Stellar Astronomy and Astrophysics (SS09):

Exercise 2 (for May 4, 2009)

1. The Stellar IMF:

The distribution of stellar masses at birth in the solar neighbourhood can be described by the
following functional form:

0.26m=%  for 0.01 < m < 0.08
&(m) =< 0.035m™'3 for 0.08 <m <0.5
0.019m~22 for 0.5 <m < 100.

The quantity £(m)dm indicates the number of objects per cubic parsec, pc?, in the mass interval
m to m + dm, with mass m given in units of solar mass M. Objects with m < 0.08 are brown
dwarfs. Their mass is too small for hydrogen burning in the center. Stars with m > 100 are
not stable.

a: The quantity £(m) is the differential number density in the (linear) mass interval m to
m + dm. Often, however, it is better to consider the differential number density &, in
the (logarithmic) mass bin log,,m to log,, m + dlog,, m. Calculate £, and plot log,, &L
versus log;, m.

b: What is the average stellar mass?

c: Sirius is the brightest star on the sky. Actually, it is a binary system, with Sirius A being
2.1 times heavier than the Sun (with a spectral type A1V) and Sirius B being a white
dwarf. The system is at at distance of ~ 2.6 pc. How many stars with the mass of Sirius
A and heavier do you expect within a distance of 10 pc from the Sun?

Note, this exercise is optional and should be regarded as help for a deeper under-
standing of the distribution of stars.

2. Pre-main-sequence contraction:

Consider for simplicity fully convective protostars and use the virial theorem to obtain order
of magnitude estimates.

a Describe qualitatively the behavior of the central temperature 7. if the object contracts?
What is the reason for this behavior?

b For a one solar-mass object, estimate the duration of the pre-main-sequence contraction
phase. Assume the object radiates with constant luminosity equal to todays Sun.

¢ Why does the contraction eventually stop?

3. Chemical time scale:

Assuming that 10eV could be released by every atom in the Sun through chemical reactions,
estimate how long the Sun could shine at its current rate (Lo = 3.96 - 10%3 ergs™') through
chemical processes alone. For simplicity, we assume that the Sun is composed entirely of
hydrogen.



