
Galaksit ja kosmologia – exercise 5. Autumn 2017
The exercises are to be returned for grading by Friday (17.11.) at 12:00 into the assigned
metal box in the Physicum 2nd floor. The exercises will be reviewed on Monday (20.11.)

after the lecture at 12:00.

1. (a) What luminosity would correspond to converting 0.1 solar masses per year into
pure energy?

(b) When stars get older they loose mass in stellar winds at a rate 1M� per 1010L�.
If all the gas in the Milky Way’s stellar winds would end up in the central
black hole and 10% of it would be converted into energy, what would be the
luminosity of the centre of the Milky Way? How does this compare to the stellar
luminosity?

(c) Compare the previous result to the Eddington luminosity of the Milky Way.
Why do the assumptions in b) seem unrealistic?

2. Hubble Space Telescope has been used to observe the massive elliptical galaxy M87.
Emission line observations indicate that the gas clouds in the central region of
the galaxy rotate the centre at velocity v = 500 kms−1 at a radius r = 0.25”
(arcseconds).

(a) The distance to M87 is D = 16 Mpc. What is the mass within the r = 0.25”
radius?

(b) What kind of an object is M87? Why have the observations been done using a
space telescope and not a ground based teelscope?

3. The luminosity density of all galaxies in the universe is today approximately LB ∼
2 × 108hL�Mpc−3. Assume, that half of the light comes from the discs of spiral
galaxies with mass-to-light ratio M/L ≈ 3.

(a) Show that the density parameter Ω? of the cosmic mass density of the disc
stars is Ω? = ρ?/ρcrit ≈ 9 × 10−4h−1.

(b) Compare this value to the density of Damped Lyman-α systems (ΩDLA,HI) at
redshift z ∼ 3 (lecture 9, page 25) and show that Ω?(z = 0) and ΩDLA,HI(z = 3)
are of the same order. What is the physical explanation behind this observa-
tion?

4. The Sagittarius dwarf spheroidal galaxy is at the moment the nearest companion
galaxy of the Milky Way at a distance of 15 kpc from the Milky way centre.

(a) What is the mass of the Milky Way within radius r = 15 kpc, assuming that
the rotational curve of the Galaxy remains at a constant V (R) ≈ 200 kms−1

out to radius r = 15 kpc? What is the M/L ratio of the Milky Way within this
radius, assuming a luminosity LV ∼ 5 × 1010L� in V -band?

(b) What has to be the mass of the the Sagittarius dwarf galaxy in order for stars
to remain bound at 5 kpc distance from its centre? Find from literature the
luminosity of the Sagittarius dwarf and calculate the M/L ratio. Compare the
result to the M/L of the Milky Way and other dwarf galaxies.

TURN THE PAGE



5. Assume that the metallicity of gas at time t = 0 when star formation started was
Z(0) = 0.15Z� and metallicity today is Z(t = now) = 0.7Z�. The ratio of the gas
mass at t = 0 and now is Mg(t = 0)/Mg(now) = 50/13. Finally assume that the
system is a closed box, where no mass exchange in or out happens. Using the derived
formulae in the lecture notes or the course book related to the closed-box model,
show that the yield is p ≈ 0.4. How large fraction of the stars in the model have
today metallicity Z < Z�/4 and how large fraction has Z < Z�/2?


