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Ay124: STRUCTURE & DYNAMICS OF GALAXIES

Final Examination

INSTRUCTIONS

This is a closed book exam. Do not consult your lectures notes or any textbook and do
not consult with fellow students.

An unprogrammeable handheld calculator is acceptable, if you need it. Please take three
straight hours in a quiet, isolated, location and do not look at the problems until you are
ready to begin. All questions carry equal weight.

Please provide clear textual explanations inbetween your equations! We will

penalize solutions whose logic can’t be followed.

Please hand in your completed paper to Judy McClain in person by Friday March 18th
at 3pm. This is a hard deadline.
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SECTION A

Attempt 3 out of 5 questions from this section

1. Consider a globular cluster 5 kpc away, moving with a tangential velocity of 100 km
s−1, and a radial velocity dispersion of 10 km s−1. It consists of 105 stars with an aver-
age luminosity 〈L∗〉 = 0.8L⊙, and amazingly enough, they all have G-type spectra. Its
apparent half-light radius is 40 arcsec.

• What is the cluster’s parallax? Can it be measured with the existing technology, or at
any time soon? (Give an estimate of the state-of-the-art astrometric accuracy.)

• What is the proper motion of the cluster, in arcsec per year? And that of its typical
stars relative to one another?

• Estimate how large a time baseline would be needed to detect these motions from the
ground. Assume the same limiting astrometric accuracy as in the parallax question
above.

• What is the unobscured, integrated apparent magnitude of the cluster in the V band?

• Estimate the mass of the cluster, using the virial theorem. Is the resulting (M/L) ratio
reasonable for a stellar population? Is there any evidence for a dark matter in the
cluster?

• Estimate the half-mass relaxation time of the cluster.

• Estimate the mean time between stellar collisions in the cluster, assuming that all stars
have radii 30 times larger than the Sun.

2. Assume that the stellar halo of the Milky Way is spherically symmetric with a radial
density law ρ(r) ∼ r−3, and that it is truncated at R = 50 kpc. If the local number density
of halo stars is ∼ 10−3 pc−3 and their mean mass is ∼ 0.3 M⊙, then:

• Estimate the total mass of the stellar halo.

• Assuming that the halo was made from disrupted dwarf galaxies with masses < 109 M⊙,
and the mass distribution given by the Schechter-type function with the faint end slope
α = −1, how many dwarf galaxies were used to make the stellar halo?

3. Consider a disk of radius R, infinitesimal thickness and uniform surface density Σ. Show
the gravitational potential energy is given by W = −(8π/3)Σ2R3.
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In practice, we expect Σ to be a function of radius. Comment on the practicality of deriving
Σ(R) for the Galactic disk from (a) the measured rotation curve, (b) star counts. What
added complications arise in both methods?

4. Consider a simple model of galactic evolution in which the sum of the mass of stars
s(t) and gas g(t) at time t are equal to the fixed mass of the galaxy M where g = M at
t=0. Suppose that the star formation rate Ψ(t) is proportional to some power of the gas
mass such that Ψ(t) = f gn where f is a constant and n >1. Obtain an expression for
the time dependence of g(t) in terms of M , n and β - the fraction of mass returned to the
interstellar medium.

Discuss how such “closed box” models appear to be incapable of explaining the distribution
of stellar composition in the Galactic disk and what the physical solution of this dilemma
might be.

5. Explain clearly how a coherent feature in a rotating disk can be maintained if stellar
orbits are ‘closed’ in a frame rotating at a pattern speed ΩP . This condition requires that
ΩP = Ω − n κ

m . Discuss the physical meaning of each term in this expression and describe
what happens at radii where m(Ω − ΩP ) = κ? Compare the co-rotation radius (where
Ω = ΩP ) in terms of the typical sizes of spiral disks.

If n=1 and m=2, show that non-constancy of ΩP with radius leads to a new formulation
of the winding problem discussed in class with a drift rate which gives a pitch angle of

cot i = R t |d (Ω −
κ

2
)/ dR|
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SECTION B

Attempt 3 out of 5 questions from this section

1. Assume that surface brightness of galaxies is given by the Sersic formula

I(r) = I0 exp [bn(r/re)
1/n]

• Derive the values of bn for n = 1, 2, 4, 8, so that re represents the radius enclosing half
of the total light.

• Derive the values of the total light enclosed by these profiles for n = 1, 2, 4, 8, expressed
in units of I0r
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e . Are there values of n for which this formula diverges? Assume circular
symmetry and feel free to perform numerical integrations if necessary.

2. Define the stellar Initial Mass Function Φ(M) and briefly indicate how it is measured
and what observational evidence exists to support the notion that the IMF has an universal
form. Are you aware of any evidence to the contrary?

If the IMF is a power law of index (1+x) and the main sequence lifetime scales as M−2.5,
show that the luminosity of an old population dominated by giant branch stars evolves
with time as:

d ln L

d ln t
= 0.4x −

(

1 + 0.4
d lnEGB

dM

)

where EGB is the luminosity output of a star mass M on the giant branch.

3. What is the Morphology-Density Relation? How was it determined quantitatively and
what were two initial explanations proposed for its origin?

Describe what has been learnt from Hubble imaging and detailed spectroscopy of galaxies
in distant clusters and how the results may provide a credible explanation for the origin of
the present-day morphology-density relation. What physical processes might be involved
and how, observationally, could one verify which are important?

4. By considering the imbalance of forces arising from pressure and self-gravity for a gas of
mean density ρ and sound speed cs show that a cloud is unstable to collapse if its physical
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scale λ exceeds the Jeans value λJ = cs(π/Gρ)1/2. How quickly do gas clouds much larger
than the Jeans length collapse?

If the space density of large galaxies of radius 30 h−1 kpc and circular velocity 350 kms
sec−1 is 0.03 h3 Mpc−3, estimate the maximum likely redshift of formation, zF , if the
protogalaxies from which they formed collapsed by a factor f according to the following
assumptions: (i) the protogalactic clouds have a space density such as to just “touch” one
another prior to collapse, (ii) the internal density in each protogalactic cloud is uniform at
the onset of collapse but negligibly greater than that of the background at that redshift.
[Recall that cosmic mean mass density evolves as (1 + z)3 where z is the redshift.]

5. Discuss the techniques astronomers have used to deduce the redshift dependence of the
cosmic star formation history. What are the principle uncertainties in these results and
what has been learnt in the context of hierarchical models of galaxy formation.

Show that the slope γ=dlogN/dm of the differential number magnitude relation of faint
galaxies must average to less than some value in order to avoid an infinite contribution
to the integrated night sky background. Contrast that value of γ with that expected for
a Euclidean distribution of sources in a static universe. Upon what does γ depend for a
population of evolving galaxies in an expanding universe?
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