
Ay 101 - Fall 2022

Hillenbrand

Problem Set 5

due Friday, 11 November, 2022

This week we are putting it all together in terms of fundamental stellar properties, bring-
ing in the various equilibrium conditions of the stellar structure equations, and considering
fundamental stellar properties like mass and radius.

1. Polytropic Mass-Radius Relationship

a. Guidry problem 8.2

b. Guidry problem 8.8

c. For the typically considered cases of n=3 and n=3/2, what are the corresponding
mass-radius relationships? Where along the main sequence would these relation-
ships apply?

2. Motivation of the Main Sequence. Suppose that the opacity of stellar material is
independent of density and temperature (not a bad approximation for hot stars, not
as good for low mass stars), so that hydrostatic equilibrium and radiative transport
together imply that

L ∝ M3,

independent of radius. Suppose that the rate of nuclear energy generation in a star of
some fixed composition (e.g. a H-burning star) has the form

L ∝ MT p
c ,

where Tc is the central temperature, and the power p may be quite large. Show that
for these two relationships to be consistent with one another

R ∝ M1−2/p ∝ L1/3−2/3p.

Then show that the condition that the star is opaque, L ∝ R2T 4
s , implies

L ∝ L2/3−4/3pT 4
s ,

which can be rewritten as a luminosity-surface temperature relationship

L ∝ T 12p/(p+4)
s .

This is the explanation of the main sequence in a nutshell.
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3. CNO, Triple-Alpha and Caltech-Relevant History Download from the web-
site https://arxiv.org/pdf/0711.3139.pdf and read “Nuclear Astrophysics Before
1957”. This is a historical retrospective with much of the action taking place here at
Caltech. Summarize your new appreciation of the history of nuclear astrophysics in
about a page of text. Feel free to include both scientific and sociological commentary.

4. Term Project. Continue the Ay101 Term Project, moving on to the “Weeks 7-8-9”
portion. This is due at the end of the term, but please try to make progress each week.

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