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  Telescopes (Rev Spring 2009)
Before studying telescopes, it is worth considering the predominant light detector used with telescopes, the human eye.  Throughout history, the human eye has proved to be quite a valuable light detector.  From the times before Galileo Galilei, the science of astronomy depended on the careful observations of nothing more than the eye.  Then came the telescope and history changed.

Telescopes are nothing more than light collectors that essentially concentrate light and cram it into light detectors like your eye.  In this way, a telescope is a light amplifier that is sometimes called a light bucket.  An important concept to understand about telescopes is how to compare them to each other.  Department stores would like you to believe that magnification is a direct measurement of quality and usefulness.  In truth, the primary determinant of a telescope’s abilities is diameter.  Diameter of the main light gathering optic of a telescope will determine its light gathering ability.  For example, a 600X telescope sold at a department store will cost $250.  For nearly the same amount of money, a reflecting telescope with over 6 times the light gathering ability could be purchased.

How do telescopes magnify?  

The first part of this exercise will ask you to form an image with a convex lens.  It should become apparent that lenses take light coming from a source and focus that light into a small point where an image can be observed.  The image is a virtual recreation of the original object.  Telescopes do the same thing.  Light is bent so that it comes together a certain distance away from the primary optic, a distance called the focal length of that lens or mirror.  Another lens can be used to magnify the image.  This second lens is called an eyepiece.  The degree to which an object is magnified by a telescope lens/eyepiece combination can be found by making a ratio of the focal lengths of the telescope’s primary optic and the eyepiece.  In other words,

Magnification, 
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where F.L. is the telescope’s focal length 

f.l. is the focal length of the eyepiece

Although magnification allows you to see a closer image, it also makes less of the sky visible at one time.  Note that the magnification is completely independent of the aperture of the telescope.  Therefore, it is possible to put an eyepiece with a small focal length with a small telescope and come up with a large magnification.  However, magnification has its limits.  The general rule is that the maximum usable magnification of a scope is 50 times the diameter (in inches) of the primary optic.  For instance, a department store telescope typically has a 2.4 inch diameter lens.  The maximum magnification for this scope would be…   2.4 inches (50) = 120X NOT 600X!

Maximum magnification if D in mm instead of inches: M  =  2 x D  
Another way to compare telescopes is the ratio of length to diameter.  By making the shapes of the primary lens or mirror of a telescope different, it is possible to make the light focus closer or further away.  This ratio is called the f-stop, f-number, or the f-ratio (f/).  

f-ratio, 
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What about the different types of telescopes?

Figure 3.1 shows three different types of telescopes.  These are the most common type of small scope typically used by amateur astronomers.  The Refractor uses a lens as its primary light collector and projects the image to the back of the telescope.  The focal length is about equal to the actual length of the refractor tube.  A Newtonian reflector uses a concave mirror to gather its light, and it reflects the light to a flat mirror suspended in the middle of the tube, which sends the light out of the side of the tube.  The focal length of a reflector is about the length of its main tube.  The focus knob of both a refractor and a reflector are located right next to the visual back (where the eyepiece goes) in a perpendicular orientation to the telescope.  A Schmidt-Cassegrain is a special type of reflector that has a corrector lens in the front that forces the light to bend outward lightly which results in the telescope being shorter in length than its actual focal length; thus, saving space.  The primary mirror has a hole in the middle behind the secondary mirror so that light is sent back through the back of the telescope instead of out the side.  To focus a SCT (Schmidt-Cassegrain telescope), turn the knob near the eyepiece.  The entire primary mirror is shifted up or down until a focused image is obtained.  The focal length of a SCT can be many times the length of the tube, since the design is a compact system.

How a telescope is mounted on its tripod is the second biggest cost factor after optical size and quality.  Some telescopes have motors that compensate for the Earth’s spinning motion and some even have computers that know the locations of thousands of objects and can find them at the touch of a button.  There are two basic types of mounts used on telescopes.  Alt-azimuth mounts simply allow you to make altitude adjustments (up or down) and azimuth (east to west).  Equatorial mounts (German and Yoke/Fork) also have two axes of motion, but they are tilted back at an angle.  This tilt allows one of the axes to point at the north celestial pole so that the other axis will rotate in the same direction as the sky.  Polaris is the brightest star near the north celestial pole. The main advantage is that only one axis needs to be moved to track a celestial object, having only to move in Right Ascension.

______________________________________________________________________

FORMULA FOR LIGHT GATHERING ABILITY

RATIO = D2 (scope) / D2 (eye)

______________________________________________________

The Cardinal Sins - Things Not To Do

1. Touching any optical surface (lens or mirror)

2. Using an eyepiece, finder scope, or Telrad as a handle to move or carry the telescope

3. Attempting to move the telescope with the clamps locked

4. Attempting to force any stuck control

5. Not using two hands when carrying or moving a telescope
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Objectives


Learn the principle of operation of a telescope both conceptually and practically





Distinguish between types of telescopes and mounts
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