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What You Will Discover in this Guide 

You can see an amazing range of beautiful sights in the night sky with 

simply your unaided eye.  In dark sky, away from city lights, you can see 

some 2,000 individual stars, dozens of star clusters, the misty glow of a 

handful of frosty nebulae where new stars are born, and even one or two 

galaxies outside our own that are home to tens of billions of stars.  

 

Two nearby galaxies located near the Big Dipper as they appear in a small telescope 

But most new stargazers want to see more… much more.  That means ac-

quiring binoculars or a telescope… or both.  A pair of binoculars will show 

tens of thousands of stars and many dozens of bright “deep-sky” objects 

like star clusters, nebulae, and galaxies.  And even a simple backyard tele-

scope reveals thousands of fascinating objects… enough for a lifetime of 

pleasant observation and thoughtful contemplation. 

Choosing binoculars or a telescope, however, is a big challenge for new-

comers to stargazing.  There are hundreds of models available with all 
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sorts of bewildering specifications and features.  Many beginners end up 

choosing instruments that are too big, too complicated, or of too poor 

quality to be useful.  And many end up becoming frustrated with stargaz-

ing and give up.    

That’s not going to happen to you. Because this e-book will show you the 

basics of choosing a beginner’s telescope and a good pair of binoculars for 

visual observation of the night sky.  With this know-how, you’ll be able to 

choose the right stargazing tools for your budget and personal situation, 

tools that will let you see thousands of beautiful and memorable celestial 

objects that few people ever get to see. 

Wishing you clear skies, 

Brian Ventrudo, Ph.D. 

Publisher, Cosmic Pursuits 

www.CosmicPursuits.com 

 

http://www.cosmicpursuits.com/
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The Purpose of a Telescope 

Before we get into the details of picking good optics for stargazing, let’s 

cover an essential point about telescopes which will help you understand 

the rest of this guide.  It may seem strange to start here… but once you 

understand this point, the rest of this guide will make sense. 

The fact is, most beginners believe the purpose of a telescope is to magni-

fy objects… to make them appear bigger.   

This is not true.   

So, then, what is the purpose of a telescope? 

The purpose of a telescope is to collect light.  

A telescope uses a curved lens or mirror (called an objective) to collect 

light from distant objects and to focus that light to an image.   A bigger 

objective lens or mirror collects more light and creates a brighter and 

sharper image.   

The focused image formed by the objective lens of a telescope is magni-

fied by a smaller second lens called an eyepiece.  As visual observers, we 

look into the eyepiece to see the bright magnified image from the objec-

tive.  But an eyepiece used with a small lens or mirror simply magnifies a 

dim and fuzzy image. 
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Schematic of a simple telescope 

So, although magnification is useful, it has no effect in helping you see de-

tail in a telescope.  The detail and brightness of an image all comes down 

to the amount of light collected by the objective lens or mirror.  And that 

depends on its diameter of the objective, also called the aperture.  Like a 

big bucket collects more raindrops than a small bucket, a big objective col-

lects more light than a smaller one. 

Let’s use an example.  Let’s look at Jupiter with two telescopes, one with a 

main lens of 2" diameter and one with a main lens of 4" diameter, and 

pick eyepieces for each telescope to give a magnification of 100 times (or 

100x).  So each image will appear to be the same size. 

In the telescope with a 2” aperture, Jupiter's largest cloud belts will be 

clearly observable but a little dim and fuzzy.  But in the 4" telescope, the 

same cloud belts will seem to take on more structure and color, and small-

er cloud belts are now visible that could not be seen in the smaller instru-

ment. The larger telescope's advantage in collecting light makes it possible 

to see more detail than is possible through the smaller telescope at the 

same magnification. See the images below. 
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Jupiter at a magnification of 100x in a telescope of 2” aperture (left) and 4” aperture  

So a telescope that collects more light gives a better view.  That means 

choosing a telescope should be simple, right?  Simply choose the telescope 

with the biggest objective lens or mirror that you can afford.    

Well yes, but there are trade-offs.  Telescopes with bigger aperture are 

more expensive, heavier, and in some cases, harder to use than smaller 

telescopes.  They also give a narrower view of the night sky than smaller 

telescopes.  So you need to take all of this into consideration.   

But we are getting ahead of ourselves.  We’ll cover all these points in more 

detail later. Just remember for now that the purpose of a telescope is to 

collect light, and more light makes for a better image and a more enjoya-

ble observing experience.   Before we get into telescopes, let’s discuss 

binoculars, the most useful and overlooked optical tool for observing the 

night sky. 
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Binoculars for Stargazing 

Binocular Basics 

“Never mind binoculars”, say many beginners.  “I want a telescope!”  

But binoculars are telescopes!  They are simply two small telescopes side 

by side, with a little extra optics to make the eyepieces close enough so 

you can comfortably look through both at the same time.  Unlike a larger 

telescope, binoculars are easy and intuitive to use.  They produce a right-

side-up image and a large field of view which make it easy to aim them at 

an object and find what you’re looking for.  And they don’t need any time 

to set-up and align.  You just grab them and head outside under the stars. 

Binoculars are especially useful for seeing large craters on the Moon, the 

moons of Jupiter, the occasional comet, close groupings of the Moon and 

planets at sunrise and sunset, and, once you know how to find them, larg-

er star clusters and groupings of stars all over the sky. 

 

The Pleiades star cluster in the constellation Taurus… an excellent target for binoculars 
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All binoculars are marked with two key numbers: magnification and aper-

ture. A pair marked 7x50, for example, magnifies 7 times (or 7x) and has 

objective lenses 50 mm in diameter. The bigger the lenses, the fainter the 

objects and the more detail you will see.  A 50 mm lens will collect 50-60 

times as much light as your dark-adapted eye, which means you will see 

objects 50-60 times fainter. 

Binoculars that magnify between 6 and 10 times are extremely useful for 

stargazing and are usually light enough to hand hold for short periods of 

time.  Higher power means you’ll see more detail and a darker background 

sky.  But you’ll also see a narrower field of view, and it’s harder to keep a 

high-power pair of binoculars steady enough to see fine detail since the 

slight shaking of your arms is also magnified.  For hand-held use, magnifi-

cation of 7-8x is optimum, and 10x is maximum. Otherwise, you find the 

image shakes too much. 

 

A pair of 10x50 binoculars 
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Because of their larger aperture, a pair of 10×80 binoculars lets you see 

fainter objects than a 10x50 pair.  The trade-off?  Bigger lenses mean 

more weight, and lenses larger than 50 mm are heavy which makes it 

harder to hold such binoculars steady for any length of time.   

Binoculars also allow viewing with both eyes.  This is more comfortable 

and natural, and it helps many observers get a perception of depth, 

though this is an illusion with astronomical objects that are so far away.  

You also avoid the distracting effect of blind spots and floaters in one eye 

or other. Dim objects actually appear brighter when viewed with both 

eyes.   

Some binoculars are marked with the size of the field of view, either in de-

grees or “feet at 1000 yards”.  This tells you how wide a scene you’ll see.  

For a fixed lens size, higher power means the field of view is smaller.  So 

you’ll see less sky with 10x50 binoculars, for example, than you will with 

7x50 binoculars, all other things being equal. 

Another key measure of binoculars is the “exit pupil”, the size of the bright 

disks of light you see in the eyepieces when you hold the binoculars at 

arm’s length.  The exit pupil is simply the ratio of aperture to magnifica-

tion. So a 7×50 pair has an exit pupil of 50/7 = 7 mm (roughly), and a 

7×35 pair has a 35/7=5 mm exit pupil.   

You want to try to make sure the exit pupil of your binoculars is no larger 

than the size of your eyes’ pupils when they are adapted to the dark.  Un-

der age 30, most people have a dark-adapted exit pupil of 7 mm. But we 

lose about 1 mm every 10-15 years of age. At age 50, for example, it may 
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not make sense to use binoculars with an exit pupil larger than 5-6 mm. 

So if you’re older, a pair of 7×35’s or 8x42’s (both with a roughly 5 mm 

exit pupil) might be a better choice than a pair of 7×50’s (with a 7 mm ex-

it pupil).  Such binoculars are, on average, less expensive as well. 

How to Choose Binoculars 

When you select binoculars, stick with Porro-prism binoculars, the classic 

type of binocular where the objective lens and eyepiece are offset.  Bin-

oculars that have a “straight through” view use roof prisms, and a good 

pair is expensive. You don’t need to pay the premium. Avoid binoculars 

with a zoom feature or a built-in camera. They don’t make the grade for 

astronomical use. 

 

Cross-section of binoculars using Porro prisms 

 

When selecting a pair, pick up the binoculars and look at light reflected in 

the objective lenses. If the lenses have a good anti-reflection coating, 
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they’ll appear mostly dark, with a bit of reflected color. If the lenses ap-

pear white, or ruby red, don’t buy them. Look through the lens at the 

prisms inside. A good anti-reflection coating shows a colored prism sur-

face. A white surface on the prism means no AR coating.  Not good… poor 

or no coatings will show ghost images of bright objects like the Moon and 

planets. 

 

Orange or red coatings on the lenses are not acceptable for astronomical use 

Hold the pair away from your face with the eyepieces toward you. Look at 

the bright disk of the exit pupil. The disk appears round if the prisms use 

high-grade glass (called BAK-4 glass, if you’re interested). If the disk ap-

pears squared-off, the prisms are made from lower-grade BK-7 glass. Not 

terrible, but not optimum. 

If you’re near or far sighted, you don’t need to wear your glasses when 

looking through binoculars. But if you have astigmatism, you will need 

your glasses. Make sure you can see right to the edge of the field of view 

while wearing your glasses.   

Also check for focus across the field of view.  A decent pair of optics will 

also hold focus out to the edge of the field of view. It may not be perfectly 
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focused right at the edge, but if it’s way out of focus or highly distorted, 

move on to another pair. 

 

The region of the Orion Nebula in the constellation Orion as seen in binoculars.   

Good Bets for Stargazing Binoculars 

So now you know a little about how to choose binoculars for astronomy, 

and why binoculars are such reliable and enjoyable tools for stargazing.  

But which make and model of binoculars are best for you?  It depends on 

your circumstances and budget of course, but there are dozens of good 

models available now, and many modern binoculars are made of high-

quality and lightweight material at a reasonable cost.  This is the best time 

in history to choose a good pair of stargazing binoculars.   

Let’s start with price.  Expect to pay $100-$300 for a good pair of new 

binoculars for stargazing.  Pay less and you usually get fuzzy images near 

the edge of the field of view and poor-quality optical coatings that give you 

dim images or ghost images.  Very expensive binoculars give you crisp and 
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bright views across the field, and this is nice to have if you can afford $500 

or $1000 or more.  But it’s not necessary to pay this much. 

As a rule of thumb, get stargazing binoculars with an aperture of 35 mm to 

60 mm aperture and a magnification of 7x to 10x.  So a pair of 7x35’s is 

about the minimum acceptable for astronomical observing.  A pair of 

7x50’s is better… this will give you the same magnification but a wider 

field of view.   

As mentioned earlier, if you are older than 40, you may not need the 7 

mm exit pupil provided by 7x50’s, so you might consider 8x42’s which give 

slightly larger images.  If you don’t mind a little more weight, a pair of 

8x56’s or 10x50’s are superb choices for stargazing.  Also, 9x63’s are ex-

cellent, though they are getting a little on the heavy side.  Any more than 

10x, and the image will get a little shaky.  Any bigger than 63 mm, and the 

binoculars will get too heavy to hold for long periods.    

As for brands, binoculars made by Orion, Celestron, Nikon, Pentax, and 

Vixen are usually good bets.  Not all manufacturers have all configurations 

of magnification and aperture, but there’s enough choice out there for you 

to find something that will work well.   

That’s about it.  Once you get your binoculars, wander outside and turn 

them towards the star clouds of Sagittarius, or the Pleiades, or the bright 

stars and nebulae of Orion, and you will be absolutely amazed at the 

beauty of what you see.   
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Choosing a Telescope 

What You Should Know and Do Before You Buy a Telescope 

Binoculars are inexpensive, simple and easy to use, and yet bring in thou-

sands of objects within our own Milky Way Galaxy and beyond.  Every 

stargazer should own a pair. 

But there may come a time when you want to see more, when you want 

to see objects brighter and bigger and farther way.  That’s when you want 

to consider a telescope.   

A short word of advice here first…  

Many beginners who buy a telescope before learning the basics of what to 

see in the sky (and how to see it) usually get frustrated and give up as-

tronomy before they barely get started.  It’s like someone who wants to 

learn to sail starting out on a 40-foot three-masted schooner.  It’s just too 

complicated and it leads to frustration.   By learning a little background 

first, new stargazers can make their experience with their first telescope 

rewarding, and quite frankly, life changing (in a good way). 

So how do you know if you’re ready to buy and use a telescope? Here’s a 

subjective list of 10 things you need to know and do before you take the 

leap into telescopic observing: 

• Learn a dozen or so bright stars and ten or so major constellations  
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• Know the main points on the celestial sphere: the horizon, zenith, merid-

ian, location of the north (or south) pole, the celestial equator, and the 

ecliptic 

• Learn to find and see things through binoculars, especially the Moon, Ju-

piter, and bright “deep-sky objects” like the Orion Nebula, Andromeda Gal-

axy, and the Pleiades.  It takes practice to look through an eyepiece, and 

binoculars are much more forgiving than a telescope 

• Look through someone else’s telescope and get a feel for how much 

(and how little) you can see. Many beginners are surprised to see only 0.5 

to 1 degree of the sky at a time… it’s a little like looking at the sky through 

a drinking straw. You can try a friend’s telescope, or attend a star party 

held by a local astronomy club. If possible, have someone help you find 

and see a faint object in a telescope to get an idea of what to expect 

• Learn the main types of telescopes and their pros and cons (you’ll learn 

more about that shortly in this guide…) 

• Learn the main features and specifications of telescopes… what they are, 

what they mean (again, a little more about that soon).  Knowledge is 

power. 

• Determine where you will observe, and how you will get your telescope 

there. No use getting a big monster scope if you have to wrestle it down 

the stairs of an apartment building every night. 
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• Figure out where you will store your telescope… it needs a clean dry 

place that’s conveniently located to let you move the scope out to your ob-

serving site. 

• What do you wish to observe with your telescope? Just the Moon and 

planets? Faint fuzzies like nebula and galaxies? Birds and mountains? A lit-

tle of everything? If you just want to see the Moon and bright planets once 

in a while, you need far less telescope than if you’re bound and deter-

mined to look at faint galaxies, for example. 

• Count your pennies… and decide how much you can spend on a tele-

scope.  As a rule of thumb, don’t get a new scope that costs less than 

US$250-$300 (in North America).  You will be disappointed with the quali-

ty.  Save a little more and stick with binoculars for now 

NOTE: The free guide Stargazing 101: The Night Sky for Beginners shows 

you much of what you need to know before you get a telescope.  Get the 

guide here: http://cosmicpursuits.com/943/stargazing-101-ebook/ 

Picking a Good Telescope: Some Guidelines 

Picking a telescope is a big decision.  Before we get into the pros and cons 

of each type of telescope, here are some rules of thumb to keep in mind 

so you get the best equipment to fit your needs. 

First of all, don’t buy a cheap “trash” telescope that advertises amaz-

ingly-high magnification (>300x or 400x or more), and which is mounted 

on a spidery tripod that causes the image of any object to shake and wob-

ble until you feel woozy.  These trash scopes are sold in many department 

http://cosmicpursuits.com/943/stargazing-101-ebook/
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stores and some sporting good stores or as an afterthought in some cam-

era stores.  Do not EVER buy such a telescope.  You will regret it… guar-

anteed.   

 

The “Dumbbell Nebula”, a cloud of glowing gas ejected by a dying star as seen through 

a small telescope. 

 

An example of a cheap “department store” telescope.  Stay away. 

Don’t worry about magnification.  As mentioned earlier, a telescope’s most 

important feature is aperture… the diameter of its light-collecting lens or 

mirror.  A telescope with a larger aperture collects more light, gives you a 



21 

 

 

CosmicPursuits.com 

brighter image, and lets you see finer detail.  Your first scope should have 

an aperture of at least 80-90 mm.  Otherwise, the images of anything oth-

er than the Moon and perhaps Jupiter will be too dim and fuzzy.  You can, 

for example, see dozens of galaxies beyond our own Milky Way through a 

scope with 80 mm aperture from a dark location… they will be faint, but 

you will see them.  A 6-inch or 8-inch telescope (150 mm to 200 mm) will 

pull in fainter objects much more clearly, especially if you have to battle  

light pollution.   

(Note: When astronomers refer to a 150 mm telescope, for example, they 

are referring to the diameter of the objective lens or mirror). 

The view through a large-aperture telescope is almost always more im-

pressive than the view of the same object through a smaller scope. The 

drawbacks of aperture?  Bigger aperture means higher cost and a bulkier 

telescope.  I’ll leave budgeting up to you.  But keep in mind the size and 

weight of a telescope, and how far you have to move it to your main ob-

serving site.  Some excellent beginner scopes might be 4-5 feet long, 8-9 

inches wide, and have two main parts, each of which weighs 20 to 30 lbs 

or so.  Can you store and move all that?  If not, you will have to consider a 

more compact telescope.  You might give up some aperture, or buy a 

more expensive but compact telescope.  Just remember: a big scope isn’t 

much use if you can’t use it.   

A Few Telescope Terms… 

We’ve already mentioned the most critical optical characteristic of a tele-

scope… its aperture, the diameter of the main lens or mirror of the tele-
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scope.  More aperture makes for a brighter image.  A good backyard tele-

scope has an aperture of 80 mm to 300 mm (3.15” to 12”) or more.  Some 

big billion-dollar professional telescopes have an aperture of 10 m (400 

inches), about the size of a small trout pond. 

The objective lens or mirror collects light from a distant object and brings 

it to a focus.  The length over which this happens is called the focal length. 

A second lens, called an eyepiece, is placed near the point where the light 

from the objective comes to a focus.  The eyepiece magnifies the image 

from the objective.  The eyepiece also has a focal length.  The magnifica-

tion of a telescope and eyepiece is very simple to calculate.  If the focal 

length of the objective is “F” and the focal length of the eyepiece is “f”, 

then the magnification of the telescope/eyepiece combination is F/f.  For 

example, if a telescope has an objective lens with focal length of 1200 mm 

(about 48”) and it has an eyepiece of focal length 25 mm (about 1”), then 

it will have a magnification of 1200/25=48x.  Nearly all telescopes allow 

you to change eyepieces to get different magnifications.  If you want to 

get a magnification of 100x with this example, you use an eyepiece with 

12 mm focal length. 

Another rule of thumb… the maximum useful magnification of a telescope 

is about 50x the aperture in inches.  Any higher and the image gets too 

dim and fuzzy to be useful.  So a 4-inch scope can get you about 200x be-

fore the image gets too fuzzy and dim, a 6-inch scope gets you 300x, and 

so on.  This is not a hard-and-fast rule.  Sometimes, when the atmosphere 

is unsteady, you can only get to 20x or 30x per inch of aperture.  With 
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high-quality optics and steady seeing, you might get to 70x or even 100x 

per inch of aperture, so for example, up to 400x with a 4-inch scope.  But 

this is rare. 

 

The aperture of the objective lens of this simple telescope is D.  The focal length of the 

objective lens if F.  The focal length of the eyepiece is f.  So the magnification is F/f.  The 

focal ratio is F/D. 

The third key specification of a telescope is the focal ratio, which is the fo-

cal length divided by the objective diameter. A long focal ratio implies 

higher magnification and narrower field of view with a given eyepiece, 

which is great for observing the moon and planets and double stars. For 

such objects, a focal ratio of f/10 or more is ideal. But if you want to see 

wide views of star clusters, galaxies, and the Milky Way, a lower focal ratio 

is better. You get less magnification, but you see more of the sky. Wide 

field telescopes have a focal ratio of f/7 or less. 

Enough math and terminology!  Let’s get to some specifics of the three 

main types of telescopes available for backyard stargazers—refractors, re-
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flectors, and compound telescopes-- and look at the pros and cons of 

each… 

Refractors 

Refractors collect light with a large glass objective lens at the top of the 

tube.  The lens focuses the light at the bottom of the tube where the im-

age is magnified by an eyepiece. 

 

The operation of a refracting telescope 

A refractor is the type of telescope most people recognize. It was the first 

type of telescope invented, and Galileo was the first to turn such a tele-

scope to the night sky back in 1609.  Early refractors had a single objec-

tive lens with spherical curvature. This caused much image distortion near 

the edge of the field of view.  Also red, green, and blue light rays focused 

at different points, a problem called “chromatic aberration”.  This caused 

the images of stars and planets to have colored “halos”.  To reduce these 

problems, early refractors needed large focal ratios, which meant even tel-

escopes with a small objective lens were enormously long… ten to twenty 

feet or more. But in the mid-1750s, a lawyer named Chester Moore in-

vented a refractor with two objective lenses, each of which was made from 
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a different kind of glass to partially correct for chromatic aberration. To-

day, all refractors have this type of “achromatic” objective. 

 

An edge-on spiral galaxy as it appears in an 8” telescope 

Refractors produce the highest contrast of any telescope, which makes 

them superb for visual observation of fine detail on the Moon and planets. 

This is especially true for refractors with achromatic lenses and a focal ra-

tio of f/10 or longer.  Still, even achromatic refractors, especially those 

with a focal ratio of f/8 or less, tend to show false color, especially on 

brighter objects. While generally low maintenance, refractors are expen-

sive compared to their aperture and light-gathering capacity.  But refrac-

tors are light, simple to use, mechanically robust, and show sharp images 

of brighter celestial objects. If you’re mostly interested in the Moon and 

planets, then a achromatic refractor may be the right scope for you.  You 

can get an 80 mm or 90 mm refractor and a reasonably solid mount for 

$300-$400.   
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In the past twenty years or so, new fluorite glasses and innovations in tel-

escope design have led to “apochromatic” refractor lenses that show virtu-

ally no false color, even at focal ratios of f/6 or f/7. “Apos”, as they’re 

called, are fantastic telescopes, with razor sharp images and superb con-

trast. They are favored by astrophotographers and visual observers of the 

Moon and planets, as well as larger nebulae and star clusters along the 

Milky Way. 

 

A 90 mm achromatic refractor on a simple alt-azimuth mount (credit: Celestron) 

The down side? Top-notch apochromats are shockingly expensive, up to 

$1000 per inch of aperture. In the past few years, however, many well-

reviewed refractors that use simpler “ED” lens designs and new materials 

have hit the market. For example, you can get a decent 4-inch ED optical 

tube assembly (mount not included) that gives you tack-sharp images of 

planets and wonderful contrast on binary stars and stunning wide-field 
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views of the Milky Way for only $1,000 or so. If you have good dark sky 

and your main interest is in objects that benefit from ED or apochromatic 

lenses, you should try such a telescope at a star party and see if it’s right 

for you. 

Refractor Pros 

 Excellent image contrast and sharpness 

 Mechanically robust; little alignment required 

 Easy to use 

Refractor Cons 

 Smallest aperture per dollar 

 Some false color (chromatic aberration) with achromatic lenses 

Refractors are best for  

 Observing Moon, planets, and bright deep-sky objects 

 With an extra optical element to make the image rightside-up, 

small refractors can be used for terrestrial observing 

 Low f-ratio ED and apochromatic refractors give stunning wide-

field views of night sky  
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A globular cluster, a ball of ancient stars, imaged with a 6” telescope 

Newtonian Reflectors 

Reflecting telescopes (or reflectors) collect light using a curved mirror at 

the rear of the main tube rather than a lens at the front end.  Isaac New-

ton invented the first reflecting telescope in the late 17th century.  He used 

a second small diagonal mirror to direct light out the side of the telescope 

to an eyepiece. His immensely practical design, now called the Newtonian 

reflector, is the main type of purely reflecting telescope in use today by 

amateur astronomers. 

For a given aperture, Newtonian reflectors are generally the least expen-

sive telescope because, unlike the lenses of a refractor, only one surface of 

a mirror needs careful figuring and polishing. And since no light passes 

through a mirror, less expensive glass is used. Some homemade reflectors 

even use glass from the discarded portholes of a ship! 
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The layout of a Newtonian reflector.  The front of the tube is open; the mirror sits at the 

back of the tube.  A smaller secondary mirror reflects light out the side to an eyepiece. 

Newtonians are a great value.  A top-of-the line 4-inch refractor costs as 

much or more as 12-inch Newtonian reflector, yet the reflector has 9 times 

the light gathering capability. Newtonian reflectors occasionally require ad-

justment of their optical alignment– especially if the scope gets bumped.  

The adjustment is not complicated, but it takes a little practice.  Newtoni-

ans also tend to be bulky, with tube lengths of 4-5 feet or more.  Newtoni-

ans also have a type of optical aberration called “coma”. This makes stars 

appear wedge-shaped at the edge of the field of view. But it’s not a big 

deal if the focal ratio is bigger than f/6 or so.  Another advantage of New-

tonians: because mirrors reflect all colors of visible light exactly the same, 

reflecting telescopes have no chromatic aberration. 
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Dobsonian reflector telescopes (credit: Meade Corp.) 

Newtonians came back into style in a big way in the 1980’s when tele-

scope makers commercialized a design by the former monk and astronomy 

popularizer John Dobson. 

The “Dobsonian” telescope is just an inexpensive large-aperture Newtoni-

an on a simple alta-zimuth mount that points left-right (in azimuth) and 

up-down (in altitude).  Dobsonians can’t be beat for purely visual deep-

space observing.  With huge mirrors (up to 36” in diameter) these new-

age Newtonians are called “light buckets” because of their immense light-

collecting ability.   

If you’re interested in strictly visual observing, and you want the most ap-

erture (and light-gathering capability) for your money, a Dobsonian tele-

scope is well worth your consideration. An 8-inch (200 mm) f/6 Dobsonian 
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with a focal length of 1200 mm is an excellent workhorse telescope, even 

for beginners. For most observers, it is not too long or heavy to move, yet 

it still has enough aperture to show thousands of deep-sky objects.  Yet a 

quality Dobsonian scope of this size can cost less than $500. 

Newtonian/Dobsonian Pros 

 Largest aperture per dollar 

 Easy to use when mounted in a simple Dobsonian configuration 

 No chromatic aberration 

Newtonian/Dobsonian Cons 

 Large, long tubes 

 Require occasional minor alignment 

 Some aberration (coma) at short focal ratios 

Newtonians are best for  

 Observing Moon, planets, and fainter deep-sky objects 

 Budget-conscious observers who want a lot of telescope and 

don’t mind lugging it around 
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Compound Telescopes 

A Newtonian (or Dobsonian) telescope has a big drawback: it uses a single 

reflection from a curved mirror to send light to an eyepiece. That means 

the length of Newtonian is roughly equal to the focal length, so you get a 

long and heavy telescope that needs a big and awkward mount. 

But shortly after Newton developed his reflector, an obscure French Catho-

lic priest named Laurent Cassegrain invented a reflector that used two mir-

rors to fold a long optical path into a shorter tube. Now many reflectors... 

and nearly all professional telescopes... use a variation of the Cassegrain 

design. 

In 1930, Bernard Schmidt added a new twist. He combined a simple 

spherical mirror with a specially-figured lens at the front of the tube to cor-

rect for spherical aberration.  At the focal plane, he placed a piece of film. 

This layout was called a Schmidt camera.  It’s used for imaging wide-field 

views of the sky. Then in 1946, an architect and artist named Roger Hay-

ward placed a convex mirror behind the corrector lens to send light out the 

back of the tube to an eyepiece or a camera. A company called Celestron 

built on this design and developed manufacturing techniques to produce 

what’s now called Schmidt-Cassegrain telescopes (SCT) in large quantities.  

This revolutionized amateur astronomy in the 1970’s. 
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The optics of a Schmidt-Cassegrain telescope.  Light enters the tube from the right. 

Schmidt-Cassegrains have something for everyone. Telescope manufactur-

ers love them because the spherical mirrors and corrector lenses are easy 

to make compared to the parabolic mirrors for Newtonians. Casual observ-

ers love them because they are portable and they have a relatively large 

aperture to see faint deep-sky objects. And astrophotographers love them 

because they’re easy to mount and guide, they lend themselves to narrow 

field imaging and, with an additional optical element called a 

telecompressor, to wide field imaging. 

SCT’s are not perfect at anything but they’re pretty good at everything. 

The biggest advantage is portability: an 8-inch f/10 SCT packs a lot of ap-

erture and a 2000 mm (80”) focal length into a tube about 430 mm (17”)  

long. It weighs about 13 lbs (without the mount).  However, it has a nar-

row field of view, which is a big drawback if you like rich-field views of star 

clouds. Because of the secondary mirror, you won’t get the same sharp 

contrast on the moon and planets with an SCT as you would with a refrac-
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tor.  The secondary mirror occasionally requires alignment, though not as 

often as a Newtonian.  And an SCT is twice the price of a Newtonian of the 

same aperture. 

Maksutov-Cassegrains are another type of compound telescope. Maks are 

much like Schmidt-Cassegrains. They have a spherical mirror to collect 

light and a curved lens up front to correct for aberrations. But the correc-

tor lens on a Mak has a simple spherical curve which is easy to manufac-

ture. And the secondary mirror is simply a thin layer of aluminum deposit-

ed on the back of the lens. So unlike a Newtonian or SCT, a Mak requires 

no alignment. 

The downside of the Mak’s optics? To keep aberrations small, Maks are 

made with a long focal ratio… typically f/12 to f/15. That means you get a 

higher magnification with a given eyepiece and a narrower field of view 

than with an f/10 Schmidt or f/6 or f/8 Newtonian. So Maks aren’t great if 

you want wide, sweeping views of the Milky Way.  They’re much better for 

objects that require high magnification like planets, the Moon, double 

stars, globular clusters, and planetary nebulae. 

Maks are great for urban observers for two reasons. They are compact and 

easy to transport.  And the higher magnification will darken the washed-

out city sky and bring out more contrast in deep-sky objects. 
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A Schmidt-Cassegrain telescope on a high-end German equatorial mount 

The corrector lens on a Mak is quite thick, which means Maks get heavy at 

higher apertures. That’s why you won’t find commercially-made Maks with 

apertures larger than 7 inches. 

Compound Telescope Pros 

 Compact and versatile 

 Very little chromatic aberration 

 Large aperture 
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Compound Telescope Cons 

 More expensive than Newtonians for the same aperture 

 Require occasional minor alignment 

 Narrow field of view (especially in Maksutov design) 

Compound Telescope are best for  

 All around observing of the Moon, planets, double stars, and nar-

row-field views of deep-sky objects 

 Observers with a larger budget who still want aperture but who 

favor portability 

Telescope Mounts 

So far, we’ve just been talking about the optics of telescopes and how they 

affect price and usability.  But every telescope must sit on a mount that 

holds the telescope very steady and allows you to point it anywhere in the 

sky. 

Most telescopes, especially scopes aimed at beginners, include a mount 

when you buy them; smaller scopes, especially high-end refractors, may 

just have mounting rings or plates which allows them to be attached to a 

mount which you buy separately. 

The mount is as important as the optics of a telescope. It must be solid 

and stable. If you have great optics on a shabby mount, you will still not 
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see much because the image in the field of view will bounce and shake 

and make it impossible for you to see any detail. 

If you’re evaluating a telescope to purchase, look through it at high magni-

fication and give the tube a good tap on the side. If the mount takes long-

er than 5-7 seconds to damp out the vibrations, then it’s unsuitable. 

All telescope mounts can be classified as one of two types: alt-azimuth or 

equatorial.  Let’s have look at each… 

Alt-Azimuth Mounts 

An alt-azimuth mount lets the scope move up-down (altitude) and left-

right (azimuth). With these two motions, you can point a telescope to any 

object in the sky. But an “alt-az”, as they are called, does not follow the 

natural motion of the sky. Stars and planets appear to move around the 

sky in circles centered about an imaginary line through the north and 

south celestial poles.  They follow a path in the sky that’s a combination of 

altitude and azimuth. So to keep an alt-az-mounted scope centered on a 

celestial object, you’ll have to move the scope in both axes, which can be 

bothersome for visual observing and completely unacceptable for photog-

raphy through a telescope. 
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A Dobsonian (left) and a Schmidt-Cassegrain on alt-az mounts 

Dobsonian reflectors are usually mounted on a fork-type alt-az mount 

called a “rocker box”. You give them a push in one or both axes to point 

the telescope. In many cases, the telescope is held in place by the mount’s 

friction. Other types of alt-azimuth mounts are simply like a camera tripod, 

with bearings and joints that enable a simple and intuitive motion of the 

telescope. 

Alt-az mounts are a good choice for observers who value simplicity, fast 

set-up, and who have no plans to do photography through the telescope. 

Equatorial Mounts 

A more involved mount, designed to track the motion of the stars by turn-

ing on a single axis, is called an equatorial mount. When the “polar axis” of 

an equatorial mount is aligned to the celestial pole, objects can be tracked 

with the movement of only the polar axis. Because only one axis needs to 
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be moved, equatorial mounts can be more easily motorized to track celes-

tial objects and keep them in the field of view.  Of course, to get an object 

in the field of view in the first place, the telescope must still be moved in 

both axes. The field of view in the telescope with a properly aligned equa-

torial mount also remains fixed in its orientation, which is essential for as-

trophotography. 

 

A German equatorial mount 

There are many variations of equatorial mounts; they all tend to be larger 

and heavier than alt-az designs. The most common is the German equato-

rial mount, pictured above. The “GEM” holds the telescope in a saddle and 

balances the weight of the telescope with a set of counterweights. A fork 

mount, with the tines of the fork aligned with the celestial pole, is another 

common type of equatorial mount. 
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An equatorial mount takes a little getting used to, but it’s a powerful tool 

for moving a telescope about the sky and it’s indispensable for astropho-

tography. 

Go-To and Push-To Mounts 

Some telescopes come with motorized alt-azimuth or equatorial mounts 

with computerized databases, hand-held computers, and motion sensors 

on each axis to let you automatically point the scope around the sky at the 

push of a button. You must enter the current date, time, and location, and 

align the mount to two or three bright stars (which you need to know how 

to find yourself).  Then the computer and mount can point and track thou-

sands of celestial objects. Some “go to” mounts include a GPS module so 

you don’t have to enter your time and location.  A few even let you choose 

a guided tour of the best celestial sights, complete with a digital readout or 

audio track describing information about each celestial object.  There is a 

learning curve with a go-to mount simply because you have to set it up 

and align it to the night sky.  But it’s not too hard.   

Go-to telescopes are a great convenience, and help you spend more time 

looking at objects and less time finding them.  Go-to’s are a great help for 

beginners who are often frustrated by finding faint celestial objects.  And 

they are a wonderful tool for city-based astronomers, even experienced 

astronomers, who struggle to find faint stars to guide them from object to 

object in murky urban skies. 

Most major telescope brands have their own version of go-to mounts and 

controller/computers. Well-tested and reliable incarnations of go-to con-
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troller systems include NexStar (Celestron), SynScan (Skywatcher), 

Autostar (Meade), and Orion’s version which does not have a fancy name.   

 

 

A Schmidt-Cassegrain telescope with an altazimuth mount, motors, and go-to computer 

  

 

A Dobsonian reflector with a “push-to” mount and hand-held computer 
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Some telescopes, especially Dobsonians, have altazimuth mounts equipped 

with sensors that detect the movement of each axis, and a computer to 

help make sense of the movement.  But they do not have motors to move 

the telescope in either axis.  The movement must be supplied by the ob-

server, who merely pushes the telescope’s mount to aim towards a par-

ticular celestial object.  These are called “push-to” or “shove-to” mounts.  

As with a go-to mount, the user must supply time and location data to a 

hand-held computer before the observing session, and aim at two or three 

bright stars.  Once the computer knows where and when, it provides a dig-

ital readout to the observer to help find the way to a selected object.  Be-

cause they don’t use motors, push-to mounts are low-cost alternative to 

go-to mounts for large telescopes like Dobsonians.  Push-to telescopes in-

clude the Intelliscope series by Orion and other variations.   

A word about the wise use of go-to and shove-to mounts… 

Go-to and shove-to telescopes are no substitute for learning your own way 

around the sky. Beginning astronomers who use go-to telescopes to hop 

from object to object like they’re flipping channels on a television are 

bound to lose interest in astronomy in just a few nights. The pleasure of 

amateur astronomy comes not from mindless sightseeing, but from gain-

ing your own understanding, using your imagination, and enjoying the oc-

casional feeling of pride and accomplishment when you find and under-

stand a new sight in the night sky. 
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Eyepieces 

Accessories 

Other than a telescope and mount, you need to have a few accessories 

such as: 

 A finder scope.  A small low-power telescope mounted on the side of 

the main tube of the telescope to help you point your telescope to a 

desired object.  Finders come in a variety of magnifications and ap-

ertures such as 6x30, 8x50, and so on. Many telescope tubes in-

clude a finder as a standard accessory 

 Eyepieces.  An eyepiece magnifies the image made by the objective 

lens or mirror. You need at least one eyepiece, and two or three 

with a short, medium, and long focal length is better to give you a 

range of magnification 

 Star Diagonal.  The position of the eyepiece on refractors and com-

pound telescopes makes it very awkward to look at objects higher in 
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the sky.  So most observers use a “star diagonal”, a little mirror 

mounted in a metal housing to help you look at right angles to the 

direction of the telescope tube.  Newtonians/Dobsonians do not re-

quire star diagonals. 

 

A star diagonal 

Suggested Telescopes for Beginners 

Now let’s get down to some specific suggestions for telescopes and acces-

sories.  These are suggestions only.  You don’t have to get the particular 

brands or exact telescopes mentioned here.  But these are good guide-

lines, and these telescopes and accessories have served thousands of 

stargazers well.  The suggested telescopes will fall into two budget 

groups… less than $500 and $1,000 to $1,500. 

The prices listed here are in U.S. dollars and are approximations of prices 

available at telescope dealers in the U.S. and Canada.  Cost of shipping is 

not included. Prices in other countries will vary. 

NOTE:  Cosmic Pursuits receives no commission or any other consideration 

for recommending these telescopes. 
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All telescopes discussed below have alt-azimuth mounts.  Some are manu-

ally operated, some have go-to motors.  Alt-az mounts are good for visual 

observing only.  They will not work for taking astrophotos of faint objects 

through a telescope.  But astrophotography is not a subject beginners 

should undertake.  Taking astrophotos of the quality you see online or in 

astronomy magazines is a complex and expensive undertaking. 

Suggestion 1: For stargazers on a budget (<$500) 

A 6-inch (150 mm) or 8-inch (200 mm) Dobsonian such as the Orion XT6 

or XT8 are perhaps the ideal beginner’s telescopes.  These scopes are in-

expensive, easy to use, and sturdy, and they have sufficient aperture to 

give quite splendid bright images of thousands of celestial objects.   

More aperture is better, so get the 8-inch version (the XT8) if you can af-

ford it and if you can handle the extra weight.  The telescope breaks down 

into two pieces, the tube and mount, for transport and storage.  The tube 

of both the XT6 and the XT8 will be about 1200 mm (4 feet) long.  The 

tube and mount of the XT8 each weigh about 9.5 kg (21 lbs).  The tube 

and mount of the XT6 weigh 6.5 kg (14 lbs) and 9.5 kg (21 lbs) respec-

tively. 

The approximate price of the basic XT6 and XT8 are $300 and $350, re-

spectively.  Each scope comes with a finder and a 25 mm eyepiece to give 

a magnification of 48x.   
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The Orion XT8 Dobsonian reflector telescope 

You will need at least one more eyepiece for the telescope.  An eyepiece 

with 10 mm focal length will give 120x, which is a good bet.  A “Plossl” 

eyepiece design will work well.  A 10 mm Plossl eyepiece will cost an extra 

$60 or so.   

NOTE: If you have the budget, the XT6 and XT8 are available with “push-

to” mounts that include hand-held computer controllers to help guide you 

to specific objects in the night sky.  The approximate prices for these so-

called Intelliscope versions of the XT6 and XT8 are $500 and $650, respec-

tively, and they include a second eyepiece with 10 mm focal length. 

An alternative for those who need a more portable scope… 

If the above Dobsonian scopes are too heavy or bulky, you might consider 

a small refractor instead.  The Celestron AstroMaster 90 AZ has a 3.5” 

achromatic lens (90 mm), comes with an alt-azimuth mount, and includes 

two eyepieces for 50x and 100x, a finder, and a star diagonal.  The whole 
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thing costs about $250.  Unlike the Dobsonian reflectors, this scope is also 

useful for viewing terrestrial objects.  However, it will not give images as 

bright and detailed as the suggested Dobsonians.  

 

A Celestron AstroMaster 90 AZ refractor 

Suggestion 2: Portability and Computer Control (<$1,500) 

If your budget extends to the $1,000-$1,500 range, and you value porta-

bility, a Schmidt-Cassegrain telescope with computer control is worth con-

sideration.  Celestron and Meade are the kings of this type of telescope, 

and both have interesting offerings.  Here are three choices, all with sold 

alt-azimuth mounts that are good for visual observation. 

 Celestron NexStar 6SE. For visual observing and full “go-to” ca-

pability, the NexStar telescopes from Celestron work well. You can 

set these up in 10 minutes (once you get some practice) and config-

ure the built-in computer by pointing to a couple of known bright 

stars. Then use the “go-to” feature to find thousands of pre-

programmed objects. This telescope is great for city observing 
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where portability is important and faint objects are hard to find. For 

a 6-inch NexStar you’ll pay $700-$800.  It comes with a 25 mm eye-

piece, so budget another $60 or so for another eyepiece of 10 mm 

focal length. 

 

A Celestron NexStar 6SE 

 Celestron NexStar 8SE.  If you can handle a little more weight 

and cost, go for the 8-inch version of the NexStar SE.  It’s priced at 

$1,100 to $1,200.  Again, only one eyepiece is included 

 Meade 6” LS Schmidt-Cassegrain.  This 6” telescope was intro-

duced recently and comes with a very useful feature.  It can essen-

tially align itself to the night sky with an automatic routine using a 

built-in GPS.  You don’t even need to align the mount to bright stars, 

as you must with other go-to mounts.  After the telescope aligns it-

self to the night sky, you can select from thousands of objects to 

observe.  The telescope also has built-in audio descriptions and in-
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formation about many objects.  It only comes with one 26 mm eye-

piece which gives 58x.  You will need to add at least one more eye-

piece with a 10 mm or 12 mm focal length to give you 154x or 128x.  

The downside for all this extra technology is price… the LS6 goes for 

about $1,400, nearly twice the price of the Celestron NexStar 6SE 

mentioned above. 

 

A Meade LS6 Schmidt-Cassegrain telescope 

Recommended Accessories 

All the above telescopes come with everything you need to start observ-

ing.  But here are a few more things you might want to acquire to make 

observing with your new telescope more enjoyable: 

 Additional eyepieces.  You should aim to eventually get at least 

three eyepieces in total, one of focal length 25mm – 32 mm, one of 

focal length 10mm to 15 mm, and one with focal length 5 mm to 7 

mm to give you, respectively, low, medium, and high magnification.  

Remember… to calculate magnification, divide the focal length of 

the eyepiece into the focal length of the telescope. 
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 Barlow Lens.  Not an essential accessory, but a Barlow lens, when 

used with an eyepiece, doubles or triples the magnification of that 

eyepiece.  Effectively you can get two magnifications with each of 

your eyepieces. 

 Star maps.  The best telescope in the world won’t do you much 

good if you don’t know how to use it or where to point it. Get a star 

atlas such as The Pocket Sky Atlas by Roger Sinnott .  It costs about 

$30.  Or you can get a planetarium app for your computer or 

smartphone.  The application called Stellarium is free for a computer 

and just a few dollars for a smartphone or tablet. 

 Red flashlight.  A red LED flashlight helps you see your maps and 

hardware in the dark. Red light ensures your eyes remain dark-

adapted and sensitive to faint light.  And if there’s a lot of ambient 

light where you observe, try an eyepatch to keep your observing eye 

at peak sensitivity. Total Cost: $20  

 

A red LED flashlight for astronomy (credit: Astronomics.com) 


