Choosing and Using a Telescope
If you own, or wish to own a small telescope, you must determine what's important to you. What
do you most want to look at? How dark is your sky? How experienced an observer are you?
How much to you want to spend? What storage space do you have, and how much weight do
you want to carry? Answering these key questions and familiarizing yourself with what's on
the market will enable you to acquire a telescope that will work well and satisfy your observing
needs for many years. Plus you can always trade it in for a larger one!
One of the first considerations is the mount. Most small telescopes do not have very good mounts
that are stable and vibration free. Many sold cheaply are simple alt-azimuth mounts with a few
screws to secure the scope, which leads to lots of trouble selecting your object and keeping it in
the field of view as one tightens the screws. Even when in use, simply brushing the scope means
that is moves off target and acquiring your image again can be a difficult process. If you are
purchasing from a supplier, check reviews before selecting a scope, as a good mount is essential
to your observing experience. An equatorial mount is to be preferred as they are a little heavier,
have to be set up properly, but once achieved only one axis needs to move once you are locked
on your target. Additionally, the advantage of equatorial mounts is that they can be driven with
small motors and they can be used as camera platforms. An alt azimuth mount is only an advantage
if one is purchasing a reflecting telescope on a Dobsonian mount. For any other telescope this
author considers them to be severely limited. The stargazer must make decisions based on his
needs and his pocket, but
there are some excellent
quality telescopes on the
market
which
have
equatorial mounts that are
very good value and give
a fairly vibration free
image.
One of the things that
anyone
buying
a
telescope should know is
how they differ in a
property known as focal
ratio
–
usually
abbreviated to f. The f.
number of the system determines two properties, its field of view and how responsive the system
is to incoming light. The focal ratio can be worked out simply as it is merely the product of the
focal length of the lens (how long the light path from the lens to the focal point where all the light
rays come to a point) divide by the aperture or diameter of the lens. So if we have a focal length
of 600mm and an aperture of 80mm then the focal ratio will be:
600mm ÷ 80mm = 7.5
or a focal ratio of f 7.5. This will render a wide field of view. If the aperture is 150mm and the
focal length is 1500mm then 1500mm ÷ 150mm = 10 so the ratio will be f10. The field of view
will be smaller than the f7.5 but the larger focal ratio has the effect of “magnifying” the image
slightly and curtailing the amount of sky seen around the object. This is advantageous in some
instances.

There are two main types of telescope; the refractor, which uses a lens or combination of lenses
in one cell placed at the front of the telescope and the reflector, which uses a parabolic mirror to
collect the light and focus it on an eyepiece. Reflectors usually have greater aperture than
refractors and they are cheaper to produce and the market is well supplied with them. Another
common telescope is the mirror/lens system of the Schmidt Cassegrain and its derivatives such as
the Maksutov telescope.
The refractor uses a lens, placed at the front of the
tube. In astronomical parlance this lens is known
as an object glass. Light enters the lens, travels
along the tube to an eyepiece placed at the focal
point which then magnifies and clarifies the
image. A good quality refractor in the 100 –
120mm range is a very versatile instrument and
will provide a good platform for observing most
deep sky objects. Refractors of this size, if a good
quality instrument, will provide much better
images than reflectors and provide a ready
platform for an SLR camera or CCD device. A
good refractor is a versatile instrument but the
difficulty of making quality objective lenses in
sizes larger than 150mm for commercial sale has
always provided the amateur with a problem of
aperture.
To see really faint and indistinct objects, a
reflector is the instrument of choice as they are very durable, portable, despite their larger size
and the sheer aperture and light grasp plays into the hands of those looking for fainter objects
or more detail in the brighter ones. Reflectors therefore become the main telescope of most
observers as large apertures can be purchased for a fraction of the cost of a top quality refractor.
Most reflectors are built according to the Newtonian design where a parabolic mirror at the
base of the telescope reflects light back up the tube to a mirror angled at 45 degrees (a flat) and
then out through the side of the tube at a comfortable height for viewing. For the price of a
good quality refractor you can buy a 250mm or 300mm reflector on a Dobsonian mount.
Despite this size the instrument is still portable and can be transported easily, though it is
incumbent on the observer to check that the optics remain collimated.
The main advantage of a large reflector is of course aperture. The larger apertures of
commercially available reflectors offer the observer the experience of seeing fainter objects
than a modest refractor for almost the same price. Many reflectors also come in short focal
lengths of f4 or f5 making them Rich Field Telescopes with a wide field of view which are
ideal for studying nebulae whilst the increased light grasp will pull the object out of the night
sky and allow fainter details to be seen under good observing conditions. For the price, a
reflector is many amateur’s telescope of choice as it combines light grasp, short focal lengths
and portability married to ease of setup and use.
One difference between refractors and reflectors in practice is also that a refractor is “ready to
go” virtually after set up, whereas a reflector may take some time cooling down to the external
temperature before it obtains fine images. Tube currents play a pervasive role in visual

astronomy and it is best to let a reflector settle before
attempting to view any fainter objects on a target list. In
addition, many of the Newtonian reflectors found for
commercial sale are not built for photography but just visual
observing. Whilst this is not a concern for most observers, this
is something to be taken into account if one uses a large
reflector.
Catadioptric telescopes are almost a compromise system
between reflectors and refractors in that they use both mirrors
and lenses to achieve focus. Most amateurs will be conversant
with the typical setup of such telescopes, known as the
Schmidt Cassegrain, wherein a corrector lens at the front of
the scope adjusts the light path to fall on a spherical mirror
which then bounces light onto the silvered spot on the lens and
back down the tube and out through a hole in the primary
mirror to a focus outside the rear of the mirror cell. MaksutovCassegrains use much the same light path, the principal
difference being in the
curvature of the front lens
or meniscus of the system. The light path is quite long in a
relatively small instrument as the light path makes three
trips around the system, resulting in a larger focal ratio,
generally between f10 and f13.
When exploring nebulae, the aperture of the telescope is a
paramount consideration. Larger the aperture, the fainter in
magnitude the objects that can be seen. The limits of
magnitude resolution and telescope size can be worked out
with a simple formula:
5 log(D1/D0) + 6
Where D1 is the telescope aperture and D0 is the pupil of
the eye (6mm). Working out this formula gives us the
following approximations:

Telescope size (mm) 50
Limiting magnitude 11

70
12

100
12.7

150
13.6

200
14.2

250
14.5

300
15.2

400
16.7

From the above it is easy to see that ANY observational aids will increase our light grasp.
Telescopes have provided us with effective tools to see some of the faintest objects in the
universe
Eyepieces
A good quality eyepiece can make a huge difference to your observing experience. The eyepieces
usually supplied with telescopes are quite cheap and do not bring out the best in the instrument

and one should change them as quickly as possible for good quality ones to bring out the best.
When buying a small telescope, do not believe the claims of the manufacturer that this instrument
will magnify up to 400 or 500 times. Such claims are almost fraudulent, as at such magnifications
only a blur will be observed through the eyepiece. As a general rule, a telescope is performing at
its optimum when it has a magnification of x25 per 25mm of aperture. Therefore, if you have a
100mm telescope, the maximum it should be permitted to magnify, with resultant clear detail is
x100. Following this advice will forestall any frustration you will ultimately experience if you
have the misfortune to be sucked in by the advertiser's gimmicks.
Like any telescope, an eyepiece will come in a choice of focal lengths. These are usually
displayed on the barrel as 32mm, 25mm 20mm etc. These figures give the user the focal length
of the optical elements within the eyepiece. Each eyepiece will obviously perform slightly
differently on each telescope that the observer will use and the stargazer will have to work out
the magnification obtained by each eyepiece on each telescope they use (if you are lucky to
own more than one!) The magnification of any eyepiece can be obtained by remembering that
the focal length of the eyepiece (in mm) divided into the focal length of the telescope (again in
mm) gives you the magnification with that system. So if one has a 1000mm focal length
telescope and a 32mm focal length eyepiece then 1000mm ÷ 32mm = x 32 or magnification of
32 times. The following figure shows a variety of eyepieces.

If the 20mm eyepiece is used with a system having a longer or shorter focal length then
adjustments have to be made accordingly. i.e. a 700mm focal length will now have a
magnification of x35 (700 ÷ 20) whilst a 1400mm focal length will now have a magnification
of x70 (1400 ÷ 20). Magnification will also impact upon the field of view of each instrument
using that eyepiece as with each successive increment the field of view shrinks and emphasizes
the object under scrutiny. This can result in greater detail and contrast but these qualities
depend upon the eyepiece and telescope in use. There are diminishing returns no matter what
setup you use.
Remember too that any small telescope is not going to show you the wonders of the universe
on the same scale as a large observatory or the Hubble Space Telescope will do. Many objects
show all kinds of details but most do not. Learn to work within the confines of what your
equipment is capable of. A small telescope should be able to see all 110 objects in the Messier
catalogue and a host of brighter NGC objects and lots of binary and variable stars in addition
to many of the nebulae in this book.

There is not a telescope on Earth that will take you to every one of the 150 billion or so galaxies
in the cosmos. Small telescopes can be limiting, but are very rewarding to use. Above all,
exploring the sky should be calming and fun. Take it only as fast or as slow, as intense or as
easy, as is right for you. Remember that exploring the sky is a visual feast and a great scientific
experience but it also has a human element to it. That human element is most present when
trying to teach oneself the sky and the choice of software and application packages available
to the user today is immense. It may therefore be useful to explore a few of the commonly
available ones as an adjunct to observing.

