
Extragalactic Astronomy (ASTRO 504)
Spring 2020

Problem Set 1

Due 27 January 2020

Solving problem sets is one of the most efficient ways of learning the subject. You are encouraged to
collaborate with fellow students and/or to consult senior students, local postdocs and me. But, please
write the solution by yourself. No homework will be accepted after I post the solution on the
course webpage.

1. (30 pts) Time scales.

In the class, we have introduced following three time scales:

• Crossing, or dynamical, time scale (tcr);

• Collisional time scale (tcoll);

• Relaxation time scale (trel).

First, estimate these time scales for typical stellar systems:

(A) Globular cluster (105 stars in 10 pc);
(B) Elliptical galaxy (1011 stars in 1 kpc);
(C) Spiral galaxy (1011 stars in 1 kpc),

then estimate the time scales for the following systems of galaxies:

(A) two field galaxies in ∼Mpc3 region
(B) loose galaxy group (∼ 30 galaxies in r ' 300kpc);
(C) compact galaxy group (∼ 5 galaxies in r ' 40 kpc);
(D) galaxy cluster (∼ 1000 galaxies in r ' Mpc);
(E) Core of galaxy cluster (∼ 100 galaxies r < 20 kpc);
(F) supercluster (∼ 10, 000 galaxies in r ' 50Mpc);

Compare the time scales to the age of the system (or the age of the Universe), and briefly dis-
cuss what the comparison implies to the dynamical stage of each system.

2. (20 pts) Collapsing Universe. The Friedmann equation
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governs the dynamics of the spacetime by relating the density parameters ΩX [X = Λ (cosmolog-
ical constant), M (matter), R (radiation), K (curvature)] to the Hubble expansion rate H = ȧ/a.
We denote the quantities at some pivot time by the subscript “0”.
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In this problem, we consider a positively curved universe that only contains matter (that is,
ΩΛ = ΩR0 = 0), and define Ω≡ ΩM0.

(A) Show that there is the maximum value that the scale factor reaches in this universe, and the
maximum scale factor is given as
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(B) Verify that the cycloid solution with a new parameter θ ∈ [0, 2π]
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satisfies the Friedmann equation.

Now, let us consider the contraction phase of this universe. An astronomer names Elbbuh Niwde
discovers that nearby galaxies have blueshifts (−1 < z < 0) proportional to their distance. She
then measures H0 and Ω and finds H0 = −70 km/s/Mpc and Ω = 1.25. Here, the subscript “0”
represents quantities at Dr. Niwde’s present time. At that time, astronomers also measure that
the CMB temperature is TCMB = 2.7K.

(C) Given the observation, what is the minimum blueshift of galaxies that Dr. Niwde is able to
observe?

(D) What is the minumum CMB temperature in this universe?

(E) How long a time will remain between Dr. Niwde’s present and the final “Big Crunch”?
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