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Telescopes 101

A Brief History

e There are several types of telescope and each
of these have there pro’s and con’s.

Selecting a telescope is always an individual
choice that is driven by factors such as cost,
viewing requirements, compromise, portability
etc...

Nobody really knows when telescopes were
first introduced. Records from the early 1600’s
acknowledge Galileo as being the first to
introduce the telescope in astronomical terms.
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At that time the telescope started out life in the form of
a basic Galilean Refractor. This was a crude and limited
device.

Not long after Galileo’s efforts, Johannes Kepler
introduced a modification to the design. This design still
drives the basic principles of Refractor design today.

Since these early times, enhancements have been added
to the reflector design in the form of achromatic and
apochromatic objective lenses.

James Gregory then introduced the reflector concept to
telescopes in the mid 1600’s. Sir Isaac Newton
subsequently simplified this design into today’s more
common Newtonian Reflector.
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The Refractor Telescope
e Mans first telescope

e This Telescope has progressed over
time and has provided some of the best
amateur views of the cosmos.

e Today there are 2 basic forms of
Refractor.
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e Achromatic refractors

e Achromatic refractors use two lens elements to
help minimize chromatic aberration, an optical
effect which causes differing wavelengths of
light to focus at different points.
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e Apochromatic refractors

e (often called "apos") use three or more lens
elements, one or more having special
properties, to eliminate chromatic aberration
entirely.
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Refractor Telescopes

PROS:
Erect image (right-side up) allows terrestrial use
No collimation required
Apochromatic refractors give best possible image quality
Apochromatic refractors are excellent for photography

CONS:
Easily available only in small sizes (less than 8"
aperture)
Physically longer than equal-aperture Schmidt-
Cassegrain
Most expensive per inch of aperture (especially apos)

Achromatic refractors are not well suited to photography
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The Reflector Telescope

e Newtonian telescopes use a curved mirror to
focus incoming light to a second, flat mirror
which directs the light to a convenient viewing
position on the side of the telescope.
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e Newtonian telescopes must periodically
have their mirrors aligned to keep the
optics performing perfectly.

e Aligning the optics of a telescope is
called collimation. Collimating a scope
usually involves adjusting knobs of the

back of the primary and secondary
mirrors.
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Reflector Telescopes

PROS:

e |east expensive for a given aperture

e No color aberration like an achromatic refractor

e Available in wide range of sizes (from about 3" to 40")

CONS:
Inverted image makes terrestrial use awkward

Physically longer than equal-aperture Schmidt-
Cassegrain

Requires occasional collimation

Not usually good for photography unless built specifically
for that purpose.
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The Schmidt-Cassegrain Telescope (SCT)

e The biggest disadvantage to refractors and
Newtonians is their size.

By folding the light path a Schmidt-Cassegrain
telescope is much more compact than an
equal-aperture refractor or Newtonian.
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e All of the professional telescopes built recently,
from Hubble to Keck, are based on the folded
Cassegrain design.

e Schmidt-Cassegrains use a spherical primary
mirror to focus incoming light onto a convex
secondary mirror which sends the light back
through a hole in the primary mirror to the

eyepiece, located at the rear of the telescope.

e Spherical mirrors are less expensive to make
than parabolic mirrors but introduce spherical
aberration.

e By using a corrector plate at the front of the
telescope, spherical aberration is corrected.
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A variation is a Maksutov-Cassegrain (MCT)

Corrector Plate Primary Mirror

Secondary “spot”

e Maksutov-Cassegrain telescopes are similar to
SCTs but have a much more highly curved
correcting lens on the front of the scope.
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e While they give very good images,
Maksutov’s tend to take longer to

stabilize from a tem

perature change

such as taking the telescope from inside

your house to outsic

e They have a much n
view and are slower
photographically than SCTs.

e.

arrower field of
(f/ratio)

e For these reasons, SCTs tend to be a
more popular design.
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Cassegrain Telescopes

PROS:

e Less expensive than equal-aperture refractor

e Most versatile design

e Erect (right-side up) image allows terrestrial
viewing

e Well suited for photography or CCD imaging

CONS:
e Requires occasional collimation

e More expensive than equal-aperture
Newtonian
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Telescope Mounts

e German Equatorial Mount

e Fork Equatorial Mount

e Alt/Az Mount

e Dobsonian Mount




German Equatorial Mount

e An equatorial mount is a
mount that has one
rotational axis parallel to
the Earth's axis of rotation.

e This axis on a German
Equatorial mount is the
Right Ascension (R.A.) axis
which is aimed toward a
celestial pole to polar align
the mount.

e This RA axis allows motion
from east to west.
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e This mount uses a counterweight on a long
shaft opposite the telescope to counterbalance
the weight of the telescope.

e The equatorial mounted telescope is able to
track the sky about a polar axis to compensate
for Earth's rotation.

e Once aligned the telescope can track the sky
using slow-motion controls or a clock drive to
rotate the Right Ascension axis.

e The telescope rotates around the mount's
declination (dec) axis in order to allow
movement north and south.
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German Equatorial Mounts

MNO):

e Allows automatic tracking with clock
drive

e \Very stable
e Easy to point to most areas of the sky
e Good for photography or CCD imaging

CONS:
e Heaviest type of mount
e Longer setup time for large scopes
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Fork Equatorial Mount

¢+ A Fork Equatorial mount
holds the telescope on the
end of one or two arms. The
term comes from the original
two-arm design's
resemblance to a tuning fork.

Some smaller, lighter model
telescopes incorporate a
single arm to reduce weight
when two arms are not
necessary.

¢ The fork arms of this type of
mount are pointed toward a
celestial pole to allow the
mount to track the sky as
Earth rotates.
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e A Fork Equatorial mount has a Right Ascension
(R.A.) axis (the fork arms) which is aimed
toward a celestial pole, to polar align the
mount.

e Once aligned the telescope can track the sky
using slow-motion controls or a clock drive to
rotate the Right Ascension axis.

e This axis allows motion from east to west.

e The telescope rotates around the mount's
declination (dec) axis in order to allow
movement north and south.
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Fork Equatorial Mount

PROS:
e More compact than German equatorial mount

e Lighter weight and quicker setup then German
equatorial mount

e Allows tracking using a clock drive
e Good for photography or CCD imaging

CONS:

e Eyepiece ends up in awkward position when
telescope points north near the celestial pole.




The Alt-Az Mount

¢ An Altitude-Azimuth
(or Alt-Az) mount
moves parallel and
perpendicular to the
horizon.

¢ This motion is very
intuitive and is
especially easy to use
for terrestrial viewing.
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Altitude refers to height above the horizon, and azimuth
is the angle along the horizon from north.

Like a compass bearing (0 is north, 90 is east, 180 is
south, and 270 is west).

Alt-Az mounts are easy to use for terrestrial viewing,
and for astronomical viewing they have a great
advantage over equatorial mounts in that they keep the
eyepiece in a convenient position at all times.

However, they cannot automatically track unless the
telescope is computer-controlled.

Therefore, most Goto telescopes are Alt-Az mounted.

The Dobsonian is also a type of Alt-Az mount.
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Alt/Az Mount

PROS:

e Most compact type of mount

e Eyepiece is always in convenient position
e Easy to use for terrestrial viewing

CONS:
e Will only track if computerized

e Must be mounted equatorially (using a wedge)
in order to be used photographically or for CCD
Imaging




The Dobsonian Mount

The Dobsonian is very
easy to use and so is very
popular with beginners.

It is the least expensive
type of telescope for a
given aperture.

As a result it is popular

with advanced observers
who wish to own a very

large telescope.
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Dobsonian Mount

HNOSH

e Easy to use

e [nexpensive
e Fasy to setup

CONS:

e Does not track (unless a special device is
purchased which may not be available for
many models)

e Difficult to do photograph\é or CCD imaging
without being able to trac

e Wide range of eyepiece positions depending on
where telescope is pointing
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Some Guiding Principles: Practical Magnification

In good seeing never exceed 60 X magnification for each
25mm of aperture.

This quickly reduces to around 40 X magnification when
viewing from poor/city skies.

To do so will exceed your telescopes resolving
capabilities and your image quality will be significantly
reduced.

In general viewing at magnitudes greater than 300 X
will provide poorer seeing and will loose contrast.

This can be exceeded at times in dark skies and
excellent seeing conditions.
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Calculating Focal Ratio

The focal ratio or resolving speed of 1)/our telescope is
measured by dividing the aperture of your primary mirror or
objective lens with the focal length of your telescope.

e.g. a 100mm aperture telescope with a focal length of
600mm would calculate as

120mm / 600mm = 5, represented by convention as f/5.

Low focal rations or smaller numbers are considered as fast
ratios and are good for resolving faint or deep sky objects.

Slower focal ratios are considered better for Solar System
views.

Note: ensure your dimensions for focal length and

primary/object components are the same unit of measure, i.e.
mm for mm, inches for inches.
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Calculating Magnification

The magnification currently in use on your telescope is calculated as the
Focal length of your telescope divided by the focal length of your eyepiece.
e.g. a scope with focal length of 600mm and using a 10mm eyepiece will
be performing at a magnification of

e 600mm / 10mm = 60 X magnification.

An important thing to remember is that as magnification is increased the
view through the telescope becomes dimmer.

In fact, doubling the magnification makes the image four times dimmer!
Tripling the magnification makes the image nine times dimmer, and so on.

Therefore, many objects look best at low magnification. If you try to view

a dim object as a higher magnification the object may vanish from view
entirely!

In general, the field of view through a telescope decreases as the
maghnification is increased. Many celestial objects are ?uite large in
apparent size, many being as large or larger than the full moon!

This means that many objects will only fit in the field of view at lower
maghnifications.
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Simulated views above of the Orion Nebula at magnifications of approximately
50X, 80X, and 120X.

Notice that as the magnification increases the field of view shrinks and the image
gets dimmer.

A quick way to modify this magnification is to introduce Focal changers.
The most cost effective and common way to do this is with a Barlow Lens.

This effectively increases the focal length of your setup therefore increasing
magnification.

Barlow Lens typically comes in 2X and 3X configurations.
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e Limiting magnitude is the visual limit or capability of
your telescope to see astronomical targets.

e Below is a table that details typical levels and the benefit

that you achieve as

our aperture increases. These

measures are dark s %measures so city/suburban
t

lighting will diminish

ese capabilities.

e Telescope Aperture Faintest magnitude

2inch

3 inch

4 inch

6 inch

8 inch
10 inch
12.5 inch
14 inch
20 inch
30 inch

(51mm)

(76mm)

(102mm)
(152mm)
(203mm)
(254mm)
(318mm)
(356mm)
(508mm)
(762mm)

10.3
11.2
11.8
12.7
13.3
13.8
14.3
14.5
15.3
16.2




