
Astronomy 274: HW #4
Due date: Tuesday, March 8th

(In practice: Wednesday, March 9th)

1. Stellar Population Synthesis Models

There are several versions of stellar population synthesis software that are publicly available
online. One of the more popular versions has been developed by Bruzual & Charlot (2003). It
may be obtained from the following URL: http://www2.iap.fr/users/charlot/bc2003/. Down-
load and install this code from the source. Make sure to download the documentation file, the
source code, and the Padova 1994 tracks with both Chabrier and Salpeter IMF.

First you will need to do some set-up, following the instructions in the bc03.ps.gz documenta-
tion file. Unpack the documentation, source, and model tarfiles into doc/, models/, and src/
directories. Add a couple of lines to the .cshrc file in your home directory pointing to the src/
directory, and then source the file, .bc cshrc in the src/directory (as described in the bc03.ps.gz
file, in section 3.1). Then, compile the source code by typing “make all.” This should work
just fine if you do it on gateway, or on one of the departmental Sun machines running Unix
with the g77 fortran compiler installed. Before getting started, you will also need to rebuild
the binary filter file, FILTERBIN.RES. You do this by executing the script, “build filterbin”
in the src/ directory. In order for this script to run correctly, you will need to replace the line,
“cd $bc97/bc03/src” with “cd $bc03” or “cd <path to src/ directory>”. Read the rest of the
documentation and then you’re ready to go!

(a) Generate some SSP spectra. First, convert the solar-metallicity, Salpeter-IMF, low-resolution
model from ASCII to binary format (section 3.2 of the documentation). Write down the code
assigned by Bruzual and Charlot to the file you are using. The resulting binary .ised file contains
an unformatted grid of the stellar population’s spectrum as a function of time. To generate for-
matted spectra, run the gpl script on the *.ised file (where gpl is defined when you do “source
bc03/src/.bc03.cshrc”). Extract spectra ranging from 900Å to 3 µm, for age steps at 1 Myr, 10
Myr, 100 Myr, 300 Myr, 500 Myr, 1 Gyr, and 5 Gyr. Plot all of these spectra in a single panel
to show how the spectrum of a single burst evolves with time. Rather than plotting raw flux,
use gpl to generate spectra in fν units, and convert these into mAB(λ), i.e., AB magnitudes.
Use labels to show which curve corresponds to which age. Mark the central wavelengths of the
U, B, V, and K filters. Name 2 spectral signatures you can see which correlate with the age of
the stellar population.

(b) Generate a “composite stellar population” using the csp command (also defined when you
source the .bc03 cshrc file). Again using a low-resolution and solar metallicity SSP, generate
a constant-star-formation model (SFR = 1M¯ yr−1) assuming both a Salpeter and Chabrier
IMF. In lecture, we examined a figure showing the evolution of the B−V and V −K colors, and
V-band M/L ratio for an SSP. Make the same plots for the constant star-formation models for
both IMFs, extending over an age range of 1 Myr to 10 Gyr. Based on what you know about
the form of each type of IMF (i.e., Salpeter and Chabrier), quantitatively explain the origin of
the similarities and differences you observe in the relative colors and M/L in these plots.



(c) Now use csp to generate an exponentially declining star-formation history with e-folding
time τ = 1 Gyr. Again assume solar metallicity and Salpter IMF. Plot evolutionary tracks in
the SDSS color-color space of u−g and g− r, for each of the SSP, constant star-formation, and
τ = 1 Gyr models. Explain the early- and late-time behavior of the τ = 1 Gyr model, relative
to the SSP and constant models. Plot a vector showing the direction in which galaxies move
due to the effects of dust extinction, assuming that the Cardelli et al. extinction curve applies
and that the extinction over a given filter can be approximated by the extinction at the filter
effective wavelength.

(d) Finally, a nearby galaxy observed in the SDSS survey is found to have the following pho-
tometric properties: u = 16.25, g = 14.32, and r = 13.42. What is your best estimate of the
nature of the stellar population in this object, in terms of the age and, past history of star
formation? What is your most likely estimate of the object’s morphological properties?

2. An Issue with the Closed-Box Model

The closed-box model for chemical evolution can be used to estimate the metallicity distribution
of stars produced up to a given time, t, and, correspondingly, the mass in stars that are
characterized by having less than a given metallicity, Z(t). Use the closed-box model for
chemical evolution to estimate the fraction of long-lived stars in the solar neighborhood with
metallicities Z ≤ 0.30Z¯. For this calculation, you will need an estimate of the gas fraction
in the solar neighborhood. You can also assume that the “closed box” of gas began with an
initial metallicity of Z = 0. Compare your calculated fraction of Z ≤ 0.30Z¯ stars with the
observed fraction of low-metallicity, long-lived stars in the solar neighborhood (you will need
to do a little research to get the observed values).


