
Astronomical Observing Techniques 2017:

Exercises on Telescopes

(Due on 6 March 2017 at 11:15)

February 27, 2017

1 Cassegrain Telescope Design

A Cassegrain telescope consists of a parabolic primary and a hyperbolic secondary mirror, which perfectly
reimages the on-axis focus of the primary mirror to a location behind the primary mirror. Such a two-mirror
telescope has no spherical aberration, but it suffers from coma.

a) Design a Cassegrain telescope with a parabolic primary mirror with a diameter of 81.15 mm and a focal
length of 144.875 mm and a hyperbolic secondary mirror with a diameter of 11.078 mm and a focal length
of 22.669 mm. Assume that this is only used to look at the very center of the field of view. Hints: 1) use
a source beam of 80mm diameter and aim it at the primary mirror, 2) calculate the conic constant of the
secondary mirror from the following equation where m is the secondary magnification.

K2 = −
(
m+ 1

m− 1

)2

b) Determine the separation between the two mirrors. Hint: one focal point of the hyperbola has to be in
the focus of the primary mirror, the second focal point has to be in the focus of the telescope.

c) Show that your design is free of aberrations on-axis and determine the performance for a field angle of
0.5 degrees. Hint: increase the diameter of the secondary mirror so that there is no vignetting at a field
angle of 0.5 degrees.

d) Show that most of the aberration at 0.5 degrees comes from field curvature. Assess the performance that
would be achieved with the Cassegrain if field curvature would be corrected perfectly. Hint: You can
change the radius of curvature of the image to a finite value.

2 Resolution and field

a) Calculate the theoretical resolution (in arcsec) of a 3.6-m telescope observing at a wavelength of 500 nm.

b) The Fried parameter (r0) of the atmosphere is 20 cm at a wavelength of 500 nm. Calculate the resolution
of the telescope (in arcsec) looking through the atmosphere.

c) What is the resolution (in arcsec) at 2 µm under the same conditions as in question b)?

d) A 2k × 2k pixel CCD camera is placed in the prime focus of the telescope operating at 500 nm. The
telescope has a focal length f of 10 m, and we require 4 pixels per resolution element using the atmospheric
conditions described in b). Calculate the pixel size and the resulting Field of View (FOV).
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3 Tolerancing of a telescope primary mirror

What is the tolerance (maximum allowable deviation from the theoretical value) on the radius of curvature of
the (parabolic) primary mirror of a 50-cm diameter telescope with a primary focal length of 2 m for it to remain
diffraction-limited at the original primary focus position at 500 nm?

4 Instrument locations

Discuss the advantages/disadvanges of an instrument in the Cassegrain focus of an equatorially mounted tele-
scope over an instrument located in the Nasmyth focus of an alt-azimuth telescope.
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