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PROBLEM 2

When a 5Mg star leaves the main sequence it enters the largely horizontal sub-giant branch.
Models indicate that the star spends about 350,000 years on this section of the HR diagram
before beginning its ascent on the red giant branch. Compute the expected Kelvin-Helmholtz
time scale for this phase of stellar evolution and explain any differences by doing the following:

a. (4) Show that the gravitational energy ultimately radiated away is:

_ 3GM?
T
where M and R are the the stellar mass and radius, respectively. Assume the virial theorem
and that the density of the star at any distance from its center is equal to the star’s average
density, M/$7R3.

b. (3) If L = 10°L, and Tep = 10%° K, estimate the time in years that this luminosity could
be sustained if it is based solely on gravitational energy.

¢. (3) Compare your answer in b. with the model-predicted time and explain why they are
different. Make sure you explain what current theory tells us is going on inside the star.
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