
Open Problems in Modern Astrophysics – Problem set 5. Autumn 2017
The answers should be returned by Monday (20.11) 12 o’clock to the mail box of the

course assistant Pauli Pihajoki (3rd floor, central corridor. The mail boxes are at the end
of the corridor). – The problem set will be discussed on Tuesday (21.11) after the lecture.

This problem set will contain General questions and questions based on the two papers:
Laevens, B.P.M., Martin, N.F., Ibata, R.A. et al., 2015, ApJL, 802, 18: "A New Faint
Milky Way Satellite Discovered in the Pan-STARRS1 3π Survey"(Paper 1)
Spekkens, K., Urbancic, N., Mason, B.S. et al., 2015, ApJL, 795, 5: "The Dearth of Neutral
Hydrogen in Galactic Dwarf Spheroidal Galaxies" (Paper 2)

1. General question 1

(a) How is a dwarf galaxy defined as opposed to a stellar cluster? Name at least
the two main differences. What are the typical magnitudes, surface brightnesses
and sizes of dwarf galaxies?

(b) Dwarf galaxies are classified into dwarf spheroidals (dSphs), dwarf irregulars
(dIs), ultrafaint dwarfs (uFds) and blue compact dwarf galaxies (BCDs). Give
the defining characteristics of the various types of dwarfs and also describe
where they can typically be found.

(c) What is the colour-magnitude diagram analysis method? Describe briefly how
this method can be used to constrain the star formation histories, ages and
metallicities of dwarf galaxies. Do dwarf galaxies show typically continuous
or more bursty star formation? Explain why we expect differences in the star
formation histories of dwarfs as compared to larger disk galaxies (Milky Way
like).

2. General question 2

(a) How can one measure kinematics in dwarf spheroidals and in dwarf irregulars?
What are the typical mass-to-light ratios that come out of these type of mea-
surements? Why is not always straightforward to convert a measured velocity
dispersion to a total mass measurement, what could affect this conversion?

(b) What are the typical metallicities of dwarf galaxies and why do they differ from
the metallicities of larger galaxies? What are α and iron elements and how are
they produced in stars? Is the metallicities of dwarf galaxies consistent with
the outer Milky Way halo metallicities, i.e. could the outer Milky Way halo
have been formed from multiple mergers of dwarf galaxies?

(c) What are chemical evolution models and how can they be used to explain
dwarf galaxy evolution? What are the main ingredients and constraints of a
chemical evolution model? Finally, how could dwarf galaxies be related to the
reionization of the Universe that took place at high redshifts of z ∼ 8− 15?

3. Based on Paper 1 answer the following questions:

(a) What do the authors claim to have detected in this paper? Studying Figs. 1
and 2, why is deeper follow-up data crucial for making this detection? What
are identified in the different boxes in Fig. 1 and why does this prove?

(b) What are the main properties of the discovered object, such as its distance,
size, metallicity, age and magnitude. Describe very briefly how these quantities
were determined?
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(c) Studying Fig. 4 in the paper, what is the true nature of this object? Is there any
evidence for dark matter in this object and how would one go about trying to
find out? What are stellar streams and could the detected object be connected
to one of these streams?

4. Based on Paper 2 answer the following questions:

(a) What are the authors observing in this paper and using which instruments do
they perform their survey? How is the source sample selected, what objects are
excluded and why?

(b) Studying Fig. 1 in the paper, what is the main result of the paper? How large
gas masses do they find for their sample galaxies? They also relate the mea-
sured gas masses to both the stellar and dynamical masses, how are these two
quantities estimated?

(c) What is shown in Fig. 2 in the paper? Explain why the points are grouped in
two different groups on either side of the dividing line. Based on this plot what
is the most likely physical explanation for their results? Finally, the authors
discuss the non-detections of UMi and Draco, why are these results peculiar?


