Geophysics 424 A1         Final exam
Electromagnetic and Potential field methods

Date :

Saturday December 18th 2004
Instructor
 :  
Dr. Martyn Unsworth

Time allowed :  3 hours

Total points = 100

Instructions
Attempt all three (3) questions. 

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.

Maxwell’s equations
(1)
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E = ρ/ε
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Coulombs Law

(2)
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B = 0

Continuous magnetic flux
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B = μ J+ μ ε
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Ampère’s Law (with displacement current)

(4)
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Faraday’s Law
E = electric field strength
J  = electric current density

B = magnetic flux density
H = magnetic field strength

μ = magnetic permeability

B= μH

μ = μ0 = 4π x 10-7 H/m

J = σE
Skin depth
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where f is the frequency in Hz and σ is the conductivity in S/m, δ is in metres
Question 1 : Applications of EM methods  (Total points =36)

1(a) VLF 
(12 points)

The VLF method is used to detect basement conductors in the Canadian Shield. 

Transmitter frequency = 
20 KHz

Bedrock resistivity = 
10,000 Ωm Target resistivity = 
1 Ωm
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· Sketch the ideal orientation of the basement conductor and the EM fields of the transmitter?

· Sketch the tilt angle data that would be measured in this VLF survey

· How does VLF data locate the horizontal position of the conductor?

· What is the maximum depth at which the target can be detected? 

1(b) Magnetotellurics (12 points)

Broadband MT data (1000-0.001 Hz) are being used to image a geothermal field. A clay layer is present everywhere, and is underlain by a low resistivity geothermal reservoir.
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· Sketch the MT apparent resistivity and phase data at sites ‘A’ and ‘B’

· At what frequency will the presence of the reservoir be detected?

· MT data are required in the frequency band 1000 – 0.001 Hz. What sample rate and recording time are needed? Explain your answer.

1(c) Time domain electromagnetics (airborne)         (12 points)   

Time domain airborne EM measurements are used to locate massive sulphides.

The instrument measures the secondary voltage at 4 discrete times after the primary field is switched off. 
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· Sketch the data recorded as the TX and RX are flown across the target. Clearly explain what is being measured.

· What controls the maximum depth of exploration?

· How are surface conductors distinguished from deeper conductors?

Question 2 : Maxwell’s Equations  (Total points = 30)

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 polarized 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

(a) Show that Maxwell’s equations reduce to a single differential equation for Ex
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(8 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.




(6 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 


δ = 
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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 0.01 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 0.1% of the value at the surface)


Question 3 : Controlled source  EM measurements 

(Total points = 34)

A frequency domain electromagnetic (EM) system with co-axial transmitter (TX) and receiver (RX)  is mounted on a bird that is flown beneath a helicopter.

- primary field frequency, f = 20,000 Hz

- transmitter-receiver offset, L = 10 m. 

- area of transmitter loop = A

- transmitter current = I  

- ground clearance of TX-RX bird, h= 30 m

The primary magnetic field components at point B are given by:
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(a) Which component of the total magnetic field will the RX measure?




(2 points)


(b) The  in-phase component of the total magnetic field  is required to be accurate to 10 ppm. No noise is present in the secondary magnetic field.


What is the minimum distance change in TX-RX separation that will be required to meet this specification?




(5 points)



(c) What is the minimum angular rotation of the RX that can be tolerated for the in-phase component of the data to be accurate to 10 ppm?  Give you answer in degrees.




(4 points)
(d) “A good conductor produces a secondary magnetic field that is in-phase with the primary magnetic field in a frequency domain EM survey”. 


Explain this statement. Use a phase diagram and explain the physics.





(8 points)
(e) The EM system was flown across a vertical conductor and the following response was obtained. 
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Using the characteristic curves shown below, determine as much as possible a
about the target. List all the assumptions you make.
(10 points)
(f) A vertical conductor has a conductance of  4 S.  At what maximum depth can it be detected by this system?

(5 points)
Characteristic curves for vertical co-axial TX-RX and vertical plate
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Response parameter,  Q =  σWf       Depth parameter,  D = H / L


W  
= width of conductor



σ   
= conductivity of conductor         



H   
= depth to top of conductor below TX-RX bird


f   
= TX frequency (Hz)

  
L  
= TX-RX separation
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