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How do you (not) mount a telescope?



Ideal Telescope Mount

Lets you 

• Point to any RA and Dec easily and quickly.

• Easily account for the Earth’s rotation

• Maintain a fixed orientation — e.g., North is always 
up seen through telescope.

• Not flex too much under gravity, winds, etc.

• Accommodate any modern telescope (Cassegrain, 
refractor, etc.)



How to do observations from a moving platform



Moving Platform

What is changing?

• Distance from Earth to targets (e.g., Jupiter) is variable

• Velocity relative to targets is variable

• Rotation of an observer fixed on Earth is changing

Only the last one of these is very important… but it is hard!



Equatorial Mount

Telescope is aligned 
so that one axis is 
exactly parallel to 
Earth’s rotation axis.



How to Track a Star the Easy Way

• Build an equatorial mount. 

• Align one rotation axis parallel to Earth’s rotation 
axis. This is Right Ascension (RA).

• Align the other axis perpendicular. This is 
Declination (Dec).

• Set the RA to rotate once per 24 hours.

• Point RA and Dec axes as you like. Telescope will 
maintain pointing to fixed RA and Dec.



How to Track a Star the Hard Way

• Build a telescope that can point in Altitude (up-
down) and Azimuth (spin around).

• Use a computer to calculate the translation 
between RA/Dec and Alt/Az for the current time.

• Substantial matrix math to rotate between two 
reference frames -- hard to do with gears or 
analog electronics.

• Every second, calculate the new position.

• Move motors in Alt and Az to the new position.

• Once you're built this, it works great.

• Disadvantage: Image rotates! What was rightside up 
at start, is upside down at end.



But sometimes the hard way wins…

In recent decades, advent of computers have made Alt-
Az mounts practical.

Alt-Az is more complex algorithmically, but 
mechanically simpler than an equatorial mount.

j



Field RotationOnly major problem with Alt-Az mounts: field rotation.

• Image in detector rotates once per 24 hours.

• Can be solved by rotating the instrument in 
opposite direction, once per 24 hours.

• Field rotation doesn’t really matter for radio 
telescopes, because the ‘field’ is just a single 
pixel.



What kind of mount is this?

Where does this person live?



At what latitude does he live?
What direction is he facing?

Angle of polar shaft from horizontal = latitude of telescope

















Compound Lenses



Compound Lenses

Effective power of a compound lens depends not only on 
the two individual lenses, but the distance between them.



Power of a Compound Lens

In general:

For lenses very close:

For f2 →∞



Nearly all telescopes use a compound optical system.

This can make the focal length shorter (or longer) than 
that of the primary. This is in addition to folding of the 
optical path.



Total focal length depends not just on lenses’ individual focal lengths, but 
their separation…

So this is how we can make a zoom lens!

Not used very much in astronomy — too complex to handle all the 
aberrations.



Image Scale

f
θ

θ

Image scale on focal plane: θ/y = 1/f radians per meter

y

i.e., 206265 arcsec per meter



Next week schedule:
Monday:        New problem set distributed.
                    Lecture: Prof Zoubos, Cosmology
                    Redo of Radio PS#1 due.
Tuesday:        Cosmos (classic - Carl Sagan)
Tuesday Tut:   Quiz on optics and telescopes; no radio.
Wednesday:   Cosmos (new - Neil deGrasse Tyson)

Quarter exam:   Tuesday 25-March (normal lecture time)
Revision:            Tuesday 24-March (normal tutorial time)



PHY300 Quarter 1 Exam 
25 March 2015

Things you should know. 

• Celestial navigation: Altitude, Azimuth, Right Ascension, Declination, Zenith, Meridian

• Sidereal vs. Solar time

• Distance scales: AU, light years, parsecs

• Parallax

• Angular size

• Angular resolution

• Magnitude system

• Thermal balance

• Black body radiation; luminosity; 1/r2 law

• Pinholes vs. lenses

• Index of refraction; Snell’s law

• Focal lengths, focal ratio

• The lens equation

• How to raytrace simple optical designs

• Differences between refractors and reflectors

• Modern vs. historic telescopes: broad differences

• Familiarity with the different types of aberrations and what they affect

• Basic familiarity with the objects we saw at practical (Orion nebula, Jewel Box cluster, Jupiter and satellites, Hyades cluster, Moon)

• Telescope mounts: Equatorial (aka polar) vs. Alt-Az mounts

• Telescope designs: Galilean, Newtonian, Cassegrain

• Broad familiarity with differences between radio and optical

• ** All of this is in the assigned Chromey chapters (1, 3, 5, 6)

For all of these things you should be able to discuss them intelligently, and work a few basic problems with them. Where we have talked 
about them quantitatively in class, you should be able to work with them quantitatively as well, to a similar basic level as we’ve done in 
class or in the previous PSs.

The in-class quiz on March 17 will cover this same material.


