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Answer Question 1 and TWO out of three other questions. If you attempt all three, you’ll get 

credit for the best two answers. Show all your working for maximum credit. You have until 

10:25am to complete the test. 

 

Everyone must answer this question 

1.  a) Put the following elements in order of abundance in the original nebula which formed the solar 

system: Si, O, S, H (2) 

b) Iron in the outer core has a density of roughly 10 000 kg m
-3

. If its density increases by 50 kg m
-3

 

when the pressure changes by 1 GPa, what is its bulk modulus? (2) 

c) In many geological materials Vp = 2 Vs. Find an expression for the relationship between the shear 

modulus (G) and bulk modulus (K) (2). 

d) Europa takes twice as long as Io to go around Jupiter. If Io is a distance of 422,000 km from 

Jupiter, how far is Europa? (2) 

e) Say we have a volcano 2 km high and 10 km wide sitting on a plate with a flexural parameter of 

100 km. Would you expect it to be compensated or uncompensated, and why? (2) 

f) For this same volcano, roughly how big a gravity anomaly would you expect to see? (2) 

g) If a small asteroid made entirely of silicates has a C/MR
2
 <0.4, what is the most likely 

explanation? Give two explanations for why a gas giant planet is likely to have C/MR
2
 <0.4 (3) 

 

 

Answer two out of three of the following: 

 

2. Here we’re going to make use of a very simple equation of state. 

a) The equation of state for an ideal gas can be written 

 

 P = R T  / m 

 

where P is pressure, R is the gas constant (8.3  J mol
-1

 K
-1

), T is temperature (in K),  is density and 

m is the mass of one mole of the gas. 

Use this expression and the hydrostatic equation dP= -  g dz to find an expression for the pressure 

in an isothermal atmosphere as a function of height z. You may use P=P0 at z=0. (4) 

b) What are the units of the quantity (R T / g m), and what is its physical significance? (3) 

c) Titan has a mass of 1.35x10
23

 kg and a radius of 2600 km. What is the surface value of the 

acceleration due to gravity g? (2) 

d) If Titan’s atmosphere is made of N2 (0.028 kg mol
-1

) at a temperature of 80 K, at what altitude is 

the pressure 1/e of the surface pressure? (2) 

e) At this same altitude, how much smaller will g be than the value at the surface? (Give your answer 

as a percentage) (2) 

f) What is the biggest assumption in deriving the equation you obtained in part a), and will this 

assumption make your answer to d) too high or too low? (2) (15 total) 

 

 



3. a) Sketch how the degree of compensation C varies with wavelength for two different 

lithospheres, one with a high elastic thickness and one with a low elastic thickness. Indicate what 

values of C are associated with completely rigid and isostatic support, respectively. (5) 

b) What values of admittance (in mGal/km) will be associated with the isostatic and rigid end-

members, respectively? You may assume the crustal density is 2.8 g cc
-1

. (3) 

c) A Martian volcano of wavelength 750 km has a value of C=0.5. Use the expression 
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to obtain the elastic thickness of the Martian lithosphere. You may assume that =3000 kg m
-3

 and 

g=3.7 ms
-2

; also that E=100 GPa and =0.25. (5) 

d) What would be the admittance of this volcano? (2) (15 total) 

 

 

4. a) Which is easier to spin up, and why – a bicycle wheel, or a solid disk of the same mass? (2)  

b) Using the fact that the moment of inertia I = dmr
2 , derive an expression for the moment of 

inertia of a solid disk. You should express your answer as I/MR
2
 where I is the moment of inertia, R 

is the disk radius and M is its mass. (5) 

c) Let’s say we have a space station in the shape of a large disk, of radius R=100 m. What would its 

rotational period have to be for the centripetal acceleration on the outside of the disk to be the same 

as the acceleration at the surface of the Earth? (2) 

d) The stress experienced by the space station due to this rotation is roughly aR, where a is the 

centripetal acceleration and  is the density. If the Young’s modulus of the station is 100 GPa and its 

density is 200 kg m
-3

, what strain will it experience? Also, how much will the cross-sectional area of 

the space station increase by (give a percentage)? (2) 

e) The station has a thickness (along the axis of rotation) of 10 m.  If we want to stop its rotation 

using a small rocket motor with a steady torque of 1000 Nm, how long will the station take to stop 

rotating? (4) 


