
Galaksit ja kosmologia – exercise 1. Autumn 2017
The exercises are to be returned for grading by Friday (15.9.) at 12.00 into the assigned
metal box in the Physicum 2nd floor. The exercises will be reviewed on Monday (18.9.)

after the lecture at 12:00.

1. Mass-to-light ratios and dark matter. Use the value M�,V = +4.71 for the visual
solar absolute magnitude.

(a) The absolute magnitude of the nucleus of the Andromeda galaxy is MV =
−11.7 and the mass of the nucleus isM = 1.3×107M�. Calculate the absolute
luminosity in units of L� of the nucleus and the mass-to-light ratio (M/L) of
the nucleus.

(b) The apparent magnitude, distance and total mass of the Draco dwarf galaxy
are mV = 10.9, d = 72 ± 10 kpc and M = 2 × 107M�, respectively. Calculate
the absolute magnitude, luminosity and mass-to-light ratio (M/L) of Draco.
Compare the values of M/L of Draco and the nucleus of Andromeda and
estimate, which of the objects contains a greater amount of dark matter?

2. Standard candles. Cepheid variables follow a period–luminosity (P–L) relation

〈MV 〉 = −2.78 log(P/10d)− 4.13, scatter ∼ 0.3 mag,

where the period P is given in days d. A Cepheid with a period P = 40 d and an
apparent magnitude mV = 18 is observed in a galaxy. What is the distance of the
galaxy and how large are the errors of the distance estimate when the scatter and
a typical ±0.1 mag observational error are taken into account?

3. “Damn you little h.” Fritz Zwicky was among the first in 1933 to deduce the existence
of dark matter by studying the mass-to-light ratio (M/L) of the Coma cluster. He
compared the result given by the virial theorem to the value obtained from the
rotational curves in the cluster, and he concluded that there must be 400 times more
dark matter than luminous matter (M/L = 400). Zwicky used in his calculations
the Hubble constant of that time, H0 = 558 kms−1Mpc−1. How does his estimate
of the value of M/L change if we use the current estimate of the Hubble constant,
H0 = 67.4 kms−1Mpc−1?

4. The luminosity density of galaxies. The luminosity distribution of galaxies can be
expressed with the Schechter luminosity function

Φ(L)dL = Φ∗
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)α

e−L/L∗
dL
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.

What is the physical meaning of the terms Φ∗ and L∗? Derive the expression of
the total luminosity density of the Universe by integrating the Schechter function.
What is the value of the total luminosity density in units of [L�/Mpc3]? You can
use values Φ∗ = 0.019h3Mpc−3, L∗ = 8× 109h−2L�, α = −0.7 and h = 0.67. (Hint:
Values of the Euler Γ(Gamma)-function Γ(1.3) ≈ 0.897 and Γ(2) = 1 may be useful
in this exercise).

5. The surface density of the discs of spiral galaxies can be expressed as

Σ(r) = Σ0e
−r/rD .

What is the total mass of the disc? Describe the physical meaning of the terms Σ0

and rD.


