Question 5.
(a) Suppose the Local Thermodynamic Equilibrium assumption holds for the stellar atmosphere.
Prove that for the optically thin line, the absorption line depth R can be written as
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(b) What type of spectral line
increasing outward? Why?
(c) If you are able to measure the equivalent width of the absorption line from a specified transition
of an element (in either atomic or ionic state), please explain how to estimate the abundance of the
element if the electron pressure in the stellar atmosphere is also known.

Question 6.
Please use the solution of radiative transfer equation and the concepts of quantum mechanics to
explain the Kirchhoff's three laws of spectroscopy listed as following:
(i) A hot dense object produces light with a continuous spectrum
(ii) A hot diffuse gas produces emission spectral lines at discrete wavelengths which depend on
the energy levels of the atom of the gas
(iii) A hot dense object surround by a cool dilute gas produces light with an almost continuous
spectrum which has absorption lines depending on the energy levels of the atoms in the gas.

Question 7.
(a) Consider radiative transport, prove that the radiative pressure gradient can be written as
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Prove that radiative temperature gradient can be written as
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(c) Show that the star can be stable only if the mass to luminosity ratio
M
L

4 Gc

Question 8.
(a) If the equation of state of gas for a star is P K , prove that the condition for dynamic
4 3.
stability is
(b) For the equation of state for non-relativistic degeneracy gas can be written as P K 5 3 , derive
the mass-radius relation of white dwarf.
(c) As the mass increase, the electrons gradually become ultra-relativistic and the equation of state
becomes P K 4 3 . Show that there is a limiting mass for this case and estimate it in term of
K .

