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|| 1. Getting Started :The Basics

The night sky is full of stars and other interegtin
phenomena. Under clear dark skies, approximately
two thousand stars can be viewed without the aid of
any optics. The brighter stars form Constellations.
Basic star charts and planispheres, will outline th
constellations and denote the brightest stars

The brightness of a star or object in the sky is
calculated by its Magnitude. The Magnitude of a
celestial object is based on its Brightness contptye
a set standard. This standard of brightness isdbais
observations made on earth. Each number
Magnitude, is 2 ¥z times greater than the previoes o
Magnitude 1 is 2 % times brighter than Magnitude 2.
The higher the number the dimmer the object. The
unaided eye can detect an object as faint as nualgnit

6 - 6.5 under the best seeing conditions. Thenhte&l

star, of course, is our own Sun at Magnitude —Pffe
distance of the Sun varies, from 91,000,000 miles
(winter) and 93,000,000 miles (summer). The Moon
comes in at —13, and an average distance of 238,857
miles. The brightest Planets (Venues, Jupiter &
Saturn) vary from —2.5 to +1.6 magnitude.

of

All the stars that you can see are within our own
Galaxy, the Milky Way. The band that appears as a
cloud, with rifts (dark areas) stretching acrose th
night sky, is the Milky Way. There are only two
objects, that are visible to the unaided eye, dhatot

in the Milky Way Galaxy. The Andromeda Galaxy
(M-31) and Triangulum Galaxy (M-33). Light
pollution has increased in the United States, st th
few areas have dark enough skies to view these two
objects. We are very fortunate to be able observe
these at Pine Mountain Observatory (PMO), located
26 Miles East of Bend (Oregon) at 6,400’ above sea
level.

Good seeing depends on many factors. The most
important is a clear steady sky. Just becausskihes
clear, does not mean that seeing is good.
atmosphere distorts the light waves that travedugh
it. On some really clear nights you see lots afsst
but they twinkle a great deal. This is caused by
disturbances in the atmosphere, high winds, potuti
etc. This does not effect viewing with unaidedsege
low powered binoculars. Telescopes will not perfor
well under these conditions, and the views will be
very disappointing.

The

Some Common Objects

Magnitude Distance
-27 8%
-13 1
-4.4,-3.3 6
-2.8,+1.6 3
Jupiter -2.5,-1.4 35
Saturn -0.4, +0.9 71
Uranus 6 151 %
Neptune 8 242
Sirius @ Canis Major) -1.4 9
Arcturus @ Bootes) 36
Vega @ Lyra) 26
Cappella & Aurigae) 45
Rigel ( Orionis) 900
Procyon & Canis Minoris) 11
Betelgeuseg Orionis) 520 L
Altair (a Aquillae) 16 LY
Aldeberan & Tauri) 68 LY
Antares & Scopius) 520 LY
Spica @& Virginis) 220 LY
Fomalhaut & Piscis) 23 LY
Pollux ( Gemini) 35 LY
Deneb & Cygni) 1600 LY
Regulus & Leonis) 84 LY
Adhara ( Canis Majoris) 680 LY
Castor & Gemini) 45 LY
M 31 Andromeda Galaxy 2Million LY
M 33 Triangulum Galaxy 22 Mbh LY
M 8 Lagoon Nebula 1D00 LY
M 4 Globular Cluster ,a@o LY
M 13 Globular Cluster 25,000 LY
M 16 Nebula/Cluster 5500 LY
M 17 Omega Nebula 00,0 LY
M 27 Dumbbell Nebula 809 LY
M 45 The Pleiades 415 LY
M 51 Whirlpool Galaxy 15IMin LY
M57 Ring Nebula 2,150 LY
M 81 Spiral Galaxy 12 MillionLY
M 82 Irregular Galaxy 12 Millio LY
M 101 Spiral Galaxy 15 MillionLY
M 104 Sombrero Galaxy 40 Mitlio LY

Object
Sun
Moon
Venus
Mars

LM
LS
LM
LM
LM
LM
LM

LY
LY
LY
LY
LY

-0.0
0.1
0.2
0.4

0.8
0.8
1.0
1.0
1.2
1.2
13
1.4
15
1.6
6.0
6.1
6.0
6.0
6.0
8.0
7.0
8.0
2951
8.0
9.0
8.0
9.0
8.0
8.0

* Magnitudes of the Planets vary, highest valuemsh

Fig.1-1

We observe objects by the light they generate or
reflect, after it has traveled through earth’s
atmosphere. The least amount of atmosphere you have
to look through, the better chance of steady seeing



Objects near the horizon will be distorted and figlur
The atmosphere is over twice as thick and will bend
and distort the light waves. It is best to waitilutihe
object to be viewed is at least 30° - 45° above the
horizon. The more atmosphere you have to look

through, the greater chance of distortion, dueigih h
winds, turbulence, pollution, etc.

Fig.1-2

Light travels in waves and is part of the Electro-
magnetic Spectrum. Our eyes are poor light recgpto
and we must let them get adapted to the dark. When
we look at the sky and through a telescope wessii
some color in the brighter stars but the rest kdllin
shades of Grey.

Observing

Plan your viewing session. Dress warm and
comfortably. Make sure you take an inventory & th
items you will need. Should you have lots of
equipment, make a list and check it!

Make sure you have star charts that are easy thimea
the dark with a RED light. Check your flashlightda
batteries, make sure you have a RED lens or use a
couple layers of RED cellophane. We try to have
some red cellophane for you at PMO; it is availaile
most craft stores. Red light does the least amofint
damage to your night vision. After an hour under t
stars your eyes will become very receptive to faint
light. | have seen faint shadows cast by the Milky
Way at Pine Mountain, this was after many hours of
letting my eyes adapt to the dark.

There are benches to set on for your convince.
However, some garden lounge chairs or recliners wil

Basic Astronomy (Sam Pitts)

make the night more enjoyable. You can lay back
with a sleeping bag and really enjoy the stars.

Binoculars will widen the vista of objects that are
visible. Small smudges of light will take shapedan
reveal infinite detail. 7x35mm binoculars will imzse
what you see a factor of 50. Instead of being &ble
see stars to magnitude 6, you will see stars at &ai
magnitude 9. That will increase the numbers of
visible stars from around 2,000 to over 115,000.

Our eyes are more sensitive with averted visioan th
looking straight at a specific point of light. This
because we do not have as many Rods or Cones to
absorb light, where the optic nerve connects to our
eyes. In fact, at a certain small point wherertbe/e
connects, we have no vision sensors at all. Afene
practice, you will start to see wisps of detaillwjour
peripheral (side) vision.

Once your eyes are adapted to the dark, the night s
will become full of stars and fuzzy patches of Habu
star clusters, etc. Stars will come out soon after
sunset, however real good dark skies will not be
available for a couple hours.

Locating Objects

Use the twilight time to get setup. Then start by
identifying the brighter stars. One of the firtdrs to
find is Polaris (North Star). Compasses point to
magnetic north and this can be as far as 20° o tr
North. Polaris is a fraction of a degree from TRUE
NORTH. Later, in the chapter on Equipment, we will
cover Polar Alignment with an Equatorial telescope.

When we first look up at the sky from a dark looafi
we can quickly be overwhelmed with the multitude of
stars. It becomes difficult to locate the brighdtars
that make up the Constellations. We are fortuttete
past civilizations, 4,500 years ago divided the iskgy
groups of stars call Constellations. Most of ugeha
heard of the ZODIAC and the constellations that enak
it up. The constellations are part of our roadrt@mp
the night sky.

Let's get started. We will concentrate on the late
Spring-Summer and early Fall constellations. Only
the major constellations will be discussed in thosk.

As the earth moves through its orbit, various
constellations become visible at night while others
disappear into the daylight. The Earth rotatesho

east, and as a result new space is encounterdg in t
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early morning hours. This is why more meteors are
visible at this time of night. The earth orbit® thun

counter-clockwise, West to East.

Look north and locate the Big Dipper and orientate
your star atlas or planosphere with it. The twéeou
stars of the bowl (fig.1-3) will point to Polaris.
Polaris begins the handle to the Little Dipper. uYo
will also find that the “W” of Cassiopeia will be
opposite Polaris and is the gateway to Pegasus the
Flying Horse and other constellations.

The Sky is divided into specific coordinates. Tehes
are Degrees, Minuets and Seconds for Declinatidn an
Hours, Minutes and Seconds for Right ascension
(Fig. 1-4). Polaris is 90° and the Ecliptic is OPhe
Constellations of the Zodiac lie on or near the
Ecliptic. The Planets will be found on or very néa
the Ecliptic. Pluto wanders the farthest from the
Ecliptic Plane by 17° 9’ (17 degrees 9 minuted)e T

Fig.1-3

Draco
(The Dragon)

Little Dipper
(URSA Minor

Sky from the Ecliptic, North to Polaris is Positi{#®)
Declination. Everything South of the Ecliptic is
Negative Declination (-°)

Think of the Ecliptic, as a horizon 0° and Pol#siat

The Zenith, 90°. Horizontal lines every ten degree
form the Declination. Sixty minutes of Declination
(60") equal 1°. Sixty-seconds equal One-minutg (1’

of Declination.

In star atlases and charts, this usually shows aup a
lines running east & west in increments of 10° taisa
Polaris. The lines running North & South are
separated by a width of Hours. Each Hour of Right-
ascension equals 15°. 24-hour line is near the two
stars in Pegasus Aphhertz & Algenb. This 24-hour
line runs from Polaris down to and through thepdidi

to the South celestial pole. It bisects the Eidipt
where the Equator crosses it (Vernal Equinox). Righ
ascension increases to the East and decreases to th

west.

North Star
(Polaris)
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Your open hand at arms length (Thumb to Little ENgip)
& The Big Dipper, are both 25 Degrees across

: ‘ Big Dipper
(URSA Major)
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Ecliptic

e

Vernal Equinox

Fig.1-4

Learning to master Right acenstion and Declination
will help in navigating star charts and atlaseshisT
coordinate system is use to locate all stellar atbje
much like we use longitude and latitude to desigrat
certain location on earth. Think of Right Ascemsas

the longitude of the sky and latitudes as the
declinations of the sky. The markings on theirsgtt
circles on telescopes use this coordinate system RA
(right ascension) Dec (declination) to help locate
objects.

A good way to remember this is to look and face
Polaris straight on, with your back facing South.
Point to Polaris and then move your arm to your
zenith. Which is directly over your head. Evemth

to East will increase in right ascension, whilergve

Right A'scension

To the Sun

thing to the west will decrease in RA. While still
pointing straight above your head locate a stanatT
star you are pointing at will be so many degreeayaw
from Polaris, lets say 40°. That star is at 50°
declination, 90°- 40° = 50°, The star is 50° noftthe
ecliptic. This same star can then be found oraa st
chart and the RA in Hours, Minutes and seconds can
be found. This star will always be at these
coordinates, at least for most of our lives.

The earth is tilted 23 %2° on it's axis, this gives® our
seasons. The earth moves in precession and
completes one revolution of its axis that is
perpendicular to the ecliptic, which takes 26,06arg

to complete. In 15,000 AD, Vega will be the North
Star. (The Equinoxes move west 50.2" per Year)



|| 2. Equipment

Star Charts

To get started observing the night sky, you wilede
comfortable clothing, a flashlight with a red leawrer

and some sort of map of the sky. Two basic tyges o
maps are a Planisphere and Star Charts. A
planisphere is a basic chart of the night sky, wlith

sky represented by a round map. The map rotates to
correspond with the current month and show the
major constellations that should be visible. Arsta
Chart will give similar information and may be in a
circular form also. Both will have the points of a
compass, N, S, E, & W, on them. You hold them up
over your head and align the compass point, Narth t
North, South to South. This then will give you apn

of the current sky.

Begin by locating some of the most common
constellations and bright stars. You may use sofme
the star charts in the appendix to get startech Béy

& Telescope and Astronomy magazines publish
monthly Star Charts. These will list the Major
Constellations and some Galaxies, Nebula and Star
Clusters.

A sleeping bag or cot to lay down on may help to
prevent neck and back fatigue. This will greatly
improve your enjoyment of the night skies. Don't
forget some snacks and refreshments. Bring pleihty o
warm clothing, especially at higher elevations.cdh

get down to freezing in the summer time above 5,000

Binoculars

Binoculars will increase your enjoyment of the righ
skies and will allow you to observe stars and dhjec
magnitude 9-10+. This is over 100x the amount of
objects visible with the unaided eye. Binoculaithw
objective lenses of 35mm-80mm, may be utilized.
The Objective lens is the lens in front. The larde
lens the more light it gathers. However, the lathe
lens, the heavier the binoculars become.

Standard binoculars of 35-50mm objectives with a
magnification of 6x-8x will be sufficient to start.ike
most items today, you get what you pay for.
Equipment used in astronomy adheres to this rule
strongly. The bargain binoculars, low cost, will

usually produce poor images. Poor optics can make
the stars look blurry or like small comets or dtea
especially around the edges. A list of major
manufactures & Distributors is listed in the Chapte
on Resources.

Before you go out and buy some expensive
binoculars, use the pair you have. Try to viewhwit
others and look through different binoculars so you
can judge the difference in quality and price. Mos
stargazers are ready and willing to let you view
through their equipment and give you their opinions
Remember to be courteous and careful with someone
else’s equipment.

A good pair of beginner’s Binoculars, can be had fo
$75-$100. High quality binoculars can cost from
$100-$500 for 35mm-75mm 6-8 power. Larger more
powerful binoculars, rivaling small telescopes also
available and can cost up to $2,000. These lager
more powerful binoculars require their own stands.

Stay away from zoom and high magnification models.
Start with 6x-8x magnification, 35-50mm lenses.
Models with high magnification will be hard to hold
steady and see detail.

Telescopes: Refractors

Refracting telescopes are what most people visualiz
when you mention the word telescope. The classical
refractor has a primary lens (Objective) on one ehd

a tube with a focusing devise and eyepiece at the
other. This is the type of telescope Galileo used
view Jupiter and discover its moons. The diagram
(Fig.2-1) depicts the three most common telescope
configurations.

The refractor has come a long ways and there are
many makes and models to choose from. We will
start with the basic Archomatic design. These are
good beginner scopes in apertures, objective lens,
from 60mm (2.4") to 100mm (4”) in diameter. The
larger the aperture, the larger and heavy thedejes

and the larger the mount. Large refractors can be
heavy and cumbersome to handle, move and setup. Do
not get carried away with advertisements of high
magnifications and photos of objects used to sell



telescopes. These are designed to spoof the
prospective buyer. Many have been discouragdd wit
astronomy after purchasing one of these.

Refractors collect light with the Objective lendhioh

the light must pass through. The light is therufzd

at the rear of a tube where an eyepiece is pladée.
eyepiece then magnifies the image that the objectiv
formed. This is what we see when we look through
and eyepiece (ocular).

The size of the objective lens is stated by itsnditer,

in millimeters or inches. (25mm = linch) The side
any object dictates the amount of light it can gath
the larger the diameter the more light is graspEde
focal length of a telescope, is the distance fromn t
objective lens to the point of focus. The point of
focus is where and image is formed.

Refractors come in focal lengths of 400-1800mm,
with some exceptions. The shorter the focal length
the larger the field of view (FOV) and the brightee
object given the same eyepiece. However, shorter
focal lengths magnify the object less, given theea
eyepiece. If you use the same magnification, the
brightness will be the same, regardless of thelfoca
length or ratio.

A f/5 80mm refractor will have a focal length of
400mm (5 x 80mm) while a /10 80mm (10 x 80mm)
would have a focal length of 800mm. The focal
length of refractors and Newtonian Reflectors are
close to the length of their tubes. The Focabréi
usually located on the telescope tube or objective.
The longer the focal length the greater the
magnification with any particular eyepiece.

The focal ratio (f/5) is the same as focal ratiedusn
camera lenses. This is often referred to as thedsp
of the lens or telescope. The 400mm focal length
used above is divide by the 80mm objective
(diameter). 400mm =+ 80mm= F/5. The faster the
focal ratio the wider the field of view and the kew
the magnification.

Eyepieces usually have their focal length printed o
them, like 20mm. You determine what magnification
a particular eyepiece will produce by dividingfitsal
length into the focal length of the telescope. tHis

case the 400mm + 20mm = 20x, the 800mm focal
length would produce a magnification of 40x witke th
same eyepiece. If you used a 40mm eyepiece on the
800mm it would result in a 20x magnification.

The limit of magnification on any particular telepe

is usually 50x the diameter of the objective inhes.
Therefore 3.2" (80mm) x 50 would be 160x under
ideal conditions and with good quality optics. This
will hold true with refractors as well as reflecor
There are some exceptions to this rule.

The refractor bends light that passes through and
objective lens. This lens may be made of several
different types of materials. The standard retac
called an Achromatic Refractor and will run from
$150-$1,000 for 3"-4” scopes. They will produce
good images but will be hindered by false color ttue
unequal bending of light. The longer focal lengths
f/12 or more help to reduce this false color and
fringing. You will notice a distinguished blue-le
haze around bright objects.

The next level are called semi-Apochromatic or ED
Refractors. These scopes use multiple objective
lenses to help correct these distortions and firaies

will start around $600 for a 3" and 1,000+ for 4ida
above. These perform well, but a lot of research i
needed. You should look through several makes and
models before you decide.

Enter true Apochromatic Refractors, which produce
no false color and utlize one or more Fluorite
elements in conjunction with highly corrected low
dispersion elements. These are the best Money can
buy and truly perform great. The 3" models wilkto
around $1500.00 without a mount. 4” to 8" APO'’s
will cost from $ 2,600-$15,000 or more, without
mounts. Owners of these scopes have reported to b
able to produce satisfactory images with 75-10xes
objective diameter. A quality APO 3” scope may be
pushed to 200-300x.

Refractors in the 3"- 4” range are a good starhvait
good mount and quality eyepieces. They have fewer
items to be adjusted, like collimation and cool dow
times, that effect all reflectors to some degrédis
scope can be light and easy to set up. The Resourc
section will list some makes and models to consider
as well as more advanced models.

Reflector: Newtonian

In a reflector the light wave enters the telescope
through the main tube. The light then travels down
the tube and is reflected off the main or primary
concave mirror to a secondary mirror, diagonale Th
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Fig. 2-1

Diagonal mirror is near the top of the tube, vehttre
light entered. The light is then refegtt to the
eyepiece located on the outside of the optical tube
assembly. The size of the scope is determineddy t
diameter of the primary mirror and the focal lenbth

the focal ratio times the diameter of the mirrorl®&’

f/6 mirror would have a focal length of 60”. These
scopes require a good stout mount and are bythiar

Best value for their size.

Since the light is reflected they do not sufferniro

false color, as do refractors. The tubes can be
constructed of aluminum, cardboard or open struts.
Many amateurs build their own telescopes using this
design. You can either buy kits to grind your own
mirrors or buy ready-made mirrors. There are many
books available on the grinding and build of such



scopes. | suggest that if you decide to grind yiwn
mirror that you limit the size to either a 6” or 86-

f/8. Larger mirrors require much more work; youyma
get tired of the process and not finish. Kits are
available for $125-$200 for this size. Ready-made
mirrors are also available for $200-$800, in thies
The difference in cost is based on the final figafe
the mirror to ¥4 or better wave and the type of
aluminized back and optical coatings applied. The
resources section will have a list of books and
vendors.

A word of caution is warranted here. Reflectors ar
large and bulky and require study equatorial moimts
order to perform well. Beginners can become very
discouraged with an undersized mount that binds and
twists, while trying to move the scope. Any slight
movement or a breeze will cause the tube to tremble
and the view of any object will shake accordingly.
The section on mounts will give more details.

One very important issue, which is important to all
telescopes, is columniation. The optics must be
properly aligned in order to form a clear detailed
focused image. The advanced technique section will
better explain the importance and procedures of
columniation.

These scope are great in 6"-10” models, starting at
$500 and going up to $1,500. The main differeisce i
based on tube design and the type and sturdiness of
the mount. Most decent models have a clock drive
which rotate the OTA to compensate for the earth’s
rotation. This will keep objects in view for long
periods of viewing without the need of manually
moving the scope.

Reflector: Schmidt Cassegrain

The Schmidt Cassegrain is a very popular design tha
has gained in popularity since the sixties. Tlgtli
enters through the front of the optical tube as$gemb
(OTA) passing through a corrector plate lens amah th
reflecting of the primary mirror back to a secondar
mirror support by the correcting plate which then
reflects the light through a hole in the primaryaio
eyepiece. This design allows for a much more
compact tube design over the Newtonian or refractor
given the same size objective (primary lens).

The SCT also has a closed tube like the refraaidr a
dust settling on the primary mirror is much less a
problem. This design is highly advertised in most

astronomy magazines. This design may not give the
faster focal ratios of the Newtonian or APO
(Apochromatic) refractors of f/5-f/6. Most of the
SCT’s are /10, and of compact size. An /10 8"
Newtonian of refractor would have a tube at lest 80
inches long, just under eight feet. The SCT bosince
the light back and forth withen the tube and would
have a length around 16 inches, quit a difference.

This is one of the main reasons this style of sdepe
so popular. The focus is at the rear like a réfraand
offers more connivance, at high angles. There are
many accessories available and focal reduces tHat w
bring the focal ratio down to f/6.3-f/4, with good
results. This type of scope is hard to make ard wi
cost in between the refractors and reflectors ef th
same size.

An important note, for observers in the colder oegi

is dew problems. Since you will have a large lahs
the end of the tube, it will be very susceptible to
dew/fogging. A dew shield is a very important
accessory. There are heating units available @r'S
and are highly recommended.

The 8" is very popular and a good all around size.
The scope is not too heavy and bulky and can be
transported and set-up with ease. There are many
models available in this size from $900.00 models
with simply clock drives to computerized GOTO
models that will automatically move the scope to
desired objects that are selected and track them.
($2,400-$2,600)

The SCT is very versatile and can offer years of
service. The more advance models are readily tapab
of excellent astrophotography and CCD (charged
Couple device) imaging.

Dobsonian

The Dobsonian telescope was developed by John
Dobson and is very popular. | wouldghty
Recommend this scope design, for it's simplicity
and ease of setup and use. You can satuf”
f/6 Dobsonian in a few minutes and be viewithg
heavens, while others are still getting thepod
out. Many amateurs have ground their own mérro
and built their entire scopes, mount and all.

They are the best buy for the dollars spend ariyabi
to see faint objects and great planetary viewseyTh



have no motors and you keep track of the objects by
moving the whole scope by hand. This is done with
ease, thanks to Teflon strips. This type of s&ipgs
around $400 for 6”"models, while 10” models go for a
reasonable $600-$800. | have seen them up to 32
inches, and larger models of 36 inches and perhaps
larger are in use.

Mel Bartels has developed a computerized altazimuth
mount for the Dobsonian that will track the stafdis
type of systems greatly expands the capabilitighef
Dobsonian design. There are articles in Sky and
telescope Magazine and further information in the
Resources section.

Mounts

There are two basic types of mounts that will be
discussed, other than the Dobsonian mentioned
earlier. The Equatorial and altazimuth are the two
basic types of mounts readily used by most amateurs

The altazimuth mount sets on a tripod or pier aid w
move in two distinct directions. This mount will@ak

the telescope to rotate 360° in a horizontal plan
matching your actual horizon and a vertical up &
down plane. It helps to make sure the tripod er s
level. There are models with this type of mouratth
have motors on each axis that will track the stars.

Equatorial

Polaris

North Star

This mount is not suitable for any type of imagihg
to field rotation. Since any type of imaging thgbua
telescope is very advanced, we will not go intailet
regarding this area of amateur astronomy.

Most beginners’ scopes, refractors are on this bfpe
mount. Most camera tripods utilize an Altazimuth
type mounting systems. They are great for low
magnification and small scopes. Remember that you
still need a study mount to keep the wind and bumps
from ruining your view do to vibrations. Be cargfu
many “Department Store” telescopes offer high-
powered refractors on very poor mounts and will not
work well.

Some SCT’'s come on Altazimuth that will accept an
accessory called an equatorial wedge that willvallo
for precise “Polar alignment” and are suitable for
imaging. This is a consideration to remember if
buying and SCT scope and mount.

The equatorial design is one of the most populdn wi
intermediate and advanced amateurs. The mount
offers great stability and offers the ability ofeprse
tracking for advanced techniques like
astrophotography and CCD imaging. Equatorial is
usually supported by a pier or tripod stand of lyeav
construction and an equatorial head, which the OTA
(optical tube assembly) attaches to.

Altazimuth

/ Angle of Polar Axis /

quals observer’s latitude

Polar Axis (R.A.) Declination (Dec.)

Fig. 2.2

360° Rotation
Parallel to Level
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An equatorial mount allows the scope to go from
North to South on one axis and east to west on
another. These two axis must be exactly
perpendicular, 90° from each other.

The polar axis is pointed directly to the celesiakth
Pole, which is near Polaris the North Star. This a
rotates 360° around the pole making a completéecirc
This is the Polar Axis called Right Acenstion (RA).
Most mounts will have a round setting circle around
this axis that is inscribed in Hours and Minutes.
When the scope is setup and aligned in both akiss, t
will corresponded to star chart coordinates of iSdur
Minutes of R.A.

The other axis is perpendicular to the Polar ani$ia

the Declination axis, called Dec. This moves in a
north south plane and is rated in Degrees, Minamdts
seconds. Remember the ecliptic is 0° and Polaris i
90°, anything below or South of the ecliptic is
negative (-) declination. All star charts and st
will use these coordinates to locate objects. The
inscribed declination setting circle is on the Deeds.

To set your setting circles, make sure your moant i
level and polar aligned. Then pick a star of known
R.A. & Dec. and point the scope at it. Centerdta

in the eyepiece and then set each setting circteeto
proper location to correspond with the stars R.A. &
Dec.

Since the axis is fixed you may have to try diffdare
movements on both axis to get a good positiondavvi
from. This type of mount will seem a little awkwlar
at first but you will get use to it over time.

Mounts of this type start around $300 and can gtoup
$10,000. This design is capable of very fine tiagk
and guiding and GoTo capabilities are now available
on the better models. | recommend this type ofmhou
for any large scopes or for advanced imaging and
viewing.

Some scopes have adapter Plates, so that a vafiety
scopes (OTA) can be used with the same mount. This
is a very handy feature if you plane on getting a
different scope in the future.

One of the most important recommendations | can
make, for anyone who plans on staying with this
hobby, is invest in a good mount. This will not ynl
make your observing more pleasurable, it will dito
you pursue some Photography or CCD imaging in the

future. The mount is the first most important itémn
consider, when purchasing your equipment. You are
well advised to buy the best you can afford. ¥an
always change the OTA and keep a good strong
dependable Mount! Another consideration is the
carrying capacity of some mounts refers to a visual
viewing capacity and not an imaging capacity. As a
general rule |1 do not like to exceed - % of the
mounts maximum carrying capacity. This will agsur
a very stable platform from which to view and apply
advanced techniques like imaging.

Eyepieces

No single eyepiece will handle all your needskeli
telescopes of different types and sizes offer difie
performance, so do eyepieces. First lets congiger
standard sizes, base on the diameter of the eyepiec
barrel (tube), also called an ocular. Eyepiec@secm
three basic sizes, .956", 1 ¥4" & 2". Most “depagimh
store” (bargain) models come with .956" eyepieces.
These are not usually of good quality and may work
for very simple low power magnification. The
standard size for most amateurs is the 1 ¥4". Hewev
the 2"is also being used by professionals and amste
alike. Let's make a very important note here, spott
scopes and some other small scopes may not have
interchangeable eyepieces. The magnification would
be fixed, except for a few that may have a zoom
feature.

There are many types of eyepieces | will only
concentrate on the most proven and popular type,
brand and manufactures. A good telescope will
produce very poor images with an inferior eyepiece.
The basic designs are Huygens, Ramsden, Kellner
(type 1,2 & 3), Orthosopic, Erfle, Kénig. The typBe
Kellner is now usually referred to as a Ploss| a&nd
very popular design. The design names refer to the
optical experts that first invented them up to two
centuries ago.

An eyepiece is a group of lenses or elements in a
metal barrel that is used to magnify the image a
telescope produces at its focal point. All eyepsec
have a focal length that is usually inscribed anttip

in millimeters. The larger the number the longez th
focal length and the less the magnification. Taffeg

the magnification of a particular eyepiece, take it
focal length and divide it into the focal length tbie
telescope (40mm + 1200mm = 30x).
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How large an area we actually see of the sky depend
on an eyepiece’s magnification and field of viewthwi
any given telescope. Remember the shorter thé foca
length of the telescope the less the magnificaiod

the larger the field of field (same size Objectivéhe
same rule applies for an eyepiece. Thanks to modern
designs, some makes offer a widmparent field of
view, than others. The Fig. 2.3 below will list popular
eyepieces, field of views and costs.

The major brands include Celestron, Meade, Orion,
Tele Vue, Parks, Takahashi, Apogee, University to
name a few. Manufactures may apply their own trade
name to a specific design, like a Plossl and tahi
Ultrawide or Superwide based on its apparent fidld
view. Wider fields are preferred for deep sky
observing and are not needed to planetary or lunar
observing. Wider fields are more expensive to make
and produce sharp images, so they will cost a lot
more.

To find the FOV (field of view) of and eyepiece Wit
a particular telescope, take the magnification haf t
lens and divide it into the apparent field of viefithe
eyepiece. Example: using our 1200mm fl (focal
Length) and 40mm Ploss| 30x(44°): 44° +~ 30 =1 % °.

To get started purchase two to three eyepiecelsein t
five-element Plossl design by Orion, Meade, and
Celestron. From Meade this would be the Super
Ploss| series 4000, Celestron Ultima Series, Tele V
Pl6ssl or Orion Ultrascopic. Most scopes come with
26mm eyepiece, add a 32mm to start. Should you be
able to, purchase a 20mm for the third one. Thils w
give you the sharpest images to start. Higher
magnifications using smaller focal length eyepieces
may not be as

Eye Piece Designs Barrel
Size

Apparent Deep Sky
Field

sharp depending on the seeing conditions. Thisfset
eyepieces is based on an F/10 system, but will work
well with F/6 & F/8 systems as well.

The next most important item to consider is a good
quality Barlow lens. A Barlow lens or group of &n
that will increase the magnification of any givems.
They are available in 2x-5x models. | suggest on
getting an APO, or at least a three element Barlow,
from one of the manufactures mentioned. A decent
one will cost $80 -$120. | recommend the Tel Vue,
Meade, Celestron three element Barlow for $ 80.00.
Should you want the best, get one of the Powmates
from Tele Vue starting at $170.00.

A 32mm eyepiece inserted into a 2x Barlow will
become a 16mm, doubling your magnification. The
star diagonal that is used on some scopes will add
another benefit. Insert the 2x Barlow into the
telescope then the diagonal into the Barlow, the
eyepiece then goes into the diagonal and will tésul

a 3x gain. With this setup the original three égeps
the 32mm, 26mm & 20mm will be like having nine
eyepieces. The 2x Barlow positions will yield, 16mm
13mm, 10mm, the 3x position 10.6mm, 8.6 and
6.6mm.

Contrary to what you may hear, a good quality Barlo
will not degrade the image at all, none! Somehef t
expensive eyepieces costing several hundreds slollar
use this lens configuration within the barrel oéith
eyepieces. However, poorly made low cost Barlows
will yield very poor results. Thinks before youyb

any eyepieces. High quality eyepieces will be Kept

as long as you enjoy this hobby. Telescopes may
come and go, but good quality eyepieces are can be
retained, they will work on any telescope you buy.

General
Recommendation

Planetary
Lunar

Average
Cost

35°- 40°
1% 20500
1% 4509 55°
1 ¥4"-2” 60°- 84°
1% 609
17 68°
1 %4"-2" 80°- 84°

1w OK

OK

rnMeood
Exeait

Kellner(1)
Orthoscopic

Plossl (4+ elements)
Super & Ultra Wide
Erfle

Panoptic

Nagler

Excellent

Fig. 2.3

Very Good

Excellent

OK
Excellent
Excellent
Excellent
Fair
Excellent
Exesit

$40.00 Fair
90.0 Very Good
120.00 Y &ood +
180.00+ Excellent
00100 Good
280.00+ Exentl
180.00+ Excellent +
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Diagonals

You may insert the eyepieces directly into the
telescopes focusing tube and view objects. This
method works great with the standard Newtonian
design but not very well with refractors and
Cassegrain designs. Objects overhead places the
focuser and eyepiece at an awkward angle, this is
where a star diagonal comes in.

Star diagonals are made with either a prism oramirr
to reflect the light at a 90° angle. You place the
diagonal into the focuser and tighten it into plagth
set-screws or a compression ring. Make sure #his i
solid then you insert the eyepiece into the diaytora

a more comfortable viewing angle. You may rotate
and adjust the diagonal to fit your observing asgle
Be sure to loosen the set-screw completely and hold
onto the diagonal before turning it and tightenihg

set screws.

Since the light is again being reflected, a quality
diagonal is important. A substandard mirror ospri

in an inexpensive diagonal can significantly caase
loose of light. Quality amateurs scope come with a
standard diagonal that has an 84%-86% light
transmission. | would suggest that you eventuably
grade to a Limicom, Astro Physics or Tele Vue. yrhe
will reflect 95% - 98% of the light, a 15% increase

Color Uses

When you look down into a Star diagonal, the image
will be erect from top to bottom and remains regdrs

Erectors and erecting diagonals will produce amtere
image and are useful for small telescopes and low
magnifications. They are used for terrestrial e
They will not perform satisfactorily at high
magnifications and will degrade the image.

Filters

Filters are very important and usually will scravtoi
the threaded barrel of your eyepieces. The thaseb
types used by the average amateur are coloredaheut
and reflecting. Color filters are used to hightigh
detail of another color or to add in seeing. They
listed by a standard Wratten Number, which is also
used in professional photography. A light yellow
filter will help cancel out blue chromatic aberoms

in refractors. The table below will help with colo
filter selection. Color filters really help inexving
planetary detail on Jupiter, Saturn and Mars.

Neutral density filters like a polarizing filter igery
handy for viewing the moon. Viewing the moon can
hurt your eyes and is to bright at times to see any
detail. | like a variable polarizing filter thatt f
between the diagonal and eyepiece. You can adjust
the amount of light being blocked to fit a partaul
situation.

Transmission

Skylight
Light Yellow
Yellow-Green
Yellow
Orange
Light Red
Red
Magenta
Blue-Green
Dark Blue
Violet

Light Green
Green

Blue

Light Blue
Moon Filter

Good for camera lens to cut haze

80A
82A
96

Variable Polarizing
Deep Sky/Nebula
Solar filter

H-alpha

Highlight red & orange on Jupiter 8aturn, improved contrast on the moon
Contrasts red & blue on Jupiterausn
Strong contrast of red & blue, increatgtar contrast in 6"+ scopes

Blocks blue-green light, enhances detaiélts on Jupiter & Saturn, Mars
Same as Orange only stronger, gooddg time use on planets 6"+ scopes
Blocks Blue & Blue-Green, Mars ice capesiter’s clouds 8"+ scopes
Blocks Green, transmits Red & Violepdfor Mars

Good for clouds and haze layers orsMa

Rejects Orange & Red, Good for Reat gm Jupiter & storms on the Planets
Rejects Red, Green & Yellow, Mars icgpgaVenus and Saturn’s Rings 8"+
Great for Mars Polar Caps, JupitBesl Spot, detail on the Moon

Stronger than # 56, more detail use @éstopes
Very good for Jupiter & Saturn, enhancestrast on the moon

Great for the Moon, Mars, JupiteiS&aturn, can be used with other filters
Neutral Density filter for the Mo@md useful in splitting bright double stars

Reduces the glare on the M@an, be used on bright double stars

Light Pollution reduction filtereduces certain wavelengths enhances viewing
Mylar or Metal, covers the entire dpee of the scope (Follow Directions)
special filter for observing solar proerice (Follow Directions) Very Expensive

83%
78%
74%
46%
25%
14%

17%
3%
53%
24%
30%
73%
13%

5%-25%
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3.

Viewing the Night Sky

Field Of View (FOV)

Field of View, how much of the sky will | see thigiu

my telescope? As we covered under eyepieces, it
depends on many factors: Focal ratio, Focal Length,
and the type of eyepiece being used. The apparent
size of objects in the sky are defined in angles rawt

in linear terms. The FOV is described in degrees,
minutes and seconds.

To find the FOV (field of view) of and eyepiecehvait
particular telescope, take the magnification of ldwes
and divide it into the apparent field of view okth
eyepiece. Example: using our 1200mm fl (focal
Length) and 40mm Ploss| 30x(44°): 44° +30 =1 .47°.

Below is a table of some standard size scopestand t

apparent field of view based on quality Plossl

eyepieces. This will aid you in determining which

eyepiece to use when looking for and at certain
objects. Some objects may need a very wide FOV
while other will require high magnification resuilg

in a narrow FOV.

Telescope

Eyepiece Mag.

FOV Telescope

It is best to start out with a large FOV eyepiece t
locate an object. Use different magnificationssée
which one gives the best detail. By knowing the/FO
of the eyepiece you can correlate what you seben t
eyepiece to the same area on a star chart. THis wi
facilitate star hopping to find an object that isryw
small or faint.

The field of View of your finder is also very imgant

In locating objects in the night sky. Binoculargega
Generous FOV, 7 x 40, 8 x 40, 8 x 50; will giveds°-
Field. Remember the Moon is approximately % °
while the Andromeda Galaxy covers 3 °+.

You can make a circle to represent the FOV for a
particular eyepiece combination, finder and binacsil
on a piece of paper. Use your computer to doathds
then print it onto clear transparences with anJaker
Laser printer. Use the overhead transparencesasold
office supply stores, to make your own custom
overlays for star charts.

Eyepiece Mag. FOV

80mm f/5
80mm f/5
80mm f/5
80mm f/5
80mm f/5

100mm f/8

40mm (44°)
32mm (52°)
26mm (52°)
20mm (52°)
10mm (52°)

40mm (44°)

10x
12.5x
15.4x
20x
40x

20x

40 24’
4° 09’ 36”
3° 22’ 36”
2° 36’
1°18

2° 12’ 00”

8" /6
8" /6
8" /6
8" /6
8" /6

8" /10

40mm (44°80x  1° 28’ 00"
32mBRP) 37.5x 1°23 12"
26mB2P) 46.2x 1° 07’ 32"
20mm (52°50x 52’ 00
10mm (52°020x 26’ 00"

40made) 50 52’ 48"

100mm f/8
100mm f/8
100mm f/8
100mm f/8

125mm /10
125mm /10
125mm /10
125mm /10
125mm /10

150mm f/6
150mm f/6
150mm f/6
150mm f/6
150mm f/¢

Fig. 3.1

32mm (52°)
26mm (52°)
20mm (52°)
10mm (52°)

40mm (44°)
32mm (52°)
26mm (52°)
20mm (52°)
10mm (52°)

40mm (44°)
32mm (52°)
26mm (52°)
20mm (52°)
10mm (52°¢

25X
30.8x
40x
80x

31.3x
39x
48x
62.5x
125x

22.5x

28x

34.6x

45x
90x

2° 05’ 00”
1°41’ 18"
1°18’ 00”

39’ 00”

1° 24’ 217
1° 20’ 00”
1° 05’ 00”
49’ 55”
24’ 58”

1°57' 207
1°51' 26”
1° 30’ 10”
1° 09’ 20”
34" 40’

8" /10
8" /10
8" /10
8" /10

10" /10
10" /10
10" /10
10" /10
10" /10

11" /10
117 /10
11" /10
11" /10
11" /10

32mE2e)
26n(52°)
20mE2?)
10n{62°)

40n(d4°)
32n(62°)
26n(62°)
2t (529)
10n§52°)

40n(°)
32m&2yf)
26n(52°)
20m&2f)
10mm (52°¢

62.5x
77X
100x
200x

62.5x
78X
96.2x
125x
250x

68x
87.2x
107.3x
139.5x%
279x

49' 55”
40’ 317
31'12”
15’ 36”

42' 147
40’ 00”
32’ 26”
24’ 58”
12’ 29”

38’ 49”
35" 47"
29’ 04”
22' 227
11’17
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Finder Scopes

The hardest thing to do is find an object and ¢juies

for beginners as well as veterans trying to locate
faint galaxy. A quality Finder Scope is very
important. Most of the smaller scopes have small
5x24mm finder scopes, which are completely
worthless. 6 x 30 finders should be the bare mimim
for telescopes of less than 8" aperture! 8 x 5@ is
good size, and Super finders of 12 x 80 are really
great.

Living in the city | have difficulty in finding fait
objects in my 8 x 50 finder. | replaced the fingeéth

a Telrad®. This type of finder superimposes a red
circle & dot onto the sky. You then center yougtd
inside the circle, centering the red dot. | theldexd

an 80mm f/5 short tube refractor with a cross hair
eyepiece. | can find objects readily with this.heT
scopes use a correcting diagonal so | have a perfec
view. Remember that finders are small refracting
telescopes that may give an inverted view. This ca
be corrected with a standard diagonal that wilkegay
mirror reverse for refractors and Schmidt-Cassegrai
Correcting diagonals are also available and rdwdlp

in locating objects. When used with Finder scopes
they will give an erect (correct) image to matchiuryo
star charts. Otherwise you must learn to read the
charts inverted or reversed, depending on you
particular finder.

Lumicon makes a quality 8xX50mm finder along with a
large 12x80mm  Giant finder scope, with
interchangeable eyepieces and diagonals.
finder with a correcting diagonal will help in Idaay
objects. You may also use a pair of binoculars to
locate an object and help aim the finder.

Some other tricks are to make circles, on cleastigla
that represent your finder’s field of view. Theseage
8x50mm finder will have a FOV of about 6°. This
will be approximately 12 times the diameter of the
moon, and twice that of the Andromeda Galaxy.
Obijects to the'® magnitude will be visible.

For binoculars, which usually express the FOV as th
width of view seen through the binoculars at 1000'.
At 1,000’ each 17%’ is equal to one degree. 7xB0m

binoculars usually have a 7-8 Degree FOV, or 140" a
1,000'.

You can create various sized circles in most word
processing programs to match a particular startchar

Then print them onto transparency film use for
overhead projectors. Star atlas programs have this
feature build in and can superimpose any fieldiefw
onto the chart and then print out a custom star. ma

Polar Alignment (clock drives)

Better mounts have what is known as a clock drive.
This usually a stepper motor with gears that rotiate
telescope around the polar axis’'s, to compensate fo
the earth’s rotation. This will keep an objecttive
eyepiece’s field of view for some time. This iseds
on German equatorial mounts. It is imperative that
the polar axis points to true north and the detima
axis be perpendicular.

Quality mounts will have a polar alignment scope
mounted inside the polar axes, or near it to hdth w
this alignment. The scope will usually have a engés
offset from Polaris, the North Star, to pin poinie
north.

To get started, level the mount and then aligrpttiar
axis to the North Star. Then adjust the polar &yis
manual adjustment to its elevation in degrees. s Thi
along with manual adjustment in declination, left t
right, will center the North Star in the polar aligent
scope. This scope will have a circle or some other
point that is centered on Polaris. This will allgau

to center in on Polaris by placing it in a circle o
between a space along a line. Some Polar alignment
scopes will line up two-three starts for more aateir
Polar alignment. Polaris is not exactly North, but

A quality close.

Earth’s Axis

Polar Axis

Fig. 3.2 15



Place Polaris in the Small Circle
For Polar Alignment

3" Star (C)

Examples of Polar Alignment Scope Views

Fig.3.3

Quality mounts will have a polar alignment scope
mounted inside the polar axes, or near it to héth w
this alignment. The scope will usually have a enés
offset from Polaris, the North Star, to pin pointet
north.

To get started, level the mount and then aligmibiar
axis to the North Star. Then adjust the polar &xis
manual adjustment to its elevation in degrees.s Thi
along with manual adjustment in declination, left t
right, will center the North Star in the polar aligent
scope. This scope will have a circle or some other
point that is centered on Polaris. This will allgau

to center in on Polaris by placing it in a circle o
between a space along a line. Some Polar alignment
scopes will line up two-three starts for more aateir
Polar alignment. Polaris is not exactly North, but
close.

The clock drive may now be engaged and will help
keep objects centered in the eyepiece. Since Hrere
so many different types of drive systems, be sare t
read the instructions carefully, several timest tBe
scope up at your house several times while itghtli
out and then practice polar alignment. This vake
time, but is much better to learn it at home thaalh
your telescope to a dark site and fumble arourttién
dark.

Once you have learned the basics, then each
subsequent telescope system will be much easier to
learn. Go to some star parties or astronomy club
meetings; the people there will be more than happy
assist you.

More complicated drive systems will have motors on
both axis and are capable of varies tracking redes
compensate for the slight variations of movement fo
the planets, stars and moon. They can be finedtun
in what is called drift alignment. You can also
compensate for the variations each individual gear
may have from manufacturing. This is called peddod
error control PEC, and is found only on high gualit
mounts.

Mounts with PEC and multiple tracking rates wik@l
have slew and guiding rates. These mounts can cost
thousands of dollars just by themselves. Theyroffe
very stable platforms for various telescopes arel ar
capable of long guided astrophotography and CCD
imaging. Objects will stay centered in an eyepiece
hours. The techniques for precise alignment and
tracking for photography are beyond the intenthis t
simple guide. The Resources chapter will list ook
that cover this subject in great detail.

Planning

As we have mentioned earlier make a list of itenas t
you will need for and evenings outing and follow lit

is no fun to drive to a remote dark sky site ordy t
learn you brought everything, but forgot a single
necessary component to your setup. | once drove 50
miles to a dark sky site, set up my telescope tmly
learn | had no eyepieces! Make a list and check it
twice!

Drive around some afternoon and look for some nice

remote observing sites. Make sure you would feel
safe at the site after dark. Take along some famil
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members, the kids, or just some friends. Join an
astronomy club and go with some of the members.

Don't try and find a new observing site at nighbuy
never know what road hazards or problems the area
may present. Never go alone, you never know what
can happen. A rock through an oil pan can leawe yo
stranded if you are alone. Take a cell phone and o
CB radio, so you can call for assistance.

Plan for the unexpected if you are going to an
observing site in the country. Take some extralfoo
water, first aid kit, etc. Throw in a sleeping bagme
dry clothes, extra batteries and anything else ganu
think of. Insect repellant can be a lifesaverableast
make the evening more enjoyable. Put all of thiso
list along with you observing equipment.

Get a map of the area and take it with you and of
course leave a copy at home or with someone you
know. This is just like a mini camping trip, onjgu

will be up all night.

Before you drive home make sure you are awake. |
mean really awake, don't try to navigate mountain
roads at four or five in the morning if you haveshe
up all night. Take a short nap. If you must drive
keep the window open and stop frequently for a
stretch and fresh air. A closed in vehicle witle th
heater going after an all nighter is just asking fo
trouble.

Our brain can produce a chemical when we are very
tied that will just put us to sleep. You my say nme,

I can fight off the nodes. That is what a lot ebple
have thought. Many have fallen asleep at the wheel
never to wake-up again. | have investigated many
such accidents, don't do it! Take a short nap aalan
lots of stops, get some fresh air, take your time,
please.

Locations

You can observe from your back yard or travel ® th
country for dark skies. Get maps of the terradads,
etc. Find a location that has easy access andds sa
Don't travel too far for an evening of stargazing.
long trip after an evening of observing can beiteyi
especially if you worked earlier in the day. Ifuyo
plane on coming home while it is still dark, makees
the road is easily driven at night.

| like to look for sights and prefer a site thatighin

90 minutes of home. 1 also look for flat aread e

no further than 1-2 miles from a paved road. Quali
gravel roads are fine, but long drives on such soad
can affect you equipment and vehicle.

BLM and USFS maps are good places to start and just
go out and explore. Some local Astronomy clubs may
already have a list of popular sites. | reallyanage

you to join with other amateurs when you go out
observing. It's a lot of fun to be with othersttieajoy
your hobby. | am always learning from others and
really enjoy the camaraderie and company.

Stay away from grassy areas and areas that magtattr
fog, wind and dew. Some trees, especially confers,
(Pines) help tame the air. While others like Alders
Maples, Poplar, etc. indicated moist ground. Old
Logging roads and decks, with a mix of dirt andkroc
or gravel usually make the best observing siteke T
higher in altitude the better. However, stable air
distance and comfortable surroundings should be a
priority.

Eastern Oregon has some of the best night skig®in
United States, try and plan a trip there.

Fig. 3.4 Oregon Star Party 2001 '

Fig. 3.5 Oregon Star Party 2001
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| 4

Advanced Techniques ||

Collimation

Well-made telescope should last a lifetime, thee a
few parts that should ever wear out. The Coatorgs
some mirrors may need to be redone after fifteen to
twenty or more years of use. The hardest thing on
telescope is moving it over rough or bumpy roads.
Many telescopes, especially reflectors, Schmidt-
Cassergrains and Newtonians will not remain
collimated.

Even a brand new scope may suffer from poor
Collimation, as a result of poor shipping practices
Many discussions regarding how good one scope is
over another type, model or brand, can be a reult
poor Collimation and not bad optics.

To obtain the best performance from any telescailbe,

of the lenses and mirrors must be centered ancang|
properly. When this is not so, stars become flamedi
look like small comets. Don'’t confuse this wittsffa
optical systems of F/6-F/3. These will show ditsdr
stars near the edge of the field of view (Fig 4.This

is inherent in very fast optical mirrors used in
Newtonians and Schmidt-Cassergrains. Fast quality
Fluorite Refractors will not suffer from this.

Fig. 4.1

Example of an average F/4 Reflel
Note how the Stars start to flair near the edges
The center of the field is still sharp & Clear

The quickest way to determine if you scope needs
collimating is to focus on a star and turn the &mun

a direction, which will cause the star to form ega
disc, which should be perfectly symmetrical. This
should be true on either side of focus. Refrachois
Maksutovs are collimated at the factory and should
never need to be adjusted. Should you have one of
these that does not focus sharply or stars aredflar
return it to the manufacture for repair.

Schmidt-Cassegrains are the easiest to Collimate,
make sure the scope has cooled down for awhilek Pi
a fairly bright star near the zenith and focustomith
25mm eyepiece without a diagonal. Turn the focus
knob until the star is a large circle, similar ages

in Figure 4.2

The center shadow, is the shadow from your
secondary mirror and should be perfectly round and
dead center with concentric rings emanating oul. A
of these rings should be perfect circles this ideme
Collimation. Should the center shadow be flamed

Good Collimation

Fig. 4.2

Poor Collimation

Bad Collimation
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one side or off centered, then you must adjust the
secondary mirror.

On both Celestron and Mead Schmidt-Cassegrains
there are three screws on the secondary, thesbeare
adjustment screws. Never turn the center screw.
Place the Allen wrench or screwdriver, which ewer i
needed and turn one of the screws ever so slightly.
1/32 of a turn is plenty while watching the image.
Sometimes you can't turn and watch the image at the
same time. Use liquid paper or piece of white t&jtte
very thin to make and index mark on the screw and
secondary mirror cap to use as a reference point.

While looking through the telescope put your finger
into the field of view in front of the correctorgté on
the rim of the scope. Do not touch the correctatep
Move your finger or have an assistant move there
finger around until it coincides with where the tah
shadow is closets to the narrowest of the rings.

Now locate the closest screw near your finger.it If
falls between two screws than you need to adjwest th
screw opposite your finger. However before turning
the screw, use the slow motion controls to move the
star towards the screw to be turned. Now slowly tur
the screw slightly. The image should shift towards
center and the central shadow should be more
concentric. Should the image move outwards, yeu ar
turning the screw in the wrong direction.

While turning the screws, if they start to seene)os
stop and tighten the other two screws. When the
screw gets hard to turn stop, loosen the othemscre

You will need to practice this and it may take some
time to get it right. Once you have it centered #re
shadow is round with concentric outer rings, gato
very high magnification. | like to use a 9-6mm
eyepiece for my final Collimation (200x-300x). tus
remember to go slow and not let the screws gaide |

or too tight. You can also use a CCD to collimate
your scope and watch the computer scene image while
turning the screws. You can even measure the rings
while on the screen to get perfect Collimation.

The Collimation of a Newtonian or Dobsonian
reflector is very much the same. The rear mirrdk ce
of the primary has adjustment screws that you turn.
You move the primary mirror instead of the
secondary. However the secondary mirror may also
need adjustment. You can accomplish rough
Collimation indoors.

You will need a collimating eyepiece. You can buy

one or make one from a plastic 35mm film canister,

by punching a hole in the exact center of the I&ut

the bottom out. You can look down the front of the

scope and center the spider that holds the segpndar
mirror. The vanes of the spider should be equaled
distant and the focuser should be dead center ®n th
secondary mirror.

Look through the focuser with you Collimation
eyepiece and adjust the secondary mirror untikit i
centered in the eyepiece. Don't worry about
reflections; just center the secondary mirror. Now
adjust the tilt of the secondary mirror, by movihg
three adjustment screws on the back of the diagonal
holder of the secondary mirror. Continue this
adjustment until the reflection of the main mirier
perfectly centered in the diagonal mirror.

Now the spider may seem to be off center, don't
worry. It is now time to adjust the main mirror.h&d
main mirror has adjustment screws on the bottom.
Adjust them until the dark secondary-mirror's
silhouette is in the center of the reflection ok th
primary mirror. The primary mirror is centeredtire
secondary mirror. Be very careful not to over taght
any single screw, you could damage the mirror.

Over-tightening one or two screws in excess carpwar
the primary mirror. Too much tension on the screw
can put stress on the mirror. This will causeadtsd
images and in very serve case when the mirror
expands it could fracture. Make all adjustment on
telescopes slowly and without too much force. The
next page will have views through the eyepiecerdpri
Collimation.

The scope is now ready to be taken outside foi fina
adjustments. Some reflectors may not have
adjustments on the secondary mirror and the single
spider arm may need to be bent into place. sbsa
you in collimating Newtonians a Cheshire eyepiece
will be a great help. A Laser collimator is alsothe
market and really help.

The Newtonian will take some time to master
Collimation, keep with it. They are also more mon
to misalignment and need Collimation more oftemthe
other models of telescopes.
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Diagonal Mirror is
Out of Collimation Centered under Eyepiece

Edge of Diagonal Mirror

Bottom of Note Diagonal
Eyepiece Tube Movement and

Cen\eri&A

— Primary
Mirror Clips
Adjustment
Screws Diagonal Mirror
holder Reflection of
Diagonal holder &
Spider Vanes
Diagonal is aligned Primary Mirror is aligned
Fig. 4.5

. . Mist the area to be cleaned and use pure cottds bal
Cleaning Optics or lint free lens cleaning tissue. Dapple or méti
) o surface to get the solution up. Do not wipe, but
Dust on the corrector plate (Lens) or main objectiv dapple it off. Try not to polish the surface at aBe

lens or mirror will have little or no effect on you very careful, you can cause hundreds of dollarstwor
observing. | may clean my corrector plate onceyeve of damage

three to five years. Don’t worry about a littlestlu
Best way to prevent the need for cleaning is ndéeto
Should you really feel the need to clean your atore the dust build into mud by mixing with dew. Use

plgte or lens do not use commgrcial lens cleqners. canned air, made for cleaning computers, to blcav th
Mix 90%-100% isopropyl (rubbing) alcohol with  gyst off, Make sure to hold the can at the rigigle

distilled water in a 50/50 to 60/40 solution. Afab or the accelerent can come out and cause another
should make up 50-60% of the solution. Then add a cleaning headache. Keep an eye on dew use a dew
few drops of dishwashing liquid (none perfumed). heater. Avoid over cleaning!
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Basic Astrophotography

The Astro-photos displayed in books of the pas680-
years were dominated by images from professional
astronomers. Today, most images from film are the
products of amateur astronomers. Professional
astronomers and their telescopes now use CCD
cameras for their research. The films availabtayo
really help the aspiring amateur.

Basic cameras used to image the sky are Single Lens
Reflex (SLR) 35mm cameras. The preferred designs
are the models that are manual and not automatic.
These models will allow manual focus, aperture
setting, and manual exposure settings and mirror
lockup. All of these cameras were manufactured for
years and are readily available on the used market.
Almost all-new 35mm cameras have auto features and
reliant on batteries. The focuser and shuttees ar
electric and use power to function, thus not silgtab
for astrophotography and long exposures.

Camera Selection

Canon F-1

Nikon F & F2
Olympus OM-1, 2 or 3
Pentax K1000 & LX

Canon FTb (QL)
Contax S2

Praktica

Lecia Very Expensive

All are Manual SLR’s with B setting & Mirror Léeip

Fig. 4.5

Astrophotography requires quality lenses for best
results. Fast lenses by Nikon, Canon, Zeiss, Egkin
etc. Fixed focal lengths are preferred and havebe
quality optics than zoom lenses. Zoom lenses are
slower and much more difficult to focus.

Their focal length and speed describe lenses. A
50mm f/1.2 lens has a 50mm focal length and spéed o
F/1.2. This lens will produce a 1x image. Abeas

are inherent in fast lenses from wide angle 20mm to
135mm.  This problem is negligible in normal
photography. Astrophotography, however, pushes the
limits of film and equipment and the aberratiomsita
out. The fast lenses will yield pinpoint starstie

center but comet like stars near the edges justféikt
mirrors. (Fig.4.1)

As in telescope optics lenses also vary from lens t
lens, many are the same some worse and some better.
To reduce or eliminate this flaring of stars yoed¢o
manually stop down the lens. Turn the stop dowg ri
from F/1.2 to say F/2.0 to F/2.8. Experiment with
each lens to determine which f-stop produces a
satisfactory image.

Lens speed is measure by its f-stop; a F/2.8 isetabs
fast as a lens that is set to F/4. This is venyartant
in Astrophotgraphy as it will dictate how long an
exposure must be. You will see everything is ddra
off in Astrophotgraphy. Refer to the informatiom i
Fig. 4.7

The magnification is figured similar to telescogeu
divide 50mm into the focal length. A 300mm
telephoto will produce a 6x image. The lens is
attached to the camera body allowing a wide variety
of magnifications and field of views.

To get started, select a fast film to learn witfihe
faster the film the shorter the exposure and lbas t
can go wrong. Fast films have a draw back. Faster
films exhibit substantial grain in the final pictur
This reducers the amount it can be enlarged. Slowe
films offer finer detail and fine grain and can be
enlarged. However they also require much longer
exposures. Refer to the tables in Fig.4.7-9 feoffie
films, exposure rates and information on various
lenses.

Not all flms are created equal and each make and
type will have different attributes and weaknesses.
Most films are not suitable for the demands of
Astrophotography. Figure 4.6 lists the best films
availability today. Manufactures continue to chang
film emulsions and some favorite films may no lange
be available, or their chemical makeup has been
changed. The search for good films, is a continuing
dilemma for the Astro-photographer.

Films are marketed, by their speed, color and type.
There are print films that produce negatives aiaksl
films that produce positive transparencies. 1SO or
ASA delineates the speed of film. Film marketed as
400 asa is usually twice as fast as 200asa filthis T
along with the F-stop of the lens will be used to
determine the length of exposure on various
astronomical subjects.
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Fig. 4.6

Now to throw a wrench into the issue of film speed.
Reciprocity failure! Since films are manufacturfed
normal daytime snap shots the reciprocity rate is
seldom an issue. Most shots are take from 1/60 to
1/2000" of a second and reciprocity issues are mute.
Astrophotography changes all of this, with exposure
that can take two hours.

Reciprocity failure is the tendency of each filmdse
speed during a prolonged exposure. Each film is
different, the same make and brand may vary
depending on its asa speed. In other words Brand X
type X 200asa film is half the speed of Brand Xetyp
X 400asa film. Not always true. The emulsions are
different and the 400asa film may have the same
speed as the 200asa film after a 10 minutes of
exposure. Luckily we can benefit from the hours of
testing and failures of others, to select the amete
films. Fig. 1.7 is a list of the most current graplar
films used today. You can experiment with others,
but these seem to be the best for the time being.

Sky fog is another item to be cognizant about. Sky
Fog is the background light in the sky that may be
refracted by nearby cities and of course the Sun &
Moon. For good results, take your exposures from
dark sky sites. Even when you're 50 miles awaynfro

a city the light can effect your film. Take yourass

at least 30 - 45 above the horizon. The moon can
also cause problems even before it rises it wiflitli
you exposure time. The table in Fig. 4.7 will assi
you. Times may vary depending film type, sky
conditions and location. The darkest skies, famfr
city lights are the best.

Fig. 4.7

To begin, try taking images from a good quality
camera tripod with ¥ x20 threaded adapter, whitsh fi
standard cameras and long telephotos. You mount
the camera on the tripod connect a cable releateto
camera and you are ready. You can take long times
exposures that will show star tails. Photos of
constellations and some of the brighter stellaectsj

are possible.

Remember that the earth is spinning, you will net b
able to take a long exposure without star tralear
Polaris, the North Star to about +70 Declinatiauy
can expose for approximately 25-30 seconds with a
50mm lens. Exposures of 20-25 seconds at 70 to 30
and 15-20 second exposures, at the ecliptic. Aewid
lens like a 28mm or even a 20mm will allow longer
exposures. Use fast film like1000-3200asa.

To do any long exposures you will need to mount you
camera on some type of tracking device. There are
many types of brackets to mount your camera “Piggy-
Back” on top of a telescope that is on a mount &ith
clock drive. 1 find that equatorial mounts are Hesst.

Lenses of 20mm to 135mm can take long 10-15
minutes exposures, unguided on quality mounts. To
use a focal length of 200mm and up, you will need t
guide you camera with the telescope. Use an
illuminated reticle eyepiece, trained on a brigar.s |
prefer a 9mm and like to guide at 10-15 times the
magnification of the image. You center the guitée s
and by pressing buttons on the telescope’s hand
controller you correct the telescopes drift andokibe

star centered. Your mount must be capable of

22



corrections with the hand controller in both right  Once you have reached focus you're ready to tinte yo

ascension and declination. exposure, | use a cooking timer. Lock down your
mirror and set the camera to “B” and used the cable
This is time consuming and fatiguing. One mistike release to lock the shutter open. Start the tinmer a
the middle of a 40-min exposure and you have i sta  begin guiding. CCD cameras are also used instead o
the exposure all over again. This is the easiesttay a guiding eyepiece to send information to your ssop
get started in Astrophotography and get lots ofityua drive system to make corrections. This is called
shots. Many objects in the night sky are verydarg  Autoguiding, and again is a very advanced technique
and camera lenses will capture them quite well. that is explained in detail in some of the books

recommenced in the resource section.
The next level is prime focus and eyepiece prajecti
The later is used mostly for lunar and planetary
photography. You will need a “T” ring that fits yo
camera to the threads on your telescopes focuser or
visual back. Each make and model of scope may
require a different type of treaded T-Ring.

Since the focal length will be large, 500mm-3000mm,
depending on your scope, the exposure must be
guided. You will need an off-axis guider. The
attaches to the back of you scope and has a small
mirror or prism that picks off some of the lighofin

the scope and deflects it to an off axis eyepiere f
guiding.

90 + of the light form the main objective contirsue

straight through to the back of the guider were the

camera body, no lens, is attached with a T-rinqau Y Fig. 4.9
look through the guiding eyepiece and locate ahbrig

enough star to guide with. Then you focus the €COp  gyanjiece projection delivers very high magnificatio

by looking through the camera. There are many 4 very slow Firatios of F/20 to F/100. This sedi

techniques and gadgets to help with this procéasn to photograph the moon and planets. You with need
only going to give you an over view and recommend 5, "aveniece projection holder. This attaches & th

purchasing one of the books on astrophotography in o5 of your scope and you insert an eyepiece ke t

the. resource section of this book. V_Vholg chapgads attach the camera body. Again you focus and set up

major portion of some books deal with this subject. the camera as before. It is very important to Itk
mirror down to prevent unnecessary vibrations from
mirror flop. Set the exposure and take an image.
Take several and bracket the exposure times bggaki
several at different t speeds. The more you thke t
better the chances of have good steady seeingeat th
same instant you take a shot. The following paille w
have tables for taking exposures with differenin§l
and objects.

In Astrophotgraphy the mount stability and track
accuracy is extremely important. High quality mtsun
are expensive but are a necessity. | highly
recommend that if you are at all serious about
astrophotography that you read some of the books |
have listed. They will save you a lot of trial agador
and above all time.

Fig. 4.8
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Exposure Table Deep Sky

(IN MINUETS)

200

400

800

1000

20-24

10-12

5-6

3-5

40-48

20-24

10-12

6-10

80-96

40-48

20-24

12-20

80-96

40-48

24-40

80-96

48-80

96-160

Exposure Table Quarter Moon
(IN SECONDS)

200

400

800

1000

1600

3200

1/500

1/1000

1/2000

1/2000

1/250

1/500

1/1000

1/1000

1/2000

1/125

1/250

1/500

1/500

1/1000

1/2000

1/60

1/125

1/250

1/250

1/500

1/1000

1/30

1/60

1/125

1/125

1/250

1/500

1/15

1/30

1/60

1/60

1/125

1/250

1/8

1/15

1/30

1/30

1/60

1/125

1/4

1/8

1/15

1/30

1/30

1/60

1/4

1/8

1/15

1/15

1/30

1/8

1/8

1/15

Due to Atmospheric turbulence may appear as a blurred exposure.
These table are base on Kodak’s Elite Chrome 200 (E200)

Digital Astrophotography

Since about 2003 the availability or reasonablgequti
digital cameras for astronomy have comeagé.
Both Canon and Nikon have very suitable models of
digital single lens reflex (DSLR) cameras that suét
needs of astrophotography. The Canon 10d, 20d, 30d
and rebel xti all have locking mirrors and anegd
from $500-$1400. Nikon models include the D40, 50,
70 and others. Many of these new cameras have noise
reduction protocols mirror lock and bulbttisgs
needed for long astrophotography work. Ydu w
need an angle finder (Canon angle finder b) thiit
magnify the image through the viewfindér a
comfortable angle. This will assist you in acfrig
focus on a bright star before moving to your intethd

object and felid of view.

One great advantage with the digital camesathi
ability to alter your ISO setting along wahutter
speeds to fita particular object's brightnedRegular
point and shoot digital cameras are greaafocal
exposures through an eyepiece. The moon and planets
can be captured in fine detail using this methodlhe
ability of the digital camera in afocal ko way
exceeds what film cameras are capable of ukiag
technique.

This is only a brief overview of techniques diser
capturing the night skies. Additionaldetailed
information is available in the imaging sectiortlus
web site.
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