
INTRODUCTION TO SPACE 2020

Galactic Astronomy II

Individual exercises

27.03.2020

Individual assignments to be submitted before 06.04.2020 at 10.15.

1 Cepheid variable star.

The visual magnitude of RS Puppis changes between 6.52 ≤ mV ≤ 7.67 with a period of 41.5 days.

a) Calculate the distance to the star. 3p

b) Kervella et al. (2014) estimated a distance 1910 ± 80 pc. Analyse and explain why your estimation
differs from theirs. 2p

Comments. We can relate the mean absolute magnitude of a Cepheid star with their periodicity. Feel free
to use the values given in the slides, in Wikipedia or other sources(for example, Turner et al., 2010). For this
exercise, you can use the mean value between the maximum and the minimum apparent visual magnitude,
in order to get the mean visual magnitude. Finally, use the average values of the magnitudes to calculate
the distance to the star. The difference between Kevervella et al. comes from the inaccuracy of the mean
visual magnitude, as well as the simplistic sinusoidal approach to the periodicity.

2 Eclipsing binary.

The radii of the components of a photometric eclipsing binary star are equal. Their orbital plane has an
inclination i = 0. The surface temperatures of the components are 7500 K and 12 000 K.

a) What is the change in the brightness in magnitudes when the colder star occults the hotter star? 5p

Comments. Solve the luminosity equation for both stars in terms of the radii and the temperature, and
remember that r is the same for both stars. Now, during the occultation the difference in brightness can
be related as the difference of magnitudes between the stars, that difference will tell you the change in
brightness.

3 Spoonful of a star

Star A (MA = 0.8M� ) shrinks into a white dwarf with a radius RA = 10000 km, and star B (MB = 7M� )
shrinks into a neutron star with RB = 10 km. How much a teaspoonful (5ml) of each weights? 5p
Information:
V = 5ml = 5 × 10−6m3

M� = 2 × 1030 kg
MA = 0.8M� = 1.6 × 1030 kg
RA = 10000km = 107 m
MB = 3M� = 1.4 × 1031kg
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https://www.aanda.org/articles/aa/abs/2014/12/aa24395-14/aa24395-14.html


RB = 10km = 104m

Comments. In order to know the weights of the stars for fitting in a teaspoonful we go back to basics
and remember that density is ρstar = Mstar/Vstar. To calculate the mass in a teaspoonful we have:

mteaspoonful = ρstarV (1)

where ρ is density of the star.

4 Hertzprung-Russell diagram

Imagine that one day you have the chance to do astronomical optical observations with the Southern African
Large Telescope and you are the first one to find a new star in the constellation of Puppis!. Your calculations
show that the star has a surface temperature of 40 000 K with an absolute magnitude of MV = −6.23.

a) What type (spectral class) of star did you discover? Give a rough estimation of the star’s diameters.
Hint: Take a close look at the Hertzsprung-Russell diagram shown in figure 1 2p

b) Now estimate the luminosity of the star, i,e. the flux density (power per area). How many times is the
star more luminous than our Sun? 3p

c) Finally you need to report the mass of the star in solar masses. 2p.
You can use the Mass–luminosity relation:

L

L�
≈ 1.5(

M

M�
)3.5 (2)

Be creative and name your star :).
Comments.With the given information above and after taking a close look at figure 1 we can roughly claim
the star is a O-B type with a diameter D ≈ 10D�. We use the relation for the luminosity which depends on
the radius and temperature. Afterwards, we use equation 2 for estimating the Star’s mass.

5 Black holes in galaxies

Sagittarius A* is a compact source residing in the center of our galaxy. Several studies claim that this source
is a supermassive black hole of mass 4.02 × 106M�. 3C454.3 is an active galactic nuclei away from the
galactic plane which hosts a supermassive black hole of the order of 109M�.

• Calculate the ratio of the Schwarzschild radius for both black holes. 4p.

• Calculate the Schwarzschild radius of Sagitarius A* and compared it with the Sun’s radius. 4p

Comment. The Schwarzschild radius represents the event horizon of a black hole, matter or radiation
beyond this limit cannot escape due to extreme gravitational forces. This effect leads into singularities, i.e
the space-time curvature tends to infinity so leading everything to plunge without return. The radius is
defined as

R =
2GM

c2
(3)

Using the previous equation to estimate the ratio between the radius in terms of the masses.
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Figure 1: Hertzsprung-Russell diagram.
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