
Astronomy 274: HW #2
Due date: Tuesday, February 8th

1. Tully-Fisher and Surface Brightness

Please refer to the figure and table on the other side of this page. These data show the B-band
Tully-Fisher relation for 42 so-called “Low Surface-Brightness” (or LSB) galaxies – galaxies
with much lower disk central surface brightnesses than the typical values found in traditional,
optical surveys of spiral galaxies. The average LSB sample properties are listed in the table, and
include W i

R,50, the H I linewidth, here parameterized as the mean corrected linewidth measured

at 50 per cent of peak intensity; M b,j
B , the absolute B-band magnitude, and µB(0), the B-band

central surface brightness. Also shown in the figure with dashed and dotted lines, respectively,
are the 1σ and 2σ ranges of the fit to the B-band Tully-Fisher relationship for standard “high-
surface brightness” (HSB) spiral galaxies. For the purpose of this problem, assume a form for
the Tully-Fisher relation of L ∝ v4.

(a) (Easy!) Please comment on the nature of the LSB Tully-Fisher correlation, relative to
that observed for HSBs.

(b) HSBs have typical disk central surface brightness values of µB(0) = 21.65 mag arcsec−2.
Given the respective Tully-Fisher relationships for LSBs and HSBs, and recalling the scaling
relations among L, v, I0, and M/L derived in class based on Virial Theorem arguments, derive
the relationship between LSB and HSB M/L at fixed H I linewidth.

(c) Based on the same Virial arguments, derive the relationship between galaxy central surface
brightness, I0, and average mass surface density, Σmass, implied by a Tully-Fisher relation of
the form L ∝ v4.

Extra Credit, Deep Thought: Why might the relationship in part (c) arise between I0 and
Σmass?

2. Fun with Epicycles

(a) The epicyclic frequency in the solar neighborhood is currently estimated to be κ¯ =
37 km s−1 kpc−1. Given what you know about the shape and normalization of the Galac-
tic rotation curve, compare this number with your quantitative expectations for κ¯.

(b) Derive the relationship between κ (epicyclic frequency) and Ω (angular rotation frequency)
in a Keplerian potential – i.e. a system dominated by a central point mass.

3. Dust Extinction

The star-formation rate in an external starburst galaxy is measured by extinction-free tracers in
the radio, X-ray, and FIR wavelength ranges, and determined to be SFR = 15M¯ yr−1. At the
same time, a measurement of the Hα emission-line luminosity indicates SFR(Hα) = 5M¯ yr−1.
Another important emission-line diagnostic in star-forming galaxies is

O32 ≡ [OIII]λ5007/[OII]λ3727



i.e., the ratio of the fluxes in the [OIII] λ5007 and [OII] λ3727 emission lines. This ratio gauges
the overall ionization state of the warm gas in star-forming regions. For the galaxy in question,
the measured ratio is O32,obs = 2.

(a) Apply the Galactic extinction law from Cardelli et al. (1989), ApJ, 345, 245, to infer the
intrinsic ratio, O32. You will probably want to consult Table 3 and equations (1) through (3b)
of Cardelli et al. Also, you should assume RV = 3.1.

(b) How does your answer for O32 change if you apply the starburst obscuration law from
Calzetti et al. (2000), ApJ, 533, 682? In this case, consult equation (4) and assume RV = 4.05.

In general, you can assume that, in the absence of dust extinction, the Hα and extinction-free
indicators would yield the same star-formation rate.


