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1. A telescope on the Earth’s equator has an alt-az mount. The azimuth axis has a
maximum rotation speed of ω RPM (revolutions per minute) and the altitude axis has
a total travel of 90o. Stars that pass through or close to the zenith cannot be tracked
properly because the telescope cannot move fast enough causing the telescope to have a
so-called zenith blind spot.

(a) By considering a star exactly on the celestial equator derive an expression for the
angular size of the telescope’s zenith blind spot, φ, in terms of ω.

(b) Now consider a similar telescope, not on the equator, with a latitude, θ and a star with
a declination, δ = θ. Modify your answer to part (a) to take into account the telescope’s
latitude.

2. N objects with a uniform space density can be seen in the whole sky for a magnitude
limit of m. What magnitude limit do we need to achieve to observe 10N of these objects?

3. Étendue is defined as the AΩ product where A is the physical area of an object being
viewed and Ω is the solid angle of the light from the object that enters the telescope.

a) For a Galilean telescope show that the étendue of the light entering it is the same as
the étendue of the light emerging from it. Comment on this result.

b) Show that the étendue of the Airy disk for a point source depends only on the wave-
length.

c) A telescope and an instrument deliver a final f-ratio of F/30 at the detector. For a
diffraction limited image with a wavelength of 500nm what is the physical size of the Airy
disk on the detector?

4. (a) In its most basic form, a simple telescope primary mirror is made from a solid,
thick piece of glass (i.e. the edge thickness is at least 15% of the diameter). In this case,
why does the mirror have to be thick?

(b) Why is it not possible to make a useful version of such a mirror which is larger than
about 4m in diameter?

(c) List three primary mirror technologies that are an advancement over the basic form
(because they allow useable larger primary mirror diameters to be made) and discuss their
application to currently operational large ground-based telescopes and future planned
extremely large telescopes.
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5. To achieve good correction, an adaptive optics (AO) system needs a natural guide star
brighter than a magnitude R within α arcsec of the science target. If NR,b is the number
of stars per square degree brighter than R at a galactic latitude b derive an expression for
the fraction of the sky that can be observed with good AO correction at galactic latitude b.
Use the data provided in the lectures to calculate the sky coverage for α = 15′′, R = 18.25
and b = 70o.

6. A Shack-Hartmann wave front sensor (WFS) has a lens array that provides M subaper-
tures across the telescope pupil and is conjugate with the telescope pupil. The diameter
of the telescope pupil is Dtel. A single lens in the WFS’s lens array gives an f-ratio at the
detector of N . The detector pixels are x microns square and centroiding algorithms can
measure the position of the guide star to a fraction of a pixel f . Derive an expression for
the minimum wavefront tilt that can be sensed in terms of M , N , x and f . Calculate the
minimum wavefront tilt sensitivity for Dtel = 10m, M=50, N=30, x=15µm and f=0.1.

7. Astronomers ask for a multi-object spectrograph system that uses optical fibres. They
require N optical fibres with each fibre having a diameter of α arcsec on the sky. Each
fibre has to deliver a spectral coverage of λ1 < λ < λ2 with a spectral resolution of R at
every point in this wavelength range. The detector has square pixels with a side length
of x and a single spectral resolution element occupies n pixels in the dispersion direction.
Assuming that the spectrograph has no anamorphism and that the fibres are arranged at
the slit with a pitch that is twice the fibre diameter, derive an expression for the total
number of pixels that are needed to meet the astronomers’ specification in terms of the
telescope diameter, R, x, N , n, α, λ1 and λ2.

8. For a single spectral order of a cross-dispersed echelle grating there is a range of
wavelengths, S, that arrive at the detector closer to the y-axis than they do in any of the
other orders [The y-axis is a line through the camera’s optical axis and orthogonal to the
main dispersion direction of the echelle grating]. This is called the free spectral range and
the detector width must be at least equal to its physical length for all spectral orders to
ensure that there are no spectral coverage gaps in the echellogram.

(a) Draw a diagram showing two spectral orders with order m and (m + 1) which are
separated on the detector by a cross disperser. Indicate on your diagram the directions
of increasing wavelength for both the main (echelle grating) dispersion and the cross
dispersion.

(b) Show that

S =
K

m(m+ 1)

where K is a constant. What is the physical meaning of the constant K?

2


