
Extragalactic Astronomy (ASTRO 504)
Spring 2020

Problem Set 4

Due 21 February 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 at the due date.

1. (20 pts) Isothermal, thin disk.

The Local Group spiral M33 (D=0.94 Mpc) is pretty face-on, bulgeless (pure disk) galaxy. In this
problem, we shall estimate its thickness.
These are some observational facts about M33: by looking at the brightness distribution of the
disk, one can estimate the galaxy’s (infrared) scale length (rd ' 6′). By measuring the galaxy’s
rotation curve in the radio (and correcting for galactic inclination), one can measure the circular
motion of the gas (vc ∼ 60km/s at a distance of 4′ from the nucleus). Finally, by performing
spectroscopy on a large sample of planetary nebulae, one can estimate the z motion of start in the
galactic disk (σz ' 20 km/s).

Estimate a lower limit to the scale height of the galaxy’s disk by assuming that (a) the galaxy
has no spheroid population (a very good assumption); (b) the galaxy’s disk is isothermal (a pretty
good assumption); (c) at a radius 4′, dark matter in the halo is negligible compared to the baryons
in the disk (this assumption is a bit more problematic at 4′, but go with it).

2. (30 pts) Distance from the Tully-Fisher relation.

An Sc disk galaxy has the following properties:

• I -band major-axis disk scale length: 50′′

• I -band central surface brightness: 20.2 mag/arcsec2

• Disk axis ratio: 0.4

• Observed 21 cm line width: 400km/s

(a) The inclination of a spiral galaxy is given by

cos2 i =
(b/a)2 −α2

1−α2
(1)

and α= 0.13 for an Sc galaxy (Giovanelli et al. 1994). Show the relation and find the inclination.
(b) Now assume that the I -band Tully-Fisher relation is given by

MI = −8.72(log W − 2.50)− 20.94. (2)

If there is no foreground reddening, what is the distance to the galaxy? (Hint: before you go ahead
with the calculation, think carefully about the best way to integrate the luminosity distribution of
an intrinsically circular, but observationally inclined galaxy.)
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