
Ay 101 - Fall 2022

Hillenbrand

Problem Set 1

due Friday, 7 October, 2022

We will get more into analytic work next week, but this week is mainly mocking up some
illustrations intended to refamiliarize yourself with a few basic equations relevant to stellar
physics.

In these and all future plotting exercises, please make sure you legibly label your axes
and indicate their units. Also remember to use logs where they make sense.

1. Blackbodies vs Real Stars.

a. Code up a Planck function and plot it between 1000 Å and 2.5 µm for the range of
temperatures given in Table 2.2 of MG (the Guidry textbook). Show two versions
of your plot, one just as-is, similar to Figure 1.2 of MG, and another where you
have normalized to the peak, similar to Figure 1.4 of MG.

b. Calculate and plot using the same temperatures as in [a.], the wavelength of the
Planck function peak. In what wavelength range do O stars peak? G stars? late
M stars?

c. Calculate using numerical integration, the fraction of the flux capable of ionizing
hydrogen from the n = 2 level (not n = 1, the ground state) and plot as a function
of the same temperatures as in [a.].

c. Now go to http://svo2.cab.inta-csic.es/theory/newov2/index.php and ac-
quire some real stellar atmospheres. Using the pulldowns at upper left, pick
one hotter and one cooler star, using the same log g value of say 4.5. After
executing the search, download the ascii version and compare the spectrum over
the same wavelength range as in [a.], to one of your blackbodies. You will have to
empirically scale one to the other along the ordinate. What physical factors are
included in this scaling?

2. Saha-Boltzmann. The point of this problem is to appreciate the practical meaning
of the Boltzmann equation (describing the ratio of electron populations in two different
energy levels) and the Saha equation (describing the ratio of the number of atoms in
two contiguous ionization states). You can find these equations in Guidry, or Le Blanc,
or even Caroll & Ostlie. And you can find relevant information on ionization energies
in Appendix D of LeBlanc, and on partition function strengths in Appendix D of Gray
(though feel free to ignore the latter, and just understand/document that your plots
will be wrong by a scale factor). Assume an electron pressure of 1 dyne/cm2.

a. Considering just a neutral, two-level hydrogen atom, plot for temperatures ranging
from 4000 K to 8000 K the fractional population in each level. Why have I chosen
this particular temperature range to have you explore?
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b. Considering a neutral, singly ionized, and doubly ionized iron atom (i.e. Fe I, Fe
II, Fe III or alternately Fe, Fe+, Fe++ depending on whether you are an astronomer
or a chemist) plot the fraction in each ionization stage for temperatures ranging
from 2000 K to 12,000 K. How many ionization states is it generally wise to
consider at any given temperature?

3. Maxwell-Boltzmann. No assignment for this one, but please read up and make sure
you understand it.

4. Term Project. Start the Ay101 Term Project, beginning with the “Weeks 1-2”
portion.

[for all assignments, please write near your name how many hours you spent on the set.]
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