
EART290C 2011   Problem Set #8  (due Thurs 26th May) 

 

1) The adiabatic temperature gradient may be written 
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 where r is radial position,  is 

thermal expansivity, Cp is specific heat capacity and g(r) is the local acceleration due to gravity. For a 

uniform convecting planet of density , show that the adiabatic temperature profile may be written as 

T(r)=T0 exp(-r
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) where T0 is the central temperature and L is a lengthscale. 

 

2) For convection with temperature-dependent viscosity, we can write the surface heat flux as 
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 where 0 is the stagnant lid thickness, k is thermal conductivity and T is the temperature drop 

across the box. 

a) Taking  to be the sensitivity of the viscosity to temperature variations, show that F depends on 
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. 

b) Also find an expression for the fractional sensitivity of F to a change in bottom temperature T, 
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c) If the bottom temperature of the Martian mantle changes by 30 K, what is the fractional change in the 

surface heat flux? (State what values you assumed). What are the implications of your answer for the 

long-term thermal evolution of Mars? 

 

3) Here we’ll come up with an alternative way of deriving the scaling for   in isoviscous convection. 

a) The mechanical work done by convection tot can be approximated as Fd
2
(T/T) where we are 

assuming a cubic box of dimensions d, F is the surface heat flux and T/T is an efficiency factor where 

T is the adiabatic temperature drop across the box. Taking T/T to be small, write down tot as a 

function of thermal expansivity , g, specific heat capacity Cp, F and the box volume V. 

b) This work is balanced by dissipation due to shear throughout the fluid. Taking the viscosity to be  and 

convective velocity to be u, write down an order of magnitude expression for the total viscous dissipation 

in the box. 

c) Also write down an expression for the boundary layer thickness  in terms of u, d and the thermal 

diffusivity . 

d) Hence show that ~d Ra
-1/3 

Take a look at Solomatov (1995) if you get stuck. 

 


