
EART290C 2011   Problem Set #5  (due Tues 3rd May) 

 

1a)  The Mars Global Surveyor spacecraft detected a solar tide with a potential amplitude of 0.02 m
2
s

-2
. 

Mars has a mass and radius of 6.4x10
23

 kg and 3400 km, and is 228 million km distant from the Sun 

(mass 2x10
30

 kg). What is k2 for Mars? 

b) Mars has a J2 (=-C20) of 2x10
-3

 (dimensionless).  How many times bigger is this contribution to the 

potential than the solar tide? Are you impressed? 

c) Predict what k2 for Mars should be, assuming a homogeneous structure and taking the rigidity to be 

10
11

 Pa. Suggest why this answer might be different to the observed value. 

Phobos is a moon of Mars that is spiraling in due to torques resulting from a tidal bulge raised on Mars. 

d) The rate of inwards motion is 
1-9- yr  x104.4

1


dt

da

a
 where a is the current distance from the centre of 

Mars (9400 km). The angular momentum of an orbiting satellite is m(GMa)
1/2

, where m and M are the 

mass of the satellite and primary, respectively. The mass of Phobos is 10
16

 kg. What is the current tidal 

torque that Phobos is experiencing? 

e) Using your notes and the answers above, deduce the Q of Mars. 

f) The Q of the solid Earth is about 300. Discuss your answer to e) in the light of this number. 

g) The energy of an orbit is given by GMm/2a. What is the rate at which Mars is being heated due to the 

tide raised by Phobos? Is this a significant contribution to the energy budget of Mars? 

h) Phobos is synchronous and approximately triaxial with axes a,b,c of 13.5, 10.8 and 9.4 km, 

respectively. What do you conclude about its internal structure? 

i) Phobos’ eccentricity is 0.015. Give a ballpark estimate of how much tidal dissipation is happening 

within Phobos, explaining how you estimated k2 and Q for Phobos. Is this dissipation a significant 

contribution to Phobos’ energy budget? 

j) (Optional) Mars has a dimensionless moment of inertia of 0.37 and a spin period of 24.6 hours. How 

rapidly is its length of day changing as Phobos spirals in? Roughly how much will its flattening be 

affected? 

 


