
Galaksit ja kosmologia – exercise 4. Autumn 2017
The exercises are to be returned for grading by Friday (3.11.) at 12.00 into the assigned
metal box in the Physicum 2nd floor. The exercises will be reviewed on Monday (6.11.)

after the lecture at 12:00.

1. The angular diameter of galaxy NGC 3159 is 1.3’ (arcminutes), it’s apparent mag-
nitude is m = 14.4 and the radial velocity with respect to Milky Way is vr =
6940 km s−1. Calculate the distance, diameter and absolute magnitude of the ga-
laxy. What kind of error sources are in these measurements? Use the value H0 =
67.8 km/s/Mpc in the calculations.

2. Tully-Fisher relation

(a) The maximum velocity of the velocity curve of the Milky Way is Vmax = V0 =
200 km s−1. What is the luminosity of Milky Way according to the Tully-Fisher
relation, and how well does this value correspond to the current measured
value?

(b) The maximum velocity of a galaxy is Vmax = V0 = 150 km s−1, and the measu-
red apparent magnitude is m = 15. Calculate the distance of the galaxy using
the Tully-Fisher relation.

3. Stellar distribution in elliptical galaxies

(a) Assume a spherically symmetric galaxy. Show that the surface density Σ (unit
[Σ] = 1/pc2) at a projected distanceR from the galactic center can be expressed
as

Σ(R) = 2

∫ ∞
0

n(r)dz = 2n0r
α
0

∫ ∞
R

r1−αdr√
r2 −R2

, (1)

if the galaxy is viewed from a large distance along the z-axis and the number
density is n(r) = n0(r0/r)

α (where n0 and r0 are constants and the unit is
[n] = 1/pc3).
Further, show that if α > 1, the surface density can be expressed as

Σ(R) = Σ(R = r0)
(r0
R

)α−1
.

You don’t have to solve here the integral that gives Σ(R = r0). What happens
to the surface density if α ≤ 1?

(b) Assume that the mass density of stars in a galaxy is ρ(r) = ρ0(r0/r)
α, where

ρ0 and r0 are constants. Show that the mass within radius r behaves as
M(< r) ∝ r3−α.

(c) Calculate the radial force in this model, i.e. how does Fr depend on r? What
value of α would give Fr → 0 when r → 0?

4. Show that the de Vacouleur profile

I(R) = I(Re) exp{−7.67[(R/Re)
1/4 − 1]}

gives a total luminosity L ≈ 7.22πRe
2I(Re).

Hint: The Euler gamma-function (Γ) may be again useful.
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5. Properties of elliptical galaxies using the velocity dispersion. Assume that the ve-
locity dispersion σ and the mass-to-light ratio (M/L) are approximately constant
within a galaxy and that there is no dark matter in the galaxy. We showed in the
previous exercise (4.) that for a typical Sérsic-profile L ∝ IeRe

2 for a constant Sérsic
index n.

(a) Using the virial theorem, show that the mass within this kind of a galaxy
behaves as M ∝ σ2Re.

(b) Show that if all elliptical galaxies had simply the same M/L ratio and surface
brightness I(Re), they all would follow the Faber-Jackson relation (L ∝ σ4).

(c) Now, using alternatively the fundamental relation of elliptical galaxies (Re ∝
σ1.24Ie

−0.82), show that M/L ∝ σ0.48Re
0.22, i.e. that the mass-to-light ratio is

in fact not a constant but it is bigger for larger galaxies.


