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This is a translated copy of the 2008 exam made for pre-exam prepa-

ration.

1. What is the condition that needs to be met for a star to be circumpolar
(i.e. always over the horizon)?

2. Assume that you have taken an image of an object where all details with
scale less that size l can be considered noise. Describe a method for
removing this noise.

3. The Earth’s atmosphere restricts spatial resolution to roughly 1 arcsec.

(a) How large does a telescope have to be in order to resolve 1 arcsec at
a wavelength of 400 nm? Why did one build larger telescopes than
this before the technology to correct for ‘seeing’ was in place?

(b) Describe a system for correction of atmospheric seeing. What does
one do if there are no reference starts within the isoplanatic patch?

4. A spectrograph consists of an entrance slit, a collimator, a grating or
prism, an imaging element and a detector.

(a) Make a sketch of a grating spectrograph, where you show the focal
lengths for the collimator f1 and the camera (imaging element) f2.

(b) At what position in a telescope is the spectrograph placed?

(c) How wide is the image of the entrance slit in a given wavelength λ if
the entrance slit measures a width s.
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(d) The grating equation is given by

θ = sin−1

[(

mλ

d

)

− sin i

]

.

where angle i is the angle the incident light ray makes with teh normal
to the grating . What do the other symbols mean? Include the angles
i and θ in the sketch made in the first exercise.

(e) Show that the dispersion dθ/dλ is given by m/(d cos θ).

(f) Assume that the grating has 1000 grooves per mm, that the focal
length is f2 = 2 m for the camera, that θ = 80◦ varies little over
the spectrum and that we observe in the 2nd order. What is the
reciprocal linear dispersion dλ/dx measured in the units nm/mm?

(g) How is it possible to correct for variations in the sensitivity of the de-
tector over the field of view and differences in transmission (including
interference fringes)?

5. A Lyot-filter is built up of several elements that each consist of a crystal
of birefringent material such as quartz and a polarizer. The optical axis
of the crystal is oriented such that the ordinary and extraordinary rays
propagate in the same direction. The electric vector of the light that comes
out of such an element can be written

E45 =
a
√

2
[cos(2πνt) + cos(2πνt + δ)]

The degree of birefringence is J = µe − µo, where mue and µo are the
indices of refraction for the extraordinary ‘e’ and ordinary ‘o’ rays respec-
tively.

(a) Show that the difference in phase between the two rays

δ =
2πc∆t

λ

where c is the speed of light in vacuum, λ is the wavelength and ∆t
is the time delay, can be written

δ =
2πTJ

λ

where T is the thickness of the material.

(b) Finn bølgelengden(e) λmax og λmin der den utg̊aende str̊alen har mak-
simal og minimal intensitet.

(c) Find the wavelengths λmax and λmin where the emerging ray has
maximum and minimum intensity.

(d) Sketch what the emergent intensity from this element looks like a a
function of wavelength and explain how and why one need several
elements in order to construct a Lyot filter.
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