
EART290C 2011   Problem Set #4  (due Tues 26
th
 April) 

 

1a) The Earth’s equatorial flattening is 3.35x10
-3

 and its value of J2 is 1.08x10
-3

. Use these values to make 

two separate estimates of the normalized moment of inertia of the Earth. What do you conclude? You can 

take g=9.8 ms
-2

 and R=6400 km. 

b) Do the same exercise for Mars, which has a flattening of 6.48x10
-3

 and J2 of 1.96x10
-3

. What do you 

conclude? Take g=3.7 ms
-2

,  R=3400 km and a rotation period of 24.6 hours. 

c) A transiting exoplanet has a flattening of 0.1, a bulk density of 1 g/cc and a J2 (inferred from its orbital 

precession rate) of 0.02. Deduce its normalized moment of inertia (assuming that Darwin-Radau is 

acceptable) and its rotation period.  

 

2. We often want to find the degree-two component of a local feature (e.g. because if the feature 

contributes to J2, we need to remove its effect before trying to determine the moment of inertia from J2).  

A simple example is a spherical cap of angular radius  and constant thickness h0. If we put the cap at the 

north pole, then the cap extends down to colatitude and the cap shape h() can be described by a 

summation of Legendre polynomials, where   is the colatitude: h()=C1 P1(cos ) + C2P2(cos ) + . . .  

The orthogonality condition for Legendre polynomials is nmmn
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 where nm is 

the Kronecker delta and =cos().  

a) Using the orthogonality condition, find an expression for the degree-two coefficient C2 in terms of  

and h0. Recall that P2()=(32
-1)/2.  Look at Blakely section 6.2.1 if you get stuck. 

b) If =/2 or =, give the value of C2 and in each case explain why this value arises.  

 

3. Here we’re going to consider the effect of an isostatically-compensated shell on the potential of a body 

of radius R. The shell has local topography h1 which is compensated by a root of thickness h2 (see figure). 

 



a) If the shell has a density and a density contrast  with the underlying material, write down how h1 

and h2 are related in terms of , R and the shell thickness d, assuming isostasy. 

b) We’ll assume that the surface topography h1 can be represented by a single spherical harmonic of 

degree l. Using your handout or otherwise, write down an expression for the potential anomaly (measured 

at the surface) due to the surface topography Utop, in terms of G,R,h1, and l. 

c) Similarly, write down an expression for the potential anomaly (measured at the surface) due to the 

bottom of the shell Ubot, in terms of G,R,h2,, d and l.  

d) Hence write down an expression for the total potential anomaly due to the compensated ice shell, in 

terms of G,R,h1,, d and l. What happens to your expression in the limit of small d, and why? 

e) The Cassini spacecraft has measured Titan’s gravity and topography. At l=3, the two largest surface 

topography coefficients have values of -45 and 25 m, and the corresponding potential coefficients have 

values of -6.57 and 3.70 m
2
s

-2
, respectively. Using this information and your answers above, and 

assuming a surface density of 900 kg m
-3

 and R=2575 km, deduce the apparent thickness of Titan’s ice 

shell. 

f) Models suggest that Titan’s shell is probably only of order 100 km thick. How might you interpret your 

results if these models are correct? 

g) Explain why this kind of analysis is harder to do with the l=2 coefficients than with l=3. 


