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Astro 112 — Physics of Stars
Exam #2, Fall 2011
Wednesday, November 9, 2011

Name

The exam is open note, open book. You have 9:30-10:40 a.m. to complete the exam. Partial
credit will be given. If you can answer a question with a few lines of math or text, as opposed to
filling up the whole page, great! Don’t feel like you need to go on at length.

1) If a 120 Mgy, star forms with log,o (Teff)=4.73 and logio(L/Lsun)=6.25: (3 points)

a) Estimate its Eddington luminosity, assuming the opacity is due to electron scattering
only. Ratio your answer to the actual luminosity of the star.

b) Compare the star’s radius and mean density to that of the Sun (again as a ratio).
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2) What source of opacity (9 poinis)
a) Is independent of wavelength?
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b) Is strongly peaked around a specific wavelength?
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¢} Is non-zero only at wavelengths shorter than a specific wavelength?
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3) Under the assumption 012 complete ionization,}'ﬁnd: (9 points)
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b) |y for a mixture of X=0.7, Y=0.3
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4) A star emits light (at a particular wavelength) from a gas region within its envelope, below the
visible surface of the star. At this particular depth, the gas number density is n,=2x10"
atoms/m®. Above this region, the gas density falls off exponentially as n= nexp(-z/A) where
2=10% m. The scattering cross section for photons is 6= 107" m*/atom.

a) Calculate the optical depth for the photon to travel upwards along the straight path (+z) until it
escapes at z=co. Assume the optical path is strictly in the +z direction.

b) If the star has a temperature 7=7,400 K at an optical depth of 7=2/3, estimate the temperature
down at this gas region from which the light is coming from. You can assume that the plane
parallel gray atmosphere Eddington approximation holds. (12 points)
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5) Let’s calculate the minimum mass of a true star (or rather, the maximum mass of a brown
dwarf)) We’ve discussed that glant planets and brown dwarfs can be approximated by an n=1
polytrope, with radius R=7x10" m. Let us set a core temperature, 7.=4x10° K, as the threshold
temperature for p-p hydrogen burning. Assume: 1) full ionization, 2) an ideal gas, and 3) a
composition X=0.73 and Y=0.27. Find the mass of the brown dwarf at the hydrogen-burning
limit. Express your answer in Jupiter masses (M), where 1 Mi=1. 9x10*" kg. (15 points)
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