to a different eyepiece or insert an amplifying Barlow lens. Not with the
Q3.5. Another rear-cell switch moves a built-in Barlow lens into the light path of the
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main optics. Again, the observer has not had to look away from the eyepiece. Not
only is this Barlow convenient, it is a high-quality Dakin Barlow.

Like all other CATs, the Questar’s corrector plate is prone to collecting dew. There
is no need to spend money for a dew shield, however, as one is built into the Questar.
Grasp the scope’s lovely star-map-emblazoned tube and slide it forward, and this
“tube” is revealed to be a dew shield. Extending it reveals the actual tube of the 3.5,
which features an anodized Moon map. Like the star chart on the dew shield, it is not
detailed enough to be very useful, but it sure is beautiful.

The Questar 3.5 is beautiful and legendary. Despite being in production and
nearly unchanged for over 50 years, it is still sexy. Is it a good astronomical telescope,
though? If there is one thing that prevents us from recommending the Questar
wholeheartedly it is its aperture problem. Despite the beautiful tube and mount,
this is still just a 3.5-inch telescope. It is an optimized 3.5-inch telescope, but it can-
not violate the laws of physics. It will still be outperformed optically by the larger-
aperture C5 and ETX-125.

It is remarkable that Questar has not had to change the 3.5 much over the last
50 years, but that is not necessarily a good thing for the amateur. While the rest of
the telescope industry has moved on to computers and go-to, for example, the
Questar still pokes along with an AC synchronous motor drive. Yes—polar align
the scope and plug it into a wall socket (or inverter), and it tracks the stars. Unplug
it, and it stops, which is not exactly high tech. A DC drive is available as an extra-cost
option, but at over $4,000 for the basic scope, many purchasers will need to go easy
on options.

Beautiful as it may be, the Questar mount is not overly pleasant to use. Since it
does not have a computer, its drive base has to be tipped over to point at the Celestial
Pole if it is to track the stars. Before it can be polar aligned, though, it will have to be
mounted on a tripod of some kind. The three ridiculous little tabletop legs supplied
with the scope are useless for much of anything; that means shelling out for Questar’s
tripod or an equivalent heavy-duty model from a third party. Despite its light weight
(8 pounds), the Questar 3.5 needs a stable tripod due to its long focal length. Even on
a good tripod or pier, however, the mount has limitations. Most seriously, its design
prevents the scope from pointing at far southern objects (or far northern objects
when observing from the Southern Hemisphere). Move too far south in declination,
and the tube bumps into the base. Yes, the Questar 3.5’s slow-motion controls are
silky smooth, but they sometimes exhibit a surprising amount of backlash.

Like the Meade ETX, the Questar uses a built-in 1.25-inch star diagonal. This is
necessary so eyepieces will be in the correct position to allow the switchable Barlow
and finder to work properly. Unlike the Meade, however, the Questar diagonal is
not set up to accept standard 1.25-inch eyepieces. It is formatted for the special pair
of included Brandon oculars, which screw into the rear cell instead of sliding into
a focuser tube. Although these are very good eyepieces, it is hard to imagine today’s
amateur not wanting to use other oculars, such as TeleVue Naglers. Luckily, TeleVue
sells an adapter that will allow some of its eyepieces to be used in the Questar. They
may not come to focus with the finder switched in, however.

Nevertheless, the Questar 3.5 is a “good” scope, maybe even a great one. Questar
astronomy is astronomy with style. The little 3.5 is tremendously portable, and it is
just about as well made and reliable as a telescope can be. In its case, with its included
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solar filter and pair of Brandons, it really is, as Questar has always advertised it, a
“portable observatory.” The ETX 90 may have optics nearly identical in quality, but
unlike the Meade, the Questar is a telescope to pass down to grandchildren. That
makes it almost seem like a bargain.

7-Inch Questar 7

The Q7, a scaled up 3.5, has always been a rare bird in the amateur community due
to its astronomical price. We used the word jewel-like to describe the 3.5; for the
7, the word is “legendary” How does the Questar 7 perform? It works beautifully,
under the right conditions. “Right conditions” mostly means allowing plenty of time
for the tube to cool down so the optics adjust to outdoor temperatures and the
nasty air currents inside the OTA to die away. You had best hope that temperatures
do not continue falling throughout the evening. If that happens, this sizable MCT
may never acclimate. For best results, the Questar 7 should also be used on objects
appropriate for it. Large open clusters and nebulae are not its objects of choice. Its
slow f/15 focal ratio delivers high magnifications, with even a 25-mm eyepiece pro-
ducing over 100x.

Like the 3%2-inch, the Questar 7 uses a built-in diagonal. This one is more “nor-
mal” than the 3.5 arrangement, however, and allows the use of standard 2-inch
eyepieces as well as the pair of Brandon oculars supplied with the telescope. As an
option, the user may choose to purchase an Astro model rather than the Classic 7.
The Astro uses a standard 2-inch star diagonal and is more versatile but does not
include the famous built-in finder and Barlow. Questar goes back and forth on the
Q7, sometimes offering it in a fork-mount configuration similar to that of the 3.5
and at other times making the “big” scope available only as an OTA.

As with the 3.5-inch, price is the main barrier between most amateurs and the
Questar 7 of their dreams. Do you think the 3.5 is expensive? The cost of a Classic
Q7 with fork mount is $11,600. Admittedly, this model sports Questar’s advanced
(and lovely) titanium tube, which is lighter than the standard aluminum and has
somewhat better cooldown characteristics. If $11,000 is too rich for your blood,
Questar will sell the OTA alone for “only” $8,775. Back in the 1960s, the Q7 was often
referred to as a “doctor’s telescope.” That was not just because the scope’s gleaming
stainless steel and aluminum body made it look at home in an operating theater,
but because you would need to be a wealthy physician to afford one. That has not
changed, but if you are lucky enough to get your hands on this scope, its Questar/
Cumberland optics may astound.

Celestron NexStar 4 SE

Post-1960s, the only Maksutov Cassegrain Celestron marketed for many years
was the little C90. This often-maligned but actually rather nice telescope was
phased out in the late 1990s in favor of a succession of imported MCTs. Some
of these have been okay, some of them have been marginal, and none of them in
my opinion display the mechanical or optical quality of the C90. Until recently,
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Celestron offered two Maks, the C130 and the NS4 SE. The recent elimination
of the 130 has left the company with, as in the C90 days, only a single Mak to
sell. To be honest, the post-C90 MCTs have not inspired much excitement in amateur
astronomers. The NexStar 4 SE seems more like a mere placeholder in the com-
pany’s scope lineup than an important product. Not that the NS4 is a bad scope;
it is not. It is just nothing new or special. There are dozens of amateur Web sites
supporting the ETXs, but nary a one centered on the NexStar 4.

The NexStar 4 SE ($600; Plate 29) is a 102-mm aperture, f/13 Gregory-design
Maksutov Cassegrain mounted on Celestron’s SE single-arm fork mount. The Nex-
Star computer is exactly the same as that shipped with the other SE telescopes and
includes 40,000 objects for you to view (only a fraction of which will be visible in
a 4-inch scope). The tube is ETX-like in that it uses a flip-mirror system similar to
that on the Meade telescope. The usual use for the rear port is to mount a camera.
However, this scope’s small aperture and long focal length discourage imaging of
any kind other than informal snapshots of the Moon and planets.

Plate 29. (NexStar
4SE) Celestron’s MCT,
the sometimes over-
looked NexStar 4SE
Maksutov Cassegrain.
Credit: Image courtesy of
Celestron.
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The NexStar 4 SE is somewhat similar to the ETX-90 but without some of the
“snap”—the sharpness—of the ETX images. Like many small MCTs sold to amateurs,
this one has a sizable central obstruction—35% in this case—which may reduce
some of the contrast advantage for which Maks are noted. In truth, the images in
this scope look like what I used to see in 4-inch SCTs. Good, yes, but nothing to get
excited about. One plus for the NS4 is that its build quality is a little more impressive
than that of the ETX90; there is noticeably less plastic. Its tube, like that of the 8-inch
and 5-inch SE SCTs, is a cool Celestron Orange and will not invoke chuckles from
observing buddies like the astroimage emblazoned ETX tube will.

The accessories provided with the NS4 are about the same as those found with
the other scopes in this series. There is a good, if not oversize, tripod, a zero-power
red-dot SE finder, a 25-mm eyepiece, and the NexRemote and TheSky software CD.
Yes, the scope can be powered with internal (eight AA) batteries; if you like buying
batteries, go for it.

Overall, the NS4 SE is a nice enough telescope. What is the bottom line on it,
though? If you want a great small MCT for a good price, do yourself a favor and
think “ETX”.

Synta (Orion) Maksutovs: 90, 102, 127,
150, and 180 mm

The label on the tube says “Orion StarMax,” but these Maksutov Cassegrains are Synta
through and through. That is, they are made in the Far East by Taiwanese optical giant
Synta, Celestron’s owner. That is not a bad thing. Unlike some imported MCTs, the
telescopes offered by Orion strike a good balance between modest prices and quality.
No, they are not Questars, but they are similar in optical quality to them and to the
ETXs. In fact, some amateurs like these telescopes better than the ETX or the similar
Celestron instrument because of their more standard rear cells. Unlike just about all
the lower-priced, smaller-aperture MCTs on the market, the Orions eschew the flip
mirror and built-in diagonal. Although they do not feature standard SCT-style rear
ports and threads, it is possible to buy adapters that allow the use of at least some SCT
accessories with these telescopes.

Orion’s current MCT line is somewhat confusing, with at least 10 different models/
configurations currently offered. This includes a bewildering array of mounts and tube
colors. A close look, however, reveals that there are five different Synta MCT OTAs for
sale: 90, 102, 127, 15, and 180-mm.

The 90 (Plate 30), 102, and 127-mm were the first Maksutovs offered by Orion
and are all similar and good. These telescopes, with focal ratios of /13.9, {/12.7, and
f/12.1, respectively, did more than any other MCT to establish Synta in the Mak
business. Optically, the only area for which they give ground to the much-loved
Meade ETX is in baffling. Place a bright object like the Moon just out of the field,
and there is a tad more scattered light visible in the fields of these scopes than in an
ETX. Mechanically, the Orions seem a cut above the ETX in build quality. They are
basically all metal, with only a little plastic used. Like all the Orion Maks, they move
their primary mirrors to focus. The “focus shift” image movement in the field
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Plate 30. (StarMax
90mm MCT) A basic
90mm Maksutov Casseg-
rain with excellent optics,
Orion’s StarMax 0.
Credit: Image courfesy
of Orion Telescopes &
Binoculars.

inherent in this is small and is similar to—or a little less than—that found in the
ETX or in most Meade and Celestron SCTs.

As for mounting the 90, 102, and 127-mm, there are several options. The least
expensive are bare-bones Synta GEM mounts (small EQ-3s for the 90 and 102 and
an EQ-4 for the 127-mm) available without motor drives for $320, $430, and $620,
respectively, which includes the cost of the OTAs. The 127-mm model is also
available on Orion’s Skywatcher Pro GEM, a Synta mount that is nearly identical to
the Celestron CGS5 and that can be equipped with a similar go-to computer system.
Be aware that while the HC looks similar to the Celestron NexStar, the software
inside it is not quite as advanced.

The 90, 102, and 127-mm can also be purchased “OTA only” and can be placed
on any 1 the user desires. The tubes come equipped with Vixen-compatible dovetail
rails, but these can be removed and another style mounting bracket substituted, if
necessary. The accessories included with these telescopes, whether as OTAs or as
mount-scope packages, are few and include a better-than-average 25-mm Plgssl eye-
piece and a substandard finder. These finder scopes are the one really poor compo-
nent in these Maks. They are far too small—6 x 20 for the 90 and 6 x 26 for the 102
and 127. Be prepared to replace these useless little things with something better.
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The Orion/Synta 150-mm (f/12, 1,800-mm) MCT is a step up from the little guys.
The 150 sells for $620, previously an almost-unheard-of price for an MCT OTA
in this aperture. Build quality is similar to that of the smaller Orion MCTs, and
although the scope is not exactly built like a tank, it has the benefit of being light-
weight, at least, weighing in at a piddling (for a Mak) 12 pounds. The finder for the
150 is an 8 X 40 unit, better than finders of the smaller Orions, but still too small.

The king of the MCT hill at Orion is a Synta-made 180-mm MCT (Plate 31).
This /15 (2,700-mm) telescope, like the now-discontinued Meade 7-inch Mak,
breaks the MCT price barrier that has kept many amateurs from owning larger
than 6-inch Maks. Orion prices the 180 at an astounding $1,200 for the OTA. Not
that there are not a few flies in that ointment. The foremost of these is cooldown
time. Without some assistance (maybe a fan blowing into the rear port), this “big”
MCT, like the Questar 7, may never cool off sufficiently for optimum viewing. If
the temperature continues to fall through the evening, even blowing air into the
OTA may not help.

Is this a scope to be seriously considered by the prospective CAT owner? It is a
“quality” instrument, even if its construction is not quite up to Meade and Celestron
standards. Remember, though, this is a very long focal length instrument; make sure
that fact fits in with planned observing tasks. Despite the 180’s low price when com-
pared to other Maks in this aperture class, a larger-aperture, faster, more versatile

Plate 31. (SkyView Pro
180mm MCT) The largest MCT in
the Orion CAT collection, a 180mm.
Credit: Image courtesy of Orion
Telescopes & Binoculars.
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8-inch SCT OTA can be had for about $200 less. The biggest sore thumb with this
scope, though, is that, like the smaller Orion MCTs, the dovetail for mounting the
tube to a GEM is not attached to the corrector and rear cell; it is screwed right into
the thin tube. This arrangement does not hurt the smaller CATs much due to their
lighter weights, but it does make the 15.5 pound 180 shakier—on any mount—than
it should be.

In addition to an OTA-only option, Orion offers the 180 on go-to and non-go-
to versions of its Skyview Pro mount ($2,000 and $1,550) and on the considerably
heftier Sirius mount (actually a Synta HEQ-5) for $2,000 for a non-go-to version
or $2,350 for a go-to HC-equipped model. The Sirius would be a good choice for
the 180. The scope is not much heavier than an SCT, but its tube is somewhat
longer, which can stress out a mount every bit as much as weight can. Unfortu-
nately, the poor dovetail attachment system limits how much the excellent Sirius
mount can help.

All in all, we continue to be impressed by Synta’s MCTs. If you want a Maksutov
Cassegrain but cannot afford the high-priced spread represented by Questar, you
could do worse. What if you do not live in the United States but want an Orion?
Orion does sell some scopes in the United Kingdom and Europe, but nearly identical
Synta MCTs badged as Skywatcher are easily available across the United Kingdom
and the Continent.

INTES Micro M603 6-Inch and M809
8-Inch and Maksutov Cassegrains

Russian-produced Maksutov Cassegrains enjoyed a great deal of popularity
among amateurs during the 1990s. With the coming of the Chinese MCTs, how-
ever, much of this interest fell off, and Russian MCT makers Intes and Lomo
have now apparently quit the business. There are still some Russian Maks on the
telescope market, however, in the form of high-quality instruments produced by
Intes Micro of Moscow.

Intes Micro produces an extensive line of MCTs, ranging from a compact 5-inch
to a gigantic 14-inch. The Intes Micro telescopes with the most appeal to amateurs,
however, are the M815 8-inch and, especially, the M603 6-inch. The M603 features
just about everything amateurs have wanted in a Mak OTA and that they have often
found lacking in the Chinese imports: excellent build quality, top-grade optics, and
a reasonable price (about $1,300 from the scopes’ U.S. importers ITE and Teton
Telescope (see Appendix 1).

Yes, this price is comparable to that of the 180-mm Synta, and yes, aperture is
important, but in this case it might be wise to think about giving up that inch. Chi-
nese optics can be very good, certainly, but they are probably not as consistent as
those in these telescopes. A 1/8-wave accuracy is usual for the M603. The mirrors
in the Intes Micro OTAs are not standard Pyrex, either, but Sital, a glass with
better thermal characteristics, something that helps with the typically long Maksu-
tov cooldown. Also, the M603’s focal ratio is a comparatively low £/10, making the
scope more versatile than most other MCTs. The primary obstruction in this CAT is
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somewhat large at 36% (necessary to get the focal ratio down to {/10), but this does
not seem to hurt contrast much.

Tube mechanics are also noticeably better in the Intes Micros than they are in
the Syntas. In addition to the normal primary and secondary mirror baffles, the
inside surface of the M603 tube has a series of five knife-edge baffles that help
further in reducing scattered light and increasing contrast. Intes Micro has also
taken pains with the moving mirror-focusing system, nearly eliminating annoying
focus shift. The Intes Micro Maks are of the “Rumak” design, which uses a secondary
mirror that is separate from the corrector, not just a silvered spot (as has been the
case with all the MCTs we have looked at so far). Like an SCT, and in contrast to
Questar, Synta, Celestron, and Meade MCTs, an M603 is easily collimated by the
user. The robustness of the M603 does come at a slight disadvantage: This 6-incher’s
14-inch long tube weighs in at a hefty 12.5 pounds. That is well within the payload
capabilities of modest mounts, such as the Celestron CG5 and the Meade LXD75,
however. Finally, in a real coup for the M603, it features an SCT-style rear port and
can use many of the accessories developed for Schmidt Cassegrains. Like other Intes
Micro scopes, the M603 is sold as a “bare” OTA, with the only accessories included
being lens caps and a 50-mm finder.

The M603 sounds good otherwise, but is it too small in aperture? Check out
the M809, an 8-inch aperture Mak. The M809 is nearly identical to the M603, but
the standard package includes a couple of nice features lacking in the 603. Most
important, there is a cooling fan mounted on the rear cell to speed thermal equili-
bration. A big Maksutov like this one must have help in this area if it is to deliver as
advertised on nights when the outside and inside temperature differential is large.
Like the M603, the M809 has a fairly large central obstruction, necessitated by its
fast £/10 focal ratio. This obstruction will not appeal to the Mak purists looking
for “APO refractor performance.” For these cognoscenti, there is the M815, which
is the same as the M809 except for an f/15 focal ratio and a smaller secondary
obstruction (24%).

How about price? The over-7-inches point is the point at which MCTs begin to
demand serious bucks. At $3,200 without a mount or eyepieces (the M809/815 do
usually come with a 2-inch star diagonal in addition to a 50-mm finder), price is a
consideration here, but the scope is hardly in the Questar price zone. $3,200 is not
bad for a Mak of this quality and aperture, but remember to also allow for the cost of
a suitable mount. At a weight of 21 pounds and a length of 21-inches, the M810/815
will need something in at least the Orion Atlas class, so be prepared to spend another
$1,500 to get fully set up.

Orion Optics UK OMC 140, 200, 250, 300,
and 350 Maksutov Cassegrains

Orion optics in the United Kingdom (no relation to the U.S. company) has been
turning out excellent Maksutov Cassegrains for quite a while. The company tested
the waters 10 years ago with a 5%-inch model, the OMC140 (Plate 32) and then
expanded MCT production to offer a whole line of Maks in apertures of 8-, 10-, 12-,
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Plate 32. (Orion UK OMC140
MCT) Orion Optics UK's upscale but
reasonably priced MCT, the 140mm
OMC 140. Credit: Image courtesy
of Orion Optics U.K.

and 14-inches: the OMC 200, 250, 300, and 350, respectively. The 140 and 200 scopes
are similar in design and execution and incorporate fine optics and robust tubes.
The 5% and 8 are “traditional” high-focal-ratio MCTs (the 140 is an f/14, and the
200 is an £/20) of the Rumak configuration. The 140 and 200 are available as OTAs
only or can be purchased with one of the Vixen GEM mounts Orion also sells.
Orion’s three big guns are a very different breed of CAT. For one thing, all three,
the 10, 12, and the 14, are, at {/9, considerably faster in focal ratio than their little
sisters. Most notably, they are not traditional MCTs in the sense that they do not use
full-aperture correctors. Instead, they use a subaperture corrector lens mounted on
the secondary mirror to perform the same function. This is good since it helps keep
the OTAs lighter (the OMC 250 is 20 pounds, the OMC 300 is 30 pounds, and the
350 is 48 pounds). At the time of this writing, the big 350 was, according to the com-
pany, temporarily unavailable “due to a large number of back orders.” It is also prob-
ably the reason Orion can keep the prices for these large MCTs as low as they are.
The big OMCs are amazingly inexpensive compared to other MCTs in these large
sizes despite the currently unfavorable (for U.S. consumers) U.S.—U.K. currency
exchange rate. The 300 OTA, for example, costs “only” about $5,000, an excellent price
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for a Mak in this aperture range. Unfortunately for North American amateurs, none of
the OMCs appear to be available from U.S. or Canadian dealers at this time. In this day
of Internet commerce, there is probably a way to get an OMC nevertheless, a European
or U.K. dealer who will sell one of these nice CATs over the Internet.

Maksutov Newtonians

Take a Schmidt Newtonian, replace the Schmidt corrector with a salad bowl Maksu-
tov corrector plate, and the result is a Maksutov Newtonian. It is not quite that sim-
ple, but that is the basic idea. Back in the mid-1990s these MNTs were the darlings
of the amateur astronomy chattering classes, the on-and offline astronomy pundits
and writers. That was understandable. If any reflecting telescope approaches pre-
mium apochromatic refractors in image quality while beating them at the aperture/
price game, it is the MNT. Why, then, has the popularity of MNTs waned?

Maybe this is because they are such specialized instruments. These are remarkable
telescopes for looking, for visual use, especially for targets that benefit from high res-
olution such as the Moon and planets. On these subjects, MNTs may equal the best
refractors. That comes at a price, however. One of the reasons MNTs are able to offer
excellent images is by using very small secondary mirrors. The typical obstruction in
these scopes is below 30%, and often below 25%. Although Maksutov Newtonians,
which are available in relatively fast focal ratios like /6 to f/7, are capable of produc-
ing great deep sky views, their tiny secondaries pretty much rule out any serious
deep sky imaging. As this book goes to press, several new MNTs, including one by
Orion (U.S.) have become available that are more suited for imaging. Unfortunately,
their larger secondary mirrors reduce the MNT’s legendary contrast advantage.

Intes Micro MN76 7-Inch Maksutov
Newtonian and MN66 6-Inch f/6
Maksutov Newtonian OTAs

The Intes Micro 7-inch MN76, which, like the company’s MCTs, is imported and
sold by the U.S. dealers ITE and Teton, is a big, impressive CAT with a 42-inch
long, 30 pound tube. It is an {/6, and that and the good edge-of-field performance
MNTs, like SNTs, boast make it a powerful instrument for deep sky observing as
well as planetary work—within the limits of its aperture. The 32-mm diameter
secondary mirror gives the MN76 an amazing obstruction value of 20%, and it
shows. When coupled with the telescope’s way-above-average 1/8 wave peak-to-
valley mirror figure, this scope can make its user forget it is only a 7-incher. It and
its 6-inch sister feature tube interiors equipped with knife-edge baffles that help
reduce scattered light and further improve the scope’s already outstanding con-
trast characteristics.

At a price of approximately $2,350, the MN76 is not overly expensive. Of course,
that is only for the OTA. A big GEM will be required to handle this puppy. Not only
is it fairly heavy, but the long tube acts as a lever arm, giving CG5 class mounts a
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terminal case of the shakes. Do not consider anything less than the Orion Atlas for
this mount, and the Losmandy G11 or Celestron CGE may be even more suitable
(and more expensive).

Is the MN76 too much of a good thing? If so, look at a scope that many MNT
enthusiasts have turned to, the MN66. The 6-inch optics are every bit as good as
those on big sister, but come in a somewhat more manageable package. The 66 OTA
is 35-inches long and 16 pounds. What will the MN66 stand mountwise? A Los-
mandy GMS or a Synta HEQS5/Sirius is strongly recommended here. When the scope
is properly mounted, expect great things contrast- and sharpnesswise; the MN66’s
central obstruction is a remarkable 19%. The asking price of $1,400 sounds a bit
expensive for a 6-inch aperture CAT, but considering the fact that this 6-inch will do
very well against an APO refractor of the same aperture costing eight times as much,
it may actually be a bargain.

Both telescopes are sparingly equipped with accessories: a 2-inch focuser (a
low-profile Crayford for the 66 and a helical unit for the 76), a set of tube rings for
attaching the scope to the mount, and a 50-mm finder. The 6-inch includes a car-
rying case.

Is there anything to recommend against MNTs? Not really If it is understood up
front that these are really visual-only instruments. If so, it makes sense to purchase
one of these telescopes, which are among the most elegant members of the CAT
tribe. Note also that if these two are too big or too small, Intes Micro also offers 5-
and 8-inch apertures. Actually, although they apparently have not been offered for
sale in the United States, Intes Micro can supply MNTs in apertures up to 14-inches.
As might be expected, these are very heavy and very expensive CATs.

Subaperture CATs

With apologies to animal lovers, there is more than one way to skin a CAT (meta-
phorically speaking), and there is also more than one way to make one. Several
variants on the standard MCT and SCT design have been appearing of late that
attempt to capitalize on the strengths of the telescopes while avoiding the weight
and expense of the 8-inch and larger MCTs’ deep dish corrector plates or the fab-
rication difficulty inherent in the SCT’s big lens. These telescopes do this, as the
larger Orion MCTs do, by downsizing the corrector to a couple of inches and plac-
ing it in front of and often in contact with the secondary mirror or in the focuser
assembly.

Vixen VMC200L

Out on the observing field, Vixen’s 8-incher appears to be just another SCT. A close
look shows several differences. First, rather than gray, blue, or orange, its OTA is a
striking white. Also, it seems to be missing its corrector. It is not a classical
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Cassegrain, however. Like the OMC MCTS, it is a subaperture corrector member
of the MCT family. The Vixen’s particular optical recipe is a little different from
that of the Orions, being based on the Shafer-Maksutov design. Otherwise, we
are in familiar territory. It has a focal ratio of £/9.75, close to the standard /10 of
the friendly neighborhood SCT. Unlike SCTs, however, the VMCs do not move the
primary mirror to focus, and are equipped with a standard rack and pinion focuser
on the rear cell. The rear port, though it looks like it should be SCT accessory com-
patible, is actually a T-mount affair. It should be fairly easy to find adapter rings to
hang just about anything on this CAT’s port, however.

The VMC is solidly built and quite good optically, something typical for this
Japanese manufacturer’s telescopes. The only question here is, “Why?” Its perform-
ance is nearly identical to the average SCT OTA, but at a price about $300 higher—
the Vixen OTA is currently priced at $1,300. Why isn’t the VMC better than the
less-expensive SCTs? That may have something to do with the fact that the
telescope’s central obstruction is close to 30%. Or, it may be because it is harder to
get the subaperture corrector “just right” than it is to do a good full-aperture lens.
Unlike a full-aperture corrector, light must pass through the VMC’s lens twice since
it is mounted in front of the secondary. This small corrector does reduce the dew
and weight problems of full-aperture MCT and SCT correctors. What is one thing
some imagers do not like about this CAT? Since there is no corrector lens on the
front to support a secondary mirror, the secondary/corrector assembly is held in
place by “spider” vanes. These cause prominent diffraction spikes around stars in
astrophotos.

In addition to the VMC200L 8-inch, Vixen also makes a 10-inch aperture version
of this design, the f/11.5 VMC260L, and another subaperture scope, one intended
primarily for imaging, the VC200L, an {/9 8-inch that uses an aspheric primary mir-
ror and a three-element corrector mounted in front of and in contact with the sec-
ondary.

The TAL200K 8-inch Klevtzov Cassegrain

Tired of being just another member of the enormous pack of SCT and MCT users?
Want something exotic? How about a KCT—Klevtzov Cassegrain telescope? This
CAT, the TAL200K, now marketed by Russia’s Novosibirsk, sounds exotic, but it is
actually fairly similar to the Vixen subaperture corrector scopes. The TAL uses a
spherical primary and a two-element meniscus corrector lens (a “Mangin” corrector)
coupled to its secondary. It is also pretty similar to the Vixens in other ways, includ-
ing an £/10.3 focal ratio.

Alas, the TAL got off on the wrong foot when it was introduced to U.S. amateurs
a few years ago. To begin, the Russian seller at the time, TAL, insisted on packaging
the OTA with a crude and shaky Russian-made GEM. More seriously, the original
200Ks were set up to be collimated by adjusting the secondary mirror. Collima-
tion, it turned out, was frequently needed by new telescopes after their long voy-
age from the motherland, and users naturally attempted to put things right. The
optical alignment of one of these telescopes via secondary mirror adjustment is
a very difficult affair, however, one best suited for skilled hands and an optical
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bench. Because of this, many TALs wound up badly out of adjustment and deliv-
ered poor images. Recently, the design has been modified to allow collimation via
the primary, a much simpler operation, but the damage to the scope’s reputation
had been done.

Like the Vixen, the main problem with the TAL200K is why someone would
purchase it. When properly collimated, the KZT can deliver images very competi-
tive with a modern SCT, not usually better than, however. The TALs are robust in
construction, but rather crude looking as well. Finally, the 200K uses a standard
rack-and-pinion focuser rather than a moving-mirror system, giving the CAT a very
small focus range. Few cameras will come to focus with the TAL, and there may even
be problems focusing some eyepieces. Due in part to these negatives, the 200K is
no longer being sold in the United States. It does remain popular in Europe, where
Meade and Celestron SCTs are quite (insanely) expensive and make the TAL200K an
attractively priced alternative.

Novosibirsk must be selling some TAL200Ks somewhere, as they have recently
introduced a 10-inch version. The company also has apparently wised up about
the mount preferences of Western amateurs. Both the 8-inch and the 10-inch are
now available as OTAs only.

Buying OTA Only and Rolling Your

Own CAT with a Third-Party GEM

I have “test driven” a few CAT/GEM mount combos in this guide, but remember
that it is not mandatory to settle for one of these packages. Meade and Celestron
also sell their CATs as bare OTAs, and most of the other makers’ scopes reviewed
in this chapter are also available without mounts. Discriminating CAT fanciers
can pick a combination of OTA and GEM that suits particular needs and goals.
Often, beginners shy away from assembling OTA mount combinations themselves,
but doing so often results in a better telescope. Putting together a telescope from
an OTA/GEM combo usually means paying more, but the results yielded by high-
quality third-party GEMs may more than justify the extra expenditure. One thing is
certain: There is no shortage of excellent German mounts in all price ranges.

Synta

Celestron’s parent corporation is well known for its light German mount, the
CG5 (also known as Skyview Pro and EQ-4). This mount is excellent for visual
use and light imaging, but it is really not heavy enough for demanding work with
larger OTAs. Recognizing that fact, Synta is now selling a pair of much more
robust GEMs, the Sirius EQ-G and the Atlas EQ-G. These mounts, which are sold
in the United States by Orion, are also available elsewhere in the world, often
under Synta’s Skywatcher brand name (as the SkyScan HEQ-5 and SkyScan EQ-6,
respectively).
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The Sirius ($1,150) is an impressive mount able to easily handle payloads up to 30
pounds, at least 10 pounds more than the CG5. This capacity makes the mount just
about perfect for a C8 and very good for a C11 but does not come at a huge weight
penalty. The Sirius’s equatorial head comes in at less than 30 pounds. Tracking accu-
racy is very good, the go-to HC features PEC (not PPEC), and the mount is fully
capable of supporting a C8 loaded down with guide scopes and cameras.

The Sirius is great for dressed-out C8s and does fine with basic C11 OTAs, but
it is not quite enough for the Meade 10-inch or heavily loaded 11-inch OTAs and
is inadequate for a even a bare Meade 12-inch. The next step up, the Atlas EQ-G
($1,500) is able to support up to 40 pounds of scope, so 10- to 12-inch OTAs, even
those weighted down with accessories and cameras, will do well on this GEM.
That does come at the cost of a heavier mount; the Atlas equatorial head weighs
40 pounds (without counterweights), which may be pushing it for lightly built
observers. The payload rating of the Atlas makes it seem the mount might even be
enough to accommodate a C14, but the mount’s counterweight system would be a
problem for the large scope. The declination weight shaft is not long enough, and
really not heavy-duty enough, to allow sufficient weight to be positioned on the
shaft to balance that monster OTA. The Atlas features great tracking and excellent
stability.

Both mounts come with respectable, if not perfect, tripods. The Atlas ships with a
2-inch leg diameter steel tripod identical to the one found on the CGS5, and the Sir-
ius features a slightly smaller 1%-inch leg tripod that is sufficient, if not much more.
Both mounts are available with or without the SynScan go-to controller. Interest-
ingly, even the non-go-to version can be turned into a go-to by use of the innovative
freeware computer program EQMOD (Appendix 1). This software driver works in
similar fashion to the Celestron NexRemote program, allowing go-tos to be initiated
from a laptop without the presence of an HC.

Vixen

Vixen has long been a much admired (and copied) player in the medium-weight
GEM game. The company makes a wide variety of German mounts, ranging from
the small to the impressively large. The Vixens of most interest to CAT-toting ama-
teur astronomers, however, are the Great Polaris Deluxe 2, the Sphinx SXW, and the
Sphinx SXD.

The Great Polaris Deluxe 2 (about $1,300 with tripod) is the latest edition of a
mount that has been used by amateurs in the United States since the 1980s. The
“GPD2” is a solid GEM that, despite its fairly low payload rating of 22 pounds, can
do well in astroimaging with C8s or even 10-inch SCTs. It is not uncommon to see
astrophotographers pushing this mount beyond its quoted “limit.” That is possible
due to excellent 144-tooth brass worm gears on both RA and declination. The only
thing that lessens the GP’s appeal is that currently drive motors and go-to control-
lers are optional. As shipped, the mount lacks any drives at all. Expect to pay about
$500 more for a simple noncomputer dual-axis drive outfit, which brings the com-
plete cost for the GP to around $1,800. If you want go-to, that is available in the form
of the add-on Starbook S system—for $700.



y Choosing and Using a New CAT

The “next” Vixen certainly does not eschew go-to. The Sphinx SXW ($2,000)
made quite a splash when it was introduced a few years ago. Not only did it mod-
ernize the looks of the Great Polaris with a snazzy white paint job and translucent
plastic panels on the mount head, it offered Star Book, a go-to controller different
from any other. How? Well, the display is large at 4%-inches, and it is in color. The
big deal, though, is that the Star Book displays a representation of the night sky via
a built-in and fairly full-featured planetarium program. Click on an object on the
Star BooKk’s display and the mount goes there. Many amateurs think this is the wave
of the future—having the features of laptop computer astronomy programs without
the laptop.

The Star Book HC got most of the attention when the Sphinx debuted, but the specs
of the mount itself are fairly impressive as well. The payload capacity is not overly large
at 22 pounds, the same as the Great Polaris, but also like the GP, the Sphinx’s high-
quality construction means it is possible to exceed this limit and still achieve excellent
results. The gears are 180-tooth hardened aluminum on both RA and declination and
seem every bit as accurate as the brass gears of the Great Polaris.

So, why isn’t the Sphinx more common on star party observing fields? The mount
was plagued by small but irritating problems from the get-go. Some were minor
oversights, like the failure of Sphinx designers to provide a way to dim the display
to preserve users’ night vision. Some were silly, like Vixen’s original insistence that
users pay extra to “unlock” the mount’s software PPEC feature. Some, however, were
serious and included poor electronic reliability and mechanical problems. To their
credit, Vixen worked to fix these oversights and problems. One of the “fixes” has
been the release of an upsize mount, the SXD ($2,700), which is similar to the origi-
nal Sphinx but sports a payload rating of 50 pounds and incorporates the numer-
ous electronic and mechanical fixes that Vixen has applied to the SXW over the last
several years.

Losmandy

Losmandy, also known as Hollywood General Machining, is a name well known to the
amateur community because it has been producing excellent GEMs since the 1980s.
Today, Losmandy’s reputation rests on three mounts: a medium, the GM8; a heavy, the
G11; and a monster, the Titan.

It is probably misleading to refer to the GM8 ($2,495.00) as a medium mount
since its stated payload capacity, 30 pounds, is considerably higher than that of the
CG5s and Great Polarises. This is a beautiful mount finished in black anodizing
and equipped with all stainless steel hardware. It is a step up in both capacity and
in appearance, not just from the CG5 but also from the Vixens. Is the beauty skin
deep? Not at all. The 180-tooth aluminum gearing system does a good if not perfect
job, and coupled with the PPEC provided by the mount’s Gemini go-to system, the
GMS8 makes an impressive imaging platform for a CCD-equipped C8.

The GI11 ($3,200) provides 60 pounds of OTA handling at a relatively modest
price increase over the GM8. Due to this payload rating and the mount’s robust
construction, it is able to handle a C14 without a problem, at least for visual use.
This weight handling does not come at a huge cost in mount weight, either, with this
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GEM’s head, which weighs 36 pounds, actually slightly lighter than the Atlas. The
G11 has been a long-time favorite of amateurs, and there is little to complain about.
The only criticism of it is that Losmandy needs to consider updating the electronics.
The Gemini go-to system, provided by a third party, works, but it is not overly user
friendly—just the opposite. Performance-wise, the G11 is a good bet. Although its
gear error is usually not worlds better than that of the Synta or Vixen mounts, it is
more than good enough for imaging, and the build quality of the mount is notice-
ably better than that of the other makes.

A C14 will ride on a G11, but like the similar Celestron CGE, is borderline for
imaging with that fat CAT. If a C14 or an even larger OTA is contemplated, the
Titan ($7,000) is a very economical solution as big GEMs go and pushes the possible
payload up to 100 pounds, more than enough for a fully tricked-out C14 or Meade
14. Construction-wise, the Titan is similar to its little brothers, black anodizing and
stainless steel, but everything has been upsized, which accounts for the GEM head’s
considerable weight of 68 pounds. The drive gears are 270-tooth aluminum and
provide good accuracy, similar to that of the G11. Like the G11 and the GMS, the
Titan relies on the Gemini system, and that is the only facet of this mount that is less
than “Titanic.”

Astro-Physics

Astro-Physics (A-P) is almost legendary in the amateur astronomy community,
mainly because of the outstanding apochromatic refractors this Illinois company
produces. Surprisingly, A-P is also revered by CAT users due to its line of heavy-duty
go-to GEMs, mounts with sterling reputations for quality and capability. A-P pro-
duces a full line of mounts, led by the newly introduced 3600GTO, the El Capitan,
a monster of a GEM that is able to support scopes weighing up to 250 pounds. Not
many SCT users outside those lucky folks who own vintage Celestron C22s or new
Meade 20-inchers will need a mount in that weight (and price) class, but Astro-
Physics sells three other mounts (the Machl GTO, the 900GTO, and the 1200GTO)
well suited to the needs of 8- to 16-inch SCT owners.

The Mach1GTO ($5,950) is A-P’s “light mount,” but that is in relative terms. This
GEM is more than able to accommodate CATs in the 8- to 12-inch aperture range,
at least (Astro-Physics, unlike other GEM makers, tends to underrate the payload
capacities of its mounts). One thing that is surprising about the Mach1 is that it is
able to handle telescopes as heavy as it is without becoming heavy itself. The mount
head is a positively puny sounding 28 pounds. When it comes to electronics, the
Machl, like other A-Ps, tends to take the tried-and-true rather than innovative route.
The GEM is driven by heavy-duty servo motors under the direction of a computer
HC. The hand control is nothing fancy, containing 17,000 objects and an array of
features similar to those of other go-to HCs. Since the A-P go-to system “speaks”
Meade LX200, it can be controlled by any PC program suitable for a Meade scope.
The draw is not tons of features; it is build quality and precision, both for the com-
puter and the mount itself. Out of the box, without PEC training, the Mach1 boasts
a periodic error of 7 arc seconds, which is better than the best periodic error of many
PEC-trained mounts.
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Got a C14? Do not want to just look at pretty stuff with it, but instead want to
undertake a serious program of imaging? Step up to the 900GTO ($8,250). Despite
a still “reasonable” GEM head weight of 54 pounds, this thing packs a punch—a
payload capacity of 70 pounds. Does 54 pounds of mount head sound like a lot to
lift onto a tripod? Never fear—the GEM head breaks down into easily manageable
pieces. The heaviest part is only 25 pounds. The 900 will not just accommodate the
C14 or the heavier Meade 14-inch OTA; it will allow imagers to add considerable
ancillary gear such as sizable guide scopes. Other than its much more noticeable
beefiness, the 900 is much like the Mach1: high-quality servos, excellent build qual-
ity, and impressive accuracy. Its large brass worm gears deliver the same 7-arc-second
tracking accuracy as the Machl, good enough to allow many astrophotographers to
take pictures without guiding.

Then, there is the 1200GTO ($9,400). The main descriptor for this mount is
not “portable,” but “transportable.” Folks can be seen setting these up at star par-
ties, but there is no denying the 81 pound equatorial head is big and heavy. This
is not a mount to be carried out into the backyard on the spur of the moment,
although one person could do that since the heaviest component is “only” 50
pounds. Naturally, this big gun is most at home in a permanent installation, and
in that role it is hard to want for more than the 1200. It can handle an OTA of up
to 140 pounds according to A-P, but users have pushed the 1200 past even that
with great results.

So, who is the 1200GTO for? Perhaps it is for someone with a large OTA, a
16-inch, for example, who wants precision and build quality without leaving behind
the comfortable punch-objects-into-an-HC-and-go-to-them paradigm. Accuracy?
The 1200 is even better than her little sisters, with a stated error of an amazing 5 arc
seconds or less.

Why should you not buy an A-P GEM? For many CAT fanciers, the stumbling
block is money. The prices mentioned, by the way, are just for the GEM head.
Prospective purchasers will need to invest more for a full-up system with a pier,
a mounting plate for the OTA, and counterweights, and those three things will
elevate the price tag another $1,000 on average. And yet, and yet, ... plenty of
folks think nothing of paying this much or more for a couple of jet skis that
sit in the garage most of the year. For the person with the need and the means,
it is hard not to say “go A-P.” One thing that dissuaded some prospective A-P
GEM purchasers in the past was the long wait times for mount deliveries, which
approached the lengthy waiting periods required of buyer’s of the company’s
refractors. In recent years, A-P has stepped up GEM production, and the GTOs
are considerably easier to get than they once were. They are still not off-the-shelf
items, however.

Bisque

Some CAT owners like the comforting computer setup of the A-P mounts with their
normal HCs. Others want the capacity and quality of the A-Ps, but also the latest
technology in the form of a mount that is ready out of the box for tasks such as
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remote control over the Internet—from 100 meters away or 10,000 kilometers away.
These advanced amateurs naturally gravitate to the Software Bisque Paramount ME
($12,500). The ME is currently Bisque’s only GEM, but it is a mutha. The compa-
ny’s magazine ads for the mount feature a picture of it emblazoned with the words,
“They call it the red giant.” That is a fair description. This 68 pound mount head
can carry even more weight than the 1200GTO, up to 150 pounds. Although Bisque
describes the ME as “field portable,” its weight and its specialized power needs (48
volts DC) mean most of us will find carrying this GEM around to weekend star par-
ties something less than practical.

What makes the ME different from the A-Ps or the GEMs sold by other manufac-
turers? Mainly, it is that this mount was designed for the digital age. Most GEMs can
be controlled by an external PC, but the ME may be the only one that requires a PC.
Much of the mount’s “brains” are in the suite of Bisque software that accompanies
the ME: TheSky, CCDsoft, T-point, and more. The Paramount is perfectly capable of
producing an astounding visual observing experience, but CCD imaging is where it
really sings. Not only is it designed with this in mind, featuring things such as inter-
nal cable routing for cameras and USB communications with the host computer, its
mechanical precision makes image acquisition almost easy. With a periodic error of
7 arc seconds before PPEC, the mount, like the A-Ps, may not need guiding for most
imaging tasks.

So, what is the downside? As with the A-Ps, it is partly the price. Like the A-Ps, the
quoted price, as considerable as it is, is just for the equatorial head. Piers, counter-
weights, and dovetail mounting plates are extra. But it is also due to the nature of the
mount, which is best suited for a permanent observatory. The ME is also a mount
designed for serious imaging work, more so than for casual skylarking. The PC must
be online whenever anything is done with this GEM. There are no clutches on the
RA and declination axes, so the ME cannot even be moved without the help of the
PC. Frankly, this is a GEM for CAT users engaged in much more serious amateur
astronomy pursuits than most of us. For those folks, the Paramount is a genuine
breakthrough.

Mounting CAT to GEM

How exactly is a Meade or Celestron attached to a non-Meade or -Celestron GEM?
Most mounts use one of two standard dovetail mounting schemes, Vixen or Los-
mandy. There are a few oddities out there, like the proprietary system Takahashi
uses, but almost all GEM makers have wisely stuck to one of the two most popular
formats. Both systems consist of a dovetail bar that is attached to the underside of
the CAT OTA, usually by means of the accessory screw holes found on the corrector
and rear mirror cell assemblies. The telescope can then be placed in the correspond-
ing bracket on the GEM head. Caveats? The Vixen system is adequate for tubes up
to about 11-inches. Larger, and it is wise to go to the wider and sturdier Losmandy
system. Both types of dovetail mounting bars are available from most scope dealers.
Celestron ships some of its OTAs complete with preinstalled Vixen or Losmandy
format dovetails, depending on the OTA size and model.
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DeALNG wiTH DeaLErs: Buying

a New CAT

You have read this book from cover to cover, drooled over the Meade and Celestron
advertisements in Astronomy and Sky & Telescope for months, and have asked endless
questions of the CAT owners at the local astronomy club. You know which telescope
you want, but you are not sure how to get it. Unfortunately, Meade and Celestron
have not sold directly to the general public for a long time, which means finding a
reliable dealer. A lot of people will advise you to patronize a local telescope mer-
chant. You can at least look at a sample telescope in person even if you cannot always
walk out the door with one (some models must be drop-shipped to customers from
the manufacturer, even if they are paid for in a local store). Most important, if you
have problems with that new scope, you have someone local to turn to for advice
and help if you buy from a brick-and-mortar scope dealer.

The above might not be bad advice, but for most of us, it is not very practical.
Telescope dealers are often few and far between. Amateur astronomers on the West
Coast of the United States or in a major European metro area probably do have a
telescope dealer within driving distance, but in the American Midwest or South,
forget it. There, telescopes are usually bought on the Internet.

This is not always a bad thing. One strike against buying locally is that tel-
escopes cost more that way. In addition to the price displayed in the magazine ads,
there will be local sales taxes. Some telescopes (not usually Meade or Celestron)
are also often “marked up” by local dealers. And, there are local dealers, and then
there are local dealers. It is one thing to buy from the merchant down the street
if that happens to be Anacortes, Astronomics, or another major astronomy seller.
Often, however, buying locally means buying from a chain “nature store” or gift
shop. Having a relationship with a local dealer will not help much if the people
there do not know squat about scopes, if the response every time there is a ques-
tion is, “I do not know. Guess you'd better call Celestron (or Meade).” Buying at
these kinds of stores may work out if the scope is DOA (dead on arrival) right out
of the box. In that case, it is usually possible to exchange it for a new one locally or
at least get a refund, if needed.

DOA scopes are rare, but it does happen. Often, the unfortunates who receive these
CATs are instructed by dealers (or the maker) to return them to Meade, Celestron,
or whomever for repair, which often takes weeks. Insist on an immediate exchange
from the dealer’s or manufacturer’s stock or a refund instead. If you brought a new
television set home from a chain store and it was dead when you plugged it in, would
you agree to ship it to Panasonic for repair? Not likely!

The best bet for most of us is to buy from a major national astroseller. Which one?
I have listed some of the most prominent and reliable in Appendix 1, but a good way
to decide on a dealer is to ask around at the astronomy club. Who do your buddies
buy from? How have they been treated?
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Buying a Used CAT

Prices for SCTs, MCTs, and, in fact, all amateur telescopes are currently as low as
they have ever been. A shrinking dollar coupled with an influx of CATs from the East
has seen to that. Still, for some novices and young people the $1,500 to $2,000 that
a go-to 8-inch SCT commands can be prohibitive. That does not mean newcomers
should have to give up on CAT ownership, however. Nothing says a new telescope
must be new.

There are plenty of used SCTs, especially, available at very reasonable prices. The
typical used scope will not have the whiz-bang computer features of a new model but
will be more than capable of delivering good images and lots of enjoyment. One tre-
mendous advantage of buying used is that if a telescope can be found locally, it may
be possible to try it out under the stars.

Where can used scopes be found? The best and safest bet for a quality used SCT or
other CAT is a fellow astronomy club member, so ask around there first. Newspaper
want ads and local “swap-shop” papers are also possibilities. Some large, national
telescope dealers also sell used telescopes, although these will probably be a little
more expensive than a local CAT.

Is it safe to buy a used telescope from an individual through the mail or over the
Internet? It may be. One way to eliminate a lot of potential lemons is to refuse to
consider buying any Meade or Celestron SCT made from about 1987 to 1990. These
“Halley scopes” were made at a time when both companies were wearing out their
equipment and their workforces to produce as many scopes as possible to satisfy the
comet craze. Halley-era CATs can be okay, but be wary of buying one you could not
try first.

What is the key to successful used buying? If a scope is not to be found locally or
in a reputable dealer’s used inventory, stick with Astromart.com. This online clas-
sified service, run by a respected dealer, Anacortes Telescope and Wild Bird, is well
policed. Scams can still happen, but the chance of being cheated on Astromart is far
less than the chance of being cheated on most other online emporiums.

What is the secret to getting a good used telescope? Education: The best defense
against being sold a punk CAT is to learn as much as possible about the model
under consideration. Ideally, this book would have included a used CAT buyer’s
guide section. Unfortunately, Meade and Celestron alone have produced dozens
of models over the last four decades, and including used CATs here would have
added at least another hundred pages to this already long book. Instead, look for
Uncle Rod’s Used CAT Buyer’s Guide on the Internet as a free Adobe Acrobat file. It
includes a helpful checklist for used SCT buyers as well as extensive information
on most of the SCTs and MCTs produced over the last 40 years. See Appendix 2
for more information.

What is next? Let us open the box and start assembling your beautiful new CAT.



CHAPTER FIVE

Initial Telescope Assembly
and Checkout

That wonderful, long-hoped-for day has arrived: The box containing a new catadi-
optric telescope (CAT) is on the doorstep. You are plenty excited. There is nothing
like tearing into telescope boxes! Restrain yourself, however. The key to avoiding
grief and confusion is being careful and methodical when unpacking, checking, and
assembling a new telescope. Of course, you are anxious to get the new baby out
under the stars and take “first light,” but the experience will be more enjoyable if you
take time to thoroughly check the telescope indoors first.

Initial Inspection

The first task is to make sure the telescope has arrived undamaged. You might even
consider asking the delivery person to wait while the boxes are opened and the con-
tents are given at least a cursory examination. The average delivery driver may balk
at this prospect, but if there are signs of serious mishandling, you should insist on
the driver waiting.

What if the boxes are damaged and an “open and inspect” reveals the telescope
inside has been totaled? That does not happen often, but it does happen, and stories
of smashed corrector plates and secondary mirrors that have been dislodged and
deposited on primaries are unfortunately fairly common in the amateur community.
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In a case of obviously abused boxes, unpack the scope immediately and examine the
contents in detail. Especially, remove the dust cover on the corrector end of the tube
and check the optics for breakage or other damage. If the worst has happened, ask the
driver the proper course of action. Whatever he or she says, call the dealer immediately
and report what has happened.

Assuming the telescope has arrived intact, job number two is to take inventory
of everything. There will probably be at least two boxes to poke around in. One will
contain the telescope’s tripod, the other will hold the optical tube assembly fork-
mount combo. If the new baby is a German mount-equipped CAT, there will likely
be three boxes, with a separate one for the GEM mount head.

What if there is only one box instead of two? The scope is there, but there is no
tripod to mount it on? Or, worse, there is a shiny new tripod and no telescope to put
on it. It is not uncommon for boxes in a multibox shipment to go their own ways. Go
straight to the PC, bring up the delivery company’s Web site, and plug in the track-
ing numbers (the dealer should have e-mailed these once the scope shipped). Likely,
one package’s Internet info will have “delivered” next to it, and the other one won’t.
It is painful not to have a complete telescope, but the remaining parts and pieces will
probably arrive on the next day. What if the whole shipment is marked as delivered
or the remaining items do not arrive in the next day or two? Call the dealer. It is pos-
sible something is back ordered or that something has gone astray.

If there are shipment problems, do not be too quick to blame the dealer or the
guys with the big brown trucks. Many scopes are “drop shipped” from the manufac-
turer these days. This is particularly common with Meade. Often, a dealer does not
have any inventory. When a telescope is purchased, the dealer sends the information
to the manufacturer, who sends out the scope directly from the factory.

Now, the fun begins. Start unpacking. The first thing to look for is the instruc-
tion manual, which will be required for this initial inventory. It is pretty obvious
that there should be a telescope and a tripod in the boxes, but what else? How about
eyepieces? How many eyepieces? Does the telescope come with a direct current (DC)
power cable? How about an alternating current (AC)/mains power supply? One
thing you should do as soon as you purchase a scope is download a manual from the
manufacturer’s Web site. By the time the CAT actually arrives, you will have a pretty
good idea exactly what should be in the boxes and how it will all go together.

Now, start removing items from the boxes and placing the items in an open,
uncluttered area. If there are young children in the house, wait until they are in bed
before beginning. Otherwise, that shiny and fascinating Plossl eyepiece may never be
found. After removing a few small accessory containers perhaps, the beautiful new
telescope will be revealed cradled in shipping foam. Grasping either fork arm, gently
lift the telescope, remove it from the container, and set it up on its base (assuming it
is a fork-mount telescope). Some fork models will have handles on the tines to make
this easier. If this is a large or heavy-duty Schmidt Cassegrain telescope, take it easy.
It will be heavy. Do not be afraid to ask for help if needed. Where should you put the
scope? someplace where it will not be knocked over by passersby as the rest of the
gear is unpacked. If there is a sturdy table at hand, that might be a good temporary
home for the CAT.

Once everything is out of the boxes, try to bring some organization to a scene that
will look a lot like Christmas morning with the kids (Plate 33). Group small items
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Plate 33. (Unpack-
ing a CAT) A new CAT:
Christmas in July. Credit:
Author.

such as eyepieces, the star diagonal, and the hand controller together and put them
somewhere where they will not be misplaced. Do not throw anything away at this
point. It is all too easy to accidentally dispose of small plastic bags containing critical
mounting bolts and similar hardware.

How about all the packing stuff? Save everything for the moment in case some-
thing is wrong with the CAT and it has to go back. Actually, permanently retain at
least the telescope’s shipping box and the foam in which it was packed. Squirrel the
box away in the attic for future use should the CAT ever need to be returned for
repair. The box may also have to serve as a temporary telescope case until some-
thing better comes along. Keeping at least the foam the scope was packed in is vital.
Some cases sold for SCTs—and a case will be needed—Meade’s, for example, are just
soft Cordura fabric meant to fit around this original shipping foam. The foam will
also make building a custom case or adapting some other container as a scope case
much easier. Foam padding suitable for a CAT case is hard to come by and harder
to cut into a suitable shape.

Whew! Once the living room is in some semblance of order again, take a break
and admire the new CAT. Remove any paper or plastic that protected the telescope
during shipping, but don’t do anything rash. Observe all caution and warning notes
attached to the tube (often concerning moving a computerized scope in either axis
with the locks tightened down). Resist the temptation to play with all those attrac-
tive knobs, switches, and levers at this time.

Assembly

Assembly of the telescope starts with the tripod, which is usually simple to put
together and involves removing protective plastic from the tripod and attaching a
tripod leg spreader and associated hardware. If the telescope is a Celestron, tighten
the spreader against the tripod legs as instructed in the tripod assembly instructions
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but do not overtighten. The spindly design of some leg spreaders means they can and
will break if too much tension is applied. Once the spreaderis snugged against the
tripod legs, make sure these legs are all spread completely apart. If they are not, move
them until they are as far apart as they will go and retighten the spreader. If the new
scope is a Meade, assemble the threaded rod that extends through the tripod base
and attach the spreader to it, but do not tighten anything down yet.

Place the now fully assembled tripod in an open area indoors. Leave the legs unex-
tended if they are extendable. Then, stop! Before going further, there is—if you are
like many people—a rather unpleasant task ahead. Sit down and read the manual.
I know it is difficult. There is a brand new CAT that is just begging you to play
with it. Resist the urge and read the instruction manual cover to cover at least once.
The instructions that follow here are a good general guide, but they do not replace
manufacturer’s telescope-specific instructions. True, both Meade’s and Celestron’s
manualsare written in something that resembles golden age Greek to most begin-
ners, but the generic assembly and checkout directions that follow should help make
the instructions in the manual clear—clearer, anyway.

The first step in assembling a fork-mount scope (German equatorial mount
[GEM] instructions follow) is to get the scope/fork/drive base onto and secured to
the tripod. Even if a wedge has been purchased for use in astrophotography;, set the
scope up in alt-azimuth fashion directly on the tripod for now.Before beginning,
double-check the tripod. Make sure the legs are firmly spread apart and that they
are completely unextended.

Before assembling a Celestron telescope, ensure that the bolts that attach telescope
to tripod are close at hand. On some models, there actually will not be any separate
bolts; they will be “captive,” permanently attached to the tripod head. With bolts ready,
carefully grasp the Celestron by the handles on its fork or if it does not have handles, just
by grabbing each fork tine firmly and lift the scope onto the tripod head. A Celestron
tripod will have a center “positioning” pin and a corresponding depressed area and
hole on the underside of the drive base that will help guide the telescope into place.
Work slowly and carefully and that ensure the drive base is properly centered on the
tripod head. If the scope is difficult to seat properly, stop, set the CAT down on the
floor, take a breather, and maybe get some help from a friend or family member. Get-
ting the telescope on the tripod will be simple after a little practice, but it is much easier
with help the first time.

When the base is properly positioned on the tripod, rotate the scope/drive base
carefully until the holes on the tripod (or the captive bolts) line up with the holes in
the drive base. There are usually distinctive markings of some kind on the base that
will help line up holes and bolts. Then, carefully thread in the attachment bolts. If
they do not want to screw in easily, stop and adjust the drive base. Be very careful not
to “cross-thread” these bolts.

Meade scopes are both easier and more difficult to attach to their tripods in
alt-azimuth fashion. They are easier in that there are not three bolts to tighten;
all that must be done to secure scope to tripod is to screw the threaded rodthat
protrudes through the tripod head into a single center hole on the underside of
the scope drive base. They are harder in that there is no pin to guide the scope into
place. It must be centered accurately on the tripod before the rod can be threaded
into the hole.
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Before lifting a Meade, adjust the tripod spreader so its three arms line up with
the tripod legs, tightening the securing knob slightly to keep it in that position. Do
not completely tighten the spreader at this time. Lift the scope onto the tripod and,
as with a Celestron, center it on the head as accurately as possible. When the base
is centered, reach below the tripod head, grasp the threaded rod, and screw it into
the drive base. If it will not go, recenter the scope. The “C” clip that is placed on the
scope end of the rod during assembly will prevent the rod from screwing in too
far. After the rod is successfully threaded into the base, tighten the knob below the
spreader to secure it against the tripod legs, but not too tightly.

If it is still difficult to get the CAT on the tripod after some practice, consider
investing in one of the accessories several manufacturers produce to make mount-
ing a fork-type telescope easier. Starizona (Appendix 1) makes a clever device, the
Landing Pad, that makes attaching a fork-mount Meade or Celestron to a tripod
simplicity itself. The Landing Pad attachment is bolted to the tripod head and fea-
tures “arms” that guide the drive base accurately into position. This accessory or one
of the competing products is handy for an 8-inch telescope but may be a necessity
for larger, heavier CATs.

With the CAT safely on the tripod, following the instructions in the manual,
unlock the scope’s declination/altitude lock and move the tube until it is level, so
that it is easier to work with. Relock the declination lock when the tube is in the
desired position. Celestron has produced a few scopes that cannot be unlocked
and moved by hand in declination. If the telescope requires a motor to move it in
declination, go to the mount checkout section, get the scope powered up so it can
be moved with the HC, and position the tube level using the hand control. Next?
Proceed to install permanently mounted accessories such as finder scopes. Work
carefully, keeping the manual at hand, and be careful not to cross-thread screws
and bolts.

Assembling a German Mount

The GEM owner has a few more steps to perform than a fork-mount owner. The
first task will be to install the “head” of the GEM, the mount on the already assem-
bled tripod. How this will be done depends on the particular mount, but most use
a variation of the threaded rod scheme used to attach Meade fork-mount scopes to
their tripods. Follow the instructions in the manual and make sure the head is firmly
attached since it will be supporting a fair amount of weight.

Once the GEM head is on the tripod, install the counterweightson the declination
counterweight rod. Never, ever, place a telescope on a GEM without first installing
these weights. Likewise, during disassembly, always remove a telescope from a GEM
before removing the weights. Without weights to counterbalance the telescope load,
even a firmly locked right ascension (RA) axis will come loose and slam the lovely
new OTA into the tripod. That may cause the whole shebang to become unstable
and come crashing to the ground. Attach the weights to the mount by unscrewing
the “safety bolt” from the end of the counterweight shaft, sliding the weights up the
rod and locking them in place with their setscrews. Be sure to screw the safety bolt
back on after the weights are installed.
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Once the mount is ready to go, the telescope tube can be installed. Most GEMs fea-
ture a dovetail-cradle arrangement. The tube will have a dovetail bar mounted on its
underside that slides into the corresponding cradle/saddle on the mount. In some
cases—the Vixen mounting system, for example—the dovetail can be “dropped”
into the cradle; it will not have to slide in from an end. Before attempting to place
the scope on the mount, be sure the cradle’s retaining bolts (there should be at least
two, often one large knob-headed bolt and one small safety screw) are loose. Then,
holding the tube firmly, lower it onto the mount and into the saddle. Making sure
it is completely seated, tighten the bolts while still holding the scope in place with
one hand and cautiously let go. It might not be a bad idea to have a “spotter” assist
the first time, especially if the scope uses the Losmandy dovetail system, which does
require the scope to slide into the saddle from one end. When the OTA is firmly
attached to the mount, proceed to install any permanently mounted accessories
such as a finder scope or red-dot pointer.

Optical Inspection

Okay, good work. While resting up from these exertions, take a look at the tel-
escope’s optics. Remove the corrector’s dust cover and look down the tube (Plate 34).
The primary mirror at the bottom of the OTA should be bright and shiny, and there
should not be any obvious dust, dirt, or packing debris on its surface. If there is any
of that visible, call the dealer. A little dust will not hurt anything, but there have been
reports recently of new scopes arriving with numerous pieces of Styrofoam packing
on the mirror, and even of a case or two where there were human hairs inside the

Plate 34. (Corrector End of a CAT) Looking down the front of a Celestron NexStar11
GPS. Credit: Author.
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optical tube. CATs are not assembled in clean rooms, but you should not accept one
with an obviously dirty mirror.

On the other hand, beware of the “flashlight test.” Examining a mirror by the
light of a flashlight or other bright-light source, especially one pointed at the mir-
ror at an oblique angle, will make it look horrible. Don’t worry. The primary is not
the welter of pits and dust it appears to be. Even the most reflective mirror coatings
cannot reflect 100% of the light that strikes them, and any light that is not reflected,
especially light striking the mirror at an angle, is scattered across the surface of the
primary. That causes small particles of dust and other nearly microscopic flaws to
stand out in dramatic and frightening relief. What is the solution? As the doctor
said: Do not do that. Inspect the mirror in normal room light. If it looks reasonably
clean, move on.

The corrector is almost as important as the primary mirror, and its exterior sur-
face should be clean and free of blemishes and streaks of any kind. Do not fret over a
few specks of dust. They will not hurt anything, so leave them alone. If there appears
to be excessive dirt clinging to the corrector, follow the cleaning procedures in Chap-
ter 9 of this book. Sure, you could call the dealer and complain and even demand a
new scope, but the replacement telescope’s corrector would probably look the same.
It is hard to assemble and ship an SCT without getting a little dust from somewhere
onto the lens.

There may even be some specks of dust visible on the inside of the corrector plate.
As with the outer surface, a little dust or a few tiny flecks of paint dislodged from
the tube interior due to the tender mercies of delivery people will not hurt a thing.
Naturally, if the interior surface is excessively dirty or scratched, get on the phone to
the folks who sold the scope. If you are not sure what is “excessive,” the best advice
I can offer is to call on a fellow CAT-owning astronomy club member for assistance.
If there is no local club, try one of the Internet CAT groups, like the SCT user group
listed in Appendix 2. There is also more information on optical cleanliness issues in
Chapter 9.

What is visible looking down the front of the telescope tube? There is the second-
ary mirror holder mounted in the center of the corrector, and there is the reflec-
tion of the secondary mirror’s surface in the primary. What about the secondary?
Its holder should be firmly attached. If this holder moves when gently turned, call
the dealer immediately. If this is a C14, be aware that some of these telescopes are
equipped with Fastar-compatible secondary mirrors that are removable for use with
the Fastar optical system, and all that may be wrong is that the retaining ring that
secures the secondary assembly in the holder is loose. Check the manual to see if
the scope in question has a Faststar-compatible secondary mirror holder. Like the
primary, the secondary’s surface should be reasonably clean and shiny bright. If it is
hard to tell what its condition is from looking at its reflection in the primary, move
around to the rear of the scope and take a look through the rear port(remove the
plastic cap first, of course).

If the primary, secondary, and corrector receive a clean bill of health, move
to the CAT’s rear and check the focus mechanism. Before doing that, however,
check the manual. There may be “shipping bolts” that need to be released before
focusing. Or, the scope may have a mirror lock that needs to be disengaged first.
Failure to do either thing before fooling around with the focuser control can cause
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damage. The manual should have an illustration of the telescope’s rear cell that
identifies the focus knob and other controls. Exercise the focus knob by turning it
several turns in either direction. Movement should be smooth (exactly how easy it
is to turn will depend on the brand and model of the scope), and nothing should
be obviously bent or out of alignment. If the focus control will not turn in one
direction, gently turn the knob several turns in the opposite direction and see if
it will then turn the opposite way. (There are, by the way, about 35 to 40 turns of
the knob from one end of focus travel to the other.) If so, all is well. If not, get on
the horn to the dealer.

If the focuser checks out, take a look up the rear port next. Do that by removing
the plastic cap that should be present. Note that the cap that seals the rear port usu-
ally just snaps off. It is threaded into place on a few models, but in that case the cap
will usually be aluminum rather than plastic. Take another look at the secondary
mirror and also observe the interior of the baffle tube that extends from the rear
port and up into the tube. It should be free of dirt and grease. Occasionally, a new
SCT will have grease from outside the baffle tube (used to lubricate the mirror-tube
interface) that has migrated into the interior. If there are globs of grease on the
inside of the baffle tube, call the dealer.

Installing NonPermanent

Accessories

Put the rear port cap aside for now (do not lose it) because it is time to install the
remainder of the telescope’s accessories, just as when preparing for an evening of
observing. Go over to the pile of “stuff” and locate three items: the visual back, the
star diagonal, and the eyepiece. One end of the visual back is equipped with a rotat-
ing threaded ring. Place that up against the lip of the rear port and screw it on. Don’t
cross-thread and do not force anything. It should go on smoothly. Hand tighten
only, of course.

It is possible to insert an eyepiece directly into this visual back. It is just the right
size for a 1.25-inch diameter ocular and is equipped with one or two setscrews to
hold an eyepiece in place. That would not be a very comfortable way to observe.
Imagine the neck bending involved in viewing an object near the zenith. Instead,
most amateurs use a star diagonal, a simple device that takes incoming light from
the scope, bends it at a 90° angle, and sends it to the eyepiece for comfortable observ-
ing. Remove (but save) the plastic caps that seal the diagonal’s two barrels and insert
the “telescope end” of the diagonal into the visual back (the scope end is usually
chrome plated and will not have a setscrew). If it does not seem to want to go in,
back off on the visual back’s setscrews a bit. Avoid loosening these setscrews too
much. They have a tendency to drop into grass or thick carpet and disappear forever.
Note that the setscrews can be loosened and the diagonal rotated to various angles
for even more comfortable viewing.

We will not be viewing anything yet, of course, but go ahead and insert an eye-
piece into the diagonal; this will help balance the scope. Remove the eyepiece’s lens
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caps, slide it into the diagonal, and tighten the setscrew. How is the eyepiece’s optical
condition? Like the scope corrector, both the eye end (eye lens) and scope end (field
lens) should be free of dirt and blemishes, although a little dust is okay and is to be
expected.

If this is a GEM-mounted scope, there may be one more item in the box, a polar
alignment telescope. Some mounts will have this alignment aid already installed,
and some mounts (the Celestron CG5) will not come with one at all (an extra-
cost option). The polar scope fits into the hollow “bore” of the mount’s RA axis
and allows the mount to be accurately aligned on the Celestial Pole via the little
telescope’s special reticle. Install and align the polar scope as instructed in the
manual.

Wow! It is really starting to look like a CAT now. The next item on the agenda is
checking it out mechanically, electrically, and electronically. Before that can be done,
the mount will, of course, have to be connected to a source of electricity. If, as rec-
ommended, the scope will be run off an external battery, go get that. Check to make
sure the on-off switch is off and plug the DC power cord into both the telescope and
the battery. If internal batteries will be used, install them. If an AC/mains adapter
will power the telescope, plug it into the mount and, with the scope’s power switch
off, into a wall socket or extension cord. Locate the hand control next. Remove any
protective plastic covering from the display or keyboard, and double-checking with
the manual, plug the HC into the proper receptacle on the mount.

Balancing a GEM

If the CAT came with a GEM mount, balance the tube before proceeding further. The
manual should have instructions for doing that, but it is pretty simple. To balance in
RA, undo the RA lock, holding onto the tube so it does not slam into the tripod if it
is way out of balance, and move the scope until the counterweight bar and the scope
are horizontal (Plate 35). Note which way the scope tends to sink when it is released,
tighten the RA lock again, partially loosen the setscrew on a counterweight, and
move it up or down the shaft as appropriate to balance in RA. If there is more than
one counterweight, both may have to be moved. When the weights are in position,
tighten their setscrews firmly, unlock the right ascension lock again, move scope and
weights back to horizontal, let go while keeping a hand close to the telescope, and
see if it is now in balance. If not, lock the RA lock and do some more counterweight
moving until RA balance is achieved.

To balance the telescope in declination, the OTA will be moved forward or back
in the mount’s cradle. Exercise extreme caution while doing this. Only loosen the
cradle bolts a small amount, just enough to allow the OTA to slide forward and
back. Before loosening these bolts, check the telescope’s current declination balance.
Return the counterweight bar to the horizontal position and lock it down, undo the
declination lock, and move the tube in declination until it is level as shown in Plate
35. Then, carefully let go of the tube and see if it moves. Does the front end sink,
or does the back end sink? If neither, the scope is in good declination balance. If it
does move, tighten the declination lock again, undo the RA lock, and position the
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Plate 35. (Balancing
a GEM) Good balance
is important for accurate
GEM go-to and tracking,
but is easy to achieve.
Credit: Author.

telescope with the counterweights down. If the scope was front-end heavy, loosen
the cradle bolts and move the tube back a little. If the back end was heavy, move it
forward. Tighten the bolts securely, bring the RA axis back to horizontal, tighten the
RA lock, undo the declination lock, and allow the scope to move freely. If it moves,
repeat the process until the scope is balanced in declination.

Initial Mounting Checks (Go-to

Mount)

The first step in checking out a go-to telescope’s mount is to go back and at least
review the manual one last time. Is it time to head outdoors? Nope. Most go-to
scopes are pretty user friendly these days, but it is a lot easier to learn to operate
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them inside under normal lighting than it is out in a dark backyard. Indoors, it is
easy to see the telescope is pointing to the ground instead of the sky or is about to
crash into a tripod leg. Let’s do a “fake” go-to alignment indoors before facing down
the real heavens.

To perform a fake alignment, follow the CAT manual’s directions exactly. Actu-
ally, Meade’s and Celestron’s HCs will scroll instructions across their displays that
are adequate to get the scopes aligned and tracking. Keep the printed instructions
close at hand the first few times, however, in case the HC’s necessarily abbreviated
instructions are confusing. Before beginning, ensure the HC is plugged into the
appropriate socket and the scope is connected to its power source.

If the telescope tube needs to be placed in some kind of home position before
beginning alignment (check the dad-gummed manual again), do that now. Home
position for GEM-mounted telescopes usually has the tube pointing north in decli-
nation (parallel to the RA axis at 90° declination) and the counterweight bar “down.”
Home position for forks often has the tube level and pointed north. How exactly is
the tube placed in home position? It can be moved either by using the direction keys
on the hand control or by unlocking the mount’s locks and moving it manually. If
the scope is moved by hand, do not forget to relock the mount’s locks. Use a compass
to point the tube or mount north as required.

Okay, here we go: Flip the power switch to “on.” If all is well, the HC display
should light up, and its initial message (usually the computer brand, NexStar, Auto-
star, etc.) will be displayed. If there is a power-on light, that should illuminate. If this
does not happen, check the power connection, cord, and power source. When the
scope is successfully powered up, initial tests can begin. As a first check, try push-
ing the HC’s direction buttons (be sure the mount’s RA and declination locks are
engaged). Normally, a go-to scope, even one that has not been aligned, will respond
to direction buttons, but what if nothing happens when a direction key is pressed?
Double-check that there is power going to the mount power by observing the tel-
escope’s light-emitting diode (LED) or HC display. If that is okay, the problem is
likely that the scope is slewing at too slow a speed for its movement to be obvious.
Reference the manual for instructions on increasing slew speed, increase the speed,
and try again. There are some go-to mounts, mostly GEMs, that will not slew until
the alignment process is started.

Follow the manual’s instructions to begin a go-to alignment. Even if the CAT is
equipped with GPS, it will probably be necessary to enter time, date, and position
manually during a fake alignment since most GPS receivers cannot get a fix indoors.
If the scope is allowed to try to get a GPS fix, it will sit there listening for satellites
for a long time before it gives up. To prevent that, reference the manual; a push of
an “Undo,” “Escape,” or “Mode” key will usually stop the GPS fix sequence and allow
manual data entry.

The first piece of data the HC will request is time. Where do you get accurate
time? easy: look at your watch. Even when doing a real alignment out under the stars,
entering time within an accuracy of a minute or two is more than good enough. The
scope will also need to know the local time zone, and that will probably be what
it asks for next. Follow the HC or manual’s instructions to scroll to and select the
correct time zone. The next entry will almost always be daylight savings time(DST)
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status. Is DST off or on? If this is set incorrectly, the scope will stop 15° away from its
alignment stars. Confused? Just remember: “Spring forward (on), fall back (off).”

The telescope will also need to know the date if it is to generate an accurate com-
puter model of the sky, choose good alignment stars, and move close to those stars.
Meade and Celestron generally expect date entries to be in the U.S. format, which
is month/day/year. Some scopes do allow this to be changed to day/month/year if
desired. Do not worry about complicated things like Universal Coordinated Time
(UTC) dates or Julian days; just enter the current calendar date.

If the telescope is to stop near alignment stars, it also has to know where it is
located on Earth’s surface. Since GPS is not available indoors, tell the CAT where it
is by entering the location’s latitude and longitude. Perfect precision is not required.
Simply enter the position of the nearest city. Not sure what that is? A list of lati-
tudes/longitudes for major world cities is usually found in the back of the telescope’s
manual. If not, entering “find latitude and longitude of city” into the Google search
engine will list numerous sites that will give latitude and longitude for towns and
cities. Take care to enter north or south correctly for latitude and east or west cor-
rectly for longitude.

Most telescopes will ask for the alignment type next (one star, two stars, etc.).
What do you choose when it does ask for “type”? This should be whichever method
allows the telescope to pick its own alignment stars and move to them automatically.
Do not choose “SkyAlign,” as that requires the user to slew the tube to stars, and
there will not be any visible stars indoors. Check the instruction book, choose the
appropriate align method, and hit Enter (or whichever key or keys is called for). The
HC will then usually display the name of the first alignment star it has chosen and
begin slewing to it. Watch carefully and be prepared to stop the scope if it looks like
it is going to do something crazy. A press of a direction key on a NexStar controller
or any key except “Go-to” or a direction key on the Autostar will stop an errant slew,
but be prepared to hit the power switch just in case. If nothing is wrong, the scope
will move to point at the spot where it thinks the first alignment star should be.

To determine whether the scope has stopped in approximately the correct posi-
tion indoors, use a star chart that shows where stars are for a particular date and
time. A planisphere, a simple circular star chart that is often called a “star wheel,” is
perfect for this purpose. The round map portion of a planispherecan be rotated to
set it for any date or time, day or night. If a planisphere is not available, virtual ones
can be accessed online. A particularly good one can found at http://www.heavens-
above.com. Once current date and time are set in the planisphere (just use the same
date and time entered into the HC; do not worry about DST), it will show the posi-
tions of bright stars for that particular date and time. Even simple planispheres will
show all the stars scope HCs will choose for alignment since these stars are always
bright and prominent.

With the telescope stopped at its first go-to alignment star, take a look at the
planisphere to see in which direction this star lies. If the scope chose Vega as the
first alignment star and the planisphere shows Vega to be lying in the northeast, is
the scope pointing roughly northeast? If it is, continue. If not? Make sure the plani-
sphere is set up for the correct day and time (a.m. or p.m.). If the chart seems okay,
check the HC to make sure date and time were entered correctly. Assuming the scope
is pointed in roughly the correct direction, keep going. The HC will now ask for the
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star to be centered in the eyepiece or finder. Obviously, that is impossible inside. Do
not worry about it. Just mash whichever buttons the manual’s or HC’s display speci-
fies in order to proceed to the next alignment star.

When the telescope arrives at the place where it thinks the second star should be,
check the planisphere again to make sure the CAT is pointing in the proper direction.
Then, press the appropriate buttons to accept that star. The HC will then “think” for a
moment and, if everything has gone as it should, will display an “Alignment Success-
ful” message. A GEM may require more than two stars to complete an alignment; if
s0, allow it to pick and slew to these stars and accept them.

What if the hand control display says “Alignment Failed”? If the telescope
appeared to point in roughly the correct directions for the stars it chose, don’t worry
about it. Indoors, the scope’s exact pointing could not be fine-tuned, and that may
have caused the alignment to fail. If, however, the telescope pointed in clearly the
wrong direction or did something nutty, like pointing at the ground, something is
obviously wrong. Reread the alignment section of the manual, power the scope off,
and reenter the data in the HGC, triple checking that the time, time zone, date, and
latitude and longitude and their “signs” (E/W and N/S) are correct. If that does not
help, the prime suspect (other than a defective scope) is power. Triple check the
power cord, battery, and connections.

If the fake alignment was successful, try a fake go-to. With the aid of the manual,
choose an object in the HC. It really does not matter much which object, just one
that is above the horizon. A bright star is a good choice. How objects are selected
for go-to depends on the scope model. Celestron NexStar controllers have a list of
named stars in the menus available by pressing the HC’s “List” button. Meades have
a selection of prominent stars in the Objects menu, which is accessed using the Enter
and Mode keys on the Autostar. Select a star that is shown on the planisphere and
hit “Go-to” or “Enter” as appropriate to send the scope to it. If the telescope stops
pointed in the proper direction, all is well. Power down the scope. If it does not,
recheck the planisphere and try again.

Checkout for Non-Go-to Telescopes

There are only a few new CAT models available without computers, mostly GEM-
mounted scopes like the Celestron Omni XLT, but these also will need to be checked.
The usual first step in getting a manual GEM going is installing the RA and declina-
tion tracking motors. Since GEM mounts are often sold in both go-to and non-go-
to configurations, the manufacturer often packages non-go-to motors separately
and leaves it to the user to attach them (go-to motors are most often preinstalled
since they are part of a more complex electronic assembly). Follow the manual’s
instructions for bolting the RA and declination motors in place. Take particular care to
make sure the gears that mesh with the telescope’s drive gears are properly aligned.
Also, be careful that the HC’s declination cable goes to the declination motor and
the RA cable goes to the RA motor.

The next action for the non-go-to owner is to ensure the mount moves smoothly
on both axes. Before beginning, balance the tube in RA and declination following
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the instructions in the manual and in the go-to GEM checkout section of this chapter.
After the scope is balanced, unlock the RA and declination locks and move the
telescope on both axes. Movement should be smooth, without any binding.

Most non-go-to motorized GEMs are equipped with slow-motion controls. Before
these can be used, a pair of clutches must be disengaged, usually by loosening knobs
mounted on the same shafts as the RA and declination slow-motion knobs. Refer
to the manual for instructions. When this is sorted out, exercise the declination and
RA slow-motion controls. Movement should be smooth and fine. If the scope does
not move when a slow-motion control is turned, check to make sure that the RA and
declination locks are locked. Next, turn on the power switch on the HC.

Non-go-to GEMs typically feature sidereal speed tracking and one or two higher
slewing speeds. When the power is turned on, the mount will be tracking, but it will
be moving very slowly (RA drives are often called “clock drives” since their gears turn
one revolution every 23 hours 56 minutes and 4 seconds), and the only indication
the motor is running will be a faint noise (maybe) and a power-on light. Note that
the declination motor will not turn unless the north or south button on the hand
control is pressed. GEM tracking only requires the operation of the RA motor.

To check the drive’s slewing, make sure that the RA and declination locks are
locked, set the HC to the highest slewing speed, and press a direction button. Check
all directions—north, south, east, and west (which may or may not be labeled as
such on the HC). Motion should be even, and the scope should stop as soon as
a direction button is released. Most small-to-medium-size GEMs do display some
backlash. When reversing directions using the HC, the scope may pause. Although
backlash is not exactly desirable, some is normal in most low- to medium-priced
German mounts (and forks). For one additional check, most GEMs are designed for
use in either the Northern or Southern Hemisphere, and there is usually a switch on
the HC to set the proper direction for RA motor rotation. Make sure this is set to N
or S, as appropriate.

Telescope Disassembl

That is all there is to indoor checkout. You will be hauling your beautiful new CAT
out under the stars for first light as soon as night comes—if the “new scope curse”
does not intervene, that is. Amateur astronomers have long observed that receiving a
new telescope seems to cause clouds to instantly cover the sky. Sounds like supersti-
tion, but that is usually what happens.

Unless the CAT in question is a small one, disassemble it so it can be safely and
easily moved into the backyard. Begin by shutting off the power. Disconnect the
power cord from the battery or wall socket and then from the telescope. Unplug the
HC and put it in a safe place. Remove the eyepiece, star diagonal, and visual back;
cap the rear port and stow the ocular and diagonal with the HC (the eyepiece and
star diagonal could be left in place, but it is all too easy to bang them into something
on the way outside). Protect the corrector plate by replacing its cover if that is still
off. Fork-mount telescopes should be positioned so the tube is pointing at the base
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for transport. When the tube is situated appropriately, undo the bolts on a Celestron
and the spreader knob and threaded rod on a Meade (holding onto the scope with
one hand if possible) and gently lift the OTA and fork off the tripod. Set the scope
on its base somewhere where it will not be knocked over or return it to its case or
shipping box. Leave the tripod assembled but loosen the spreader enough so the legs
can be collapsed to get it through doors easily.

Let us digress for a moment and talk about the vital accessories CAT users need.
You didn’t think your astromnomy buying was over with just the purchase of a tel-
escope, did you? It is not, not hardly. There is quite a bit more astrostuff that will
need to be acquired before a novice astronomer can do productive observing—or,
indeed, much observing at all.



CHAPTER SIX

Before much real “work” can be done with a new Schmidt Cassegrain telescope, more
accessories will be needed than just the paltry few that came in the box with the tel-
escope. This has become especially true over the last decade. The world’s two SCT
makers, Meade and Celestron, locked in a perpetual battle for the same few customers,
have had to cut fat to keep telescope prices low and competitive as production costs
have risen. They have done that by eliminating accessories much beyond a finder, a
star diagonal, and a single eyepiece of sometimes indifferent quality. At a minimum, a
new catadioptric telescope (CAT) owner is going to require at least a couple of good
eyepieces, a dew shield, and a case in which to store and transport the telescope.

Must-Have Accessories

Cases

The good old days of amateur astronomy weren’t always so good. They were good for
SCT buyers in one way, however. Both Meade and Celestron shipped new telescopes
with sturdy cases. These cases might be simple wooden footlockers or they might
be custom-made plastic cases with die-cut foam, but there was something to keep
the CAT organized and safe. By the mid-1990s, the dollar had shrunk so much that
the companies began to discontinue cases for all but their most expensive models,
and soon those were gone as well.

Why are cases a big deal? Not having a case for an SCT compromises its port-
ability, which is one of the reasons for buying a CAT in the first place. You have a
beautiful new scope. Do you really want it rattling around in the back of a pickup
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truck wrapped in a bedspread or even bouncing around on the back seat of a Lexus?
It is possible to make do with the telescope’s cardboard shipping container for a
while, but that will eventually disintegrate. What is needed is a permanent solution,
both for transporting the telescope and for storing it. A case does more than make
a scope easy to haul around; an SCT that is kept in a case will be much less prone to
dust intrusion in its optical tube assembly (OTA).

There are several ways to solve the case dilemma: buy, adapt, or make. Buying
is the easiest and often most practical solution. In the United States, long-time
astronomy accessories dealer Jim’s Mobile Industries (JMI) offers heavy-duty cases
that will fit any current and many older Schmidt Cassegrains. These cases are not
cheap—one for a basic fork-mount C8 costs a little over $300—but they are worth
their asking prices. They are made from heavy-duty plastic, are filled with die-cut
foam designed for each particular scope model, and often do not just make trans-
porting a telescope easier, they make it possible. I own a JMI NexStar 11 case, which,
like many of the company’s cases for larger-aperture telescopes, is equipped with a
set of wheels. I can guarantee that without my wheeled JMI I would use my NS11
a lot less. The combination of sturdy case and wheels makes it no more difficult to
transport this “big” CAT than it is to haul around my C8.

Are JMD’s cases too pricey? Soft Cordura fabric cases designed to fit around the
foam a telescope was shipped in are available from Meade for some of their models
(although they seem to be phasing them out). The price is about $160 for an 8-
or 10-inch model. Similar soft cases are being sold by several other manufacturers
for both Meade and Celestron fork-mount models. Some folks turn up their noses
at soft cases, thinking they do not provide enough protection. However, when it
comes to scope protection, it is what is inside that counts; the foam the telescope
rests in and soft-side cases do protect the CAT as well as hard cases. Soft cases are
also considerably lighter.

If spending $160 or more for a case right after plunking down a couple of grand
for a telescope does not seem palatable, get on down to Walmart (or another dis-
count store). It is especially easy to buy a “telescope case” there for a German equato-
rial mount (GEM), one that costs just a few dollars. A large Rubbermaid container
that is large enough to hold both the OTA and the GEM head costs less than $10. Buy
a few pieces of foam in a craft store, place one on the bottom of the Rubbermaid box,
put the OTA on that, put the other piece of foam on top of the OTA, and lay a CG5
GEM head on that. The resulting case is not attractive or professional looking, but it
is simple, cheap, and effective and can keep your scope and mount safe at home and
on countless road trips for years.

Admittedly, it is not quite so easy to find a make-do case for a fork-mount CAT,
particularly a larger-aperture one. It is possible, though. A good choice for an
8-inch, even in this day, is still the humble footlocker. Meade and Celestron did
not make their footlocker-style SCT cases back in the day—they bought them and
modified them—and so can you. At back-to-college time, it is even possible to find
footlockers with nice shiny finishes in colors that approximate Celestron orange
and Meade blue.

If the fork-mount CAT is much larger than a Celestron NexStar SE, though, a
footlocker probably will not be big enough. Another item that has been used for
fork-mount scope cases is large plastic toolboxes. Stanley’s Job Box series models
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have wheels and handles and seem as if they were designed to be CAT cases. Even
large ice chests (coolers) can be pressed into service as SCT containers.

One thing these solutions have in common is that they work best if it is possible
to adapt the original scope packing foam to them, perhaps padding any voids with
cheap foam. Dense foam for a heavy fork-mount scope is not easy to come by or
cut. In the past, amateurs have tried soaking foam with water, freezing it, and then
cutting with a sharp knife. Most often the end result was just a mass of soggy foam
rubber.

Another option is building your own case. A skilled woodworker can probably
cobble together a CAT case in an afternoon. In some ways, that is an easier solution
than trying to adapt toolboxes and ice chests since the case can be built in the exact
dimensions needed to hold the packing foam snugly. Other than the need for skill
to do a nice job, there is only one drawback to going this route: weight. Homemade
plywood scope cases often turn out to be so heavy that they do not get used much,
even if they are equipped with wheels.

Eyepieces

Want to get an earful? Ask any practicing amateur astronomer his or her opinion
about eyepieces (oculars). If there is one thing that provides a topic for endless
discussion and even argument in the amateur ranks, it is oculars. There is a wealth
of information about eyepieces available online and in books—almost too much.
Endless reviews and comparisons (“shootouts”) are available on telescope review
sites such as Astromart.com and Cloudynights.com. Unfortunately, these reams of
data tend to confuse the situation more than clarify it for the novice. Fortunately,
just as with SCTs, oculars sort themselves into several groups, which makes it easier
to pick eyepieces to fit a particular budget and observe style without getting too
deep into esoteric performance specs.

Choosing an eyepiece wisely has more to do with what will be done with it than
how much it costs. For that reason, this roundup of oculars is divided into categories
based on an optical characteristic, the eyepieces’ apparent fields of view (AFOVs),
rather than price: narrow field, medium-wide field, and ultrawide field. Before doing
any serious eyepiece shopping, though, it is mandatory to learn a little eyepiece lan-
guage. Knowledge of the specifications and terminology used in the ads and by fel-
low amateurs makes picking oculars simpler.

Eyepiece Terminology and Technology The most basic commercial
eyepieces available today consist of two lens elements. No matter how many lenses
make up an ocular, the one looked into is the eye lens, and the one at the other end
of the eyepiece barrel, the telescope end, is the field lens. Eyepieces are produced
in several barrel sizes. The 0.965-inch models are referred to as Japanese standard
format. They are not often seen today, although some top Japanese scope makers
such as Takahashi still make 0.965s. Much more common are the 1.25-inch diam-
eter American standard eyepieces. No matter where a scope is made, its focuser will
usually be able to accept 1.25-inch eyepieces. The 2-inch diameter eyepieces used to
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be rare and only used by “advanced” amateurs. Today, they are more common, and
even some discount store scopes have focusers that will accept 2-inch oculars.

A feature of almost all eyepieces is an eyecup, a rubber shield around the eye lens
that prevents stray light from striking it and helps with eye placement. Another com-
mon feature is filter threads on the field lens end of the barrel (28.4-mm diameter,
0.6-mm tpi [threads per inch] thread pitch on 1.25-inch eyepieces). To suppress
undesirable reflections from stray light entering the telescope end of the barrel, the
inside surface there is usually painted a flat black. The lenses of eyepieces are coated
to reduce reflections and increase light transmission. Coatings can be as simple as a
single layer of magnesium fluoride or as complex as multiple coatings of rare-earth
elements. Modern eyepieces can be either multicoated (both air-glass surfaces are
coated) or fully multicoated (all lens element surfaces are coated).

Focal length An eyepiece’s focal length is the distance from the eye lens to the point
where the rays of light converge on the focal plane of the scope. Eyepiece focal length
is usually expressed in millimeters these days, and oculars are commonly found in
focal lengths from about 4 to 40-mm. What is most important about eyepiece focal
length for you is to be aware that it determines the magnification of an eyepiece.

/\/lognif ication Every beginner knows about magnification; it is a telescope’s power
and determines how big the Moon, a planet, or other object will look. Magnifications
below 50% (usually pronounced “50 power”) are considered low magnifications.
Powers between 50X and about 150x are thought of as medium magnification.
Above x150 is the realm of high power.

How is a telescope’s magnification changed? This is done by swapping out eye-
pieces. A long focal length eyepiece like a 40 mm produces low magnification. A
short focal length eyepiece like a 4 mm produces high magnification. A simple but
vital telescope magnification formula was given in Chapter 2, but it is so important
for astronomers, it is repeated here:

Telescopefocallength
Magnification __ (mm)

(POWCI') (mm)Eyepiecefocallength
A 12-mm focal length eyepiece in an 8-inch SCT—which usually has a focal length
of about 2,000 mm—gives a magnification of 167x (2,000/12).

Eye Relief Eye relief, another important eyepiece specification, especially for those
who wear glasses, is the distance the observer’s eye can be from the ocular’s eye lens
while observing. Normally, the eye is not jammed up against the eye lens of an ocu-
lar; it is held a comfortable distance away, just far enough so that the whole eyepiece
field can still be seen. The distance the eye can be from the lens and still take in the
full field is the eyepiece’s eye relief. The amount of eye relief available in an ocular
depends on its design, and it is sometimes the case that expensive eyepieces have less
eye relief than cheaper ones. Generally, the shorter an eyepiece’s focal length, the
smaller its eye relief.
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How much eye relief is good? For an eyeglass wearer, anything less than 15-mm
means not being able to see the whole field. Because of the presence of glasses, the
eye will be positioned beyond the eye relief “limit,” and the full field will not be
visible; only the central area will be seen. The need for at least 15-mm of eye relief
unfortunately eliminates many wonderful eyepieces from these folks’ consideration.
Luckily, many eyeglass wearers can observe without their glasses. Only in cases of
severe astigmatism is glasses wearing mandatory for astronomers.

If there is such a thing as too little eye relief, can there also be too much? Yes, indeed,
there can. Get much past 20-mm, and it becomes difficult to position the eye correctly
for viewing. If the eye is not in the correct place, an eyepiece can suffer from blackout—
portions of the field will suddenly go dark.

How is the eye relief distance of a particular eyepiece determined? To do this,
either take the manufacturer’s word for it—if it is listed in the eyepiece’s specifica-
tions—or find out. Technically speaking, eye relief is the distance from the eye lens
to the eyepiece’s “exit pupil.” To measure this distance, point the scope at a bright
object (not the Sun)—maybe a bright terrestrial scene. Hold an index card or a piece
of white paper behind the eyepiece so that an illuminated circle is visible on the card.
Move the card toward the eyepiece or away from it until this bright circle of light is
as sharply focused as possible. The point where it is sharpest is the exit pupil, and
the distance from card to the eye lens represents the eyepiece’s eye relief. Measure
this distance with a ruler’s millimeter scale (do not touch the lens with the end of
the ruler; hold it beside the eyepiece).

Apparent Field of View Apparent field is something amateurs go on and on
about when they talk eyepieces. AFOV is a simple concept, but beginners often find
it a difficult one to grasp. Apparent field is the diameter of the circular field of an
eyepiece expressed in degrees. An eyepiece that has an AFOV of 50° will not show a
swath of sky 50° across. A 50° 25-mm eyepiece shows something less than 1° of sky.
Is this clear as mud? The situation with apparent field is analogous to the size of a
television screen. Comparing an eyepiece with a small AFOV and one with a large
AFOV is like comparing a 12-inch screen portable television set showing an image of
the Grand Canyon to a 70-inch flat-screen monster showing the same scene. The big
TV displays a much more expansive version of the same stretch of landscape. Using
a large AFOV eyepiece is like viewing the universe through a spaceship porthole
rather than a little peephole. Modern eyepieces usually have AFOVs from around
50° (Plossls) to 80° (ultrawide-field eyepieces). Apparent field also determines the
true field shown by the ocular.

True Field of View True field is easy to understand. It is the expanse of sky visible
through an eyepiece, expressed in angular degrees. If, for example, an eyepiece just
fits the entire disk of the Moon into its field of view, it has a true field of 0.5° or
30 minutes of arc. Why? Because the Moon itself is half a degree, 30 arc minutes,
across in the sky. If only half the Moon fits into the eyepiece, then its true field
is 0.25° or 15 minutes of arc. The true field of an ocular will vary, depending on
the focal length of the telescope in which it is used. Long focal length telescopes
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produce higher powers and smaller true fields with a given eyepiece than short
focal length telescopes.

There are several ways to calculate an eyepiece’s true field of view. The easiest
method uses the AFOV figure from the eyepiece manufacturer’s specifications:

TFOV (degrees) = Apparent field (degrees)

Magnification

A 35-mm eyepiece with a 68° apparent field in an 8-inch /10 SCT yields a true
field of 1.19°, over two full Moons wide: 68(AFOV)/57 (magnification).

Eyepiece Aberrations When amateur astronomers sit down to talk eye-
pieces, there is also a lot said about optical aberrations—optical problems. All eye-
pieces suffer from one or more optical defects. There are no perfect telescopes, and
there also are no perfect eyepieces. Some common aberrations are discussed next.

Astigmatism Just as an observer’s eyes can be astigmatic, so can eyepieces. Severe
astigmatism manifests as oddly shaped stars. Rather than small points of light, they
appear as ovals, crosses, or “seagulls.” There is one sure way to diagnose astigma-
tism: observe a slightly defocused medium-bright star. If its diffraction rings are
not round but elongated on one side of focus and the direction of this elongation
changes 90° on the other side of focus, there is astigmatism somewhere—in the
eyepiece, the telescope, or the astronomer’s eyes. See Chapter 7 for some pointers on
diagnosing the source of astigmatism. Don’t worry too much if it seems an ocular
is astigmatic. Many, if not most, eyepieces suffer from some astigmatism, and it will
not do much more than make stars at the edge of the field look a little less pretty
than they would otherwise.

Blackout and Kidney Beaning Blackout, already mentioned, is another com-
mon eyepiece problem. It usually happens with long eye relief eyepieces when the
observer’s eye is not in the proper position for viewing. Get too close or move the eye
too far off axis, and the field will go dark. Sometimes, only part of the field will black
out in small bean-shaped areas. The cause of this kidney beaning is usually the same
as that of blackout: improper eye placement. It can also be a symptom of spherical
aberration in the eyepiece. Both of these problems become more pronounced when
the eye’s pupil is small, as when viewing bright terrestrial scenes.

Field Curvature When stars at the center of an eyepiece’s field are in focus and
stars at the edge are out of focus and vice-versa, an eyepiece is showing field curva-
ture. This is a familiar effect for the SCT owner because the focal plane of a Schmidt
Cassegrain, its “field,” is not flat but strongly curved. This defect may not be entirely
the telescope’s fault. Many eyepieces at least contribute to field curvature. More
expensive and complex oculars such as the Naglers and Panoptics tend to be better
corrected for this aberration than cheap, simple ones.
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Lateral Color Have you ever observed a bright planet like Jupiter and noticed one
of its limbs (disk edges) was blue and the other red? That is lateral color. Do not be
too quick to accuse the eyepiece of this sin, however. Lateral color can also be caused
by observing a planet that is too low in the sky. Wait until Jupiter is at least 30° to 40°
above the horizon before laying blame for lateral color.

Pincushion and Barrel Distortion Pincushion and barrel distortion are two differ-
ent but similar aberrations. They are easiest to see in terrestrial objects that include
“lines,” such as a rooftop’s shingles or, even better, a fence’s boards. If the lines of the
boards appear curved rather than straight, diverging at the center and converging at
top and bottom, that is pincushion distortion. If they do the opposite, come together
at the center of the field and curve apart at top and bottom, the problem is barrel
distortion. These aberrations are common in wide-field eyepieces and are usually not
very obvious unless the scope is panned across a rich star field.

Eyepiece Image Orientation A telescope orients its images differently in
the eyepiece, depending on its particular configuration of lenses and mirrors. One
scope may place north at the top of the field and east on the right. Another may put
south at the top and east at the left. It is sometimes important to know which direc-
tion is which in the eyepiece when searching for objects. The SCT, when used with
a star diagonal, presents an image oriented just like a terrestrial map. North is up,
and east is on the right, 90° from north. If this seems hard to remember, just keep
in mind something my students have christened “Rod’s rule”: A telescope with an
even number of mirrors or no mirrors (a Newtonian reflector or a refractor) yields
an image that is inverted (upside down) but mirror correct. A telescope with an odd
number of mirrors (an SCT or Maksutov Cassegrain telescope [MCT] or refractor
with a star diagonal) gives an image that is right-side up, but reversed right to left.

Eyepiece Buyer’s Guide Enough of the dad-gummed technical mumbo-
jumbo. How many and what kind of eyepieces does an SCT owner need? A set of
three is a good number to begin: a low-power eyepiece for big objects, maybe a 32
mm (62X in an 8-inch SCT); a medium-power ocular, like the 25 mm that prob-
ably came with the scope (80x%), for most observing tasks; and a high-power 10 mm
(200x) for small deep sky objects and for the Moon and planets. It might be nice to
supplement this basic set with a really high-power ocular in the 6-mm (333%) range
for use on the planets on nights of good seeing.

What about eyepiece design? And, how much are these things going to cost?
Fortunately, we are living in a time when cheap, good eyepieces are the rule,
mostly thanks to Chinese imports. Stop and think before filling an eyepiece case
with cheap oculars. It is impossible to go wrong by buying good eyepieces. As
has often been said, an eyepiece makes up half the scope’s optical system. You
agonized over choosing a good CAT, so why limit its performance with less-than-
excellent eyepieces? If buying top-quality eyepieces means getting along with two
instead of three oculars for a while, that is still the way to go. Without further ado,
let us choose a few nice eyepieces.
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Narrow AFOV Oculars: Pléssls and Orthoscopics “Narrow”
AFQOV eyepieces are those with apparent fields of 50° or smaller. This group, over
the years, has had quite a few members: Kellners, Erfles, Orthoscopics, and Plossls.
Thanks to the wide availability of Chinese eyepieces and the decision by most of
their makers to concentrate on the Plossl design, however, the Kellner and the Erfle
have all but disappeared. The Orthoscopic has not been embraced by the Far Eastern
optical manufacturers, but it is still widely available—if not in the huge numbers of
the Plossl—due to its enduring popularity with amateurs.

Who forms the audience for this class of eyepieces? Folks who do not care about
large AFOVs. An amateur who mainly looks at the planets, for example, does not
need the “spacewalk” field offered by ultrawide AFOV oculars. Simpler eyepieces can
also often produce brighter, sharper planetary images than can complicated wide-
field designs. Price used to be an attraction of the narrow apparent field eyepieces,
but that is less true now. Medium AFOV and even ultrawide eyepieces are now avail-
able for not much more money than the narrow types.

Pléssls There is no doubt that the Plassl (Plate 36) is the “standard” amateur eye-
piece of today because of the way it has been aggressively marketed. Is it the best
eyepiece? Probably not because its design is far from perfect. Its strengths are its low
price and its “reasonable” performance characteristics. The Plossl, which is some-
times referred to as the symmetrical, is a classic eyepiece design that dates to the
nineteenth century; it was invented by an Austrian optician, G. S. Plossl, in 1860.
Its optical design, seen in Figure 2, incorporates four convex lens elements placed
back to back in two groups. Designers have played around with the Plossl formula a

Plate 36. (Narrow/Medium Field Eyepieces) A collection of narrow to medium field
eyepieces, (I-r) Pro-optic 40mm Pl3ssl, Orion Expanse 20mm, Orion Expanse 9mm, Celestron
9mm Orthoscopic. Credit: Author.
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Figure 2. (Eyepiece Designs) Amateur astronomy’s most popular eyepiece designs.
Credit: Author.

lot over the last decade or two, and it is not uncommon to see Plossls with different
numbers and types of lens elements being advertised as “modified Plossls.”

What is the Plgssl like in a telescope? It is made in a wide range of focal lengths and
is a genuinely good performer in most of these focal lengths. Plgssls are commonly
available from 55 mm down to at least 6 mm. If properly manufactured, this eye-
piece’s color correction is good, as is its edge-of-field performance across the entire
range of focal lengths (at least in SCTs, whose high focal ratios help eyepieces per-
form better). How about AFOV? Coming from someone who was raised on the 30°
apparent field Ramsden eyepieces of the 1960s (do not ask), it almost seems a sin to
call Plossls narrow-field eyepieces. The main drawback to Plgssls is that in shorter
focal lengths eye relief tends to be small. A 12 mm will likely have about 10 mm. As
for a 6 mm, do not expect more than 3 to 4 mm of eye relief.
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Then, there is the question of which Pléssl to choose. If you are on a budget, go
for the low-price leader. You will not be disappointed. Even $30 imported Plossls
do a respectable job in SCTs. If possible, however, spend just a little more. Eyepiece
industry leader TeleVue’s Plossls, for example, are noticeably sharper than the chea-
pos. They are also much better built mechanically, incorporating good eyecups and
rubber barrel grip rings. Despite these pluses, the TeleVues are only about $50 more
than the lowest-priced imported eyepieces.

Orthoscopics Back in the 1960s when Uncle Rod was a young’un, the ne plus ultra of
eyepieces was the Orthoscopic, sometimes referred to as Abbe Orthoscopic in honor
of its designer, optical guru Ernst Abbé. These were the top-dog oculars we all wanted
but could not afford. How things have changed. Although the Ortho is still a good per-
former, it is hardly considered tops these days—but it is no longer exorbitantly priced,
either. The Orthoscopic (Plate 36) is, like the Plossl, a four-element design. Also like
the Plossl, it was developed in the nineteenth century. The design of the Orthoscopic,
unlike that of the Plossl, is pretty standard and consists of a single-element eye lens,
a convex lens with the flat side facing out. At the other end of the barrel is a three-
element field lens consisting of two convex lenses with their curved sides facing each
other and separated by a double-concave negative element (Figure 2).

Orthoscopic apparent fields are nothing to write home about, usually being in
the 40° to 45° range, but this weakness is easily offset by the design’s strengths. The
Orthoscopic is sharp all across its field and especially at the field edge, where many
less-expensive oculars have trouble. Plossl edge sharpness is good, but Orthos are
better, especially at shorter focal lengths. Orthoscopic color correction is excellent,
and eye relief is fair—sometimes a little better than that of Plossls of the same focal
length. When it comes to focal length choices, Orthos do not cover the whole range,
like Plossls do, instead tending to concentrate on the shorter end. Usually, “long” for
an Orthoscopic eyepiece is 25-mm. On the other hand, Orthos can be had in very
short focal lengths: 4-, 3-, and even 2-mm.

Which specific Orthoscopic should you choose? You will not have to fight the
allure of cheap imported Orthoscopics as there really are not any. On the other
end of the price range, premium manufacturers such as Zeiss offer or have offered
Orthoscopics that are crazy expensive and highly sought after by discriminating
planetary observers. When talking “Orthoscopic,” though, one maker’s name gets
mentioned more than any other, University Optics (Appendix 1). This U.S. firm’s
Abbé Orthoscopics are of outstanding optical quality and are very reasonably priced
at $59.95 for all focal lengths from 25- to 4-mm.

Medium AFOV Designs Medium AFOV eyepieces are those oculars that
provide apparent fields of about 65° to 70°. Although this is considerably smaller
than the spaceship porthole fields of the ultrawides, it is still a big increase over
Plossls. For amateurs on a budget, medium AFOVs are more optically forgiving than
inexpensive 80° or higher ultrawides. It is pretty easy for a bargain 68° AFOV eye-
piece to present good-looking stars at the edge of the field; it is much more difficult
for a cheap 82° eyepiece to do the same thing.
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Despite their considerably more expansive fields, these eyepieces are not
always better than the narrow AFOV eyepieces. Most medium-wide designs
use from 6 to 8 lens elements (Figure 2). Despite modern lens coatings, their
images are usually slightly dimmer than those of narrow AFOV eyepieces. Most
medium users think this sacrifice is acceptable to gain that extra apparent field,
however.

Who likes the mediums? Many SCT owners do. Since our telescopes are driven, the
big apparent fields of the ultrawide eyepieces are not as necessary for us as they are
for Dobsonian owners, who must nudge their scopes along. Eyeglass owners may
prefer the medium oculars as well since many offer excellent eye relief, better than
what is usually found in the ultrawides. All observers may prefer the medium AFOV
experience because it is easier to take in the whole field without moving the eye
around than it is with the huge fields of the ultras.

It has only been in the last 5 years that 65° to 70° eyepieces have become avail-
able at popular prices. As with other bargain equipment on the amateur scene, the
source of these eyepieces is Taiwan or mainland China, and the factories there are
now turning out container ships full of 65° to 70° oculars, most of which are good
performers.

Synta Ultrawides One of the first series of reasonably priced medium AFOVs to
hit the United States was the Synta Ultrawides from Taiwan (Plate 36). These are
all 1.25-inch barrel format eyepieces, and despite the name, all yield 66° apparent
fields. These fields are satisfyingly sharp out to at least 90% of this field in /10 SCTs.
The prices of these eyepieces are very attractive, that is for sure, with all focal lengths
available for about $50 apiece, depending on the seller. Like most Synta products,
they are never sold as “Synta” but as various house brands, such as Skywatcher, Orion
(as the Expanse series), or Pro Optic.

As nice as the Syntas are, they are not fault free. The shorter focal lengths are prone
to light scatter and internal reflections—although this will not be much of a prob-
lem when observing the deep sky. Another annoyance is that the focal length range
available is limited to four choices: 20-, 15-, 9-, and 6-mm. Don’t try the longer focal
length pair in fast scopes; edge-of-field stars fall apart badly in the 20-mm especially.
One thing these eyepieces do have going for them is decent eye relief: 17-mm for the
longer focal lengths and 13-mm for the shorter ones.

Vixen lanthanum Superwides A step up from the Synta eyepieces is the Vixen
Lanthanum Superwide series. The eyepieces in this group have been on the U.S.
market for over a decade and, at a price of about $200 each, have been attractive to
amateurs looking to save money over more expensive brands such as TeleVue. These
are good eyepieces, although they lack the “snap,” the excellent contrast, of more
costly mediums such as the TeleVue Panoptics. One of the hallmarks of the Lantha-
nums (which refers to the rare-earth element used in their coatings) has always been
good eye relief—20 mm across the board for the whole series, from 3.4 to 42 mm.
Depending on focal length, the AFOVs of these eyepieces range from 65° to 72°. All
feature good mechanical build quality.
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Orion Stratuses With the budget medium-field eyepiece explosion, the Vixens
have lost some ground in the astronomy marketplace. They do seem to be making
a comeback of sorts lately—in a way. Orion has begun selling a line of eyepieces
called the Stratus Wide Fields. The barrels of these eyepieces look very much like
those of the Lanthanums, they offer similar eye relief, and their AFOVs are about
the same. One thing the Stratus series lacks compared to the Lanthanums is longer
focal lengths, with the longest Stratus a 24-mm. Are these eyepieces produced under
license from Vixen, or are they “clones”? We do not know, but they are good values
at $130 each.

TeleVue Panoptics Do you want the best medium-AFOV eyepieces money can
buy? Try the TeleVue Panoptic series. These oculars (Plate 37) are available in a wide
range of focal lengths, including 19-,22-,27-,35-, and 41-mm. Eye relief ranges from
13 to 19 mm across the series, except for the big 41, which has a whopping 27-mm.
All the “Pans” feature the same 68° AFOV. The 19-mm model has a 1.25-inch barrel,
the 22-mm has a hybrid 1.25-inch/2-inch barrel (for use in either size focuser), and
the 27, 35, and 41 are 2-inch format only eyepieces.

One other characteristic of the Panoptics is optical excellence. In f/10 SCTs, these
things are dead sharp from field edge to field edge, and they perform nearly as well
in faster telescopes. They are also extremely comfortable to use, lacking much of the
blackout and field distortion found in less-expensive mediums. The only problem
with the Pans may be their prices, which begin at about $200 for the shorter focal
lengths, climb to $300 for the medium focal lengths, and top out at over $500 for
the 41-mm.

Plate 37. (Medium/Wide Field Eyepieces) The upper crust of the eyepiece world,
medium and ultra-wide premium oculars, (I - r) William Optics 28mm Uwan, William Optics
7mm Uwan, TeleVue 22mm Panoptic, TeleVue 12mm Nagler Type Il. Credit: Author.
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Pentax SMC XVWWs Pentax is a name that is been familiar to photographers for
decades, usually as a manufacturer of high-quality 35-mm single-lens reflex cam-
eras. This Japanese company also produces a few astronomy products, including
its highly regarded medium-AFOV oculars, the Pentax SMC XWs. These eyepieces,
which come in focal lengths from 3.5- to 40-mm, are of incredibly good quality both
optically and mechanically. Are they as good as the Panoptics? Their fans will tell you
they are better. The optics mounted in Pentax’s heavy-duty weatherproof barrels
provide generous 70° apparent fields slightly larger than the Pans, and do it without
sacrificing eye relief. All focal lengths provide 20-mm. Except for the 30- and 40-mm
models, all the XWs are 1.25-inch eyepieces.

There are two caveats concerning the Pentax oculars: Some amateurs have some-
times found it difficult to get needed service from Pentax, and these eyepieces are
expensive. In that area, they definitely outdo TeleVue. The 19-mm Panoptic, for
example, is $250. The comparable XW, the 20-mm, is $300.

Meade Super Wide Angles Are the Panoptics and Pentaxes, as good as they are,
budget busters? If so, consider the Meade alternative. Meade’s Series 5000 Super Wide
Angles are a couple of cuts above the bargain-bin Syntas and Orions at prices a bit
lower than those of the Panoptics. The Meades, available in the somewhat eccentric
focal lengths of 13.8-, 18-,24.8-, 32-, and 40-mm, have good eye relief that ranges from
12-mm on the short end to 31 mm on the long end. They are also sturdily constructed
and attractively packaged. Optically, they perform quite similarly to the Panoptics in
SCTs. They do give ground to the more expensive medium-AFOV oculars in faster
scopes, where their field-edge sharpness deteriorates somewhat. Prices for the Super
Wides begin at $180 for the short focal lengths and increase to $400 for the 40 mm.

Burgess Paragons Is the cost still too much? A relatively new medium-AFOV
ocular that is garnering rave reviews is the Burgess Optical Paragon. Although this
eyepiece is currently only available in focal lengths of 40- and 30-mm, the com-
pany apparently will soon be expanding the line to other focal lengths. The Paragon,
designed by late apochromatic refractor guru Tom Back, performs as well as much
more expensive oculars for a modest price ($250). The Paragon uses six lens ele-
ments in four groups in a 2-inch barrel to produce a 69° apparent field and images
that, while not quite as sharp to the field edge as a Panoptic’s or a Pentax’s, are nev-
ertheless satisfyingly good.

Ultrawides A first look through an ultrawide AFOV (Plate 37) eyepiece will
be surprising, maybe shocking. It may even border on a religious experience. The
huge field will not just look “good”; it will be overpoweringly immersive. You will
feel as if you are falling into that distant star cluster. Even at higher powers, the
82° (usually) apparent fields of these eyepieces ensure that an observer never feels
constricted. That comes at some cost, of course. The TeleVue Naglers, the premiere
ultrawides since the first one was introduced in 1980, are pricey. Also, whether the
eyepiece is a Nagler or one of the lower-priced alternatives now available, there is a
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cost in light. Like the medium-AFOV eyepieces, the ultrawide designs incorporate
many elements—as many as seven separate lenses—that tend to dim images a bit.
Another cost is eye relief. Eyeglass-wearing observers are in for more frustration
than amazement with the ultras.

TeleVue /\/crg/ers The TeleVue Naglers are the eyepieces that started the spaceship
porthole viewing craze, and Al Nagler’s revolutionary oculars are still going strong
30 years later. Currently available in focal lengths from 31-mm all the way down to
2.5-mm, all Naglers feature AFOVs of 82°. Eye reliefs vary from 12- to 19-mm. Eye
relief also varies according to the “design” type of the Nagler in question. Currently,
TeleVue’s Naglers are offered in three slightly different designs, types 4, 5, and 6.
These design differences are a result of TeleVue’s continual and laudable efforts to
update and improve their eyepieces.

Innovation costs money, of course, and that means a selling price for these oculars
that is a barrier for some amateurs. The least-expensive (shorter focal length) mod-
els retail for about $300 in the United States. The most expensive Nagler, the “holy
hand grenade,” the huge 31 mm, is a daunting $640. Another strike against them is
weight. A 12-mm Nagler comes in at about a pound, and the 31 is over 2 pounds.
That much weight on the rear cell can make it difficult to balance some scopes.

Amateur astronomers often complain about the cost of Naglers, but they rarely
complain about these oculars’ optical or mechanical quality. Optically, they are
amazing in CATSs, offering pinpoint stars all across their huge fields. Aberrations such
as pincushion distortion or astigmatism are minor or nonexistent. In fact, objects
may often look sharper in the Naglers than they do in narrow-field eyepieces. Yes,
targets may be slightly dimmer in the “Nags” due to all that glass, but because of the
superb lens coatings TeleVue uses, even that is held to a minimum. Mechanically, the
Naglers are also top-notch. Dropping my beautiful 12-mm onto a concrete observ-
ing floor resulted in no shattering of glass and only in one tiny mark on the barrel.
Replacing the eyepiece in the focuser, it was obvious that nothing was out of align-
ment; images were as good as ever.

Meade Ultra Wides Meade has been competing with TeleVue in the ultrawide
market for many years, and the Meade 82° field oculars have always been acknowl-
edged as good eyepieces—maybe not quite as good optically or mechanically as the
Naglers, but good. Certainly, they have always been good values as their prices have
consistently undercut those of the TeleVues. The major complaint about Meade’s
Ultras has been that, unlike Al Nagler, Meade did not continue to update their
designs. Then, a few years ago, the company introduced the Series 5000 Ultra Wides
that at least looked very different from the old ultras.

The most striking thing about the new Meades is their barrel design (see Plate 38),
which is certainly futuristic looking. The eyecup at the end of the barrel is built
into the eyepiece and can be extended or retracted to adjust its height as desired.
Unfortunately, Meade uses a lot of grease on the eyecup’s mechanism, and it tends
to migrate onto a user’s hands and telescope (the Super Wides use the same scheme
and the same grease).
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Plate 38. (Meade Ultrawides) Meade’s modernistic Ultrawide Series 5000 collection.
Credit: Image courfesy of Meade Instruments Corporation.

Optically, the Ultra Wides, which are available in focal lengths from 4.7- to 30-mm,
appear to have been at least incrementally upgraded and are quite competitive with
Naglers when it comes to raw sharpness and lack of distortion. Where they fall
behind a bit is in the areas of baffling and coating. Focal length for focal length,
there are more internal reflections with the Ultra Wides than with the Naglers. All
eyepieces are subject to some stray reflections, but the problem seems a little worse
in the Meades. Coatings on the ultrawides appear to be as good as those on the
TeleVues but less carefully applied, with small flaws sometimes apparent.

One area in which the Meades are slightly better than the TeleVues is eye relief.
Some Naglers have as little as 12-mm, but the Meade with the least eye relief is the
4.7-mm with 13-mm. Most of the ultrawides have 15 mm or more. The big draw
here, of course, is price. The Series 5000 eyepieces are cheaper, with the “king,” the
30 mm, selling for $450. Regarding the verdict on the Meade Ultra Wide Angles, they
are cheaper and almost—but not quite—as good as Naglers.

William Optics Uwans The Meade Ultra Wides seemed to be about as good as it
got in the 82° arena when it came to a balance between price and quality. Then came
the William Optics Uwans. Although these eyepieces are made in Taiwan, Uwan is
not a city in China. It is an acronym for ultrawide angle. The four eyepieces that
have appeared in this series thus far—28-, 16-, 7-, and 4-mm—have turned out to
be remarkable oculars, seeming to equal the TeleVue Naglers in most ways while
undercutting even Meade’s prices.

How good are the Uwans? [ did not rely on their views in the optically forgiving SCTs
to find out. I arranged a “shootout” between the 28-mm Uwan and the comparable
26-mm Nagler under the dark skies of Florida’s Chiefland Star Party. The eyepieces
were tested in big Dobsonians with focal ratios down to and including an eyepiece-
punishing £/3.26. In the opinions of the experienced observers who participated in
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this comparison, the Uwan was “as good or a little better” than the 26-mm Nagler
in the areas of sharpness and field-edge quality. This was on a variety of objects,
including the monstrous globular star cluster Omega Centauri, with its countless tiny
stars. In fact, the only time the informal panel of testers felt the Nagler pulled ahead
was in the /3.26 scope, and everybody agreed its advantage, even there, was relatively
slight. The only area where the Uwans do seem to lag behind the Naglers is in viewing
comfort. Eye placement is slightly more critical with the Uwans, with these eyepieces
displaying more “blackout” than the Nags.

Mechanically, the Uwans are perhaps slightly better in some ways than the Tel-
eVues and ultrawides. Their barrels are striking modern designs (see Plate 37), all
black and high-tech looking. Unlike the TeleVues, most of which rely on plain old
rubber eyecups, the Uwans integrate a hard mechanical eye cup, which is rotated to
extend or collapse. This design, unlike that of the Meade Series 5000s, does not leave
astronomers with greasy hands.

Pricewise, the Uwans beat everything in their class. The 30-mm goes for $398, the
16-mm is $238, and the 7- and 4-mm are $198 each. So, what is not to like? The main
thing is the limited range of focal lengths. There are currently seven Meade Ultra
Wides. The TeleVue Nagler lineup consists of an amazing 14 eyepieces. Despite this
paucity of focal lengths, all things considered, the Uwans deserve “best buy” status.

Spaceship Picture Window: The TeleVue Ethos Recently, TeleVue has intro-
duced a remarkable pair of eyepieces, the 13-mm and 7-mm Ethos oculars. Both
have apparent fields of 100 degrees. That’s right, 100 degrees. In addition to this
huge AFOV, the Ethos eyepieces feature 15-mm of eye relief and display the best
sharpness and contrast I have ever seen in ultra wide field eyepieces. By the time this
book is published, TeleVue will have added two more oculars to the Ethos stable:
A 6-mm and a 17-mm. The only bad thing about any of them? Their prices, which
range from just under $600 to over $700.

Chectper than Cheap? With Chinese medium-AFOV class oculars now common,
you would think there would also be some imported ultrawides for less than the $100
prices. There are. Unfortunately, although the Chinese medium-wide AFOV eyepieces
perform respectably, their ultra analogs are not quite there yet. A few, like the “Bird’s-
eye” oculars (11-, 15-, 16-, 30-mm), imported by U.S. astronomy retailer Anacortes
Telescope and Wild Bird (Appendix 1), do an acceptable job in slow focal ratio CATs
but are in no way comparable to Naglers or Uwans. They can at least give the new or
cash-strapped astronomer a taste of eyepiece spacewalking at prices less than $100.

Hope for Ultrawide-loving Eyeglass VWearers TeleVue has been well aware
of the problem for eyeglass wearers posed by the Naglers’ relatively short eye reliefs,
which make it impossible for astigmatism sufferers to see the oculars’ entire gigantic
field. The solution TeleVue has come up with is an attachment that allows astigmat-
ics to leave their glasses off. The Dioptrx can be attached to TeleVue eyepieces longer
than 12-mm, including the Naglers and the new Ethos. This corrective lens element
is available in different values to match glasses” prescriptions for astigmatism.
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The Dioptrx must screw onto the eye lens end of an eyepiece, which is the reason it
is only available for and usable on TeleVue oculars with larger eye lenses.

Eyepiece Cases

Where do you put eyepieces? Surely, you do not want your expensive glass rattling
around on the floorboard of a pickup truck. Some kind of box or case to keep ocu-
lars safe from bumps, dust, and dew is essential. A number of astrovendors, such as
Orion in the United States, sell cases made for this purpose, but actually any type of
container filled with protective foam padding will do. Particularly good are some of
the hard cases sold in camera stores for photographic equipment. These briefcase-
size containers are usually furnished with “cubed” foam padding that can be cus-
tomized to hold eyepieces perfectly.

Other Optical Accessories

Barlow Lenses No matter how many eyepieces a CAT user accumulates, a Bar-
low lens will increase the number. What is a Barlow? In its simplest form, it is a single-
element negative lens mounted at one end of a barrel. An eyepiece is inserted into the
other end, and the whole thing is placed in the CAT’s star diagonal. What good is that?
When an eyepiece is combined with the Barlow’s negative lens, its magnification is
doubled (usually). A Barlow is an eyepiece multiplier. For example, adding a Barlow to
an eyepiece collection that consists of 15-, 10-, and 6-mm oculars adds “virtual” 12.5-,
5-,and 3-mm eyepieces. How? The Barlow lens makes the light cone coming from the
telescope’s optical system longer and skinnier. This “stretching” has the practical effect
of making the telescope’s focal length longer, and longer focal length telescopes pro-
duce higher magnifications than shorter focal length ones with any eyepiece.

Some new amateurs are skeptical about Barlows. Getting additional eyepieces just by
adding a relatively inexpensive item to the accessory collection seems like a violation of
the time-honored “there ain’t no such thing as a free lunch” rule. For once, there is no
catch. If well made, a Barlow not only can add focal lengths to an eyepiece collection, it
can actually improve the images in these eyepieces. Most oculars perform better at longer
telescope focal lengths, and a Barlow increases a telescope’s focal length. Barlows can also
increase viewing comfort. A 12-mm eyepiece, for example, is usually more comfortable
to use than a 6-mm. It will likely have more eye relief and a larger eye lens. A Barlow will
make this comfortable 12-mm eyepiece into a comfortable 6-mm eyepiece.

What should a buyer look for in a Barlow? Single-lens-element models may work
okay, but it is best to choose a multielement achromatic or apochromatic Barlow to
keep from adding spurious color to the eyepiece. The Barlow should be well built with
awell-blackened barrel interior to prevent stray reflections. One that holds eyepieces
in place by means of a compression ring instead of a setscrew is also desirable
since a compression ring will hold heavy eyepieces more securely and will not mar
their barrels like a tightly cranked-down setscrew. Finally, choose a Barlow in an
appropriate “power.” The 2x Barlows, which double an eyepiece’s magnification, are
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most common, but 1.8X and 3X ones are also commonly available. An SCT owner
should probably stick with the lower-power models since a 3x will not be very usable
with most eyepieces except on nights of the best atmospheric seeing.

As for which specific Barlow, this is a golden age for this device, and all the models
tested recently, even very inexpensive imported models such as Orion’s $40 Shorty
Barlow, performed well optically. The main difference between cheap and expensive
Barlows is in their mechanics—things like barrel baffling, setscrews, and compression
rings. Do you want the best? TeleVue makes Barlow lenses in both 1.25- and 2-inch
models that are as renowned as their eyepieces. The 2-inch Big Barlow is not cheap at
just over $200, but it is about as good as a conventional Barlow gets. The company also
makes a superpremium model, the TeleVue Powermate. It is a top-of-the-line two-
element model that also features a two-element corrector lens assembly for a total of
four lens elements. It is even more expensive than the Big Barlow, at about $300 for
the X2 2-inch version (1.25-inch versions with powers up to x5 are also sold), but it
is famous for excellent images, especially in high-power planetary imaging.

Focal Reducers and Reducer/Correctors If only there were such a
thing as a reverse Barlow. For years SCT users, who sometimes felt saddled by the
CAT’s long focal length, dreamed of a magic lens that would decrease a scope’s effec-
tive focal length instead of increasing it. It is easy enough to get high power out of
an SCT by adding short focal length oculars and high-power Barlows. It is harder
to get low-power and wide-angle views from {/10 telescopes. Low-power eyepieces
are expensive when they are really good, and these long focal length oculars can
be uncomfortable to use because of their long eye relief. Simple lenses called focal
reducers have been around years and do decrease the SCT’s focal length. Unfortu-
nately, these lenses do not work very well. What good is increasing the field of view if
the stars at the edge of that field look like comets, even in expensive eyepieces?
Nothing much changed until the late 1980s when Celestron enlisted the efforts
of master telescope and optics maker Jim Riffle to design a reducer that would not
just be a reducer; it would be a reducer/corrector (r/c). The Celestron r/c (Plate 39)
(Meade also sells one) is a two-element lens in a special housing that screws directly

Plate 39. (Assorted
Accessories) A few of
the accessories amateurs
find themselves constantly
buying, (I - r) Lumicon
UHC LPR filter, Celestron
f/6.3 reducer/corrector,
Thousand Oaks OIll LPR
filter, Meade 12mm illu-
minated reficle eyepiece,
Lenspen, Celestron LED
astronomer’s flashlight.
Credit: Author.




Accessorizing a CAT w

onto the rear port of an SCT. The threads on the other end of the r/c duplicate the
SCT’s rear-port threads, so anything that can be attached to a normal SCT port can
be screwed onto the r/c. What is the magic of the r/c? It takes an /10 SCT and turns
itinto an {/6.3 scope. With the r/c in place, a 25-mm eyepiece yields 50x (rather than
80x as it would at f/10) and delivers a concomitantly wider field. That is not all. The
r/c also flattens the SCT’s naturally curved field. Amazingly, stars at the edge of the
field look better with an r/c in place than without it—in any eyepiece.

The r/c is a remarkable device, but it does have a few minor drawbacks. First,
while the Celestron and Meade r/cs will work in any SCT, they seem to work best
in 8-inchers. Field-edge correction in the larger telescopes does not seem quite as
good. Also, r/cs, while usable for imaging, can cause vignetting with larger CCD
(charge-coupled device) chips (those that approach 35-mm film frame size, like the
sensors of digital single-lens reflex cameras). A photo taken with a large-chip camera
through an r/c may be slightly darker at the edges and corners than it should be.
Visually, an eyepiece with a longer focal length than about 32-mm may also show
this vignetting. Despite its few faults, the r/c is a remarkable and remarkably useful
accessory, especially given its reasonable price, about $130 for either the Celestron
or the (apparently identical) Meade version.

Dew Shields Lucky astronomers do not just live where the sky is dark; they live
where the atmosphere is dry. For CAT owners who observe where humidity is high
and the dew point is low, dew is a huge roadblock on the path to productive observ-
ing. What happens to that big glass lens on the end of the scope when it cools below
the dew point? It fogs up. Soon thereafter, it will be dripping wet, and the observing
run will be over. In some parts of the world, like the southeastern United States, an
SCT that is unprotected from dew will become useless in little more than an hour
on many nights. How do southerners—or anybody else—keep dew from “falling”
on their CATs? A simple dew shield is the first line of defense.

“Simple” is right. A dew shield is nothing more than a plastic or metal extension
to the telescope tube that fits over the corrector end and shields the big lens from
some of the heat-sucking sky. The less of the sky the corrector can “see,” the longer
before it dews up. A dew shield also has the added benefit of protecting the optical
system from stray light (just like a lens shield on a 35-mm camera). A dew shield
is a common item and is probably the first accessory most CAT users should buy.
Meade and Celestron have sold them in the past, but today most U.S. amateurs are
buying the nicely crafted Astrozap dewshields (Appendix 1), which are available
either in metal painted to match the telescope’s tube or as “flexible shields,” flat
plastic sheets that can be formed into a tube, fastened in place with Velcro, and
slipped over the corrector end of the tube. In the United States, Orion also sells
flexible dew shields, and a Google search will turn up a host of other makers of
these simple accessories.

Dew Zapper Guns Outside the lowest-humidity areas, a dew shield alone
will not be enough to allow all-night observing runs. The second line of defense is
the dew “zapper” (). What is a zapper? That depends on where it is bought. At an
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astronomy store, it will be sold as a “dew removal gun.” Anywhere else, it will be
known as an automobile window defogger or 12-volt hair dryer. And that is actually
the best description: a little 12-volt hair dryer. These devices put out amazingly little
heat, but that is perfect for our purposes. High heat is not needed and can cause a
corrector to deform slightly and produce poor images until it cools again. When dew
begins to creep onto the corrector (halos will begin to appear around bright stars),
fire up the zapper. Just a minute or two of use is enough to dry the corrector unless
things have gone too far.

What if you cannot find a zapper for sale from an astronomy dealer or do not
want to pay what one costs at the scope store? Check boating and outdoors suppliers
where, as mentioned, these devices are sold as window defrosters and hair dryers.
What if you cannot locate one there either? In a pinch, a plain old hair dryer can
work if there is a source of 117-volt AC available. Just do not set the blow dryer to
“high” and pump 2,000 watts onto the corrector. Using the lowest setting, hold the
dryer a couple of feet from the corrector plate and keep moving it continuously.
That will get the job done without ruining “local seeing.”

Dew Heaters In the most humid areas, it may be necessary to go to the third line
of defense in the war against soggy corrector plates: dew heaters. A dew zapper will
work at the worst locales, but most observers soon tire of zapping the corrector every
10 minutes or so when dew is heavy. Dew heaters are the ultimate fix (Plate 40). They
are narrow cloth bands that can be wrapped around the corrector end of the tube and
fastened in place with Velcro (Velcro really is the astronomer’s best friend). Heating
elements made from resistors or resistive “heat rope” are sewn into these bands. Each
heater strip has a cable that connects to a control box, usually via a phono-style (RCA)
plug. In the past, some dew heaters were powered with AC current, but these were
unreliable and even dangerous. All dew heaters sold today are DC powered.

For years, the answer to, “Where do you get a dew heater system?” was, “From
Jim Kendrick.” Kendrick, a Canadian amateur, did not invent dew heaters, but he
was the first to integrate them with a control box that allowed users to adjust the
heat applied to the corrector. His Kendrick System (Appendix 1) is still popular with

Plate 40. (Dew Fight-
ing Tools) Dew fighting
tools. Left to right: Dew-
Buster heater controller,
Kendrick 8-inch heater
strip, 12 volt dew zapper
gun.” Credit: Author.
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amateurs, and in addition to his original controller, he now offers a digital model
that senses ambient temperature and applies just the right amount of heat to the
lens, saving battery power and preventing seeing effects.

Actually, Kendrick was not there first with a temperature-regulated dew con-
troller. A creative amateur, Ron Keating in Louisiana, did that with his DewBuster.
The DewBuster uses a probe to provide temperature feedback to the control box.
The user sets the system to a desired temperature above ambient, and dew is a
thing of the past. The top-of-the-line Kendrick temperature-regulated Premier
controller costs $350, while the DewBuster is $160. It should be noted, however,
that the Kendrick can be interfaced to a computer; the DewBuster cannot. The
Premier also features a much more sophisticated control panel and display—if
that is important to you. A basic non-temperature-controlled Kendrick can still
be had for less than $100.

The heater strips themselves can be purchased from Kendrick, with an 8-inch cor-
rector heater costing about $65. DewBuster does not make heaters at this time, but
Kendrick heaters work fine with it. Also available are the cheaper but still effective
8-inch heater strips sold by Dew-not for about $40. Both Kendrick and Dew-not
sell heaters in sizes for any aperture CAT. Eyepieces, finders, and other accessories
can also dew up, and both companies also make heater strips for these devices. Ken-
drick’s and DewBuster’s controllers have multiple outlets that allow the box to run
multiple heater strips.

Flashlights

Another mandatory item for the CAT user is an astronomer’s flashlight. Just any
flashlight will not do for reading charts, operating the telescope, assembling/disas-
sembling the CAT before and after the “run,” and performing the other tasks that
must be done on dark fields. The perfect astrotorch puts out a pure red beam that
is dim enough not to harm dark adaptation. A too-bright red light can be nearly as
harmful to night vision as a white light.

What to do? Some novices try covering the lens of a standard flashlight with layers
of red cellophane or transparency film. That works but is not an optimum solution.
Usually, the light is either too bright or too dim, and it is rarely very red. The best
choice is a red light-emitting diode (LED) light sold specifically for use in astronomy
(Plate 40). These flashlights give off a very pure light, are usually equipped with a
dimmer control that will allow them to be adjusted for optimum illumination level
and include features of vital interest to observers—such as neck straps—that are not
common in “normal” flashlights.

Any astronomy seller will have scads of red lights for sale. Anacortes Telescope
and Wild Bird, for example, lists 15 different astronomy lights on their Web sites.
Which one is best? A good flashlight has both red and blue (or white) LEDs. With a
flip of a switch, these can be changed from red to blue/white, helping you walk back
to a cabin, tent, or car safely when you are done on the observing field. A current
favorite is the Rigel Systems Skylite ($31). It has all the features you would want, four
LEDs (two red, two blue-white), a strap, a dimmer control, and a sturdy housing.
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It gives off a great deal of light when it is needed, but since it uses LEDs, it is very
miserly in its consumption of batteries. There are plenty of cheap imported clones
of the Skylight, but the genuine Rigel is by far the best.

Star Charts and Atlases

Who is still interested in paper star charts in this day of computerized planetar-
ium/mapping programs? The traditional nonvirtual star atlas is dead as a doornail,
right? Hardly! There are actually more print star atlases available now than there
ever have been. Some amateurs do not own laptop computers, and not everybody
who does wants to haul one out to a damp observing field. Sure, it is possible to print
maps on a printer and take the hard copy onto the field, but many observers still like
the convenience of a book of charts that covers the entire sky.

What is desirable in a set of star charts? Let us mention what not to get first. Avoid
“mag 6” atlases. These charts only show stars as dim as magnitude 6 (lower magni-
tude numbers are brighter), which is the limit of naked-eye visibility. Forty years ago,
books like the magnitude 6 Norton’s Star Atlas were the principal tools of amateur
astronomers, which is probably why we did not see many deep sky objects back then.
The problem with them is not only that they do not show many of the thousands of
deep sky objects visible in an 8-inch CAT, but they also do not show enough stars for
star hopping to objects if a go-to scope is not being used (or if a go-to computer is
acting cantankerous). There are plenty of good magnitude 8 atlases out there, and
that is what is recommended both for go-to and non-go-to scope owners.

There are three books of charts—star atlases—in wide use by amateur astrono-
mers today: Sky Atlas 2000 (Wil Tirion), Uranometria 2000 (Wil Tirion, Barry Rap-
paport, and Will Remaklus), and The Millennium Star Atlas (Roger W. Sinnott and
Michael Perryman). Sky Atlas 2000 is the baseline. It offers 81,312 stars and 2,000
deep sky objects. The 2,000 may not seem like many objects compared to the 100,000
or more contained in the average computer atlas, but it is guaranteed that it will
take a long time to work through those 2,000 with a C8. Sky Atlas 2000 is available in
several editions, but perhaps the best is the deluxe, which is comprised of twenty-six
21 X 16-inch, spiral-bound, white-sky charts printed in color. Sky Atlas 2000 is also
available in a field edition, with white stars on a black sky, but this is much harder to
decipher under a dim red light than dark stars on a white sky.

For years, Sky Atlas 2000 was the deepest of the deep. But then came the two-
volume Uranometria 2000 to kick things up a notch. Uranometria includes an amaz-
ing 332,000 stars brighter than magnitude 9.5 and over 10,000 deep sky objects. To
go this deep, Uranometria is composed of 259 charts that are 9 X 12-inches. Although
this atlas is ideal for star hoppers, the small scale of these charts, 1.4° per inch, means
a lot of page flipping is required to find objects of interest. Many Uranometria users
keep a copy of Sky Atlas 2000 at hand to help them “navigate.”

Do you want deeper still? The Millennium Star Atlas goes down to magnitude 11
(1 million stars) and contains 10,000 deep sky objects. This atlas is even fatter than
Uranometria, with three volumes packed with 1,548 charts that are 9 X 13-inches.
However, at this level, computer star atlases become more practical. A few clicks will
center you on an object that would have taken a half hour of squinting and page
flipping in Millennium.
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Batteries

Unless all observing will be done from home, batteries will be needed to power a
current-hungry go-to scope. Even if all viewing is from the backyard, it may still be
more convenient to power the CAT with a 12-volt DC source than to worry about
extension cords and AC outlets. What is needed in a scope battery is current capacity.
Batteries are rated for their capacity in “amp hours.” If, for example, a manufacturer
says a battery has a capacity of 12 amp hours, it will potentially deliver 1 amp of
current for 12 hours. It could deliver less current—say 500 milliamps—for a longer
time. The recommended lowest current capacity for the average go-to telescope is 17
amp hours. Not only are modern telescopes power hungry when slewing at high
speed—often drawing more than 1 amp—the amp hour rating of a battery is only a
ballpark estimate. If there is a frequent 1-amp current draw, a battery will likely lose
current well before 17 hours elapse. And, 17 amp hours is a very commonly available
capacity for batteries.

What is the best type of scope battery? A jump starter is—portable sealed lead-
acid batteries are designed for jump starting cars with dead batteries. One feature
common to all these units is 12-volt DC cigarette lighter receptacles, which makes
them perfect for use at the scope since most scope DC power cords have cigarette
lighter-style plugs. Jump starters often have other frills: built-in chargers, built-in
lights, sometimes even built-in radios. Jump starter-style battery packs are available
from scope retailers, but the best bet is an automotive discounter.

If you are like your old Uncle Rod, though, you are powering more than just a
scope. There is the dew heating system and the laptop. Don’t forget the CCD camera
and the DVD recorder. For high-current situations, forget jump start packs and go
with what we down here call a “trolling motor battery” (deep-cycle marine battery).
Deep-cycle marine batteries with current capacities in the 75-amp hour range cost
about what a 17-amp hour jump starter does. Deep cycle means that the battery can
be completely discharged without harm, something that may come in handy for the
CAT user on an observing field far from AC outlets for charging. As always, there
are a few penalties for more-better-gooder. Marine batteries are heavy, and a good
charger will also have to be purchased to go along with one. If “plenty of power” is the
requirement, though, they cannot be beat. For more information on battery buying
and care, see the CAT hacking chapter, Chapter 12.

Nice-to-Have Accessories

2-Inch Star Diagonals

It was mentioned that 2-inch barrel-format eyepieces will, naturally, require a 2-inch
star diagonal in the telescopes. There are numerous 2-inch diagonals on sale from
numerous companies, but before deciding on which brand to buy, a prospective user
of 2-inchers must also decide which style diagonal to purchase; 2-inchers come in
two distinct flavors: SCT and refractor.
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SCT diagonals are made expressly for our CATs, and as shown in Plate 41, incor-
porate an integral threaded ring that allows them to screw directly onto the scope’s
rear port (or a reducer/corrector). The other type, the refractor style, looks just like
an oversize 1.25-inch diagonal. It has a plain barrel that is designed to be inserted
into a refractor’s focuser. Since there is no threaded ring and a 2-inch barrel will not
fit into a standard visual back, another item is needed before a refractor diagonal
can be used with most SCTs (Meade Microfocuser-equipped SCTs accept 2-inch
refractor diagonals directly), an inexpensive accessory called a 2-inch adapter or,
interchangeably, a 2-inch visual back. Whatever it is called, this item is nothing more
than a threaded tube that can be screwed onto the rear port and into which 2-inch
devices can be inserted. One also features a setscrew or compression ring to hold the
diagonal or other item in place. If possible, choose a model with a compression ring
to best hold the 2-inch diagonal and eyepiece combination securely.

Which style diagonal is best? Both work fine. In the past, users were often advised
to choose refractor diagonals since until recently there was a larger selection of qual-
ity models available in that style. Today, very high-quality SCT 2-inch diagonals have
become available from companies like William Optics and TeleVue, and an SCT-
style diagonal is often more convenient since there is no 2-inch visual back to install
and keep up with.

In addition to choosing the style of diagonal, you must decide on the coating
type. A standard aluminized diagonal’s mirror will reflect about 88% of the light
that strikes it. Premium dielectric-coated diagonals like William Optics Dielectric
Carbon Fiber diagonal ($168) can reflect as much as 99% of incoming light.
Dielectric coatings achieve this high reflectivity thanks to their multiple layers of
different and sometimes-exotic materials. The choice of material for these layers
allows manufacturers to tune diagonal mirrors for maximum reflectivity in visible
light. Is a dielectric diagonal worth the extra money (about $100 more than standard
aluminum)? That depends. There is not much difference visually between an 88%
diagonal and a 99% diagonal, but there is some.

Is a 2-inch diagonal something a new SCT user needs? Only if 2-inch eyepieces
will be used. A 2-inch diagonal will offer no improvement over a 1.25-inch model
of similar optical quality. Think long and hard before buying a 2-incher if only

Plate 41. (2-inch Star
Diagonal) William
Optics 2-inch SCT-style
dielectric star diagonal.
Credit: Author.




Accessorizing a CAT y

1.25-inch eyepieces will be used. Sure, 2-inch diagonals come with 1.25-inch eyepiece
adapters, but 1.25-inch eyepieces do not always work well in 2-inch diagonals. These
adapters may place some 1.25-inch oculars far enough back that they will not reach
focus. This problem is exacerbated with a reducer/corrector in place.

Forgoing a 2-inch star diagonal does not mean sticking with the cheap diagonal
that came with the scope. The 1.25-inch models are every bit as good as the top
2-inchers that are available from William Optics, TeleVue, Astro-Physics, and other
manufacturers. Dielectric 1.25-inch diagonals are also relatively inexpensive, costing
as little as $80. Which is best, a prism or mirror diagonal?. Although 2-inch diagonals
almost always use mirrors, 1.25-inchers sometimes use prisms to divert the incom-
ing light 90°. Mirror diagonals are easier to make well than prism diagonals and are
usually better optically for that reason.

The Denkmeier Power x Switch Diagonal

What is the ultimate star diagonal? It is not one of the fancy dielectrics from William
Optics or TeleVue; it is the Denkmeier SCT Power x Switch. Denkmeier, a small U.S.
company, established itself with amateurs with its high-quality yet reasonably priced
binoviewers. It has now expanded its line of accessories with several interesting products,
the most remarkable of which is the Power x Switch.

The Power x Switch 2-inch diagonal in Plate 42 includes a high quality dielectric
diagonal, but that is just for starters. It also provides two “power switches” (slides,
actually), seen on either side of the diagonal housing. Pushing the switch on the left
introduces a high-quality Barlow into the light path and increases the current
eyepiece’s magnification by x2. Pull the switch out and slide the right switch into
place, and a x0.5 reducer moves into the light path, halving an eyepiece’s magnifica-
tion. Images in this reducer seem nearly as good as those produced by the Meade and
Celestron reducer/correctors. What is the true beauty of the Power x Switch? You can
sit and observe, changing magnifications without having to change eyepieces or insert

Plate 42. (Denkmeier
Powerswitch) The
ultimate star diagonal?
Denkmeier SCT Power-
switch diagonal. Credit:
Author.
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Barlows. This will encourage you to try a wide variety of magnifications on difficult
deep sky objects, often with startlingly good results. In the past, removing an eyepiece
or fumbling with a Barlow meant you might wind up losing a difficult object.

No, the Power x Switch is not cheap. The SCT model goes for nearly $400. That is
alot, true, but it may enable many CAT users to forego buying yet another Nagler or
Uwan. The easy-to-use reducer and Barlow of the Power x Switch effectively triple
an eyepiece collection. You can go an entire week at a star party and use only two
eyepieces in the Power x Switch. Besides, it is just so cool. Sitting there at the observ-
ing position of your Powerswitch-equipped go-to SCT, you will feel like Kirk on the
bridge of the Enterprise: “More power, Scotty!”

Observing Chairs

It has been mentioned several times how nice it is to be able to sit and observe, which
is one of the things that makes a CAT a great choice for an amateur astronomer.
Okay, what are you going to sit on? The prime requirement for an observing “stool”
is that it be light and adjustable. The eyepiece height of a CAT does not change much
as the scope moves across the sky, but it does change. The time-honored solution has
been a drummer’s “throne,” one of the adjustable stools used by musicians. These
are almost perfect for astronomers, but not quite. Although they are adjustable, the
range of adjustment is usually small, and changing height usually means fussing
with bolts and nuts in the dark. Astronomy dealers sell drummer’s throne observing
chairs for around $50. They can also be bought in music stores, of course, but sur-
prisingly, they tend to be more expensive there than in astronomy stores.

If a drummer’s throne does not make a perfect observer’s chair, what does? Look
for something similar to the one in Plate 43, the Astro Chair from Buyastrostuff.
com. This odd-looking little stool is light and easily adjustable. To change the height
on this one and similar types of chairs, just tilt the seat up and slide it up or down
in the “rails.” Observing seats like this are sold by several astronomy manufacturers,
and almost identical ones can be found in industrial supply houses, where they are
sold as “utility chairs.” However, the Buyastrostuff model offers the best price/per-
formance ratio. Their version weighs a mere 10 pounds, is very sturdy, is adjustable
in height from 18 to 32-inches, and costs a reasonable $105.

Observing Tables

You can use the Buyastrostuff chair as a place for yourself, but what about a place
for your astrostuff? You could use a compact but capacious observing table. One
choice is a folding-leg card table. These are easy to transport with the legs folded up
and provide adequate space. Several astronomy dealers, including Orion, sell simi-
lar small tables with work surfaces that roll up into amazingly small packages. To
do that, their surfaces are made of slats, however, which are not overly sturdy. The
standard card table is sturdier, even if it takes up a little more room. Maybe even bet-
ter are folding camp tables found in outdoor stores. The tops of these tables unfold
in the middle and give twice as much space as a card table.
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Plate 43. (Observing
Chair) Buyastrostuff.
com'’s inexpensive but

effective observing chair.
Credit: Author.

Supplementary Finders

Why worry about a finder scope? Most scopes sold today are go-to jobs. Beyond
sighting alignment stars, a good finder can come in handy for go-to users on those
not-unheard-of occasions when the scope computer misses a target. They can
also be useful for finding objects the old-fashioned way—by star hopping, per-
haps to objects not in the hand control’s database. Although all go-to telescopes
come with finders of some sort, these may not be adequate for much beyond sight-
ing alignment stars. When it comes to a better finder for a scope, there are essentially
two choices: zero power and optical.

Many lower-priced go-to telescopes come equipped with zero-power finders,
most often of the red-dot variety. This type finder works okay, but it can be dif-
ficult to accurately place a small dot in just the correct position among the stars. A
better zero-power unit is the Telrad ($40). The late American amateur astronomer



IS' Choosing and Using a New CAT

Steve Kufeld came up with what was the first commercially marketed zero-power
finder, the Telescope Reticle Aiming Device—Telrad. Through clever use of a red
LED-illuminated reticle and a beam-splitter window, the Telrad seems to project a
bull’s-eye onto the night sky. The three concentric circles that form this bull’s-
eye represent angular distances in the sky of 4°, 2°, and 0.5°. These circles, seeming
to float among the stars, make aiming a telescope simple and intuitive. There are no
upside-down images to figure out as in a finder scope. The reticle circles make it easy
to position the telescope accurately when searching for dim deep sky objects. The
Telrad mounts on a rectangular plastic base that is affixed to a telescope’s tube by
included double-sided tape.

The Telrad is not the perfect solution for star hopping, however. It does not collect
more light than the unaided human eye and thus will not show stars dimmer than
those that can be seen with the naked eye. That may make it difficult to find objects in
star-poor areas. A good-size optical finder, one with an aperture of at least 50 mm, is
a nice addition to a telescope equipped with a zero-power finder or replacement for
one of the too small 30-mm finder scopes that come with less-expensive telescopes.
A 50-mm will show stars down to at least magnitude 8, which includes every star
plotted on Sky Atlas 2000. Good finders are not expensive, either, with decent Chi-
nese-built models going for $75 or less.

Optical finder scopes are fine, but many amateurs do not like the way a normal
finder telescope inverts its image or the way optical finders make a person contort
his or her body to look through them when the scope is pointed near the zenith.
Orion U.S. has a solution. Its 9 X 50 mm RACI (right angle correct image) finder
yields an upright image of the sky with a comfortable built-in star diagonal that
delivers images correct right to left so what is visible in its eyepiece exactly matches
what is on charts. This is accomplished by an “Amici”-style prism contained in the
finder’s built-in star diagonal. The RACI works well, and at $80, it is not much more
expensive than a normal “straight-through” finder scope.

Vibration Suppression Pads

A shaky scope is not much of a scope. What is the cure? A new mount might fix
things, but that means spending more money. Some people do not like the idea
of removing the tube from an otherwise-nice fork mount to place it on a GEM
just to cure the shakes. Do not worry; Celestron, Meade, and Orion will sell the
shaky-scope owner an accessory to cure the problem (it is a shame they cannot
just upsize their tripods a wee bit): little pads that can be placed under the tips
of tripod legs to reduce vibration. These vibration suppression pads feature a
metal cup isolated from the rest of the pad by vibration-absorbing Sorbothane
material. When tripod leg tips are placed in these cups, vibrations are greatly
reduced. This is a simple but effective idea and can reduce a telescope’s “settling
time” from a bad 10 seconds to a good 2 seconds, which may be just as much of
an improvement as would be gained by placing the OTA on a fairly hefty GEM.
One thing is sure: These pads cost a lot less than a new mount. Expect to pay
about $50 for a set of three.
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Filters

Light pollution reduction (LPR) filters can be described as “frills” for observers
blessed with dark skies, but for those of us living in urban and suburban areas, they
are almost as important as eyepieces—for viewing some objects, anyway. What is the
story on LPR filters (Plate 39)? It is important to know what they will not do first.
The beginner, seeing advertisements in the astronomy magazines for LPR or “deep
sky” filters, naturally thinks his or her problems with bright skies are over. Screw one
of these things onto an eyepiece, and all those wonderful galaxies, nebulas, and star
clusters will pop right out. Would that were so. LPR filters can help, but only with
some types of objects and only to an extent.

Understanding the capabilities and limitations of LPR filters requires an
understanding of how they work. To the eye, one appears to be nothing more than
a darkly tinted red or blue piece of glass, no different from any other filter used
in astronomy or photography. In reality, LPR filters are made by a considerably
different process. They consist of an optically flat piece of glass that has had multiple
layers of reflective material deposited on one surface in a vacuum chamber. Each
layer reflects a different set of wavelengths of light. Light enters the filter from the
telescope’s optical system (filters are normally screwed onto the field lens end of the
eyepiece) and hits the filter. The “good” wavelengths pass right through and into the
eyepiece. The “bad” wavelengths—especially those from mercury vapor and sodium
streetlights—are reflected away. Manufacturers choose filter coatings based on the
wavelengths they wish to admit and exclude. This should make it obvious that LPR
filters don’t make objects brighter. They improve contrast between deep sky objects
and the background sky by suppressing the light pollution wavelengths that make
the sky bright.

That all sounds good, and LPR filters do work, but they have some severe limita-
tions, the most serious being that they do not work on all objects. Unfortunately,
light emitted by stars falls into the same range of wavelengths as that from earthly
light sources. This means LPR filters are nearly useless on star clusters. The light
from the stars making up these objects is rejected along with earthly light pollution.
Galaxies are also made of stars, so LPR filters do not help them, either. One manu-
facturer is now offering a supposed “galaxy filter,” but nevertheless LPR filters are
only effective on planetary and diffuse nebulas. Period.

Do you still want an LPR filter? Prepare to be confused by the large number of
different types and brands available. A little study of the magazine ads, however,
reveals that they come in three “flavors” that represent their passbands. Passband
is a forbidding-sounding word, but the concept is simple. A light pollution filter’s
passband refers to the range of frequencies of light allowed to pass through it. Filters
are available with wide (broadband), normal (medium), and narrow (line-filter)
passbands. Each type is different and is suited to a different application. Most types
of LPR filter are available in either 1.25- or 2-inch formats and are marketed by
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a number of companies in the United States and Europe, with Lumicon, TeleVue,
Orion, Thousand Oaks, and Baader Planetarium leaders in the field.

Broadband Filters

Mild broadband filters allow the widest range of wavelengths to pass through them.
Compare one of these to other types of deep sky filters by holding it up to a lamp;
you will see that it looks “light” in comparison. These LPRs are referred to as mild
filters because they have the least effect on deep sky objects. There is a contrast boost;
some light pollution is being stopped, but the increase is less than in other LPR types.
Lumicon’s Deep Sky filter is a mild filter, as is Orion’s Skyglow model.

Why would anybody want to buy the least-effective type of LPR filter? One reason
is that broadband filters can be used in picture taking. Although the narrower filters
are sometimes used in deep sky photography, they are so dense that they require
long exposures even on bright objects. Another reason to choose a wideband filter
is because, in the opinion of some observers, they can improve views of galaxies
and star clusters. It is said that these filters darken the sky background just enough
to make galaxies look better without dimming their stars too much. Personally, I
have never seen much—if any—improvement in galaxies or star clusters with one
of these filters.

Medium Filters

Medium filters, represented by Lumicon’s UHC and Orion’s Ultrablock, are the
bread and butter of deep sky observers. They are characterized by narrower pass-
bands than the mild filters. More bad light is blocked, and they have a more notice-
able effect on contrast. The improvement they bring to nebulas is truly dramatic.
They also tend to work well on a wide variety of objects, from diffuse nebulas to
planetary nebulas to supernova remnants. What are the trade-offs? The stars are
dimmer in these filters than they are in the broadbands, making some fields a little
less attractive than they would otherwise be. M42’s nebulosity, for example, stands
out beautifully, but the wondrous bright stars embedded within it are dimmed. A
UHC, Ultrablock, or equivalent is the best filter for most objects and is probably the
one to get first.

Line Filters

The passbands of line filters are narrower still. The best known of this class is
the OIII (“oh three”), which is a very-high-contrast filter. By the judicious applica-
tion of many reflective layers, the manufacturers produce a narrow (10-nanometer)
passband centered on two Oxygen III nebula emission lines at 496 and 501 nm. What is
this Oxygen II1? Why is it desirable? Oxygen III is the light of doubly ionized oxygen. It
is often referred to in astronomy texts as the “forbidden lines.” What is important for
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the SCT user to know is that this wavelength of light predominates in many nebulae,
especially planetary nebulae.

The OIII filter is truly amazing. My Lumicon OIII, when used with my 8-inch
SCT, for example, has been able to turn the dim Owl Nebula (M97) from an almost
invisible smudge to an easily observed showpiece object in the city. It can improve
the appearance of almost any nebula, and not only from bright suburban skies but
also from the darkest of dark sites. One of my fondest observing memories is of the
Bridal Veil Nebula in Cygnus (NGC 6960) as seen in an OIII filter from dark skies.
The filter made this already interesting object into a thing of unending wonder. I
spent at least an hour panning my CAT up and down the Veil’s wispy tendrils!

But there is always that piper to be paid. The OIII is not a filter for everyone. The
OIII actually extinguishes dimmer field stars. There is no doubt that this makes many
fields unattractive. Another disappointment with this filter is that it does not “work”
on every nebula. Most nebulas, diffuse and planetary, do enjoy a boost from an OIII,
but those that lack substantial OIII emission are not helped very much—if at all.
Sadly, the greatest nebula in the northern skies, M42, is one of these. It always looks
poorer with an OIII than without. Also, some observers think the OIII imparts too
much contrast to objects, that nebulas tend to look “cartoonish” and “not real” in the
OIIL. Finally, because of its density, the OIIl works best with telescopes of 8-inches
aperture and up.

The OIII is not the only line filter out there. Another is the hbeta, the “Horsehead
filter” This one has its passband centered on the red light of hydrogen. This emis-
sion predominates in the very dimmest of dim nebulas, such as the faint, legendary
clouds like the Horsehead Nebula in Orion (B33/IC 434) and the California Nebula
in Perseus (IC 1499). Although the hbeta filter can do a surprising job on these
nebulas and a few others like them, it does not work on much else. An hbeta is not
a filter to use every night. The Horse will not be visible from a light-polluted back-
yard with a C8 hbeta or no hbeta. The Celestial Nag did show with this filter and a
Cl11, but only with extreme difficulty and only from the superbly dark skies of the
Chiefland star party.

Should novices consider a line filter? A beginner should probably acquire an OIII
as a second filter, after a medium-strength filter such as the UHC, and an hbeta as a
“third-if-ever” buy.

How much do these things cost, anyway? This depends on the brand and type but
expect to pay about $75 to $100 for a 1.25-inch and $150 for a 2-inch. As is the case
with all other astrogear, Chinese imports are beginning to drive LPR prices down.

Color Filters

Color filters similar to those used by terrestrial photographers are available for visual
use in astronomy. They will not do anything to help with the deep sky, but they can
be a useful tool for solar system observers. An 80A (blue) filter, for example, can help
bring out Jupiter’s cloud bands. A red (25) filter can reveal surface detail on Mars.
What do numbers like “80A” mean? They are Wratten numbers that specify color
and density. One great thing about color filters is that they are cheaper to make and
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sell for less money than LPR filters. For example, a set of six is available from Orion
for $125, less than the cost of one LPR filter. Do colored filters help you see more?
Probably not, although some planetary observers swear by them. As they say on the
Internet, “YMMV” (your mileage may vary).

Solar Filters

If done safely, solar observing can be a joy. Old Sol, especially at the height of the
11-year sunspot cycle, is endlessly fascinating. How does the CAT owner observe the
Sun safely, so that neither eye nor telescope is harmed? This is possible using a full-
aperture solar filter from a reputable manufacturer. A full-aperture filter fits securely
over the corrector assembly and reduces the intensity of the Sun to a level that is safe
for visual observing. The finder scope on the CAT should be left capped or removed
so no one is tempted to use it. Find Sol by observing the shadow of the scope. When
it is smallest, the Sun should be in the field.

Safety of the telescope also needs to be considered. Keep the CAT safe by ignoring
the advice found in older astronomy books. They usually suggest “projection” is the
safest way of observing the Sun. Projection is easy: place an eyepiece in the telescope,
hold a white card a suitable distance behind it, point the scope at the Sun, and view
the projected image of Sol. The problem is that a closed-tube SCT or MCT heats up
very quickly, when the unfiltered Sun is allowed into the OTA. In almost no time,
temperatures can climb high enough to cause severe damage. The secondary mirror
holder can warp or melt, the baffle tube can be burned and distorted, and lubricants
can vaporize and condense on the mirror and corrector. So do not use a CAT for solar
projection.

What is visible with a safe solar filter? One thing that will not be seen is a solar
prominence. The great fountains of fire spewing out from the solar limb require a
very expensive hydrogen alpha filter for viewing. What a normal white light filter will
mostly show are sunspots and the granulated “faculae” that form the Sun’s photo-
sphere. Truly, this is enough. Sunspots can be amazing, forming huge complexes that
slowly move across the Sun’s disk as it rotates. When things are hopping on the Sun,
different, often bizarre-looking sunspot groups are on display almost every day. Occa-
sionally, a solar flare may be intense enough to be visible in white light, but that is a
fairly rare occurrence.

The first question a prospective solar filter buyers usually asks is, “Mylar or glass?”
A solar filter’s substrate can be either optical glass or thin sheets of Mylar plastic. It
seems natural to expect glass filters to be better optically, but surprisingly, that is
not the case. Mylar filters are capable of producing sharper images than glass ones.
Mylar solar filters are made of (usually) two sheets of the plastic material stretched
loosely across a filter cell that is fitted over the telescope’s corrector assembly. Despite
their wrinkled appearance (tightly stretching the Mylar in its holder to eliminate wrin-
kles actually harms filter performance), they deliver fine images.

The major problem with Mylar filters is that they do not produce a realistically
colored image of the Sun. Glass filters often deliver a yellow or orange Sol, but most
Mylar filters deliver a bluish or greenish image. In practice, that is not really a prob-
lem. As long as appropriate detail can be seen, who cares if the Sun is blue? If that is
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annoying, though, an appropriately colored eyepiece filter (used in conjunction with
the solar filter, naturally) can give the Sun a more normal hue. Since they are made
of thin plastic film, Mylar filters tend to be less durable than glass ones, but with
reasonable care one filter should last for years.

Which filter, specifically, is best? If Mylar is the choice, one filter (or material)
stands out: Baader Planetarium’s AstroSolar film. It is available from various dealers
mounted in filter cells for various aperture telescopes, but it is also commonly sold
as unmounted film with instructions for building a simple cell that will fit snugly
and safely over the corrector. The views of the Sun produced by AstroSolar film
are probably superior to that of the best and most expensive glass filters. The color
produced by AstroSolar is not natural, but it is not a disturbing blue or green, either,
being a faintly bluish gray. Baader AstroSolar film in a commercially made cell for a
C8 will cost about $100. Kendrick Astro Instruments sells AstroSolar filters in a huge
variety of sizes to fit almost any aperture and type of scope. Prices vary depending
on aperture.

Glass filters are still my choice, though, mainly because of their durability, and there
are excellent ones from Orion, Thousand Oaks, and other manufacturers. The glass
solar filter at the top of the list for quality, however, is the J. M. B. Identiview ($147 for
the C8 model). This filter (Plate 44) seems almost as good optically as the AstroSolar
film and presents a pleasing orange-colored Sun.

Plate 44. (Solar Filter) J. M. B.
Identiview solar filter ready for some
fun with old Sol. Credit: Author
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For the CAT Owner Who Has

Everything

Motorized Focusers and Rear-Cell Crayfords

Do you want to be able to focus an SCT without touching the knob and introducing
shakes? The SCT accessory makers know you do and have been making “motofocus”
units for years. JMI (Appendix 1) has been especially noted for its quality motorized
focusers for SCTs. These battery-powered motors slip over the focus knob (some-
times, the stock focus knob is removed and replaced with one included with the
motofocus) and provide remote focusing via a small hand control, or, increasingly,
with a laptop computer. Does the average CAT owner need one of these $150 gadg-
ets? The answer is probably not. They can be indispensable for imagers who just love
the fine no-shake focus action and remote capability they provide.

One thing a standard motofocus unit will not do, to the surprise of some novices,
is eliminate focus shift. There is no improvement at all. The image still moves in
the field as focus is changed. One add-on focuser can help, the Crayford. This roller
bearing focuser, originally developed for Newtonians, is now available for SCTs. It
is threaded onto a scope’s rear port, and an eyepiece, diagonal, or camera is inserted
into it rather than into a visual back or other adapter. Since it does not provide
the focus range of the SCT’s normal moving-mirror system, the regular focus con-
trol has to be used initially to get in the Crayford’s “range.” Once that is done, the
Crayford provides absolutely shift-free focus. Rear-cell Crayfords are available in
both motorized and nonmotorized versions, with JMI offering a motorized model
for about $450—somewhat pricey, but worth every penny for the planetary picture
taker struggling with focus shift at high power.

Binoviewers

One of the most wonderful experiences in amateur astronomy does not involve a
telescope: scanning dark skies with a pair of binoculars. Cruising along the Milky
Way with a pair of 7 X 50s or 10 X 50s, going from glittering star cluster to wispy
nebula, it is hard not to think this is the way deep sky observing was meant to be.

What makes binocular observing so pleasurable? One thing is a binocular’s wide fields,
but there is more to it than that. The main reason binocular observing is so much fun? You
are relaxed and using both eyes as nature intended, instead of squinting through one eye.
As has been said many times, the more relaxed you are, the more you will see. If only it were
possible to look through a CAT with two eyes.

Well, it is, with the aid of a device called a binoviewer (Plate 45). A binoviewer
is similar to the binocular heads used on some microscopes. Light that enters the
unit from the telescope is split into two paths by prisms and is sent to each of two
eyepieces. Observers who have not used a binoviewer sometimes question whether
this is a practical arrangement. Does not running the light through prisms and



Accessorizing a CAT

Plate 45. (Binoviewer) Denk-
meier’s binoviewer allows observers
to use both eyes while viewing, just
as nature intended. Credit: Author.

splitting it into two dim images mean that little can be seen at the eyepiece? Images
are dimmer in binoviewers than in a single-eyepiece setup, but in the best models
the loss is small. This light reduction does not do any harm in viewing the solar
system, and its effect on deep sky objects is surprisingly small in good binoviewers.

The ground truth is that you can see more detail more easily in any object using a
binoviewer than you can with a single eyepiece. The object may be dimmer, but you
still get a better view of it. A good example is the faint nebula just north of M42 in
Orion, the Running Man, NGC 1973. I had wanted a good look at this combination
of reflection nebula and dark nebula for a long time but never could get one, not even
in fairly large Dobsonians. One night under a dark Chiefland Astronomy Village sky,
just after receiving my first binoviewer, I gave NGC 1973 another try. I sent my go-to
Nexstar 11 to its location, focused up, and there it was. It was not even a difficult obser-
vation. I removed the binoviewer to be sure it, and not exceptional skies, was what was
making the difference. Sure enough, when I viewed with a single eyepiece—"“Cyclops
style” as the binoviewer fans call it—the Running Man disappeared.

All this does not mean that a binoviewer is necessarily for everybody. One stum-
bling block for many people is the fact that two “copies” of every eyepiece are needed
for the binoviewer. For best results, these must not only be the same focal length,
brand, and design, but also they should have been manufactured at close to the same
time. Eyepiece makers incorporate small changes in eyepieces from time to time,
which can cause problems for binoviewers. What kind of problems? These mainly
involve merging images.
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If there is something wrong with a binoviewer, the eyepieces, or the observer’s
eyes, it may be impossible to successfully merge two images into one. Instead of
seeing one Jupiter, there will be two. That is not only unattractive, it often leads to a
serious headache. Even with identical eyepieces and a binoviewer that is in perfect
optical alignment, some observers have considerable difficulty with merging. Try
to use a binoviewer at a star party before investing a lot of money in one.

How much will a binoviewer cost? Like everything else in astronomy, they have
gotten cheaper recently due to those ubiquitous Chinese optical factories. Orion, for
example, sells one for $170. These bargain units may not be a good investment, how-
ever. Binoviewers are not something to skimp on. Beyond the question of mechanical
quality—a binoviewer must have its optics perfectly aligned, and these optics must
stay perfectly aligned—there is the question of clear aperture. The small prisms in
inexpensive units mean longer focal length eyepieces will vignette; their fields will
be cut off. That reduces these binoviewers’” usefulness for observing wide, deep sky
vistas. That said, for the money, the Orion and similar units do a good job.

Be prepared to invest enough money for a setup that will allow the full binoview-
ing experience: merged, bright images of solar system and deep sky objects. Two
high-quality units are the TeleVue BinoVue ($840) and a personal favorite, the
Denkmeier Optical Denk II ($900). Denkmeier also makes a basic binoviewer, the
Standard, that performs almost as well as the Denk II at the more manageable price
of $350. The TeleVue and the Denkmeier are of excellent mechanical quality and use
top-quality optics with coatings that maximize light throughput.

At this point, you are loaded down with accessories, but now comes the payoftf:
Get out under the stars and start using that beautiful new CAT and all that cool
astrostuff.



CHAPTER SEVEN

Initial Field Setup, Alignment,
Checkout, and Troubleshooting

Now is the time to stop being a CAT chooser and become a CAT user. Before begin-
ning, please skim that darned telescope manual one last time and review the section
in Chapter 5 concerning indoor (“fake”) alignment.

Outdoor Setup, Alignment,

and Checkout

The first priority on this first evening with the new telescope is finding a place to set
it up, and the good old backyard is a natural. No, the skies probably are not dark, but
this first time it is probably best to stick close to home, even if the sky is badly light
polluted. You are going to spend as much time squinting at the instruction manual
as squinting through the eyepiece, and it will be nice to be able to turn on a white
light without incurring the wrath of fellow observers when there are problems—
which there probably will be on this first run.

Where exactly should the scope be set up? That is easy. Take it to an open space with
as clear a view of the sky as possible that is also as shielded as possible from ambient light
sources. If the CAT is equipped with a German equatorial mount (GEM), try to find a
location where Polaris is visible. As for ambient light, just do the best you can; the aver-
age suburban or urban backyard is illuminated by dozens of streetlights and porch lights.
That is really not a problem this first evening, anyway. The goal the first time out is to
make sure the scope is okay, not hunting dim deep sky objects.

R. Mollise, Choosing and Using a New CAT, w
DOI: 10.1007/978-0-387-09772-5_7, © Springer Science + Business Media, LLC 2009
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When should the Schmidt Cassegrain telescope (SCT) go outside? Get it out into
the yard at least half an hour before dark to allow the optics to acclimate to outdoor
temperatures. Normally, unless high-power views of the Moon and planets are on
the evening’s observing menu, cooldown is not a big deal. Deep sky objects look
pretty good even in a nonacclimatized scope. One of tonight’s tasks, however, will
be to check the telescope’s optical quality, and that does require it to be thoroughly
“equilibrated” to outdoor conditions.

Maksutov Cassegrains tend to take longer than SCTs to cool off, especially in
apertures larger than 6-inches, so “an hour or two”—or more—may be required
for them to equilibrate. The reason for this difference is controversial, with some
optical gurus asserting the thicker Mak corrector does not help speed along the
cooldown time. The fact is that these telescopes do take longer to adjust, whether that
is due to their “salad bowl” correctors or just because their longer focal length/higher
magnification nature exaggerates the optical problems of a nonacclimatized scope.
Longer cooldown times may also be required for SCTs larger than 8-inches or if
the temperature differential is large between outdoors and indoors.

After a good spot has been found for the CAT, the next thing to do is assemble and
level the tripod. There is no need to be obsessive. Getting the tripod precisely level will
not, contrary to what some go-to users think, improve object-finding accuracy. Ensuring
the scope is level is a help during alignment since the closer an alt-azimuth-mode scope
is to level, the closer it will come to initial alignment stars. Celestron scopes are a little
picky about tripod leveling when the SkyAlign procedure is used, but there is still no
need to obsess. Get the thing reasonably level with a bubble level and move on.

When it is time to place CAT and mount on the tripod, follow the same proce-
dure as when assembling it for the fake alignment, referencing the manual and the
instructions in Chapter 5. As with the fake alignment, even if a fork-mount scope
is to be used in equatorial mode on a wedge later, set it up in alt-azimuth mode
tonight to simplify outdoor setup the first time. If the CAT’s optical tube assembly is
mounted on a GEM, point the right ascension axis of the mount north, using a com-
pass if necessary (if Polaris is not visible), place the scope on the mount, and secure it
according to the manual’s instructions. In the Southern Hemisphere, a compass will
be a necessity since the southern Pole Star is a dim magnitude 5.5. At this time, GEM
users should skip ahead to the polar alignment section that comes just after the Tips
for Happy Go-toing. When the mount is polar aligned, return to this section.

While waiting for the telescope to cool and darkness to arrive, install the acces-
sories. If the finder was removed for storage, reattach it to the OTA. Remove the
rear port’s cap and thread on the visual back. Install the star diagonal and insert a
low-power ocular into it. Some amateurs like to wait until darkness comes to screw
on the visual back, diagonal, and eyepiece, leaving the rear cell uncapped until then
to speed cooldown. But, you might want to wait a little longer for cooldown than
try to figure out how to remove a mosquito from the OTA interior—something that
has happened to amateur astronomers a time or two. Either attach the diagonal and
eyepiece or leave the rear port capped to keep dust and critters out.

Connect the CAT’s hand control and battery. Plug the HC into the proper port (be
sure) and, after checking that the power switch is in the off position, connect the direct
current (DC) power cable to scope and battery. If an AC adapter will be used to power
the CAT, get set up with extension cords and power strips as needed. Do not use an
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Plate 46. (Heater) Correctly positioning a dew heater strip behind the corrector assembly
is important for good performance. Credit: Author.

extension cord any longer than absolutely necessary. The voltage drop incurred by a
long cord run can make some computerized telescopes act “squirrelly.”

With darkness falling, it is time to prepare the scope’s dew-fighting tools. If the
only antidew provision is a dew shield, set it aside until it is time to start observing.
There is no point in exposing the corrector to dust and the depredations of birds
until it is time to begin. Unless the backyard is large and open, the dew shield is
probably all that will be needed to keep the corrector dry. Trees and houses ringing
the scope tend to act as a natural dew shield, blocking portions of heat-sucking sky
from the scope’s view. If another dew-busting apparatus will be needed, go ahead
and drag it out. Connect a dew zapper gun to its battery and place it somewhere
where it will be handy. If a corrector plate heater system has been purchased, install
it. Some SCT users wrap the heater strip over the corrector assembly at the end of
the tube, but some of the best results come by wrapping it around the tube itself, just
behind the corrector assembly (Plate 46). Where does the dew heater control box go?
You can attach it to a tripod leg with Velcro.

Finder Alignment

A go-to scope will have to be pointed at alignment stars before it will find anything.
To do that, the telescope’s finder will have to be properly aligned. If the scope is a
non-go-to model, accurate finder alignment is even more vital since the finder will
be used to locate all objects for viewing. In an aligned finder, what is in the crosshairs
of an optical finder or under the red dot of a zero-power sight is also in the center
of the main telescope’s field.
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There are two ways to adjust a finder’s alignment: by using a distant terrestrial
object or by using Polaris or another bright star. A star is generally best since a ter-
restrial target must be far enough away that it will come to focus in the main scope
and also far enough away that parallax is not a problem. If an object is too close,
the physical separation between the main scope and the finder will cause targets
centered in the finder to be “off” in the main scope, no matter how carefully the
finder was aligned. A Polaris alignment will probably be required for a red-dot sight
since the dot will likely not be visible in daylight. Why Polaris? For all intents and
purposes, it does not move, which makes it a great alignment “tool.”

To align the finder, insert the lowest-power eyepiece available in the main scope
and remove the dust cap from the corrector. Uncap the finder objective and eyepiece
or switch on a red-dot model. Unless the scope is one of the few that cannot be
moved except with the hand control, it does not have to be powered up for finder
alignment; just unlock the mount’s locks and slowly move in the direction of Polaris.
As the star is approached, look through the finder and continue to move the OTA
until the star is in the crosshairs or under the red dot. When it is centered in the
finder, lock both telescope axes.

Take alook through the main telescope. If all that is visible is something that looks
like a donut, a round blob with a dark center (the shadow of the telescope’s second-
ary mirror), turn the CAT’s focus control until the star (that is what the donut is)
becomes as small and sharp as possible. If it gets bigger, turn the control in the
opposite direction. What if nothing at all is visible? It may be that focus is so far off
that the star is a huge, invisible blur. Turn the knob a few turns in either direction
experimentally and see if anything appears. Still nothing? It is likely the finder is so
badly misaligned that Polaris is outside the field of even the lowest-power eyepiece.
Move the scope slowly in all directions using the mount’s slow-motion controls if
it has them (and assuming it is okay to use them with the power off—check the
manual) and sighting along the side of the tube if necessary until Polaris is in the
eyepiece’s field. If that does not help, move the scope to the Moon if it is in the sky
or a streetlight. Neither of these is an ideal finder alignment target, but they can be
used to get the finder “in the neighborhood.”

When the star or other object is in the field of the main scope, tighten the
mount’s locks and look through the finder again to see if Polaris is still centered.
It probably is not. Adjust the finder’s aim until Polaris is back in the crosshairs by
means of the adjustment screws in its ring mounts or, for a zero-power finder, by
tweaking two little knobs or screws, one for left/right and one for up/down. When
it is centered, look through the main scope again. Is it still in the middle? If not,
adjust the mount until it is and go back to the finder and readjust that. Keep going,
maybe changing to at least a medium-power eyepiece in the main scope, until
whatever is put in the finder crosshairs or under a red dot is reliably centered in
the main scope’s eyepiece.

What now? Take another look at lovely yellow Polaris in the main scope. Can
you see the tiny spark that is this double star’s “little” companion? Whether you
can or not, just enjoy the sight of the new CAT’s first star for a moment. Savor the
wonderful feeling that comes with taking first light with a new telescope and do not
feel embarrassed if you find yourself yelling for your family to, “Come look at the
beautiful star!”
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Go-to Alignment

The specs of today’s go-to scopes are impressive. The HC “library” contains tens of
thousands of distant deep space objects, it knows the details of all of them, and it
knows where each is located in the sky. That’s pretty smart, huh? Nope. Computer-
ized scopes are actually very dumb. They do not know a thing about the sky until you
tell them. You tell them by entering time, date, location, and position information
and by pointing them at two or three bright “alignment stars.” These stars allow the
telescope computer to develop a “model” of the sky in its pea brain (Figure 3). Once
that is done, the CAT will impress, reliably pointing at those thousands of objects.
Remember, though, that it can only do that accurately if it has been given accurate
working information. For good go-to results, be scrupulous about entering data cor-
rectly and, even more important, doing a good job of centering alignment stars.

To get started, flip the telescope’s on-off switch to on and follow the instructions
in the manual and on the HC just as during the fake alignment. As before, the step is
often to place the telescope in home position (some Celestron scopes skip this step).
During the fake alignment, a compass was used to point the telescope north if point-
ing north was part of the “homing” process. This time, Polaris is the north reference.
A compass would work, but that is usually not a very accurate way to point to true

Aligning a Generic Go To Telescope...

3) After placing scope in levelnorth home positon
(if required), alignment can begin. The Telescope
will point close to two alignment stars. Use
the hand controller to center each star in the finder
and in the main telscopse.

Polaris, The North Star
+ Alignment Star™

2) Point the scope north and level... + Alignthent Star 2
Him Telescape at Polaris,
lock azimuh

Jvel e e ith a ubbie
level,and lock e ock.

1) Level the telescope's
fripod.

4) With alignment complets, you're ready
to tour the universe in stylel

Figure 3. (Go-to Alignment) The go-o alignment process, which allows the telescope
computer to develop a ‘model’ of the sky. Credit: Author.
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north. In many areas, true north, what the scope wants, and “magnetic north,” what
a compass shows, differ. If Polaris can be seen, aiming north is easy. Undo the locks
on the mount and point the scope at Polaris, centering it in the finder. Then, lock
the RA/azimuth lock, level the tube using a bubble level if leveling is required, and
lock the declination/altitude lock. Double-check that both locks are firmly in place
before proceeding. Remember, the telescope cannot move under computer control
unless both locks are firm.

Enter time, date, latitude, longitude, and any other required data as instructed by
the HC and the telescope manual. If the telescope is equipped with a global position-
ing system (GPS), it will enter most of the data itself. The telescope should be able
to determine time, date, and geographic position from GPS satellites if it can get a
“fix” Most GPS scopes will not set the time zone or daylight savings time status, so
double-check these entries. Some non-GPS Meade scopes, the LNT models, retain
and update date and time from session to session and will not require these data to
be entered every time the scope is used unless it has been moved to a new time zone
or a geographic location greater than about 60 miles from the previous one.

It is time for the telescope to point at its go-to alignment stars. Select the align-
ment mode that allows the scope to choose its own stars (“Easy,” “Auto,” etc.) and
push the “go” button—“Enter” or “Align,” depending on the scope model—to begin.
If you want to try SkyAlign, that is fine. Just be sure to follow the manual’s “rules”
for star/object selection carefully. The Celestron scopes’ two-star mode seems to be
a little quicker the first time out. The motors will hum (or grind), and the tube will
slew to the place where it thinks the first alignment star ought to be. This is when
novices often freak out. Usually, the telescope will stop at a spot considerably distant
from the specified star. Even with the tripod precisely leveled, the scope accurately
placed in home position, and all data entered correctly, it is almost certain that the
chosen star will not be visible in the telescope’s eyepiece. It may not even be in the
finder scope. What happens now? Is it time to give up and start over? Is it time to
call the dealer?

If the telescope stops half a sky away from the correct star or does something wacky
like pointing at the ground, something is obviously wrong. Check the setup procedure
in the manual and the troubleshooting tips in this chapter. If, however, the scope stops
only a relatively short distance from the first alignment star—say, one or two fists’ widths
when a fist is held at arm’s length (10 to 20 degrees)—the telescope is probably okay.
Just move the star into the center of the finder’s field using the direction buttons on
the HC and center it in the main eyepiece. If the HC moves the scope too quickly or
too slowly, adjust slewing speed by following the instructions in the manual.

If you are a new astronomer and not overly familiar with the sky, there may be one
other big monkey wrench thrown into the go-to alignment business: How do you
know whether you are centering the correct star? When the telescope stops moving,
there will probably be quite a few stars visible in the finder. Some astronomy old-timers
will suggest you stop, get a chart, and begin to learn the bright stars. That is not a bad
idea since knowing which star is which is handy knowledge to have. You do not have to
sit down and learn all those stars right now, though. Here is a trick: Alignment stars are
always bright. Use the brightest one closest to the place where the scope stopped.

Center the first star as precisely as possible. You probably should use a medium-
power crosshair reticle eyepiece (available from most scope dealers). When the first
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alignment star is dead center in the ocular, move on to the second one by pressing
Align or Enter as required. Center star number two and press the button that accepts
it. If everything has gone well, the HC will think for a while (sometimes for minute
or more) and display “Alignment Successful” (unless it is a GEM, in which case it
may need several more alignment stars first). What if it says “Alignment Failed”?
Most of the time, it is not the scope, it is the operator; usually, needed data have been
entered incorrectly. Power the scope off and start all over again. If it turns out it was
“pilot error” and not the fault of the scope, do not beat yourself up. If you still do not
get that “successful” message, proceed to the troubleshooting section. Otherwise, try
a go-to or two.

Go-toing the First Go-to

Assuming the go-to alignment was completed successfully, it is time to let it rip:
Send the telescope to its first object. Which object? That is for you to decide. Pick
something exciting that is also easy to identify. Jupiter, Saturn, M42 (winter), M13
(summer), or some other bright and spectacular object is perfect both to verify that
the scope is working properly and to give you a treat for all the work you have done.
How exactly do you go-to an object? That depends on the scope. Reference the man-
ual for instructions. As mentioned in Chapter 5, objects are available from dedicated
NexStar buttons (the Autostar II also has this feature) and are accessed from nested
menus on the Autostar. However it is done, send the CAT to something nice and
spend a while enjoying the view and showing it off to family and friends.

Go-to Troubleshooting

If the go-to alignment has been done and redone carefully, but the scope still will
not find objects, the following discussion, the manual, and the Quick CAT Trouble-
shooting Guide provided with this chapter should help.

Alignment Problems

An “Alignment Failed” message is almost always the result of user error, specifically
misidentification of alignment stars. As noted, alignment stars are always bright,
but there are areas in the sky where there are plenty of bright stars. If the CAT’s
slew stops at a point where it is midway between bright stars, it is quite possible for
novices to pick the wrong one. Heck, it is easy for an experienced observer to make
a wrong choice, especially when most telescope HCs identify stars by their proper
names instead of Greek (Bayer) letters or Arabic (Flamsteed) numbers. Sure, you
know where Arcturus is, but where the heck is “Rasalhague”?

What is the solution? Keep a star chart on the observing table during alignment.
What if you still cannot figure out which star the telescope wants? Have the telescope
select a different star. Even in “auto-alignment” modes, go-to scopes will allow the
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user to choose alternate stars (when operating in the backyard, it is likely some first
choices will probably be blocked by houses and trees anyway). Use the “Undo”
button on a NexStar or the up/down keys on an Autostar to scroll through align-
ment star choices. Usually, the first star the scope picks will give the best alignment
“solution,” but even if go-to accuracy suffers a little from using alternate stars, at
least it will be working.

SkyAlign users do not have to be able to identify alignment stars, but they are
required to choose good ones. What is good? First, choose three bright objects.
Even more important, the second of these three objects should be as far as possible
from the first one—at least 90° away. The third choice should not be on a line con-
necting the first two. Although it is possible to use the Moon as an alignment object,
don’t do that unless there is no choice due to obstructions. Planets can also be used,
but generally bright stars yield better SkyAlign alignments.

Another common cause of alignment problems is failure to place the scope in
home position or failure to position it in home position accurately. Telescopes that
require homing do so for one reason: They need to know their exact starting posi-
tion before heading for alignment stars; if they do not know where to start, they will
never be able to “hit” alignment stars. Understand how to home the telescope, and
do so accurately.

Poor Go-to Accuracy

The “Alignment Successful” message appeared on the HC, and the scope slews to
where it thinks the object of choice should be. But, there is nothing in the eyepiece.
The root of this problem is usually insufficient care taken in alignment star center-
ing. Center the stars in the main scope’s eyepiece as accurately as possible, preferably
using a medium-power crosshair reticle eyepiece.

Another potential cause of poor go-to is backlash. The gears on most telescopes
have some slack in them. That can be a problem for go-to accuracy if the scope
does not know about it during alignment. Meade telescopes inform the computer
about backlash via a procedure called drive training, which is found in the Autostar
utility menu. This procedure has the user point the scope at a distant terrestrial
object (Polaris works even better). The CAT then slews away from the target and
has the operator recenter it with the HC direction buttons, enabling the computer
to determine the exact amount of backlash present. Be sure to do both azimuth and
altitude training; they are separate procedures in the hand control. Celestron scopes
use a simpler method to take into account backlash effects during alignment. When
centering alignment stars with the NexStar controller, only use the up and right keys
(down and left on some models; see the manual) for final centering. Down and left
can be used to position the star in the eyepiece field initially.

There is one other major reason nothing is in the CAT’s eyepiece after the slew
stops: The object selected is too dim for the scope or conditions. Just because the
Autostar’s object library includes M74 that does not mean that terrifyingly dim face-
on Messier galaxy will be visible from a bright backyard with an ETX90.

Finally, Meade and Celestron go-to CATs work well, but they are not dead-on
accurate all the time across the entire sky. Objects in the east, for example, may be
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near the center of the eyepiece field, while those in the west are not visible at all. One
way to fix that is to “sync” the scope on a bright star in the area of interest. Go to a
prominent star in the “off” area, center it in the scope, and, following HC/manual
instructions, sync it. That alters the scope’s model of the sky and ensures objects in
the area of the sync star wind up in the eyepiece. The only problem with syncing is
that when the scope is moved very far from the sync star, go-to accuracy will degrade
rapidly. Celestron scopes include an “unsync” feature that returns the sky model to
its original condition.

As a final suggestion, If you are having go-to problems in a particular part of the
sky, just switch to your lowest-power, widest-field eyepiece to give the scope the
best chance of landing on its targets; most of the time that works fine. Some scopes
feature a “Precise Go-to” mode that also works well. When Precise Go-to is turned
on, the scope will stop at a bright star in the area of the target object. The observer
centers this star, pushes a button, and the telescope continues on to the requested
object, which will usually wind up in the field thanks to the “auxiliary centering” of
the bright star.

Lost Alignments

Sometimes, it would be nice to be able to loosen a go-to telescope’s locks and move
it by hand. It is a lot quicker to move a scope from one side of the sky to the other
by hand than with the scope’s motors. Unfortunately, all currently made go-to CATs
lose alignment when they are moved by hand (the optical encoders that determine
the telescope’s position are part of the motor assemblies). If a motor is not turning,
the computer does not know the telescope is moving. The only way to move a go-to
scope “manually” without losing alignment is to use the directional buttons on the
HC. That is no faster than a go-to but will allow finding objects the old-fashioned
way, by star hopping.

Poor Lunar and Planetary Accuracy

It is not unheard of for a go-to telescope to place deep sky objects and stars dead
center in the eyepiece field of view but “miss” the Moon and planets. Most computer-
ized telescopes have trouble locating the Moon due to the complicated calculations
involved in figuring out Luna’s rather eccentric path across the stars. Planets also
move across the starry firmament, but their paths are slower and more regular. If the
telescope has a hard time with planets, the reason is usually poor time/date/location
data. Neither time or latitude and longitude entries have to be exact to the second
or even minute, but if these things are off by hours or degrees, the planets and Moon
may be missed. The CAT has to know when and where to land on a planet, espe-
cially the relatively rapidly moving inner planets. If the Moon or a planet is always
off 15°, check daylight savings time on/off status. Stars and planets move across the
sky at the sidereal rate of 15° per hour (the Moon’s speed is only a little different).
If a planet is off 15°, th'at usually means time is off by 1 hour, either because of
wrong daylight savings time status or a wrong time zone entry.
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Tips for Happy Go-toing

¢ What is the number one cause of poor go-to scope performance? Poor power. As
has mentioned throughout this book, if the telescope does not receive adequate,
“clean” electricity, expect it to act weird. This is especially common when using a
small AC adapter as a power source. Once, when using one of these “wall-wart”
supplies with a NexStar 11 (one supplied by Celestron, incidentally), my scope’s
computer decided Alpha Centauri would be a good alignment star for me at
my latitude of 31° north. Run the telescope off a strong battery such as a (fully
charged) jump start power pack for best results.

o Tired of the nagging “do not look at the Sun” warning Meade Autostar HC shows at
startup? It can be turned off by going to “Display Options” in the Autostar’s (or Auto-
star II’s) utility menu.

e Do the messages on the Autostar’s display scroll by so fast they are difficult to read?
Slow them down (or speed them up) with the up/down (not direction) keys.

o Does it look like the scope is going to crash into a tripod leg during a go-to? Most
often, the scope knows exactly what it is doing and that will not happen, but if a
go-to needs to be stopped for any reason, remember to press one of the direction
keys to stop a Celestron or any key except a direction key or the go-to button on a
Meade.

e Would you maybe like a little information about an object before wasting time
going to something that is dim or unimpressive? Both the Autostar and NexStar
controllers can give an object’s vital statistics, including magnitude (brightness).
With the object ID displayed on the HC, press “Info” on the NexStar controller or
the down key on the Autostar.

e Do a go-to scope’s motors sound like weasels with tuberculosis? Loud weasels with
tuberculosis? Afraid the scope will actually wake the neighbors? Meade allows the user
to select a “quiet mode” on the Autostar. Doing so slows the scope’s max slew speed,
but will keep the neighbors in their beds.

¢ Controlling a go-to scope with a laptop computer can be fun and useful, but wait
until you are comfortable with basic scope operation before adding another
computer to the mix (see Chapter 10 for more on personal computers [PCs] and
telescopes).

o Are go-tos good but not great despite careful alignments? Accuracy problems can
be caused by poor scope balance. Undo the telescope’s locks and see if the tube has
a tendency to move by itself. If so, adding small counterweights (available from
most telescope dealers) to the tube and fork may improve accuracy. GEM scopes
can be balanced without extra weights by following the procedures in Chapter 5.
Usually, GEM go-to accuracy will be best if the scope is not actually precisely bal-
anced but is just slightly east heavy in RA.

o If the scope is acting funky and nothing seems to help, a computer reset may fix
it. Doing so will return the HC to factory defaults, so remember to reenter time
zone and other site-specific data. Reset (called “Factory Settings” on the Celestron
NexStar) is an option in the utility menus of both Meade and Celestron HC.



First Light With a CAT w

o Resist the urge to tinker with the CAT’s innards. If it is working okay, leave it
alone. If it is not, consult the manufacturer. Here is Uncle Rod’s number one go-to
scope rule: The only enemy of good enough is more better. If it is doing what it
is supposed to do, relax and enjoy despite contrary advice found on Internet sites
and groups.

e Do keep an eye on the Internet for scope software updates. Most go-to scope
manufacturers add features and exterminate bugs regularly, and if the HC is “user
updatable,” a few minutes downloading and installing new software may make a
CAT act like a whole new—and better—scope.

PoLAR ALIGNMENT oF GEMs AND

EQuATORrRIAL-MODE FORKS

GEM Alignment

GEMs must be at least casually polar aligned if they are to track the stars and (maybe)
go-to accurately. The closer the mount’s RA axis points to the true pole, the more
precise its tracking (but not necessarily go-to) will be. The major symptom of poor
polar alignment is constant object drift in declination (north/south) in the eyepiece.
There are three basic methods of polar alignment: boresight, borescope, and software
assisted.

The first step for polar alignment for Northern Hemisphere observers is always
locating Polaris as it provides a prominent signpost to the true North Celestial Pole.
Since Polaris is the end star in the Little Dipper’s handle, that constellation can be
used to find it if light pollution has not made dim Ursa Minor totally invisible.
Another way to locate Polaris is by its altitude and azimuth. Using a compass, look
north. Polaris will be in that direction and at an altitude equal to the site’s latitude.
If the latitude is 40°, Polaris will be 40° above the horizon. It will be eminently notice-
able, since second-magnitude yellowish Polaris is the only bright star in the area.

Some GEM mounts, like those sold by Celestron, do not need overly precise polar
alignment to yield good go-to performance. Just sighting Polaris through the hol-
low bore of the RA axis (with no polar scope installed) is good enough to ensure
excellent go-to accuracy, and more precise polar alignment will not improve go-tos.
Tracking will not be as good as it would be with a more precise polar alignment, but
that is not usually a problem for visual observing.

To perform a boresight alignment, set the telescope up with the RA axis pointed
north and elevated to an angle that matches the site’s latitude. Altitude is adjusted on
most GEMs with the aid of a latitude scale on the side of the mount and a simple bolt
arrangement: Tighten a bolt on the “south” side of the mount and loosen one on the
“north” side to raise the RA axis; do the reverse to lower it. Before beginning, remove
any caps blocking the polar bore (usually one on each end). It is almost always also
necessary to move the mount in declination until the telescope tube is perpendicular
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to the polar axis to open a hole in the intruding declination shaft. Sight through the
south end of the bore and adjust altitude (with the two bolts) and azimuth (usually
via a pair of knobs) until Polaris is centered. If the mount is way off in azimuth, it
may be necessary to lift it and the tripod bodily and turn it until Polaris is visible in
the bore before doing finer adjustments with the azimuth adjustment knobs.

A few German mounts, including Celestron’s CGEs, do not have hollow polar
bores. What do you do then? Sighting along the polar axis or centering Polaris in the
main scope’s finder with it set to a declination of 90° and the counterweights “down”
is “good enough.”

Not all GEMs deliver good go-to accuracy without a more accurate alignment
than that provided by the boresight method. One way to get better accuracy is with
a polar alignment borescope (Plate 47). This small refractor fits into the hollow
bore of the RA axis (or is mounted beside it). The borescope will have a reticle
similar to that in Plate 48. Move the mount in altitude and azimuth until Polaris
is in the little circle provided for it on the reticle and the mount is polar aligned,
just like magic—simple.

Unfortunately, it is not quite that simple. Polaris circles the actual North Celestial
Pole once every 23 hours 56 minutes and 4 seconds at a distance of about two-thirds
of a degree. For that reason, the polar scope must be rotated (usually by moving the
mount in right ascension) until the Polaris marker is in the proper position for the
date and time of day when the alignment is performed. That is done by rotating the
mount in RA until the proper day and time line up on a pair of graduated scales.
Before setting date and time, these dials must be calibrated for the user’s longitude;
see the mount’s instruction manual for details. Some polar scopes use a simpler if
somewhat less-accurate method of calibration: The reticle will show the positions of
several constellations near the pole. Turn the scope in RA until the constellations are
in roughly the correct positions, and the polar scope will be ready for use.

If these instructions sound way too complicated, there is a trick you can use that
eliminates the need to calibrate the polar scope. Using this method, the date/time

Put Polaris Here Plate 47. (Polar
Reticle) Placing Polaris
in the proper spot on the
polar alignment scope’s
reticle yields an alignment
good enough for most
purposes. Credit: Author.




First Light With a CAT

Plate 48. (Polar Scope) The eye-
piece end of a German equatorial

mount’s polar alignment borescope.
Credit: Author.

scales are not needed. The key is a small PC (Windows) program, PolarFinder.
Given location (longitude) and time, it will display a graphic that shows where
Polaris should be placed. See Appendix 2 for further information.

How does alignment accuracy compare to that done by calibrating the polar scope
for time and date? There does not seem to be any noticeable difference, and actually
this method is more accurate than the line-up-the-constellation-figures routine.

A go-to scope has a computer. Can’t that help in polar alignment? Indeed, it can
be. Some GEMs, most notably Celestron’s CG5 and CGE mounts, include a built-
in polar alignment software routine. Select this from the HC utility menu following
a successful go-to alignment, and the mount will slew to the place it thinks Polaris
would be if the mount were precisely polar aligned. The user is then instructed to
adjust the mount’s altitude and azimuth (not RA and declination) until Polaris is cen-
tered in the crosshairs of the finder and in the main scope’s eyepiece. When that is
done, the mount is polar aligned. This method yields an alignment that is at least as
good as a borescope alignment and maybe a bit better. This routine should be
more than adequate for guided charge coupled device (CCD) imaging at short
focal lengths. The only catch is that since the mount head has been moved, the
go-to alignment must be redone following the polar alignment.

The preceding polar alignment methods ensure accurate go-to performance
and will deliver tracking good enough for all visual use. If serious imaging is the
goal, however, most amateurs use a much more accurate method of alignment
called declination drift. Drift alignment takes a minimum of a half hour to per-
form and is only needed for imaging. See Chapter 11 for instructions.
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Wedge Alignment

A CAT setup on a wedge needs to be polar aligned, just like a GEM. Some fork-
mount CAT OTAs have finders with polar alignment reticles that can provide a
semiaccurate alignment, but most wedge users just do a drift alignment as described
in Chapter 11. The only reason to put a fork on a wedge is for imaging, and a drift
alignment is almost always required for imaging quality tracking, whether a finder
of this type is available or not. A “polar finder” can shorten drift time, however.

Southern Hemisphere Polar Alignment

Southern Hemisphere observers cannot polar align on Polaris—it is invisible. Polar
alignment south of the equator is a little more difficult than it is in the north because
there is no bright star to mark the location of the South Celestial Pole (SCP). The
SCP lurks among the dim stars of the far southern constellation, Octans, the Octant.
The southern pole star, the star currently closest to the SCP, is Sigma Octanis, which
is pretty dim at magnitude 5.5. It is almost as well placed as Polaris, however, being
approximately 1 degree from the SCP at this time.

Sigma Octanis should be visible through a polar borescope, and the process for
aligning on it is identical to that for Northern Hemisphere alignment. There should
be a circle on the borescope reticle for Sigma or other stars in the area. Place the
stars in their spots (assuming the borescope is properly calibrated), and the mount
is aligned.

What about a simple sight-through-the-bore alignment? If the skies are dark
and Sigma is high enough in the sky, that is possible. Frankly, any scope for which
a boresight alignment is good enough, like the Celestrons, is probably forgiving
enough to provide good go-tos if the RA axis has been pointed south with the aid
of a compass and elevated to an angle equal to the site’s latitude. Do not forget to
flip the “N/S” switch on the mount to “S” or select “Southern Hemisphere” in the
HC to set mount rotation for Southern Hemisphere operation before beginning
a go-to alignment.

Many beginners worry needlessly about polar alignment. The foregoing “easy”
methods are, again, all that is required for visual observing. The occasional declina-
tion adjustments required to keep a target object centered will not get in the way of
productive observing.

How Good Is the New Scope?

If the telescope mount is hitting go-to targets, seems to track well, and is not overly
shaky, the mount is in good shape mechanically, electrically, and electronically.
Often, getting a mount that works reliably is the biggest hurdle when buying a new
mass-produced scope. Go-tos and mount steadiness are not the only things to worry
about, however. Before giving the new CAT a clean bill of health, pay some attention
to the OTA’s mechanical and optical integrity.
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Focus Shift

As mentioned several times, most catadioptric scopes focus by moving the primary
mirror forward and back. That works well, but, especially in scopes larger than
6-inches, there is always some play between the primary and the baffle tube it slides
on; this causes the mirror to tilt slightly and images to move across the field. If the
movement is small, not much more than the width of Jupiter, 45 arc seconds, focus
shift is a minor annoyance and nothing more. If focus shift is enough to move an
object off the chip of a CCD camera or out of the field of view of an eyepiece, how-
ever, it is a problem, and the scope’s manufacturer or the dealer should be consulted.

Image Clarity

Do images in the new scope seem a little less sharp than expected? That usually
does not mean the CAT has bad optics. SCT optics especially are pretty consistently
good these days whether they come from Meade or Celestron. The problem is
most often collimation, the alignment of the secondary and primary mirrors. See
Chapter 9 for collimation instructions. Do not feel bad if the new scope arrives out
of collimation. Given the bumps a scope must take on its way from the factory or
dealer, it is amazing when one arrives in collimation. What does miscollimation look
like? Stars, even those near the center of the field, tend to look more like little comets
than points.

A close runner-up to collimation is cooldown. If the scope has not been allowed
to acclimate to outdoor temperatures, to equilibrate, there is no way it will deliver
good images. On some evenings, a half hour or even 2 or 3 hours is not enough time
for a complete cooldown. When the temperature is falling steadily, a larger-aperture
CAT, especially an MCT, may never cool off. “Shimmering,” or moving images, are
the hallmark of incomplete cooldown. The Moon or a planet will tend to waver in a
large-aperture SCT and bounce around in the field of a small-aperture one. The star
test (discussed in the next section) can reveal cooldown problems.

Closely related to cooldown is seeing. A scope can be perfectly equilibrated but
still deliver poor images if the atmosphere above the observing site is disturbed.
Poor seeing is typical for many locations in the wintertime, when the jet stream is
roaring overhead. How do you tell if the seeing is bad? Take a look at the sky. Are
the stars twinkling madly? If so, do not expect good seeing. For a more scientific
forecast of seeing conditions for a particular location, try the Clear Sky Clock at
http://www.cleardarksky.com/csk/. This weather tool for amateur astronomers gives
seeing predictions in addition to transparency and cloud cover forecasts for specific
locations.

If seeing is poor, forget doing high-magnification planetary observing, but it may
still be possible to have some fun by sticking to low powers and the deep sky. Higher
magnifications exacerbate problems with seeing and cooldown. Star clusters, nebu-
las, and galaxies are also degraded by poor seeing, but far less so than planets. Gen-
erally, smaller-aperture telescopes are less affected by seeing than larger-aperture
ones. A 5-inch SCT, after all, is looking up through a smaller diameter column of
disturbed air than a 10-inch.
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Assuming everything else—collimation, cooldown, and seeing—checks out, but images
remain poor, it might be wise to test the CAT’s optical quality. That is relatively simple to
do via the star test, in theory at least. In theory, the star test is easy to perform and very
informative. On a night of good seeing—this is very important—point a telescope at a
medium-bright star such as Polaris. Use an eyepiece that gives a magnification of about
150x and rack the star out of focus slightly until four or more diffraction rings are visible;
the star should now look like a little bull’s-eye, as seen in Figure 4a.

Compare the way the diffraction rings of a slightly out-of-focus star look on each
“side” of focus, intrafocal (inside focus), and extrafocal (outside focus). In an SCT
or other moving mirror-focusing scope, intrafocal images come when the focus
knob is turned counterclockwise through sharp focus and beyond; extrafocal images
happen when focus is passed by turning the knob clockwise. If the patterns are iden-
tical on each side, then the scope’s optics are perfect. Slight differences indicate opti-
cal problems. Figure 4a shows how a perfect telescope’s intrafocal and extrafocal star
diffraction patterns should look.

Star test tolerances are stated in terms of wavelengths of light, and a good opti-
cal system will have errors in its figure no larger than a quarter of a wavelength of
light. The fact that the star test can easily detect such tiny irregularities gives an
idea of how sensitive it is. Fortunately, star testing a new scope’s optical quality does
not require quantifying exact mirror figure deviations. The basic job is merely to
examine the appearance of a star’s diffraction rings; how they look will tell what is
wrong—or right—with a new scope’s optics. Note that a telescope can suffer from
more than one problem, and that a real-life star test may show diffraction patterns
that are the combinations of several different aberrations.

Spherical Aberration

If a CAT’s corrector plate is not doing its job, not completely eliminating the pri-
mary mirror’s spherical aberration, the system is said to be undercorrected. The effect
of this aberration is to make the diffraction pattern look brighter on one side of
focus than the other. More light is being thrown into the rings on one side of focus.
The centers of the bull’s-eyes on either side of focus are different, with the intrafo-
cal image showing a little disk or fuzz ball in its middle. The extrafocal image shows
a darker spot dead center. What is the effect of spherical aberration on in-focus
images? Looking at the image of the star in Figure 4b, it does not seem too bad. The
diffraction ring around the star is a bit brighter, but that appears to be all. The Jupi-
ter image in Figure 4c tells the tale. At one-third wave of spherical aberration, much
detail has been lost.

Telescope optics can also be overcorrected, and that is just as bad as undercorrec-
tion. Figure 4a shows that going from under- to overcorrection swaps the way the
intra- and extrafocal images look. Otherwise, the bull’s-eyes are identical in appear-
ance to the undercorrected patterns. The result of overcorrection in focus is still as
much a disaster as undercorrection.
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Figure 4. (Star Test 1) Star test diffraction patterns page one. Credit: Author.

Astigmatism

When a telescope mirror is ground asymmetrically—so one axis has a shorter focal
length than the other—it suffers from astigmatism. This aberration is less common
in machine-made CAT mirrors than it is in home-built Newtonian primaries, but it
can still happen. Severe astigmatism, seen in Figure 4a through 4c, makes in-focus
stars, especially at the edge of the field, look more like crosses than points. If the
aberration is less severe, these stars may merely look slightly elongated or enlarged
(unlike stars in a miscollimated scope, they will look worse at the field edge than
at the center). Stars at the field edge of a “good” scope will also look enlarged or
elongated due to the SCT’s naturally curved field, but real astigmatism is very
obvious in the star test. The intrafocal and extrafocal diffraction patterns are elon-
gated, with the elongations at an angle of 90° to each other. This elongation is the
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classic symptom of astigmatism. If astigmatism is suspected, the first thing to do
is swap eyepieces. If there are still obvious defects in the stars, rotate your head. If
the defects—elongation, “spikes,” and the like—seem to track head movement, the
problem is your eyes, not your scope or eyepiece.

Turned-Down Edge

Turned-down edge (TDE), shown at the top of Figure 5, is, like astigmatism, less
common in commercially made SCTs than in homemade Newtonians. It is still pos-
sible, however. The signature of this defect is that diffraction rings on one side of
focus are more sharply defined than they are on the other side. TDE happens when
the edge of the primary mirror is flat rather than gently sloping to the center, as it
should be. During grinding and polishing, the edge has literally been “turned down.”
Its effect on images can be as bad as that of the other aberrations.

Cooldown

Want to know if the telescope is properly equilibrated to outdoor temperatures? Use
the star test. An uncooled scope will have “currents” of hot air coursing through the
tube. These often show up as “plumes,” one of which is visible in the intra- and extra-
focal images in Figure 5a to 5¢c. Not sure if the plume is due to improper cooldown
or some weird optical aberration? Move the scope so the tube’s rotation changes
(this is easy with an equatorially mounted scope). The plume should not move.

Miscollimation

A telescope whose mirror alignment is less than perfect will show in-focus star images
like those in the miscollimation example in 5b. The star looks lopsided, almost like
a little comet. The inside and outside focus diffraction patterns of a miscollimated
scope have rings that are visibly compressed on one side.

Poor Seeing

Figure 5a shows why good seeing is necessary before attempting the star test. If the
air is not still, the in-focus star image will be smeared out, and intra- and extrafocal
diffraction patterns will be an absolute mess. Looking at those two images, could
you tell whether the scope’s diffraction patterns are the same on both sides of focus?
Probably not. Trying to star test under conditions of atmospheric turbulence is a
complete waste of time.

Star Test Caveats

Sitting in a comfortable den reading about it, the star test seems to be simplicity
itself. Aim the scope at a star, defocus, and the exact optical condition of a CAT is
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Figure 5. (Star Test 2) Star test diffraction patterns page two. Credit: Author.

revealed. Move outside into the real world, and it becomes more difficult. If the air is
not steady—and it is not perfectly steady on most nights—diffraction patterns will
be dancing around. They might just as easily indicate “terrible” as “perfect.” Even on
nights of good seeing, it is never as easy to tell what is going on as it is in the nice,
clear, computer-generated diffraction patterns in Figure 4a. The software that pro-
duced these pictures, Cor Berrevoets’ freeware program Aberrator, is a fantastic tool
for star testers, but it cannot duplicate exactly what you will see with your scope and
your eyepieces under your sky.

There is also the question of the basic validity of the star test for CAT owners. As
has been noted by many CAT fanciers (and telescope makers, including Astro-Phys-
ics’ Roland Christen), unlike a Newtonian or a simple achromatic refractor, a CAT’s
intrafocal and extrafocal images are rarely identical, even when the optics are per-
fectly made. The complex arrangement of lenses and mirrors in these scopes means
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the in-focus images” “wavefront” can be great, while slightly out-of-focus images are
strongly degraded. That does not hurt the scope a bit in normal use, but it is a killer
for the star test.

If the star test is not always a good way to test a CAT’s optical quality, what is?
Go back to planetary images. As is shown in Figures 4 and 5, introducing optical
aberrations has a severe effect on the planets. The effect in the real world is just
as striking. A look at Jupiter and Saturn at medium to high magnification easily
reveals a scope’s optical quality. Does Jupiter display plenty of cloud bands and, on
good nights, detail within these cloud bands? Does it show subtle extensions and
rifts? Does Saturn show off the Cassini division? How about brightness and color
variations across the rings? Even more difficult, are a fair amount of Saturn’s subtle
atmospheric features visible on the disk? If these things are visible in a cooled and
collimated CAT, rest assured that the telescope is up to snuff.

Quick CAT Troubleshooting Guide

The Quick CAT Troubleshooting Guide is based on military technical manual trouble-
shooting guides and lists some common CAT and mount failures and problems, their
causes, and possible corrective action. When problems are suspected, naturally the first
place to look for solutions is in the telescope’s instruction manual. The items listed in
the corrective action column are arranged in order of their likelihood of effecting a fix.
The final option is always to contact the manufacturer, but for new, out-of-the-box
scopes with problems, that should be interpreted to read “call dealer first.”

What to Do If Everything Is Not

the Way it Ought To Be

If a star test or planetary image seems to reveal subpar optics, what should you do?
If you are a beginner, get a second opinion from an experienced SCT-using a fellow
amateur from the astronomy club or an Internet group. Couple factors such as col-
limation, cooldown, and seeing with the anxious feelings that come when testing a
new and expensive telescope, and it is all too likely you will condemn an excellent
SCT. As a novice, you really do not have a good idea what star test or planetary
images should look like under a given set of conditions. Get help.

If all the checking and consulting in the world still shows the optics to be punk,
get on the telephone. If the CAT is new, call the dealer; if you have had it for a while,
call the manufacturer. When you speak to either, describe exactly what you have
seen. The good thing is that both Meade and Celestron have excellent records of cor-
recting optical problems. Just be sure you know what you are talking about.

Chapter 8 is the “why you came here in the first place” one: a tour of the night
sky’s wonders with your CAT.
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CHAPTER EIGHT

Beginning Observing

Choosing an SCT or other CAT turned out to be a lot of work, but it’s worth it for
the reward that’s coming. It’s time to forget about star tests and go-to alignment
procedures and just let the telescope do its thing on the sky. Not that all the work is
quite over yet. Getting maximum enjoyment from the observing experience means
learning how to observe and what to observe.

Preparing Yourself

Observers need to be prepared to face nighttime observing conditions, even if those
conditions are merely those of the friendly backyard. This preparation mostly con-
sists of staying warm and keeping insects at bay. A CAT user who is freezing cold
or being bitten by skeeters will forget plans for an all-night Messier marathon in a
hurry and soon be back inside watching TV.

Even in the summer, keeping warm is a necessity. It’s sometimes difficult to
believe a person could get uncomfortably cold on an August night in the deep South.
But no matter where the observing site is located, cold is always a factor. Observing
means being out under the open sky and standing nearly stock-still for hours on
end. Always dress more warmly than seems necessary. When observing from home
it’s possible to run inside occasionally and warm-up, but that gets old in a hurry. Not
only does carefully planned observing come to a screeching halt just when the sky’s
getting good, dark adaptation is wrecked.

How do astronomers stay warm? Climate will dictate exactly how to dress, but
always dress in layers. Layers of clothing rather than one heavy coat or sweater help
the body retain heat. Much of the body’s heat loss is through the feet, so take special

R. Mollise, Choosing and Using a New CAT, w
DOI: 10.1007/978-0-387-09772-5_8, © Springer Science + Business Media, LLC 2009



19' Choosing and Using a New CAT

care to insulate them. On a mild evening, that may be as simple as putting on a pair
of wool socks to help isolate the feet from the cold, cold ground. On bitter nights,
boots designed for harsh conditions may be required. Even more heat is lost is from
the head, so keep it protected with a hat—a fuzzy cap or a “watch cap” is better than
a baseball cap, but anything helps.

Keep the body’s insides warm on bitter nights, too. On cold evenings a thermos of
hot liquid will be most welcome in the wee hours. According to the experts, the best
beverages are caffeine-free, like hot cider. For some people, caffeine can adversely
affect the body’s ability to retain heat. Don’t drink alcoholic beverages. They dilate
blood vessels in the skin, causing the body to lose heat more quickly than normal—
even though you think you feel warmer for a little while after a shot of whiskey. Alco-
hol also seems to have a bad effect on dark adaptation. Save the Rebel Yell Bourbon
for after the observing run.

Bugs? Depending on the climate, mosquitoes can be a serious problem. In sub-
tropical or tropical areas they can easily halt an observing run. There’s no shortage
of advice from astronomy club buddies on how to keep the skeeters at bay, and store
shelves are crowded with preparations guaranteed to keep the little suckers from
biting. There are no magical remedies; only one thing makes a difference: DEET.
“DEET” is the abbreviation for a chemical called “n-diethyl-m-toluamide,” and a
repellent that doesn’t contain it will not work. Be careful with DEET-based repellants,
though; they act as solvents and can ruin plastic, paint, and maybe even optical coat-
ings. When it’s time to spray on the stuff, move downwind of the scope. Also, wipe
repellent off fingers before touching the telescope or eyepieces. (In most cases, it’s not
necessary to bathe in repellent; a light spraying will do.).

Preparing the CAT If you've read through the earlier chapters, you already
know the basics: allow the scope to acclimatize to outdoor temperatures, set up in
an area protected from ambient light, and be prepared to deal with dew. One last
thing: make sure everything that will be needed during the evening’s observing is
close at hand. Eyepieces, charts, and other items should be positioned on a table so
you don’t have to get up from the observing chair to get at them. If accessories
are not easily available, they won’t get used, and the considerable sums spent during
accessory buying madness will have been wasted.

Beginning to Observe: The Solar System

The Solar System, including the good old Moon, has its charms. On any evening
a bright planet over the horizon is impossible not to send the scope to. Even if
Solar System work isn’t to be a mainstay of the hobby, it’s still fun and can let
a new telescope prove its mettle. A look at the Moon and planets with the new
SCT will also prove once and for all that the “experts” down at the club and on
the Internet who say SCTs are “no good” for planets are wrong. Yes, the SCT has
a large central obstruction. No, that doesn’t stop it from doing a terrific job on
the Solar System.
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The Moon What better first light subject for a CAT is there than Earth’s faithful
companion, Luna? Deep sky fans may disagree, but lucky is the amateur who’s for-
tunate enough to find a nice crescent or gibbous Moonhanging in the sky on a first
light evening (a full Moon doesn’t reveal many details due to the high Sun angle).

Ready to begin a voyage of discovery? Point the CAT at the wonderful Moon.
Once the go-to scope stops go-toing or a manual telescope’s finder is centered on
Earth’s satellite, put an eye to the eyepiece. You'll probably be half-blinded at first.
The Moon is bright in an 8-inch or larger scope at low power. Some beginners
are struck by how bright Luna is through the telescope and wonder if this intense
light might be harmful. Don’t be concerned. At a magnitude of —12.7, the Moon is
roughly 400,000 times dimmer than the magnitude -26.7 Sun. Luna’s silvery light is
not anywhere near intense enough to damage eyesight. Actually, the Moon’s surface,
despite what poets say, is not “silver”; it is a color similar to fresh asphalt; it looks
bright at low power but really isn’t.

Once they are over the shock of the Moon’s brightness, most new astronomers are
overwhelmed at the incredible wealth of detail a telescope is capable of revealing on
this ancient relic of a world. Your telescope should reveal a wealth of details. If the
image of the Moon in the CAT doesn’t appear crystal clear, adjust the focus control
until it is as sharp as possible. Focus by observing the craters and mountains that
stand out in stark relief along the Moon’s day/night terminator line. And then just
look for a while. Use the hand controller to keep the Moon centered if necessary
(with good telescope alignments adjustments should only be needed occasionally)
and to scan up and down the terminator line.

When Luna has been examined at low power, switch to a shorter focal length eye-
piece. Higher magnification makes the image dimmer, but many more fine details
are revealed, especially on the day-night line. Not only are there craters, there are
craters within craters. Seeing the smallest details available to even a small scope
requires plenty of power. How much power? Continue to increase magnification
until you can’t see any additional detail. At some point more power won’t show any-
thing more. The image will get fuzzier as well as bigger because of unsteadiness in
Earth’s atmosphere, too little telescope aperture, not enough optical quality, or poor
collimation of the telescope’s optical system. Magnification that doesn’t produce
more detail is referred to as “empty magnification.” It’s not at all unusual, however,
to have to use powers of 300x and more on the Moon with an 8-inch. Despite what
those strait-laced “experts” at the club may have said about high power, high magni-
fication does have its place; especially in lunar and planetary observing.

Lunar Features

Craters

A casual glance at the Moon reveals that her landscape can be divided into two
general types of terrain, “highlands” covered with the ring-shaped formations called
“craters” and relatively smooth areas, the “mare,” the lunar “seas.” The highland area,
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particularly the Moon’s southwest quadrant, is a paradise for a Moon lover, as it is
composed of unending numbers of shoulder-to-shoulder craters of all types, sizes,
and shapes.

These seemingly innumerable craters are the product of eons of bombardment of
the airless Moon by debris left over after the formation of the Solar System. Lunar
craters range in size from tiny, less than an inch across, to great dishes hundreds
of miles in diameter. One of the first things a beginning observer wants to know
is, “What’s the smallest crater I can see?” A well-collimated 8-inch SCT (or other
CAT) under excellent atmospheric seeing can reveal craters 1/2 mile across, which is
smaller than what should be theoretically possible for an 8-inch scope. Contrast is
the reason; shadows created by crater walls at lunar sunset and sunrise help the SCT
resolve detail that would normally be too small for it to make out. A 12-inch CAT
might be able to distinguish craters somewhat smaller than 1/2 mile in diameter, but
bigger telescopes usually won’t do too much better than an 8-inch because atmos-
pheric seeing limits their better resolving power.

Some craters that deserve the novice’s attention are Tycho, Copernicus, and Plato.
Tycho, 85 km across, is prominent because it’s young, “only” about 108 million years
old. For that reason it’s sharply defined, standing out well in its crowded area. What
makes it truly wonderful, however, is its huge system of “rays.” Tycho’s rays are the
ejecta thrown from the crater during the impact of the body that formed it. This
debris is lighter than the landscape it’s deposited on and stands out starkly as bright
radial streaks emanating from the parent crater. Tycho’s rays, which are especially
brilliant at full Moon time, stretch nearly 1,500 km across the surface. Copernicus
(Plate 49), 93 km in size, has a prominent ray system, too, if not as an extensive a one
as Tycho. What’s special about Copernicus is the crater itself. It features a “terraced”
inner wall and an intricate system of central peaks. Plato is strikingly different from
the other two. It’s located away from the highlands in the northwestern quadrant
and doesn’t have a ray system. If it ever did have rays, they were extinguished long
ago by the lava floods that formed nearby Mare Imbrium. Under good conditions
(good seeing and low Sun angle), a C8 will reveal that Plato’s floor is littered with
numerous small craterlets.

Plate 49. (Copernicus)
The great crater Coperni-
cus as seen by an 8-inch
SCT. Credit: Author.
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Maria

After craters, the most noticeable lunar features in a telescope are the maria, the
lunar seas. It’s long been obvious the dark areas on the Moon’s visible face aren’t
really seas, though they do look a little like that to the naked eye. Even a tiny tel-
escope or a pair of binoculars reveals these them for what they are: huge plains sur-
faced in a dark material. A 5-inch SCT or a 90mm MCT easily shows that the maria
are peppered with craters, crater ejecta, and other solid features.

At first, the Moon’s plains may seem less interesting than the highlands, but these
areas have their own attractions. One thing that will be noticed immediately is that
the dark, dried lava material that covers these areas is not of a uniform color, but
can vary over a fairly wide range from sea to sea and even across the larger maria.
In some areas it’s a bland gray. In others it’s reddish-brown or bluish-green. Like the
highlands, these areas are also home to craters, just in less profusion. Some of the
most magnificent craters, such as Copernicus and Kepler, are visible in the midst of
the maria. In some places, especially near the “shores,” lava piled up in frozen waves,
creating wrinkles in the ridges that look a little like frozen ripples on a pond.

Are there any mare that deserve special attention? They all have interesting features.
One favorite is the huge, “isolated” Mare Crisium, but the most interesting one for new
observers is probably Mare Tranquilitatus, because it was the spot where the Apollo 11
lunar module touched down. It’s fun to try to pin down the exact landing spot using a
CAT. Most lunar atlases show the spot where Armstrong and Aldrin set Eagle down.

Other Features

Even a 90mm ETX will show that craters and maria aren’t all there is to see on the
Moon. Systems of rilles, cracks in the lunar surface, are visible in many locations,
sometimes stretching for hundreds of miles and forming intricate networks. There
are also valleys, like the magnificent and imposing Alpine Valley near Plato, and
scarps, places where the lunar surface has been elevated in linear fashion, forming
great cliffs. The Straight Wall scarp, visible in an ETX or C5 with ease as a razor-thin
black line, is one of the first lunar attractions the new CAT owner should visit. Less
obvious are lunar domes, gentle swellings of the surface. These strange features may
have been created by volcanic activity and are almost impossible to detect except
under the lowest Sun angles.

There’s a spot on the Moon where many of these interesting sights are all jumbled
together: Aristarchus. This 40-km-diameter crater is strangely bright against the
darker surface around it and is abutted by a long, sinuous rille and numerous domes
that can be seen when the Sun is rising or setting (Plate 50).

Accessories for Lunar Observers

There are a few items that can make lunar exploring more productive. The most
important is a map of the Moon or a lunar atlas. Luna’s face is a maze of confusing
details, and a map is mandatory for making sense of the landscape. At first, a simple
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Plate 50. (Aris-
tarchus) Bright Aris-
tarchus lies in the midst of
one of the Moon’s most
interesting and mysterious
areas. Credit: Author.

large-scale map such as one found in many general observing guides will suffice. If
the Moon becomes a real interest, though, something more detailed is called for.
Antonin Rukls Atlas of the Moon is the standard reference for amateur “lunatics.”
This is a true atlas, with the Moon’s entire visible disk portrayed in considerable
detail in large and beautiful airbrushed maps. Unfortunately for CAT owners who
use star diagonals, the view in an SCT is mirror reversed and will never match the
Rukl charts. That can be dealt with by copying charts onto transparency film with a
Xerox machine and flipping them over for a correct view.

Or take the easy way out and use a computerized lunar atlas. Just as computer
programs dominate in the star atlas business, computerized Moon maps are now
making their presence felt. See Chapter 10 for details on specific programs. In addi-
tion to showing detail far smaller than that in Rukl or other books, computer atlases
have one huge strength: their views can be flipped or rotated to exactly match the
orientation seen in the telescope.

The Moon is not dangerously bright, but it is bright enough to make it sometimes
difficult to see small details because of the glare. Some observers turn to Moon filters
to dim Luna down a bit. These are usually neutral density filters and are not colored
but only serve to reduce the intensity of the light. Like most other astronomical
filters they screw onto the field lens end of an eyepiece. Moon filtersare not highly
recommended for lunar observing. They reduce light too much for many telescopes,
even when used at low power. They also don’t do anything to enhance the appear-
ance of the Moon’s features. All they do is attenuate light. A slightly better choice
for someone who wants to reduce Luna’s silv’ry light is color eyepiece filters. These
can work as well as a Moon filter to minimize the glare, and some colors have the
added benefit of enhancing surface detail. An 80A blue filter, for example, increases
the contrast of small details. A #15 yellow makes crater ray systems and rilles pop
out of the landscape.

Does the CAT’s drive need to be adjusted when observing the Moon? Most go-to
SCTs have a Lunar Drive Rate selection in the hand controller menus. Since the
Moon moves at a speed slightly faster than sidereal rate, switching over to the
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“Lunar” position allows the telescope to track the Moon with more precision. Some
computerized telescopes even switch to Lunar tracking speed automatically when
the Moon is selected as a go-to target. In practice, the difference between sidereal and
lunar rates is small enough so that you needn’t bother changing the drive speed.

A Tour of the Rest of the Solar System

The Sun It’s true the hazards of Sun observing have probably been overstressed
in amateur literature, needlessly scaring people out of viewing the Sun, but the dan-
ger is real. A moment’s carelessness can result in a lifetime of damaged eyesight. If
the Sun is treated with respect, though, it can be a rewarding subject for observation
and study.

What’s visible on the Sun? As mentioned in the solar filter discussion, an inexpen-
sive white-light filter will mostly show sunspots and the granular structure of the
Sun’s surface, the “faculae.” These things can be endlessly fascinating, but most Sun-
worshiping amateurs wind up wanting more. A hydrogen alpha filter is an expensive
buy for most amateurs, but the dim red light of hydrogen that passes through it can
reveal the Sun’s more dramatic secrets, including prominences, the glorious foun-
tains of fire that ring the Sun’s disk. Hydrogen alpha filters are complex and hard to
make and will probably never be truly inexpensive, but Lumicon’s Solar Prominence
filter system is at least palatable, with the 8-inch SCT model going for $780.

The biggest problem for the prospective solar observer? Seeing. Whether trying
to view or image the Sun, daytime atmospheric turbulence is always a problem. Not
only is the daytime atmosphere usually in turmoil, the scope is “shooting” over Sun-
warmed ground, and its tube is sitting in the full Sun and filled with currents of hot
air. The most effective way to deal with solar seeing is to observe in the early morn-
ing, just as the Sun attains 30 degrees of altitude over the horizon. At that time the
atmosphere will be at its steadiest, Earth will not yet be overly warmed, and the rays
hitting the telescope OTA will be relatively gentle.

Mercury Mercury, named after the fleet-footed messenger of the gods, is the
first stone from the Sun, orbiting at a distance of about 58,000,000 km, making it
swiftest member of Sun’s family. With a diameter of less than 5,000 km it is also the
smallest major planet. Being close to the Sun, Mercury is never far from its master
in the sky. As it swings around in orbit, it appears as a “morning star” before dawn
on one side of its orbit and as an “evening star” after sunset on the other side. At its
greatest “elongation,” its greatest distance from Sol, Mercury is no more than about
30 degrees from our blinding star. Given its small size and considerable distance
from us, Mercury is understandably small in telescopes, no more than 5 to 7 seconds
of arc in diameter.

What can an SCT owner see of Mercury? Before seeing anything, Mercury will
have to be found. That’s not usually a problem, even without go-to. Despite a rep-
utation for being elusive, Mercury stands out like a sore thumb at observing sites
with uncluttered horizons. People who’ve never seen the planet are often amazed
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at how prominent the little guy is. Mercury can get as luminous as magnitude —1.9
and appears as an unmistakable yellowish “star” lurking near the horizon. Locat-
ing Mercury is one thing; seeing much of this distant, rocky world in a telescope
is another.

How much Mercurian detail is visible in an 8-inch or larger SCT? Little or none.
Being so close to the Sun, it can only be viewed down in the thick, dirty, turbulent
air near the horizon. An “inferior” planet (closer to the Sun than Earth), Mercury
goes through phases, just like the Moon, growing from a slim crescent to almost full
(the Sun always hides a “full Mercury”). That’s about all most amateurs will ever see
of this planet: a tiny Moon-like thing that moves swiftly into and out of the solar
glare. Can anything help with Mercury? Mainly, just observing the planet when it’s
as high in the sky as possible. That means catching it just after sunset in the evening
and just before sunrise in the morning. At those times the background sky is admit-
tedly bright, but eyepiece filters can help with that. Red and orange are particularly
good for darkening the sky and increasing contrast between Mercury and the back-
ground. Some observers have had good results by observing Mercurywhen the Sun
is over the horizon. It’s easy enough to view the planet in the daylight by continuing
to watch it as the Sun rises, or, if it’s in its evening star role, by enlisting the aid of a
go-to system to locate it. The important thing? Extreme care must be taken not to
get the Sun in the field by accident!

Images delivered by the Pioneer 10 spacecraft revealed Mercury’s surface as a cra-
ter covered landscape similar to the Moon. Can hints, at least, of these craters be
seen from Earth? It does not appear so—not visually, anyway. Over the years, visual
observers with a variety of telescope types have recorded dusky markings on the
planet, but these do not seem to correspond to real features in spacecraft images.
Recently, however, amateurs using webcams (Chapter 11) have produced pictures of
the planet with features that seem to tally with Pioneer images and those returned by
the recent (2008) Messenger spacecraft.

Venus The next planet out from the Sun is Venus. Aphrodite’s beautiful appear-
ance in morning and evening skies, where she outshines everything except the Moon
and Sun, leads novices to expect great things from her. I remember how excited I
was to get my first look at the planet through a telescope. What wonders would be
on display? Venus had, up until the end of the 1960s, almost as romantic a reputa-
tion as Mars, being imagined as a watery ocean-covered world or a steamy swamp-
dominated planet, perhaps inhabited by dinosaurs. What would I see in my 3-inch
telescope?

Not much. Through a small instrument, and indeed through any telescope,
Venus turns out to be another disappointment. It is really just a larger and brighter
version of Mercury, a featureless disk that, due to its status as an inferior planet,
shows phases like the Moon. The bland nature of Venus despite its close proximity
to Earth is due to a deep blanket of clouds. The spacecraft that began visiting the
planet in the 1960s found Venus suffers from a terminal case of runaway green-
house effect. The carbon dioxide-laden atmosphere traps heat, resulting in a sur-
face temperature of about 900 degrees Fahrenheit. Goodbye Venusian dinosaurs
and mermaids.
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Is Venus a complete waste of time for an SCT user? Not necessarily. It is much
less interesting than Jupiter, Saturn, or Mars, but there are things to see. It’s fun
to watch Venus’s phases and see it grow from a small gibbous disk to a large, thin
crescent and vice-versa. There’s also the ashen light. If you've ever admired a lovely
crescent Moon, you've no doubt noticed you can see not only the Sun-illuminated
portion but also the night side glowing feebly. The reason the dark part of the
Moon’s disk is visible is simple: a bright Earth is in the lunar night skies illu-
minating the landscape with reflected sunlight, just as a full Moon lights-up the
landscape of our own world. Over the years, quite a few Venus observers, includ-
ing your author, have noted a similar effect on that planet. In addition to the
illuminated part of the disk, the dark portion of Venus can sometimes also be seen
faintly. But how is that possible? Venus has no Moon to light its evenings!

Nevertheless, the ashen light must be real. I myself saw it convincingly for the first
time in 1999 with an 8-inch Schmidt Cassegrain. I'd imagined I'd seen the effect
occasionally a time or two before that, but was never was completely sure. On this
particular night there was no doubt. The night side of the half-illuminated planet
was remarkably visible. The faint yet obvious glow remained visible even when an
80A blue filter was added to the eyepiece.

What is the ashen light? It is a real effect, but it may not necessarily be a real phe-
nomenon of the planet. The human eye/mind is a wondrous combination, but is all
too prone to showing us what we expect to see. Venus looks like a little Moon, so the
brain delivers a little Moon image, complete with Earthshine. Combine this “fill in
the blanks” characteristic of the eye/brain with effects caused by the high contrast
between the brilliantly illuminated planet (as bright as magnitude —4.6) and the sky,
and we don’t have to look to Venusian aurorae for the cause of the ashen light. The
ashen light “case” is far from closed, however.

An even higher challenge for the visual observer is Venus’s markings. By mark-
ings, we mean shadings in the planet’s impenetrable atmosphere caused by clouds,
not anything on the surface. Don’t imagine these atmospheric features will stand
out like the cloud bands of Jupiter. They are incredibly faint and subtle. Occasionally
faint patches can be noticed along the terminator, but these can usually be ascribed
to contrast effects. A #47 violet eyepiece filtercan help some, but seeing the Venusian
clouds is still close to hopeless. It is possible to record details in the atmosphere of
the planet easily enough. A webcam, especially one equipped with a filter that passes
UV and blocks most other wavelengths, will definitely show shadings in Venus’s
steaming atmosphere.

How often should you observe the lovely lady? Maybe a few times per Venus appa-
rition. For most SCT users, Venus is a featureless blank of a world, an object of occa-
sional interest rather than a lifelong obsession, like the “big three,” Mars, Jupiter, and
Saturn. This is not to say Venus does not have her fans. The amateur organization
for planetary observers, ALPO, the Association of Lunar and Planetary Observers,
has an active Venus section.

Mars Mars has fascinated astronomers for centuries. After Jupiter, it is probably
the most interesting planet for SCT owners. Unlike Venus, Mars offers detail aplenty:
subtle but easily visible surface markings that sometimes change, polar ice caps that
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grow and shrink with the planet’s seasons, atmospheric clouds that come and go,
planet-girdling dust storms, and more. Plus, there’s the simple fascination of Mars
as a place that keeps us coming back. Though we now know Mars is not the “abode
of life” that wealthy American amateur astronomer Percival Lowell imagined, it’s
possible life (most likely microbial life) existed there in the distant past. It’s even
conceivable there’s still some primitive life lurking on this small (6,800-km) world.
There is little doubt Mars was once much warmer and much wetter.

Because of these things, it’s no surprise Mars is one of the first targets to attract the
attention of a new CAT owner. Unfortunately, the novice often feels short-changed.
Mars can be fascinating for the visual observer equipped with a small telescope, but
it is usually just plain difficult. Why? Because it is small and far away. Mars, barely
more than half the size of Earth, orbits the Sun at a distance of about 225 million
kilometers. In some parts of its orbit it can be almost 400 million kilometers away
from Earth. At that distance it’s so tiny in the telescope it’s barely worth a glance.
Even large instruments show little or nothing of its surface features. If that were
all there were to the Mars story, it would probably elicit less interest from amateur
astronomers than even bland Venus. But that’s not the whole story. Every two years,
there’s a magical Mars Time.

Every other year Mars comes to “opposition,” the point in its orbit when Earth
is directly between it and the Sun. At that time it is closest to Earth and directly
opposite the Sun in our sky, making it well placed for telescopic observation all night
long. The distances of Mars’ closest approaches depend on exactly where it is in its
fairly eccentric elliptical orbit at opposition time. Every 15 to 17 years, though,
it comes really close. The 2003’s Mars opposition, when the planet was a “mere”
55,768,000 kilometers from Earth, was the closest in 60,000 years. At that opposi-
tion Mars was over 25 arc seconds in diameter and shone at a magnitude of -2.7.
That is remarkably big and bright for this planet, and, as might be expected, the
amateur images and visual observations done at the time revealed amazing detail
(Plate 51). Sorry if you missed it, since it won’t be that good again until 2287, but
even a not-so-close opposition (in 2010 Mars will be 99,000,000 km away) is a fine
time to be a Mars watcher equipped with an 8-inch or larger CAT.

Plate 51. (Mars) Mars
by a C8 and a webcam
during the amazingly
close 2003 opposition.
Credit: Author.
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As an opposition approaches, the tiny red speck of a planet grows and grows, and
the normally featureless disk begins showing more and more detail, the legendary
dark patches and ice caps popping into view. At opposition the magnitude of Mars
also increases, making the normally sedate planet positively glaring. During these
times it seems as if every telescope on Earth is staring at the Red Planet.

The Martian polar ice caps and dark (“albedo”) features are easy even in a 4- or
5-inch CAT when the planet is at opposition. Depending upon where the planet is
in its orbit, either the north polar ice cap or the southern one may be pointed in
our direction, and will be easy to make out as an intensely bright white spot. As the
seasons change, the visible polar cap grows and disappears. Larger CATs may show
that the cap changes shape as it grows and shrinks, and may even reveal a dark “melt”
line adjacent to it as summer comes in. The dark surface features of the planet are
what really draw observers, though. There are no canals, but their lack is more than
made up for by the maria of Mars. These subtle dark patches were once thought to
represent vegetation but are now known to be nothing more than areas of the planet
that have been scoured clean of dust by Martian winds. The dark areas bear watch-
ing by amateurs because they can change subtly, and this is of interest to planetary
scientists. The easiest of these dark features to identify, a true Martian landmark, is
the “Indian Subcontinent of Mars,” Syrtis Major, the large, dark area centered in the
middle image of Plate 51.

Even at opposition time, there’s no denying Mars is small (less than half the aver-
age size of Jupiter), and that picking out surface features can be tough. Don’t be
afraid to use high magnification. It’s always easier to pick out details in a larger
image than a smaller one, even if more magnification makes the planet less sharp.
One other thing that will help is a filter. A red or orange filter (Wratten #21 orange
or #25 red) works, but even more contrast can be achieved with the peach-colored
“Mars filters” astro-vendors sell around opposition time. The biggest help, though?
Experience. After a few weeks of observing the planet at high power, details that were
initially hard to make out become easy.

Mars is a fairly dynamic world, and changes in its atmosphere happen on a regular
basis. It’s not unusual for its clouds and weather systems to be prominent enough to
be seen in an 8-inch SCT. In addition to yellow clouds that represent dust storms, there
are frequent blue clouds caused by planetary weather systems. A large dust storm can be
obvious in a 90mm ETX, while the blue clouds of Martian cold fronts may need a big
CAT and an experienced observer. As with the maria, filters can help with clouds. Try
green or blue for fronts and hazes and yellow for dust-storm clouds.

How about Mars’ two moons, Phobos(fear) and Deimos(panic)? These asteroid-
sized chunks of rock require at least an 8-inch SCT. At opposition they are not that
tough—or wouldn’t be if it weren’t for the overwhelming glare of the planet. The
magnitudes of the pair are not overly dim; Phobos gets as bright as magnitude 12,
while Deimos is about 13. Despite Phobos’s relative brightness, it’s the more difficult of
the two, since it’s closer to the planet. The trick to seeing these two worldlets is to either
get Mars out of the field or arrange some kind of “occulting bar” in the eyepiece—
maybe a strip of aluminum foil taped across the telescope end of the eyepiece. Hide
Mars behind this bar, and one or both of the minute moons may pop into view.
Before trying to observe the moons, find out when and where they will be at their
greatest distances (elongations) from the planet, which is when they’ll be easiest to
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find. Times/dates of Phobos’ and Deimos’ elongations can be found on the Internet
or in the astronomy magazines.

Mars, riding high in the night sky at opposition, is a magnet for amateur astrono-
mers. For those of us who dream of traveling there or even of colonizing this strange
world, our little CATs provide us with a unique opportunity to visit this fabled and
secretive world vicariously. Sadly, few, if any, people now living will have a chance
to actually walk the sands of Mars; that appears to be an honor reserved for our
grandchildren or great grandchildren. But our faithful CATs allow us to travel there
in spirit and taste a few of the wonders of humankind’s most likely second home.

Jupiter Jupiter (Plate 52) is the king of the planets and not just because of his
enormous girth—this monster of a world is 142,984 km in diameter. Jupiter is also
king in the affections of amateur planetary observers. Why? Because this great ball
of gas is just so consistently interesting. There’s always something to see any time
Jupiter is in the sky. Even a little MCT reveals multi-colored cloud bands. The Great
Red Spot, the planet’s enormous storm system, cruises sedately around the planet,
drawing the eye of the telescopic observer. Accompanying the planet are the four
huge “Galilean” moons discovered by Galileo on the night when he first turned his
telescope to the sky. These satellites shuttle back and forth from evening to evening,
crossing in front of Jupiter’s disk (transits), casting dark, pinpoint shadows on the
planet’s cloud deck (shadow transits), and disappearing behind the globe (eclipses).
And Jupiter is not just interesting because of the wealth of detail on its huge (45 arc
second diameter) disk but because these details are always changing.

Mars is fascinating, sure, but fans of the Red One have to wait for every-other-
year oppositions before being able to see much. In contrast, Jupiter, although more
distant than Mars, orbiting 778,330,000km from the Sun, is so big that it is a worthy
target for CATs anytime it is visible, which is for months at a time every single year.
Jupiter does vary a bit in size, but never gets small, and details are always easy to
discern even with small apertures and low magnifications. For example, although

Plate 52. (Jupiter) Jupiter
presents a mass of detail both to

the camera and to the naked eye.”
Credit: Author.
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the Great Red Spot is currently (2008) a fairly pale pinkish-red, itvcan be seen with
a2 90mm inch ETX. Imagine the kind of detail visible in an 8- to 10- or 12-inch SCT.
On a night of good atmospheric seeing, the features on Jupiter visible in an 8-inch
CAT are almost mind-boggling. Not only are there four or five dark cloud belts but
also a wealth of detail in these belts, ranging from ragged edges to streamers (fes-
toons) impinging into the bright “zones” that separate the dark bands. When the
Great Red Spot is undergoing one of its darker periods, you can detect not just its
oval shape but tantalizing hints of detail within it.

The four Galilean moons, one of which is visible in Plate 53, also put on a won-
drous display in a C8. When the atmosphere is at maximum steadiness, they are not
just star-like points; they show tiny perfect disks at high magnification (the largest,
Ganymede, at 5,262 km is planet-sized). It’s easy to spot the hard little shadows these
moons cast on Jupiter’s cloudtops as they transit in front of the disk. Under stable
seeing conditions it’s even possible to track a satellite itself as it moves across the
planet. The moon will appear as a tiny, bright disk set against the darker background
of mighty Jove.

Some beginners wonder why their SCTs show only four moons despite the fact
that Jupiter is known to have a huge retinue of at least 62 satellites. The reason is
that the other moons are all tiny and dim. They are flying mountains rather than
small worlds. The brightest of them, Amalthea, the last of Jupiter’s companions to
be discovered visually (1892), is a dim magnitude 14.1. When this is coupled with
the moon’s nearness to the bright disk of the planet, Amalthea becomes a terribly
challenging object, even for the largest amateur SCTs. Think “Phobos and Deimos”
but much worse.

Jupiter is immediately impressive to the new SCT owner, but beyond cloud bands
and the moons, not much will be visible initially. Making out detail on Jupiter is easy
compared to the difficulties the other planets present, but it still requires experience
and knowing a few tricks of the trade. Foremost—as with all the planets—is the
requirement for precise collimation of the telescope. That makes all the difference in
the world with SCTs. Magnification? Jupiter, being larger, doesn’t need as much as

Plate 53. (Jupiter and
Satellite) Distant Jupiter's
largest moons show

their disks to webcam-
equipped SCTs and in
high power eyepieces

on steady nights. Credit:
Author.
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Mars. The Great Red Spot and small atmospheric features such as spots and festoons
are often detectable at powers of 100x by experienced observers, and 200x is often
more than enough magnification to reveal smaller features. As always in the plan-
etary game, however, don’t be afraid to kick the power up a couple of notches.

Despite the planet’s many wonders, new Jupiter observers are often let down by
the subdued colors of the planet. It doesn’t look a thing like the Voyager spacecraft
pictures. It’s all washed out. Where are the dark reds and bright blues and fluores-
cent yellows? The Voyager pictures, while amazing, are not a realistic representation
of the planet’s appearance. Contrast and color saturation in spacecraft images were
boosted in order to make small details more visible. Jupiter, the real planet, seen
live in the eyepiece, is not a riot of color; it’s a pastel world. Colors are visible to the
experienced observer, but they tend to be muted tans, creamy-yellows, and subtle
blues, not strong primary colors.

Does Jupiter seem a bit too pastel to make it easy to see belts, spots, and festoons?
There’s a way to enhance the Jupiter experience: a Wratten #80A blue filter. This
probably does more to enhance the planet than any other filter on any other plane-
tary subject. An 80A sometimes makes the difference in seeing and not seeing barely
visible belt features. As we said earlier, the 80A is indispensable for Jupiter watch-
ing. A few other filters can help a little, too. A yellow one (Wratten #12 or #15) will
darken the festoons. A magenta filter (#30) can help with bright spots and ovals.

This author been observing Jupiter for over 40 years, and the planet never fails
to amaze. Just when you think you’ve seen it all, something dramatic happens. The
Great Red Spot fades, belts disappear and reappear, long-lived white spots bloom
and cruise and collide and merge, or a comet slams into the planet with incredible
violence. This enormous world, almost frightening in its majesty, reminds one that
our Solar System is not a static thing but an entity that changes and lives. The truly
wonderful thing is that even the tiniest CAT provides a ring-side seat for Jupiter’s
ever changing and never ending show.

Saturn Saturn, Lord of the Rings, is without doubt the most beautiful object in
the heavens. A first glimpse of this almost artificial-looking world is unforgettable.
It’s just too perfect to be believed. Guests at public star parties peer down the correc-
tor end of a scope after viewing Saturn, looking for the photo of the planet they’re
sure was pasted on the end of the telescope!”

Beyond the striking beauty of Saturn’s golden-orbed, ringed visage, there’s a fair,
if not overwhelming, amount of detail for CAT owners. Examine the rings carefully,
even with a 90mm ETX, and a thin black line dividing Saturn’s “A” and “B” rings
(the outer and inner rings, respectively) will be obvious. This is the Cassini division,
named for the seventeenth-century astronomer who first noted this curious fea-
ture. It is caused by gravitational effects that sweep this area clean of ring particles.
The rings, of course, are not solid but are composed of pebble- to mountain-sized
chunks of ice. The Voyager spacecraft revealed numerous other gaps in the rings, all
of them much narrower than Cassini’s. The only one of these other ring divisions
visible from Earth lies almost at the edge of the “A” ring and is called the “Encke” or
“Keeler” gap.
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Over the years, numerous amateur observers who reported a division in that spot
at the edge of the rings were met with skepticism on the part of the pros. Finally, the
Voyagers put the question to rest in 1980 and 1981, imaging the Encke Gap clearly.
Occasionally one can catch a glimpse of it in an 8-inch SCT at obscenely high
powers on the best nights, but what most small scope owners may actually be seeing
is the Encke “Minima,” a slight darkening of the A ring near its outer edge rather
than the gap itself. Even this “Minima” not overly easy to see, even with a webcam.
Plate 54 shows it but just barely.

Inward from the “B” ring is Saturn’s final major ring, the “C,” or Crepe, Ring. The
Crepe is somewhat difficult to see in small telescopes. It is semi-transparent and
appears as nothing more than a faint haze inside the “B” ring. Often the easiest way
to detect this subtle band is to look for a darkening where the ring passes in front of
the planet.

Like Jupiter, Saturn is a gas giant world, a great ball of (mainly) hydrogen with
(perhaps) a small rocky core at its center. The appearance of its globe is very
different from that of Jupiter, however. Jupiter is a pastel low-contrast world, but
the cloud features on Saturn are even more understated. Because of what is appar-
ently a hydrocarbon haze high in the atmosphere, Saturn’s belts, spots, and zones
are lower in contrast than those of Jupiter. Most obvious is a bright equatorial zone.
This is flanked on either side by tan north and south equatorial belts that are fairly
easy to detect against the burnished gold of Saturn’s globe. Other belts can be seen
higher in latitude in either hemisphere, but the narrow, subdued zones that sepa-
rate them make it difficult to distinguish one from another. On particularly steady
nights, 8-inch and larger CATs may be able to detect a faint darkening around the
pole of the planet that is currently pointing towards Earth.

Not only is Saturn’s atmosphere lower in contrast than Jupiter’s, it’s less active,
probably because the planet, a whopping 1.35 billion kilometers from the Sun,
is colder. Bright spots can occasionally be seen, but they are far more difficult to
observe than comparable features on Jupiter. These spots seem to be associated with
Saturn’s closest approaches to the Sun (perihelion) during its 29-year orbit and are

Plate 54. (Saturn)
Saturn is beautiful but
(almost) unchanging.
Credit: Author.
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usually found near the equatorial zone. Frankly, the best way to “see” Saturn’s spots
is with a webcam; even then they are not exactly prominent.

What special problems does Saturn present to the SCT owner? The main trouble
with Saturn is its huge distance from the Sun. New observers, once they get over the
initial impact of Saturn’s beauty, are distressed by how tiny it is. At opposition, Saturn’s
disk is about half the size of Jupiter’s, and to see many details in the rings or on the
globe high power is required. The 200x is a good “Jupiter power,” but this is merely the
starting place for Saturn. Luckily, the planet seems to “take” magnification better than
Jupe. You can use as much as 600x on Saturn with a C8. When the seeing is good, the
planet doesn’t break down easily; it keeps getting bigger and delivering more detail.

Like the disk, Saturn’s rings are almost unchanging, “almost” because they do
change their tilt. Saturn’s inclination to the ecliptic (the plane of Earth’s orbit)
causes the aspect of the rings as seen from Earth to change as the planet moves
along. Eventually, the rings appear edge on. Such a “ring plane crossing” last took
place in 1995 and will happen again in 2009. At those times the rings, which are only
about 100 meters thick, briefly disappear, which normally allows Earthly observers
a good look at the disk and the planet’s faint moons without the interfering glow of
the ring system. Unfortunately, the precise moment of ring plane crossing won’t be
seen in 2009, since the planet will be in conjunction with the Sun at that time. The
progression from open rings to closed rings to open again occurs in cycles of 13.7
and 15.2 years.

Moons? You want moons? Saturn’s got ’em. An amazing retinue of 60 at last
count. Most are small, but Saturn’s largest satellite, Titan, at 5,150 km in diameter,
is planet-sized. Titan, easily visible in a 90mm MCT, even has a thick atmosphere,
which is dominated by nitrogen and traces of methane and other gases. The makeup
of Titan’s atmosphere gives the moon an orange color easily detectable in an 8-inch
SCT. In addition to magnitude 8.4 Titan, four other Saturnian moons, Rhea (9.0),
Tethys (10.3), Dione (10.4), and Enceladus (11.8), are easy to see in modest instru-
ments. Rhea and Tethys definitely show in the ETX 90. The identities of the moons
can be figured out with the aid of computer software or with the diagrams astron-
omy magazines print during Saturn’s apparitions.

Saturn isn’t as interesting a world for the CAT-equipped amateur as Jupiter, but
it’s beautiful. Its relative changelessness seems to fit the massive and brooding father
of the gods. Even though you probably won’t see anything new on this distant giant
from night to night, you might not be able to stop yourself from turning your SCT
to the ringed wonder any time it’s over the horizon.

The Distant Giants For SCT-users, Uranus and Neptune, the Solar System’s
outer pair of planets, are the been there worlds, “been there” because there’s not much
to see. The only attraction for most amateurs is the simple satisfaction of having tracked
down and viewed these objects in the telescope—you’ve been there.

Uranus Locating magnitude 5.8 Uranusisn’t much of a problem for the CAT
owner. The planet is even visible to the naked eye from somewhat dark sites and is
obvious in a pair of binoculars, making it easy to find even with a non go-to CAT.
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Though it’s not a challenge to locate, Uranus can be a bit of a challenge to see. Its
tiny disk, averaging 3.6 arc seconds across, makes it easy to mistake the planet for
just another field star. Once the telescope is in the correct area, a fairly bright faintly
greenish “star” should be obvious in the field. It won’t show much indication of a
disk at typical “finding powers” of 100x or below, but it will look distinctly non-
stellar. Once the planet is centered, run the magnification up to at least 250x-300x to
get as good a look as possible at this distant giant’s minute globe.

Don’t expect to see anything much, even at 500x. Uranus is a huge, slightly flat-
tened gas giant 51,118 km in diameter at the equator, but it is very far away, in the
vast outer reaches of the Solar System nearly 3 billion kilometers from the Sun. As
at Saturn, there’s a haze in the upper atmosphere that tends to mask atmospheric
activity. What weather patterns there are are intrinsically faint. It’s really cold out
there, and there’s very little energy to drive the planet’s weather. Even Voyager 2,
which flew by Uranus in 1986 at a distance of 81,500 km, didn’t see much more than
a featureless green globe.

Uranus is currently known to have 27 moons (named for Shakespearean charac-
ters). Out of these 27, only 4 can be glimpsed visually in amateur telescopes, and only
2, Oberon and Titania, are doable (though not easily doable) with an 8-inch. Oberon
is close to magnitude 14, and Titania is only slightly brighter at 13.7. The way to
conquer the pair is to use high magnification to suppress background sky glow in the
field, get Uranus out of the field with an occulting bar, like one used to hunt Phobos
and Deimos at Mars, and to know exactly where to look. Sky & Telescope magazine’s
website includes a nice java applet that shows the locations of Uranus’s moons for
any date and time. No luck? A CCDcamera or a long-exposure-modified webcam
will make quick work of the planet’s five brightest satellites, which range down to
“only” 15" magnitude. Uranus possesses a set of rings, but they are made of dark
material and are virtually invisible from Earth—in amateur scopes, anyway.

Neptune Neptune is a lot like Uranus for telescopic observers—only more so.
The bluish-green sea god is only slightly smaller in diameter than brother Uranus,
being an immense 49,532 km across, but is even more distant from Father Sun at
4.5 billion kilometers. So, Neptune is both smaller and dimmer than Uranus. Its
magnitude is 7.9, so we’ve left the realm of naked-eye objects; a pair binoculars or a
small telescope is required even to see this distant planet as a “star.” Neptune makes
Uranus look big in a telescope. Its disk is a miniscule 2.9 arc seconds across, and high
power, 300x and above, is needed to resolve it as a disk. Like Uranus, it isn’t terribly
difficult to locate, even without go-to. Also like Uranus, the problem is knowing for
sure it’s in the field. It does look somewhat non-stellar at modest powers but is not
nearly as noticeable as Uranus. Use as much magnification as the seeing will allow
to ferret out the disk.

What'’s visible on the 8" planet? Neptune does have a more active atmosphere than
Uranus, one probably driven by the heat generated in the planet’s interior. Neptune has a
much stronger internal heat source than Uranus—no one is quite sure why—and some
visual observers and webcam imagers using large, long, focal length telescopes do occa-
sionally seem to have seen some atmospheric detail—perhaps hints of the white clouds
or the Great Dark Spot Voyager 2 imaged in 1989.
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Like the other gas giants, Neptune is accompanied by a large train of moons: 13
are now known. Only one of these, Triton, is visible in amateur scopes. Surprisingly,
this large world (2,700 km in diameter) is easier to see than any of the Uranian
moons. At magnitude 13 Triton is fairly easy to pick out, if it’s position relative to
the planet is known. Most planetarium software will plot the current position of
Neptune’s big moon and will also allow the planet to be oriented to match the view
in a CAT (right side up and mirror reversed). As for the other Neptunian satellites,
the next brightest is Nereid at magnitude of 19.2. For this, you’d need to break out
the CCD camera.

Pluto It will be up to you to decide whether to agree or disagree with the Interna-
tional Astronomical Union’s decision to strip poor little Plutoof major planet status.
One thing is clear: Pluto is in a whole other class compared to the larger members
of the Sun’s family, both in makeup and difficulty for observers. Unlike the outer gas
giants that share its distant neighborhood, Pluto is a tiny ball of rock and ice—with
the emphasis probably on ice. Once thought to be larger than Mercury, Pluto has
been downsized every time we’ve learned more about it. The current accepted diam-
eter of this moon-like world is a mere 2,274km. It would be tempting to dismiss this
speck of a world as an escaped satellite of one of the gas giants, but current theories
do not support that. Though it may be moon-like in size and composition, Pluto is
actually the owner of three moons of its own, Charon, which is just a little smaller
than Pluto itself, and two asteroid-sized chunks of ice and/or rock. All these moons
are invisible in amateur scopes.

Pluto is also incredibly distant. On average, it is 5 billion kilometers from the
Sun and subtends a bare .1 arc second in Earthly telescopes. Pluto is simply not
resolvable as a disk by amateur scopes (large professional telescopes equipped with
adaptive optics do have a shot). This tiny world is also dim at an average magnitude
close to 14.0. That probably puts it out of range of smaller than 8-inch CATs, and it
is not easy even in an 8-inch. Experienced observers can find Pluto with a C8, but
the task becomes easier in an 11- or 12-inch. As with Neptune, the problem in this
age of go-to is not so much finding Pluto but knowing it’s been found. Worse, unlike
Neptune, Pluto won’t show even a tiny disk no matter how much power is thrown
at it. To be sure it’s is in the bag, check the eyepiece field against a detailed chart
showing stars down to magnitude 14 and dimmer. The astronomy magazines usu-
ally print Pluto finder charts once a year, but the best bet is a computer program
that will tailor the view to a particular scope and eyepiece. Even a highly detailed
chart may not make it absolutely certain Pluto has been glimpsed. The time-honored
verification method is to draw a quick sketch or make a CCDexposure of the field.
Come back the next evening and check to see if the Pluto “candidate” has moved
with respect to field stars. If so, success!

Why devote so much time to tracking down visually uninteresting Pluto? There’s
a special thrill in tracking down a world that until recent times—until Clyde Tom-
baugh discovered it in the 1930s—was completely unknown. Finding Pluto is also
a good test of both telescope and observing skills. Most of all, though, the pleasure
comes from gazing upon a world that has been seen by few human eyes.
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Comets and Asteroids

We don’t usually think of Earth or Mars or the other worlds as “leftovers,” but the
Solar System has been pretty accurately described as “Jupiter plus debris.” There
is quite a lot of real junk left over from the formation of the Solar System floating
around out there: comets and asteroids are a further area for the planetary enthusi-
ast to explore.

Comets Every once in a while a spectacular comet visits the inner Solar System.
After a comet drought that lasted over twenty years, we were treated to two “great”
ones in the mid 1990s, Comet Hyakutake and Comet Hale Bopp. Another surprise
came in 2007 when the normally sedate Comet Holmes (Plate 55) flared to
brilliance and dominated northern hemisphere skies for weeks. The visit of a
spectacular comet is a particularly exciting and busy time for both amateur and pro-
fessional astronomers. We're in the spotlight, with the public looking to us for both
views and information. Suddenly it seems as if everybody’s interested in looking
through the CAT. Even your formerly skeptical brother-in-law is no longer puzzled
about why you spent all that money on a telescope.

Actually, an SCT is not required when a great comet is in full flower; a pair of
binoculars or just a pair of eyes will do fine. An SCT can do a good job when the
comet is dimmer, while approaching or moving away, and a telescope is required for
the run-of-the mill comets that visit the inner Solar System every year. Most of these
interlopers don’t get much brighter than magnitude 8, and that makes them perfect
candidates for viewing in an 8-inch or larger CAT. Some are fairly impressive, like
the recent (2006) Comet Barnard, which showed a hint of a small tail as it drifted
sedately through Hercules. Most comets are mere smudges, but all are interesting.
Watch the astronomy magazines and the Internet for news of “good” comets. Spot-
ting these little fellows can become a nice pastime.

Can anything help with dim comets? They are much like deep sky objects, and
the tricks that work on the deep sky—averted vision, jiggling the telescope, etc.—

Plate 55. (Comet
Holmes) The sky is full
of surprises, like Comet
Holmes, which went from
invisible fo astounding in
late 2007. Credit: Author.
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work on them, too. How about light pollution reduction filters? Lumicon sells a
filter formerly called the “Swan Band Filter,” and now just called the “Comet Filter,”
that passes OIII and cometary “C2” lines. Does it work? On comets that display C2
emission (from diatomic carbon), it works pretty well. Unfortunately not all comets
show this emission.

Asteroids Think Pluto is boring? Then you probably won't like asteroids, either.
As the name implies, they look just like stars (“asters”) in the eyepiece. The only
sure means of identifying them, like Pluto, is by checking to see if they move against
the background stars. Asteroids are inherently interesting because of what they are
rather than how they look. They are the leftover pieces of a planet that was prevented
from forming by the gravitational influence of mighty Jupiter. The area between
Jupiter and Mars is littered with these chunks, which range from a few hundred
kilometers to a few meters in size. Most interesting for the SCT user is the handful
of relatively large and bright minor planets, with Ceres and Vesta being the best of
the bunch. The prime attraction other than the “been there” factor is watching their
motion against the stars.

Deep Sky Observing

Planet watching is fun, but there is no denying the siren call of deep space. After
looking at the Moon and a planet or two, most new CAT owners are eager to see
all the stuff in the Great Out There: majestic spiral galaxies, great glowing nebulas,
blazing globular clusters, and gas-clogged nests of newborn stars. An 8-inch SCT is
capable of showing thousands of distant and lovely objects and showing consider-
able detail in the brighter ones.

Deep Sky Hints and Tips Beyond the obvious, “Get the CAT to the darkest
site possible,” what can the new observer do to maximize deep sky “returns”? We’ve
already discussed light pollution reduction filters; they work, on nebulas anyway, and
can make the difference between seeing and not seeing elusive objects. Shielding the
observing position from ambient light is also very important. But is there anything
else that can make dim objects easier to see? Yep, averted vision.

To use averted vision, look away from a deep sky object in the eyepiece rather than
directly at it. That will bring the eye’s dim light sensors into play, and objects at the
edge of the visual field will become surprisingly brighter. There’s another peculiar-
ity of the human eye the deep sky observer can capitalize on: moving objects are
easier to see than stationary ones (maybe an evolutionary adaptation that helped
our ancestors detect stalking predators). Gently rap the tube of the scope so that it
vibrates a little, and “not seen” objects may suddenly pop into view. Using these two
techniques can make a so-so observing session better and can make a good site great.
One thing’s sure, as in planetary observing, experience helps more than anything
else. The more you look, the more you'll see.
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Deep Sky Object Brightness (Magnitude) This is probably a
good time to talk about “magnitude,” the system that describes the brightness of
sky objects. We've thrown the term around a little previously, but it really becomes
important when describing deep sky objects. How does it work? The human eye can
see stars as dim as about magnitude 6 unaided, and each whole number magnitude
jump makes an object 2.5 times dimmer (or brighter). A magnitude 7 star cluster
is 2.5 times dimmer than a magnitude 6 one, and a magnitude 5 cluster is 2.5 times
brighter than the magnitude 6 group. Brightness goes down as positive numbers
become larger and goes up as they get smaller. Objects brighter than magnitude 0
are assigned negative magnitudes. A magnitude —1 object is 2.5 times brighter than
a magnitude 0 one, which is 2.5 times brighter than magnitude 1.

The magnitude system works well for stars but can be deceptive with other deep
sky objects. A galaxy may be said to have a magnitude of “3.5” but appear far, far
dimmer than a magnitude 3.5 star. That’s because the galaxy’s given “visual” magni-
tude expresses what its brightness would be if it were squeezed down to the size of a
star. Obviously, that makes a big galaxy like M31 very dim. Defocusing a magnitude
3.5 star until it is several degrees across would make it nearly invisible. For a better
idea of a deep sky object’s true brightness, some deep sky observers suggest using a
magnitude system that reflects “surface brightness” not “visual magnitude.” Many
books and lists will give both types of magnitude. The values given in the section
below are in visual magnitude, but with a bit of experience it’s easy to get an idea
how bright objects are from this figure and their given sizes. Surface brightness is
better in some ways, but you might find it easier to remember how an object with a
visual magnitude value of 3.5 will appear in your telescope than with a “mean sur-
face brightness of 23.1 per square centimeter.” Use whichever magnitude “system”
you prefer.

Visiting the Deep Sky Menagerie

Today, object finding usually consists of nothing more than pushing a couple of
buttons. But what is there to find? Which objects are worthy of attention? The sky is
filled with beautiful deep sky wonders, but the Messier list is the time-honored place
for deep sky explorers to start. These 110 objects, discovered by Charles Messier and
others in the eighteenth century, are a sampling of the best and the brightest. Once
the Messier list has been conquered, most observers move on to the 8,000 objects
of the New General Catalog. The “NGC” list of objects, originally published by John
Dreyer in 1888, was partly based on work done by renowned amateur astronomer
Sir William Herschel. The DSOs in the NGC range from Messier class in brightness
and detail to ones that are challenges for the largest CATs. What can be expected of
the various species of deep sky objects in either catalog?

Galaxies Galaxies, massive island universes that are the sisters of our Milky
Way, are the objects of many an amateur astronomer’s desires. Beginners, particularly,
long to see the beautiful pinwheel-like spiral arms some galaxies display. Alas, that’s
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not easy: galaxies are far, far away; they are the most distant objects in the cosmic
zoo. The nearest large galaxy, M31 in Andromeda, is a staggering 2.3 million light-
years distant. Because of their huge distances galaxies are almost always small and
dim. They are also badly affected by light pollution, and, again, they are not helped
at all by LPR filters. Many galaxies are visible from compromised urban and subur-
ban sites, but just as fuzzy smudges. To have a prayer of seeing spiral arms with an
SCT, no matter what its aperture, a dark site is a must.

What are the most visually stunning galaxies? M51, the Whirlpool Galaxy (Plate
56), is the place to go to see spiral arms visually. This is an interesting and fairly
bright galaxy located near the Big Dipper asterism, within the borders of the small
neighboring constellation Canes Venatici. Magnitude 8.0 M51 is prominent enough
to be dramatically visible in 8-inch CATs, and its spiral structure is visible from less
than perfect locations with a 5-inch telescope. Also interesting is the little irregular
galaxy NGC 5195 just to the north of M51. A bridge of stars appears to connect the
two galaxies and seems to be evidence of a recent interaction between the two
(“recent” as in “millions of years ago”). This hazy pulled-off stream of stars is visible
in 10- to 12-inch scopes from dark locations. From the typical suburban neighbor-
hood? All that’s seen of these two wonders is a pair of dim blobs, even in a C14.

M31is the most easily seen galaxy in the sky, visible to the naked eye among the
stars of Andromeda even from urban observing sites. Beginners usually expect a lot
from Andromeda, as M31 is usually known, since it is so bright (visual magnitude
3.5). They are also usually bitterly disappointed by this galaxy’s appearance when
they finally get a look at it. At first glance, M31 appears as nothing more than a
bright, elongated blob.

Why? One reason is M31’s sheer size. At 3 degrees across, it’s impossible to fit
this monster in one field of view even using long focal length eyepieces and an /6.3
reducer/corrector. All that’s in the field of even a low power eyepiece is the galaxy’s
round core. Another problem with Andromeda is its inclination. It is tilted only 6
degrees from our line of sight, so the arms aren’t well seen even in CCD images.
Nevertheless, M31 can be an amazing object for the experienced observer, showing
off a couple of dark lanes; a giant cluster of stars; a pair of small satellite galaxies,

Plate 56. (M51) Traces
of M51's delicate spiral
arms are easily visible
with an 8-inch SCT from
dark sites. Credit: Author.
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M32 and M110; and a huge retinue of globular clusters, the brightest of which are
visible in an 8-inch SCT.

NGC 253, the Silver Dollar or Golden Galleon galaxy is, in some observers’ opin-
ion, one of the top two or three galaxies in the heavens for CAT users. It’s bright
(magnitude 7.1) even though it’s an eyepiece-filling 25 arc minutes in size, and it
displays a wealth of detail. Why doesn’t it have a Messier number, then? Probably
because its southerly declination of —25 degrees made it difficult for a mid-high
northern hemisphere observer like Mssr. Messier.

M104, a magnitude 9.0 Virgo spiral is probably the best example in the sky of an
edge-on oriented galaxy. Even 5-inch CATs reveal not only its thin sliver of a body
but the huge central bulge that gives it its name, the Sombrero Galaxy. In addition
to these features, an 8-inch SCT shows that M104 is bisected lengthwise by a dark
lane of dust. In photographs and in really big CATs this lane has scalloped, irregular
edges.

Nebulas Nebulas (nebulae) are the great clouds of dust and gas that lurk in
interstellar space. Bright nebulas can be divided into four different and distinct types:
emission nebulas, reflection nebulas, planetary nebulas, and supernova remnants.

Emission nebulas are great stretches of (mostly) hydrogen that pepper the Milky
Way’s spiral arms and which, when they contract due to gravitational effects and
shockwaves from nearby supernovas, give birth to new generations of stars. Until
stars are born, diffuse nebulas are dark objects—there’s no light to “excite” them.
When hot and massive young stars come to life in the midst of these clouds of gas
and begin radiating torrents of ultraviolet light, nebulas begin to glow with the
ruddy light of luminous hydrogen—think “neon tube.” Diffuse nebulas are among
the most beautiful objects in the heavens.

Reflection nebulas do not emit light on their own; they are composed mainly of
dust rather than gas and “shine” by reflecting the light of nearby stars. For that reason
they are blue instead of red. Some reflection nebulas contain enough excited hydrogen
to show some red emission in images.

Planetary nebulas are entirely different from emission and reflection nebulas.
Despite their name, they have nothing to do with planets, other than that most are
round in shape. A planetary nebula is the corpse of a star. A star in the size range of
our Sun does not explode violently as a supernova; instead it undergoes a lingering
death, inflating to red giant size as it runs out of hydrogen fuel in its core. When
fusion stops, what’s left is the star’s bare core, a “white dwarf” that forms the plan-
etary nebula’s central star. The nebula part of the planetary is composed of the outer
layers of the star that were blown off during the red giant phase.

A supernova remnant is what’s left over after the death of a large star, one that’s
exploded as a supernova. An expanding cloud of shockwave-disturbed gas with a
tiny and dim neutron star or pulsar at its heart is all that remains of a once-glorious
super-sun. Supernova remnants tend to be large and dim.

Diffuse nebulas and supernova remnants are as damaged by light pollution as
galaxies. The largest ones, like the elusive California Nebula in Perseus, are actually
harder to see from suburban and urban sites than the most challenging island uni-
verses. Fortunately, the suburban/urban amateur can always grab a light pollution
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reduction filter. A filter probably won’t help much with the California or the Horse-
head or the Cocoon or the Bubble or any of the really hard ones, but a UHC or OIII
will increase the number of nebulas visible and the details in brighter ones. In the
following paragraphs we will introduce some of the most interesting nebulas.

M42, the great glowing mass in Orion’s sword (Plate 57) is the most wonderful
nebula in the skies—for northern hemisphere CAT users, anyway. Some would say
it’s the most beautiful deep sky object of all. It’s easily visible to the naked eye, and
because of its “reasonable” size of 1 degree it’s not too large to be appreciated in long
focal length SCTs and MCTs. M42 is flanked by a small, detached, comma-shaped
patch that has its own M number, M43. The Great Orion Nebula looks beautiful in
all telescopes, from the largest to the smallest, and cuts through even heavy light
pollution with aplomb. It’s also home to some fascinating stars. Of particular note is
the Trapezium, a small star cluster near M42’s heart. A 90mm CATs shows a little
square (trapezium) of four stars, and 6-inch and larger CATs regularly reveal two
more members.

South-of-the-equator astronomers, in addition to getting a really good look at M42
(its southern declination places it high in the sky for some southern hemisphere
observers), have another “great nebula” to marvel over, the Tarantula Nebula, NGC
2070, located in the far southern constellation of Dorado. This monstrous cloud
stretches 40 arc minutes across the sky. It is not only larger than M42 in the tel-
escope, it’s larger in reality, but it’s considerably farther away. If it were located at
the same distance as the Orion Nebula, it would cover nearly 30 degrees—60 full
Moons—of sky!

M?78, surrounding a pair of dim stars not far from Orion’s belt, is probably the
best example of the reflection nebula species. It is fairly small at 8 arc minutes across,
but that makes it show up easily despite a rather dim visual magnitude of 11.0. Don’t
expect to see the beautiful blue color visible in images, though. All the eye will make
out is a dim gray smudge around two unimpressive stars.

Plate 57. (M42) The
Great Orion Nebula,
M42, the most wonder-
ful DSO in the northern
sky. One of the first DSLR
images taken by the
author, using a C8 and
Canon 400D Digital
Rebel. Credit: Author.
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M57, the justly famous Ring Nebula, is but one fine example of the multitude
of beautiful planetaries that litter the Milky Way. This dead star is located in the
small but prominent constellation Lyra (home to the bright star Vega) and is bright
and unmistakable at magnitude 8.7 and a size of a bit more than 1 minute of arc
in diameter. A 90mm MCT will reveal M57 without effort as a tiny spot of light.
High magnifications and good seeing conditions can show at least hints of the Ring’s
“donut hole” in an ETX or a Questar, but it generally takes a C5 to show the donut
shape clearly. An 8-inch SCT will display the ring shape very plainly and will show it
is not round but somewhat elongated. An 8-inch will also make clear that the mid-
dle of the ring is not dark but a gray color. SCTs in the 12-inch class may show the
Ring’s central star, a magnitude 15 white dwarf, but not easily; not only is the star
dim, but it is possibly variable and is masked by the thin nebulosity in the Ring’s
central hole.

M1, the first object in Messier’s catalog, is the best and brightest supernova rem-
nant in the sky. That said, it’s not very bright in amateur telescopes and may be hard
to spot in surburbia with smaller than 5-inch CATs. This object, which appears as a
1.5 x 1 arc minute 9" magnitude glow, is found in the prominent zodiacal constella-
tion Taurus. Large SCTs, especially those equipped with OIII filters, may show hints
of the strange tendrils that give this nebula its name. This expanding cloud of gase-
ous debris is the result of a supernova that exploded in 1054.

Globular Clusters Globular star clusters are incredibly ancient balls of stars.
They are thousands of light years across and contain from thousands to millions
of aged suns. They orbit the nucleus of our galaxy and are so old they were pos-
sibly witness to the birth of the Milky Way galaxy itself. Globulars are one of the
best reasons for buying a larger aperture CAT. Even the brightest “globs” are mostly
composed of magnitude 13 and dimmer stars, so at least a 6-inch telescope is rec-
ommended to revolve many stars in the brightest clusters, and considerably larger

Plate 58. (M13) Awe-
some globular cluster
M13 delivers scads of tiny
stars to both visual observ-
ers and astrophotogra-
phers. C8 image with
SBIG ST2000 camera.
Credit: Author.
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Plate 59. (Omega
Centauri) This C8 astro-
photo, done with 35mm
film, only hints at the
beauty of the sky’s most
incredible globular star
cluster, Omega Centauri.”
Credit: Author.

apertures are needed to pick out the stars in dimmer globs. The old reliable 8-inch
SCT is a decent globular hunter; under dark skies it provides good resolution on
many clusters, showing stars in almost all the Messier globs.

M13(Plate 58) is the Great Cluster in Hercules. For northern hemisphere
observers, this is it, the most beautiful globular of them all—that’s what most
amateurs say, anyway. At magnitude 5.8 and 20 arc minutes across, this object is
undeniably prominent. However, although bright, it is not necessarily the easiest
globular to resolve in small telescopes. Its stars are fairly tightly packed and can be
difficult to separate in small telescopes.

M5, which lives not far from M13 in another “summer constellation,” Serpens
Caput is probably even better than M13. With a magnitude of 5.6, it’s actually
brighter than its more famous neighbor. Not only is it brighter, it’s easier for small
CATs to pick apart. It’s larger, 23 arc minutes in size, and a little “looser” than M13,
so a C5 will show many more stars more easily in this one than it will in Herc. You
can usually pick out a few stars in M5 in an ETX on nights when M13 is nothing
more than a featureless glow, even at high power. High power, by the way, is a good
tool for the glob hunter. These objects take magnification well, and increasing the
power almost always brings out more stars.

Omega Centauri, aka NGC 5139 (Plate 59), is the greatest glob. M 13 pales beside
it. Glowing at magnitude 3.9, it’s visible from modestly dark sites as a “star.” That’s
why it received the “Bayer Letter” Omega, an identifier usually reserved for stars. It is
also huge, 53 arc minutes across, almost twice the size of the full Moon. This nearly
indescribable beauty looks better in finder scopes than many globular clusters do in
an SCT. Resolution? Resolving scads of tiny stars is a snap, even in the smallest CATs.
The sad thing--for northern hemisphere observers—is that this is really a southern
object. At —47 degrees south, it is invisible, or nearly so, from the more northerly
parts of the United States and Europe.

M22 is a nice consolation prize for those denied the full beauty of Omega. It’s still
a southern object with a declination “address” of —23 degrees, but it’s not insanely
low for most northern hemisphere amateurs. This Sagittarius globular has a mag-
nitude of 5.1 and a size of 23 arc minutes, so it looks good in any telescope. Own a
90mm ETX or Questar 3.5 and want to see globular cluster stars? This is the one.
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Open (“Galactic”) Clusters An open cluster is a nursery full of infant
stars. Stars are born in clouds of gas, and when the gas dissipates, what is left behind
is a close group of young sparklers. Their movements and gravity will eventually
cause them to disperse, but for a time they present us with lovely groupings. Open
clusters are as different from globular clusters as can be; they are composed of the
very youngest stars, often suns no more than a few million years old. Globular stars
count their ages in billions of years. Open clusters are essentially formless groupings,
rather than well defined balls of stars like globs, but they make up for this shapeless-
ness with luminosity. Galactic clusters are made incredibly lustrous by the presence
of young, hot, massive blue and white stars, those of spectral types “O” and “B.”

Most observers probably rate galactic clusters as the least interesting DSOs. In the
eyepiece, it’s often difficult to tell if what’s visible is a true cluster or just a normal
sprinkling of background stars. In the denser portions of the Milky Way, especially,
it’s hard to pick open clusters out from the general stellar background. Nevertheless,
there are open clusters beautiful enough to impress the most die-hard glob fan. One
advantage galactic clusters have over other deep sky objects is that many are bright
enough to be relatively unaffected by light pollution.

For example, M37, located in the fall/winter constellation Auriga the Charioteer
is a personal favorite. An integrated magnitude of 5.6 and a size of 21 arc minutes
across mean it is bright and reasonably compact for a galactic. It is also insanely
rich in stars. A telescope that can reach down to magnitude 12 (like a C5 or C6) will
reveal at least 150 suns. This cluster is made even more beautiful by the presence
of a lone reddish-orange star near its heart. Set off by the cluster’s mostly blue and
white stars, it provides a wonderful contrast that further enhances the great view this
cluster provides.

M45, the Pleiades, are, like M31, hurt by size. This cluster is almost 2 degrees
across, so a finder delivers a better view of it than an /10 SCT. Nevertheless, it’s still
possible to get a nice view of the rich field of this naked eye group at CAT’s lowest
magnification. You can just barely squeeze all Seven Sisters into the field of your C8
by means of an £/6.3 reducer and a 35mm TeleVue Panoptic eyepiece. On a really
good night, it’s possible to (barely) glimpse the tenuous reflection nebula that sur-
rounds Merope and several of the cluster’s other stars. It used to be thought this was
the gas left over from the cluster’s formation, but it’s now thought the Pleiades are
just passing through a nebula-filled area.

M46, magnitude 6 and 27 arc minutes in size, is located in the southern constel-
lation of Puppis. It is a nice, rich open cluster that’s available to both northern and
southern hemisphere observers, but what makes it a standout is the tiny planetary
nebula NGC 2438 lurking among its stars. Just over 1 arc minute in diameter, the
nebula needs high power to make it pop out from the cluster. An OIII can also help
if the skies aren’t what they oughta be. In the eyepieces of large scopes and in images
NGC 2438 is revealed as a miniature Ring Nebula.

On crisp late fall nights don’t forget to cruise over to M35 in Gemini. Like M46,
it’s impressive in itself. Its magnitude is 5.3, and its size is 28 arc minutes. Also like
M46, it offers a bonus. In this case, the neighboring, much dimmer, and more dis-
tant galactic cluster, magnitude 8.6 NGC 2158. In the city it’s hard to spot M35’s
little brother with anything smaller than a 12-inch, but under dark skies even a C5
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will reveal a roundish glow, maybe sprinkled with a few stars at M35’s side, 15 arc
minutes to the southwest.

Keep the Starship Flying Right

At the end of this wonderful first light night, once you’ve had a surfeit of the sky’s
wonders, disassemble the CAT by reversing the scope set-up procedure. Start by
powering down the telescope and detaching the power cable, hand controller, and
any accessories that are normally removed for storage. Take a look at the corrector
before putting the dust cover back on. If there’s any evidence of dew, don’t cover it
or put the OTA in its case. Either dry the lens off with a dew zapper gun or allow it to
dry naturally indoors uncovered. Once the scope is inside, don’t just leave it all by its
lonesome in a corner till the next observing run, either. Although today’s SCTs and
other CATs are remarkably trouble-free, they do require a little routine maintenance
and TLC, which is the subject of the next chapter.



CHAPTER NINE

You wouldn’t expect a car to go tens of thousands of miles without a tune up, and
you can’t expect an SCT to put in night after night under the stars without some
maintenance, either. The most frequent and important task for SCT users is collima-
tion, the procedure for adjusting the alignment of the telescope’s mirrors. Renowned
Sky & Telescope columnist Scotty Houston once said, “Collimation is the number
one killer of telescopes.” If an SCT is to perform up to snuff, its mirrors must
be precisely aligned. The 5x magnifying secondary mirror in these scopes means
small errors are exaggerated. Even a slight misalignment of the secondary mirror
will wreck images. Unfortunately, many SCT users are afraid to collimate their
telescopes, don’t collimate correctly, or don’t collimate frequently. That’s a shame,
because collimation is a trivially simple operation to perform on SCTs. You just have
to resolve to do it.

SCT Collimation

There’s only one way to successfully collimate an SCT, and that involves looking at the
diffraction rings of a star, just as is done in the star test. That’s a good thing. Unlike
the Newtonian owner, the SCT user doesn’t need to buy collimation tools. All that’s
required is an eye, a medium-high powered eyepiece, and a bright star. Magnitude 2.0
Polaris is just about perfect, since it doesn’t move much. What if Polaris isn’t conven-
iently placed? Use another star of similar brightness. If a larger than 8-inch scope is to
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be collimated, a star dimmer than 2™ magnitude may show its diffraction rings more
clearly. Believe it or not, Polaris becomes too bright in a large aperture CAT.

Collimation can also be done in the daytime with an artificial star, if that’s more
convenient. The time honored way to “make” a star is to point the scope at the reflec-
tion of the Sun off a distant power pole insulator. That works fine, though daytime
seeing effects may make it hard to see diffraction rings clearly. If there isn’t a suitable
power pole insulator in the vicinity, climb into the attic and retrieve a shiny round
Christmas tree ornament. Place it in the Sun so it provides a good reflection. Be
careful not to point the scope at the actual Sun, of course. See Chapter 12 for some
further ideas for artificial stars.

SCT collimation is a three-step process. First is a rough collimation to get the sec-
ondary mirror “in the neighborhood.” Next is fine tuning, where the secondary is
tweaked while observing the star’s diffraction pattern. If conditions permit, a final
check and an even more precise adjustment can be made by observing an in-focus
star’s diffraction pattern. As mentioned earlier, the only collimation adjustment that
can be made by SCT users is to the secondary mirror via three screws.

Rough Collimation

Set up the SCT as usual, insert an eyepiece that yields a magnification of 100 to 150x,
and aim it at Polaris or an artificial star. When the star is in the center of the eyepiece
field, defocus (either way) until it becomes a donut that covers about 1/4 to 1/2 of
the field, and recenter if necessary. Is this donut’s hole, the shadow of the secondary
mirror , more or less centered? If so, move on to fine collimation. If not, secondary
adjustment is required.

Older Celestrons have an orange plastic cover on the secondary mounting . It must
be removed to expose the three adjustment screws. This cover is held in place by two
plastic tabs inserted into the secondary assembly and is removed by snapping it off. If
this cover has never been removed, it may be necessary to pry gently with a small screw-
driver until it comes free. Just remember the cardinal rule of telescope maintenance:
never force anything. A few newer Celestron models feature a rotating cover that
must be turned to reveal the screws. If in doubt, check the manual. Meade secondary
holders usually don’t have covers, so the screws should be immediately visible. Meade
currently uses Allen-head screws that require a small wrench for adjustment. A small
Allen “key” may have been included with the telescope, but if not, these tools are very
inexpensive and can be purchased at almost any hardware store. Later Celestron SCTs
replace these Allen screws with standard Phillips (“cross-point”) screws, which are
turned with a screwdriver.

A few older telescopes, both Meade and Celestron, have a fourth screw in the center
of thesecondary mount. Don’ttouchit. In these CATs, the secondarymirrorisattached
to the mount via this central screw. Remove it, and the secondary drops onto the pri-
mary. Modern CATs use secondary backing plates with three threaded holes for the
collimation screws and a central pivot or leaf spring the mirror rides on. The sec-
ondary will remain attached unless all three screws are removed. Actually, the Meade
LX400 and some other recent Meade models use six screws rather than three or four.
These are arranged in three pairs of outer and inner screws. The inner screws provide
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collimation adjustment; the outer ones hold the secondary assembly to a mounting
assembly on the corrector. The advantage is that the secondary can be taken out without
removing the corrector plate, a difficult operation on the LX400. Unlike the adjust-
ments on other SCTs, the LX400 collimation screws (and those on a few other newer
Meade models) are spring loaded, so there’s no need to worry about leaving them
too loose at the end of collimation; the spring applies even tension across the whole
range of adjustment.

How does turning the collimation screws adjust the aim of the secondary mirror?
Since the mirror rides on a central pivot, tightening or loosening the screws causes
them to push or pull the secondary mirror backing plate and tilt it and the second-
ary in or out, causing collimation to change and the target star to move in the field
of the eyepiece.

Now to the task at hand. Looking in the eyepiece, it should be fairly obvious which
direction the donut hole needs to be “moved” in order to center things up. What may
not be obvious is which screw needs to be turned to move the dark spot the correct
way. Don’t waste time trying to figure out which screw will move the spot which way.
Instead, just pick a screw and tighten it a little. Wrong way? Try another screw. In the
rough stage of collimation, turning a screw by small amounts won’t have a dramatic
effect on the donut hole. If the secondary shadow doesn’t seem to move, turn the
screw a little more, but resist the temptation to turn by large amounts. The secret to
successful collimation, even in the rough stage, is working slowly and methodically.

When it’s clear which screw (or combination of screws) needs to be tightened to
center the secondary shadow, slowly turn that screw, stopping frequently to peep
through the eyepiece and moving the scope to re-center the donut in the ocular
(with the telescope’s slow motion controls or hand control) after each adjustment
until the secondary shadow is centered. Always adjust the secondary by tightening
the screws. Only if a screw is snug—hand tight—and can't be turned easily should
an “opposite” screw or screws be loosened to continue moving the dark spot in the
proper direction by tightening the original screw some more.

Occasionally a telescope is so far out of collimation that it’s difficult to get a clear
image of the donut. That is usually the result of the owner having turned one or
more adjustment screws by large amounts in the wrong direction. To get a scope like
that back in the ballpark, stand about 6 feet from the corrector and look down the
front of the tube. Do the mirrors’ reflections look concentric? Or is the reflection of
the secondary off to one side? If it is, adjust the collimation screws until it is roughly
centered. That will get the secondary back to the point where a rough collimation
can be performed.

Once the donut hole is centered, stop. Don’t tighten any screws. Nothing needs to
be locked down. As long as the rule “Never loosen a screw unless its opposite number
can’t be tightened easily” is followed, the secondary will be perfectly secure.

Fine Collimation

Rough collimation will improve a scope’s performance somewhat, but not enough
to support high power observing. Fine tuning is needed for that. To do a fine col-
limation, center Polaris and defocus just slightly until a series of diffraction rings
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Poor Collimation Good Collimation

Figure 6. (Fine Collimation) If the ‘bull's-eye’ diffraction rings are not concentric, there's
collimating to do!

similar to what’s shown in Figure 6 appears. It doesn’t matter which “side” of focus
the telescope is on; if one side looks clearer than the other, use that. In order to make
the rings large enough to show collimation errors clearly, pump up the power. Use
a minimum of 250x for fine collimation. If Polaris can’t be used for some reason,
choose a similar star that’s at least 30 degrees above the horizon. If diffraction rings are
not obvious no matter how high the magnification, it’s possible atmospheric seeing
is too poor to allow fine collimation or that the scope is not yet adequately cooled.

Center the star as precisely as possible (a crosshair eyepiece may help), and when
the SCT is properly defocused, examine the bulls-eye formed by the star’s airy disk
and diffraction rings carefully. Are the rings concentric or does the bull’s-eye look
squished on one side? If the rings are skewed, there’s adjustin’ to do.

To make adjustments, follow exactly the same procedure as during rough collima-
tion: tighten screws by small amounts until the rings are perfectly concentric.
If a screw is snug, loosen the opposite screw(s). One trick you can use is placing
the squished side of the bull’s-eye at the edge of the field. To collimate, then turn
the screw or screws that move the bulls-eye to the center of the field. If the rings
are still not perfect, move the bulls-eye back to the field edge and center it with the
collimation screws again, repeating this procedure until the diffraction rings are as
concentric as you can make them.

In-focus Collimation

Once fine tuning is complete an SCT is ready to take on most observing assign-
ments, but there is a final step for observers engaged in demanding pursuits such
as high-resolution planetary imaging. In-focus collimation is done by observing
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Figure 7. (In-focus Collimation) If the seeing is good enough, an in-focus collimation can
be performed to get the scope dialed-in precisely.

the precisely focused image of a star and its first diffraction ring. The requirements
for performing in-focus collimation are high power (300x and more) and steady
seeing. The slightest turbulence will make a star’s in-focus diffraction ring and Airy
disk smear together into a blob.

If the seeing is right, center Polaris in the field and focus up at high power. A tiny
disk, the Airy disk, surrounded by one bright and (maybe) one or more dim rings
(Figure 7) should be visible. Take a close look at the first diffraction ring. Is it com-
plete and unbroken? If not, adjust the collimation screws by small amounts until
it is complete around the star as in Figure 7b. This is very critical work. You might
sometimes find it necessary to wait for the heat waves left in front of the corrector
by your hand after adjusting the secondary to dissipate before you can see the first
diffraction ring clearly again!

Collimation Tips

Should you collimate an SCT with a star diagonal installed or in a “straight-through”
configuration with an eyepiece inserted directly into the visual back? There is no
doubt a diagonal can affect collimation if its mirror or prism is misaligned. If the
diagonal is rotated to a viewing position different from the one it was in when col-
limation was done, any alignment error may make cause collimation to be “off” at
the new position. Worse, if the diagonal is removed to take pictures through the
telescope in straight through fashion, the SCT may then be way out of adjustment.

Collimate with a diagonal or not, then? First, determine whether the diagonal has
problems. If its prism’s or mirror’s alignment is not right, the image of a star will
move a considerable distance in the fi