Stellar Structure: Problem Sheet 4

Due by 4.00 pm on Thursday 1 December 2011 – to School Office, Pev 2, 3A20
All questions on this sheet will be assessed. Marks available for each question are shown.
1. The present age of the Sun is about 5 billion years, and since the Sun was formed the solar luminosity has nearly been the same as today (L( = 3.86(1026 W), powered by hydrogen burning. Hydrogen makes up about 70% of the solar mass (M( = 2.0(1030 kg).  Taking the masses of the H and He nuclei respectively to be 1.6735(10-27kg and 6.6465(10-27kg, and the mass of an electron to be 9.1094x10-31 kg, work out (neglecting the energy carried away by neutrinos) what fraction of the total solar mass could potentially be converted into how much pure energy by hydrogen burning. (Note that there are two questions here!)


[4]

What fraction of this energy reservoir has already been consumed? According to actual solar models, already half the expected core hydrogen-burning life-time is over.  Why? 

[2]

2. Radiation within stellar matter is subject to absorption by a factor of e-(, with ( = (((dr  ( <((>(r (( is the optical depth).

i. Assuming a mean value of <((>= 102 m-1, how large is the photon mean free path lph in the solar interior?








[1]

ii. Estimate the fraction of radiation from the centre which can reach the solar surface  directly – can your pocket calculator display the result?



[1]

3. A star is in radiative equilibrium throughout. Show that at any point in the star
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[2]

where ( is the effective ratio of specific heats of the stellar material (the one that appears in the general criterion for convective instability, including radiation pressure). Hence show that if radiation pressure is dominant
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[2]

4. Given that the frequency dependent absorption coefficient in a star has the form (( = A/(3, where A is a constant, and that there is no scattering or stimulated emission, show that the Rosseland mean opacity (equation 3.21) has the form ( = B/T3, where B can be written as:
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[4]
5. The energy generated by the pp chain (main branch only) can be written as
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where T6 = T/106 K and X is the mass fraction of hydrogen. Show that, in a small enough temperature range, ( can be approximately represented by a power law, ( ( T n, and find n at T6 = 10. (Hint: consider the logarithmic derivative of ( with respect to T (i.e. dln(/dlnT), starting with d ln (/dT and remembering that d ln T = dT/T.)





[3]

6. Find an expression for the Kelvin-Helmholtz timescale for a polytrope of index 1.5. Hence estimate the K-H timescale for a solar-mass white dwarf whose radius is 10-2 Rsun and whose effective temperature is 6000 K. What would be the corresponding timescale for a 0.7 solar mass white dwarf with effective temperature 20,000 K?





[5]
Would you expect the cooling timescale for a white dwarf to be greater than, equal to, or less than this K-H timescale? Give a brief physical justification for your answer. 


[1]
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