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Calculator

Check that the exercise set is complete
before you start solving the problems.

Exercise 1

An atom has mass M0. Assume that it can be in two different

energy levels, the ground level with energy E0 and a higher level,
E1. Assume that the atom is floating freely and is at rest in the

interstellar gas in our Galaxy, and is in energy level E1. The
atom jumps down to the ground level and emits a photon with
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frequency ν and energy Eγ = hν and at the same time gets a
recoil motion in the opposite direction. What is the frequency

ν expressed in terms of ∆E = E1 − E0 and M0? Assume that
∆E/M0c

2
� 1. Express hν/∆E to first order in ∆E/M0c

2.

Comment the result.

Exercise 2

a) Draw a figure that shows the connection between azimut

(A), altitude (a), right ascension (α), declination (δ), hour
angle (H) and the geographic latitude of the observer (φ).

b) Show that

sin a = cos H cos δ cos φ + sin δ sin φ.

c) Calculate the hour angles and times (in UT, but calculate
the times only if you get time for it!) for rising and set-

ting of Jupiter (α = 16h42m16.2s, δ = −21◦24
′

26
′′

) in Oslo
(59◦54

′

48
′′

N, 10◦43
′

10
′′

E) on 21st May 1995. The siderial
time in Greenwich at 0h UT on that date was 15h52m40.5s.

Ignore the refraction and the motion of Jupiter.
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Exercise 3

a) You are in a small space ship falling towards a black hole. You
send a light ray horizontally (normally on the direction towards
the black hole) against the opposite wall of the space ship. Will

the light ray hit the other wall higher than, lower than, or at
the same hight above the horizontal floor as from where you sent

out the light ray? Why?

b) The mass of the Sun is 1.99×1030kg. What is the Schwarzschild

radius of the Sun? G = 6.673×10−11N m2 kg−2 and c = 2.9979×
108m s−1.

c) For a star, we measure that its apparent magnitude in the

V -band is less than its apparent magnitude in the B-band, so
that B = 7.5 and V = 7.0. What is its difference in absolute

magnitude between the two bands, MB − MV ? Do you think
this star is hotter than or colder than Vega?

d) In extragalactic astronomy it is usual to use the equation r =

100.2(m−M−25) Mpc to determine distances. How is this equation
deduced?
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