Geophysics 424 A1         Final exam
Electromagnetic and Potential field methods

Date :

Wednesday December 12th 2001
Instructor
 :  
Dr. Martyn Unsworth

Time allowed :  3 hours

Total points = 100

Instructions
Attempt all 4 questions. In question 1, choose 3 out of 4 parts to answer.

Notes and books may not be used.

Calculators may be used. Cell phones, pagers palm pilots and all other electronic devices must be switched off and stored.

All questions must be directed to the invigilator.

Hand in Figures 1-3 with your name on each sheet.

Question 1 (Total points =24)

Please answer 3 out of the 4 following parts. Illustrate with diagrams where relevant.

(a) How does a frequency domain loop-loop EM system (e.g. Geonics EM31 or EM34) measure the conductivity of the Earth. Describe the basic physics, including a sketch of the primary and secondary magnetic fields. Name two common  applications of this type of survey.




(8 points)
(b) A rock contains 1% partial melt by volume. The melt is distributed in cracks within the rock. The rock has a resistivity of 1000 ohm-m and the melt has a resistivity of 1 ohm-m. Explain how different geometrical distributions of the melt can produce different overall resistivities. 

Consider a cube of this rock that is 1m x 1m x 1m. Compute the maximum and minimum resistances that this sample could have.






(8 points)
(c) What is the major disadvantage of airborne EM techniques that work in the frequency domain? How does the time domain EM method overcome this problem?






(8 points)
(d) A gravity profile is made along the shore of Great Slave Lake. By definition the surface of the water must be an equipotential surface. Is it possible for the acceleration of  gravity to vary on such a profile? Justify your answer. 






(8 points)
Question 2  (TOTAL POINTS = 22)

A plane EM wave is travelling vertically downwards in the Earth in the z-direction. The wave has an angular frequency, ω, and the electric field is oriented in the x-direction. At this location, the Earth has the following properties 

Magnetic permeability 
= μ = μ0
= 4π x 10-7 
H/m

Dielectric permittivity   
= ε  = ε0 
= 8.85 x10-12 
F/m

Electrical conductivity 
= σ 


= 0.01 
S/m

Speed of light
= c


= 3 x 108 ms-2

In this geometry, Maxwell’s equations can be written as:
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(a) Show that these equations reduce to a single differential equation for Ex
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(2 points)
(b) Indicate the type of electric current  that is represented by each term on the right hand side of this equation. At a frequency f = 10 Hz, which term is larger?  Simplify this equation by discarding the smaller term.




(4 points)

(c) Find a solution to this equation of the form Ex = Aekz. The wave has Ex = Eo at z = 0 m and  z increases positively into the Earth.   Derive values for A and k.



(6  points)

(d) The skin depth (δ) is defined as the depth at which Ex has fallen to 1/e it’s value at the surface. Show that 
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(5 points)
(e) You are listening to the radio (CBC740) in your car when you enter a tunnel The depth of the tunnel below the surface of the Earth slowly increases. At what depth will you no longer be able to hear the radio? The ground has a conductivity of 0.001 S/m

(5 points)
(Hint: The EM waves have a wavelength in the air of 740 m. Reception ceases when the electric field amplitude in the tunnel is 1% of the value at the surface)


Question 3  (Total points = 34)

(a) The point P is at a distance d above a uniform slab of thickness z and density 
[image: image11.wmf]r

. Show that the vertical gravitational attraction of the slab is given by 
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You may use any technique to derive this result.
(6 points)

(b) Explain why this answer does not depend on the distance to the slab (d)




(2 points)

(c) Repeat part (a) when the right hand side of the slab is removed (Figure 1)





(4 points)  
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(d) Gravity measurements were made at 6 stations that traversed a 100 m high cliff. The measurements are listed in the table below. Note that C is at the base of the cliff and D is at the top (Figure 2)

     

Apply Free air and Bouguer corrections to these data. Sketch the  Bouguer anomaly for the profile A-F.             
(12 points)

(e) Compute terrain corrections for stations C and D using the results derived earlier in this question. Carefully explain the sign of the terrain correction. Also explain what is being corrected.

(6 points)

(e) Sketch the final gravity anomaly ( after the terrain correction has been made). What do these data tell us about structure below the profile?
(4 points)

Note :The change in gravity at this location due to elevation = 0.3 mgal per metre

Density of surface rock = 2670 kg m-3     G = 6.67 10-11  N m2 kg-2.     1 mgal = 10-5  ms-2

	Station

and 

distance
	Elevation

 (m)
	Measured

gravity
(mgal)
	Free air correction

(mgal)
	Free air
anomaly
(mgal)
	Bouguer

correction
(mgal)
	Bouguer
anomaly
(mgal)

	A

0 km
	0
	0
	
	
	
	

	B

1 km
	0
	0
	
	
	
	

	C

2 km
	0
	-5.95
	
	
	
	

	D

2 km
	100
	-24.41
	
	
	
	

	E

3 km
	100
	-18.81
	
	
	
	

	F

4 km
	100
	-18.81
	
	
	
	


Question 4 - (Total points = 20)
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(a) Figure 3 shows two sets of  layered Earth models. MT data is recorded at the surface. Sketch the variation of apparent resistivity and phase for each set.

Be quantitative about frequencies and apparent resistivities where possible.

Plot your answers on the Figure 3.

You may wish to use the skin depth formula derived in question 2.



(16 points)

(b) What are the two main sources of EM waves used in magnetotellurics. Describe the approximate frequency bands for each.




(4 points)
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