Telescope Terms and Tips
Don’t believe the hype! High Magnification Is Not Important!

Telescope Optical Types

A refracting telescope has a big lens at the front called the objective lens, that bends light passing through it to a focus, like a
magnifying glass. A reflecting telescope has a large concave mirror. The mirror is hollow like a bowl, and the reflected light
is bent to a focus. On a reflector, another small mirror is placed near the point where the light focuses and that small mirror
turns the light 90 degrees and sends it to the eyepiece mounted on the side of the telescope. A third type of telescope is called
a Schmitt-Cassegrain (SCT) and uses two mirrors and a special front lens called a corrector plate.

Telescope Mounting Types

All telescopes must be mounted on a sturdy support. It is important that the mounting be somewhat heavy, firm, and with
tight fittings, otherwise you will not be able to keep the telescope correctly pointed. The simplest telescope mounting is called
an alt-az which means altitude (up and down) and azimuth (left and right). This type of mounting is great for beginners
because it requires no alignment and the user gets practice moving and pointing the telescope. Objects viewed with
telescopes on alt-az mountings will drift out of the field of view due to the earth’s rotation. To keep objects from drifting, you
need an equatorial mounting. An equatorial mounting is an alt-az mounting that has been turned on an angle equal to your
latitude and pointed toward the north star. Once a telescope is aligned in this way, the azimuth is called right ascension and
is the like longitude in the sky. The altitude is called declination and equates to latitude in the sky. Pointing this arraignment
toward the north star aligns the rotation of the right ascension axis to the earth’s axis. With this accomplished, you can keep
an object in the field of view by adjusting only the right ascension. Good telescopes have a small motor on the right
ascension axis so that it rotates very slowly to the west at the same rate the earth rotates. This arrangements keeps the object
in view in the eyepiece. Any kind of telescope can be on any kind of mounting. A German equatorial mount uses a
counterweight to balance the telescope tube. Schmitt-Cassegrains come on fork mounts which are a type of equatorial
mounting. Large reflecting telescopes come on a type of alt-az mounting known as a Dobsonian mount. Dobsonian mounts
keep the heavy mirrors low to the ground and are easy to set up and use.

Aperture

Aperture is the most important thing to consider when choosing a telescope. A telescope’s aperture is the diameter of a
refractor’s objective lens or a reflector’s primary mirror. The bigger the better. The larger the aperture, the more light the
telescope will capture, resulting in brighter and sharper images. You should consider the largest aperture that you can afford
and easily carry. Reflectors have the largest apertures for the money. A reflector with a 8 inch aperture may cost $600. A
refractor with a 8 inch lens may cost $15,000! An SCT with an 8 inch aperture may cost $1000.

Telescope Focal Length

Remember the old trick where you take a magnifying glass and focus the sun’s light to a pinpoint to burn ants on the ground?
If you hold the magnifying glass 12 inches from the ground to form the smallest point of light, then you have a lens with a
focal length of 12 inches. Telescopes with short focal lengths will produce wider fields of view but with lower useful
magnification - useful for large objects such as clusters and nebulae. Telescopes with long focal lengths will produce a more
narrow field of view and potential for higher useful magnification - better for planets, double stars, and moon details. Longer
focal lengths make for larger telescopes.

f-ratio

The f-ratio or focal ratio of a telescope is the telescope focal length divided by the telescope aperture. A 2000 mm focal
length divided by a 200 mm aperture yields an f-ratio of f10. A short f-ratio (f6 or less) will yield lower magnification
potential, a wider field of view, and a shorter telescope tube. A large f-ratio (f10 and above) will yield a larger magnification
potential, a more narrow field of view, and a longer telescope tube. Reflecting telescopes with large apertures usually have f-
ratios of f5 or less, otherwise they would be too big to easily move. Refracting telescopes work best with large f-ratios to
produce sharp and detailed images.

Eyepiece Focal Length

All eyepieces have a number on them. This is the focal length of the eyepiece in millimeters. The larger the number on the
eyepiece, the lower the magnification and the wider the field of view, and vice-versa. When astronomers view an object, they
start with an eyepiece with a big number (say 30 or more), and then use eyepieces with smaller numbers until the image
quality degrades. The choice of eyepiece focal lengths useful with your telescope will depend on the telescope focal length.
Not every eyepiece focal length will be able to be used with every telescope - some are too big and others too small.



Eyepiece Type

Eyepieces are combinations of several types of lenses and come in many different optical configurations. Cost and quality
vary greatly. Eyepieces shipped with cheap department store telescopes are usually marked H, R, or HR. These are low
quality, old designs that produce unsatisfactory images. Good, affordable, general purpose eyepieces are: modified
achromatic, Kelner, RKE, orthoscopic, and Plossl. Better eyepieces are the various wide-field designs, Pan-optic, Nagler, and
other designs. Price does matter. Better eyepieces do cost more and yield better results. You will need at least two different
eyepieces with any telescope. Avoid zoom or variable magnification eyepieces.

Magnification

The magnification of a telescope is determined by the eyepiece. Changing eyepieces changes the magnification. To
determine the magnification, divide the telescope focal length by the eyepiece focal length. A 2000 mm focal length telescope
used with a 25 mm focal length eyepiece with produce a magnification of 80 power (80x). There is an upper and lower limit
to the magnifications used with any telescope. To calculate the upper limit, multiply the telescope aperture in inches by 50.
To calculate the lower limit, multiply the telescope aperture in inches by 20. That department store telescope has an aperture
of 60 mm or 2.4 inches. The absolute useful magnification available with a telescope this size is 2.4 x 50 or 120 power. Any
claims of magnifications above this number are simply false! Magnifications above 120x will not produce useful images
on small telescopes. On the other hand, too low a magnification with a reflecting telescope will produce a dark spot in the
center, caused by the secondary mirror. The magnification you use will depend on the type of telescope you have, the object
you are viewing, and most importantly, the atmospheric conditions known as “seeing”. Most of the time, you will use
magnifications between 40 and 100 power. Higher power requires a steady atmosphere and large aperture.

Tips on filtering the facts from the fiction in telescope advertising:

Do not consider buying any telescope that mentions magnification as a key selling point.

For beginners, the telescope focal length is not critical. It should not be a selling point.

Never buy a telescope that comes with a sun filter that fits at the eyepiece.

You do not need a barlow lens, electric focus, or an image erector.

If you want to look at objects on the land and sky, consider binoculars or a small spotting scope.

Please believe this: real telescopes start at $200 and are not found in department or discount stores.

Buy the largest aperture you can afford and can easily move.

Consider the purchase of additional good quality eyepieces.

An equatorial mount is necessary only for photography. Beginners should start with a Dobsonian.
Beginners should avoid buying mail order telescopes without the advice of a local amateur astronomer.
Never buy from liquidator catalogs.

Always contact a local amateur or astronomy club for advice when considering a telescope purchase.
Amateurs often know of good quality used telescopes for sale. (Amateurs have telescopes for sale because they get
“aperture fever” and buy a bigger telescope!)

If the telescope mounting and hardware look flimsy, don’t buy it.

Never purchase a telescope just based on pictures or ads. “Hands on” experience is a must.

The cable TV shopping channels do not know what they are talking about. Don’t buy telescopes from them.
Unfortunately, department and discount stores usually do not have quality telescopes.

Based on experience, The Lucile Miller Observatory staff recommends for beginners, telescopes and products from Meade
Instruments, Celestron, Orion, Tele-Vue, and the Edmund Scientific Astro-Scan. These recommendations are based on first
hand examination of the quality of optical and mechanical workmanship, factual advertising, customer support, re-sale value,
customer satisfaction, ease of use, flexibility, and expandability.

Our recommendation for beginning astronomers is a Dobsonian mounted reflecting telescope with a 6 or 8 inch aperture by
one of the manufacturers above. The telescope should accept 1.25 inch diameter eyepieces and should come with at least two
eyepieces: around 25 mm and around 10 mm. An additional eyepiece around 18 mm is recommended. We also recommend
a subscription to Astronomy or Sky & Telescope magazine, and a beginner’s book of astronomy.

The Lucile Miller Observatory and staff are not compensated in any way for these recommendations.
In no way do we wish to discredit items of other manufacturers or items sold in department and discount stores.
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