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(extra) Midterm Examination ” Geodynamics” March 19, 2013

problem: 1 The gravity potential of a spherically symmetric planet, U(r), is described by
Poisson’s equation in the radial coordinate,
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1. Derive expressions for the gravity potential field U and the gravity force field g = g inside and outside
the planet.

Hints: Solve Poisson’s eguation in sphericel coordinates for the interior (r < R) and exterior domain
r > H separately. The separale solubions for the inferior Uny. ¢ and exterior U, ezt dOTROIN

contain fwo integration constanls which can be delermined by applying the following boundary

conditions,

fim Uege(r) =0, lim gine(r) < (2)
b

Continuity of the gravity accelaration g ot the surfoce r = R,
§m£§g} = gfxégl’?} {33

Continuity of the grovity potential U at the surfoce v = R
Y o g 7 ;

Hine = ﬁ G{”"T s v’y’é:'%,é = ’2::{’?{}{‘ gé;;? {31
where M = 3*’}?%{ is the planet mass and G is the gravitational constant.
Unpp = _GM (6)
r

3. ure in the plonetary interior and compute

B =6371 % 10%m
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problem: 2

The relative inefficiency of thermal convection in mantle rock material can be illustrated
clearly by the following thought experiment. Consider a purely conductive stationary model
of a spherically symmetric Earth of radius R and uniform thermal conductivity £ and with
constant and uniform internal heating with a chondritic value H = 5 - 107*W /kg. For such
a model the following steady state conductive heat equation applies,

EVT+ pH =0 (7)

Rewrite the steady state equation (7) and derive the heat equation for an internally heated sphere in
spherical coordinates,

Ed ,d
5 re=T{r} 4+ pH =0 #
redr i
Solve this equation and express the vodial temperature profile in terms of the surfuce temperature T{R) =Ty
and the internal heating rate H as,

o H - 3

Draw o schematic graph of the temperature distribution. Assusning earthiike values for the parameters, toking
Ee~s WK Im™!
a8 an flp}iﬁ‘éié’é?’?ﬂ%?ié‘yé of the core mantle boundary. What do you conclude from the oulcome in view of the

, compute the temperature velue in the centre and halfway between the centre and the surface

estimations of the internal temperature of the Earth bosed on experimentally determined phase transitions
presented in in the lecture notes. What is the corresponding velue of the surface heatflur and how does this
compare to the estimated present day heatflur of the Earth?
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problem: 3

Fig. 1 shows results of a model calculation for a simplified model of thermal convection in the
Earth’s mantle, that consists of an upper and a lower mantle separated by a mineral phase
boundary.

Discuss the model results illustrated in this figure. What can you conclude aboutl the nature of the phase
transition involved, is it exothermic or endothermic? Motivate your answer by o consideration of the phase
diagram of exothermic and endothermic phase transitions. What would be the effect of the phase boundary
on mantle convection dynamics?
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