
 

EART162 MIDTERM      Thursday 6
th

 May 2010 

 

 

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 

3:45pm to complete the test.  

(*grad students answer all questions). 

 

Everyone must answer this question 

1.  a) Name the four most abundant refractory elements in the solar nebula (2) 

b) A silicate cube 1cm x 1cm x 1cm shortens by 1.5 mm when a load of 10
6
 N is applied. What is its 

Young’s modulus? (2) 

c) The flexural trench around Hawaii has a width of about 100 km. Determine the elastic thickness 

of the plate.  Take m-w=2500 kg m
-3

, =0.3 and E=100 GPa. (2) 

d) The highlands and lowlands of Mars have crustal densities of 2.7 and 2.9 g/cc, respectively. If the 

crust is compensated and 50 km thick everywhere, what is the height difference between the 

highlands and lowlands? (2) 

e) Write down the following bodies in order of increasing normalized moment of inertia: Earth, the 

Moon, Saturn (2) 

f) Phobos orbits 9000 km from the centre of Mars, and has a period of about 7 hours. If Mars has a 

radius of 3400 km, what is the density of Mars? (2) 

g) Say we have a volcano 3 km high and 20 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) 

h) For this same volcano, roughly how big a gravity anomaly would you expect to see? (1) 

i) The Moon has a rotation period of about 30 days. How deeply would you have to bury a 

thermometer on the Moon so that it wasn’t sensitive to day-night temperature variations? (2) 

j) Using the definition of bulk modulus and the hydrostatic assumption, derive an expression for how 

density  varies with depth z inside a planet. You may assume that K and g are both constant, and 

that the density is 0 at the surface.  (3). (20 total) 

 

 

Answer two out of three of the following (*grad students answer all three): 

 

2. a) Sketch how the admittance (in mGal/km) varies with wavelength for two different lithospheres, 

one with a high elastic thickness and the other with a low elastic thickness. Also indicate the value of 

the admittance at very long and very short wavelengths, assuming a crustal density of 2.8 g/cc. (5) 

b) What value of admittance indicates that the lithosphere is 50% compensated? (1) 

c) A Martian volcano has an admittance of 130 mGal/km at short wavelengths. What is the density 

of the Martian crust? (1) 

d) The same volcano has an admittance of 65 mGal/km at a wavelength of 800 km. The 

compensation factor C is given by 






g

Dk
C

4

1

1
 



where k is the wavenumber and D is the flexural rigidity. Using this information, determine the 

elastic thickness of the Martian lithosphere, given that g=3.7 ms
-2

, =400 kg m
-3

, E=100 GPa and 

=0.3. (4) 

e) If the surface temperature is 200 K, and silicates stop behaving elastically at 900 K, what is the 

heat flux on Mars? (Assume a thermal conductivity of 3 Wm
-1

K
-1

) (2). 

f) If Mars has a radius of 3400 km, a bulk density of 4 g/cc and a mean specific heat capacity of 

1000 J kg
-1

 K
-1

, how rapidly is it cooling down (in K/Gyr)? You may neglect internal heat 

production. (2) (15 total) 

 

 

2.  Consider a motionless crust of thickness d heated from below by a heat flux Fb. 

a) If the surface temperature is Ts and there is no heat production in the crust, write down an 

expression for the temperature at the base of the crust Tb in terms of Ts, Fb, d and the thermal 

conductivity k. (2) 

b) Now use the steady-state heat diffusion equation to find the general solution for how temperature 

T varies with depth z in the crust when the crust is also heated from within at a rate H (in W kg
-1

). 

Your answer should contain two undetermined constants. (2) 

c) Use the boundary condition that T=Ts at z=0 to find one of these undetermined constants (1) 

d) Use the second boundary condition that the heat flux =Fb at z=d to find the second constant (2) 

e) Hence write down the complete solution to how T varies with z for this situation (1) 

f) Write down an expression for the temperature at the base of the crust Tb for this situation. Is this 

value smaller or larger than your answer to a)? (2) 

g) Write down an expression for the heat flux at the surface for this situation. Explain why your 

answer makes physical sense (3) 

h) Sketch what your answer to e) looks like (i.e. how temperature varies with depth) (2) (15 total). 

 

 

4.  a) Consider a point inside a uniform spherical planet, at some distance r from the centre. Write 

down an expression for the gravitational acceleration at this point in terms of G, r and the density . 

(2) 

b) Hence write down an expression in terms of G, and the radius of the planet R for the total 

amount of gravitational potential energy lost by a body of unit mass as it travels from the surface to 

the centre of the planet (3). 

c) Rewrite your answer to b) in terms of R and the surface gravity g0. (1) 

d) Hence write down an expression in terms of R, g0 and the specific heat capacity of the body Cp for 

the temperature change it will experience as it travels from the surface to the centre. (1) 

e) A mad scientist wants to drop a probe to the centre of the Earth. Taking the probe specific heat 

capacity to be 1000 J kg
-1

K
-1

 and the radius of the Earth to be 6000 km, how much will the 

temperature of the probe change? (1) 

f) Using your answer to a) and the hydrostatic assumption, find an expression in terms of r,G, and 

R for how the pressure P varies inside the planet. Assume that the pressure at the surface is zero. (4) 

g) Hence write down an expression for the pressure at the centre of the planet in terms of , g0 and R 

(1) 

h) Explain the physical reason for why your answer to g) is not simply g0R (2) (15 total). 

 

 


