
 

 

 

EART162 Homework #7      Due Weds 26
th

 May 2010 

 

 

1. Europa has an ice shell floating on a subsurface ocean. Here we’ll attempt to constrain 

the thickness of the ice shell. 

a) Europa’s radius and density are 1565 km and 2900 kg m
-3

, respectively. What is the 

surface acceleration due to gravity? (2) 

b) There are features on the surface of Europa which are thought to be caused by 

convection. If this is correct, what can we infer about the Rayleigh number of Europa’s 

ice shell? (2) 

c) Use the definition of the Rayleigh number and your answer to a) to determine the 

minimum thickness of the ice shell on Europa. Relevant parameter values for ice are: 

thermal expansivity 10
-4

 K
-1

, temperature contrast 150 K, thermal diffusivity 10
-6

 m
2
s

-1
, 

viscosity 10
15 

Pa s, density 1000 kg m
-3

. (4) 

d) Why has the ocean beneath the ice shell not entirely frozen? (2) (10 total) 

 

2. Here we’re going to investigate the rigidity structure of Mars. 

a) The Sun is 3x10
6
 times more massive than Mars, and is 67,000 Mars radii distant from 

Mars. If the radius of Mars is 3400 km, what is the size of the equilibrium tide H raised 

by the Sun on Mars? (3) 

b) Spacecraft measurements show that the actual size of the solar tide on Mars is 0.75 cm. 

What is the Love number (h2t) for Mars? (1) 

c) What gravity anomaly (in mGal) does a tidal bulge of 0.75 cm correspond to (assume a 

surface density of 3 g/cc)? (1) 

d) For uniform rigid objects, the tidal deformation is reduced by a factor of 1+ ~ , where 

~  is a measure of the importance of the rigidity  and is given by: 

gR




2

19~         (1) 

Here  is the bulk density, g is the gravitational acceleration and R is the planetary radius. 

Rewrite equation (1) giving ~  in terms of , R and G, where G is the gravitational 

constant. (2) 

e) Using your answer to b) and your lecture notes, what is the observed value of ~  for 

Mars? (2) 

f) Using your answers to d) and e), what is the effective rigidity of Mars? You may 

assume that the bulk density of Mars is 3900 kg m
-3

 and G=6.7x10
-11

 in SI units (3) 

g) The rigidity of near-surface rocks is typically 100 GPa. How do you explain your 

answer to f)? (3) 

h) You might be tempted to plug h2t into the Darwin-Radau equation to solve for Mars’ 

moment of inertia. Why is this a bad idea? (1) 

i) How might we derive the moment of inertia for Mars? (1) (17 total) 

 

 



3. Very recently, the Cassini spacecraft has measured the shape of Titan: a=2575.24 km, 

b=2574.93 km, c=2574.83 km. 

 

a) Explain why we can assume Titan behaves as a fluid body. (2) 

 

b) Calculate Titan’s fluid Love number. Its period is 15.95 days (synchronous) and its 

mass is 1.35x10
23

 kg. (3) 

 

c) Hence calculate Titan’s normalized moment of inertia (2) 

 

d) How does this MoI compare to that of Ganymede, which is almost identical in size? 

What does this result imply about Titan’s interior structure? (2)  

 

e) Calculate the temperature increase Titan should experience during accretion (see Week 

1). You may assume that the bulk specific heat capacity is 1000 Jkg
-1

K
-1

. (1) 

 

f) How might you reconcile your answers to d) and e)? (3) (13 total) 

 


