Stellar Structure: Problem Sheet 3

Due by 4.00 pm on Thursday 17 November 2011 – to School Office, Pev 2, 3A20
All questions on this sheet will be assessed. Marks available for each question are shown.
1. Give a brief qualitative explanation in your own words of what is meant by homologous stellar models. You may find it helpful to include a sketch.
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2. Assuming equation (4.27) in the lectures, and omitting the equation that involves the energy generation, show that for a general opacity law 
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 the scaled luminosity l, mass m and radius x are related by l = m(+1-( x3(-( (i.e. derive equation 4.28). Hence find the relation between the unscaled quantities Ls and Ms for electron-scattering opacity (( = 1, ( = 3).
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3. For an ideal gas with a variable mean molecular weight (, show that
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[Hint: take the natural logarithm of the ideal gas equation and differentiate the resulting equation with respect to P.]
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4. Use the result from question 3 to find the criterion for convection in an ideal gas with a variable mean molecular weight. You may assume the criterion in the form given by equation (4.34) in the lectures. If the mean molecular weight increases inwards in a stellar core, is it more or less likely to be unstable to convection than a core of uniform composition? Justify your answer.
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5. Write down the definition of the optical depth ( at radius r near the surface of a star and hence write down d(/dr (in other words, give both the integral and differential definitions of optical depth). Use this to re-write the equation for the radiative temperature gradient (see equation (3.23)) to give an equation for dT/d(. Assuming that near the surface you can take r and L to be constant and equal to their surface values, find T(() near the surface in terms of Teff and (, using the boundary condition that T = Teff at ( = 1. (Hint: remember the definition of effective temperature in Lecture 1.)
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6. Assuming that main-sequence stars can be treated as a set of homologous stellar models (i.e. no proof of homology is required in this question), use a simple scaling argument (do NOT use the results of question 2) to find the mass-luminosity relation for a star in which all the energy is transported by radiation, radiation pressure is negligible, the opacity can be represented by Kramers’ formula ( = (0 ρ T -3.5, and the energy production by ε = ε0 ρ T13.5. [Hint: first show that the mass-radius relation is R ( M5/8.]
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7. Consider a set of stars that are in convective equilibrium throughout (i.e. with the temperature gradient equal to the adiabatic gradient) and are in a steady state. They have a ratio of specific heats 5/3, negligible radiation pressure, the same chemical composition (which you may take to be uniform: ( = constant), and energy generation ( = (0 (T (. Show formally (i.e. do not just use the scaling arguments of question 6) that, if the stellar boundary is taken to be at the radius (or mass) where ( = T = 0, the stars of different mass form homologous sequences (you should demonstrate that for these fully convective stars there is a free parameter left in the homology – hence the plural). Find in particular a relation between mass, luminosity and radius.
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