Geophysics 325 Assignment 4           Magnetic exploration methods

Question 1

In class we derived equations for the magnetic field of a dipole. In this question we will investigate some properties of the Earth’s magnetic field by ignoring the non-dipole component.  The Earth’s field can thus be described as
Br = 
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and  Bθ = 
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where the dipole moment, M = 7.94 x 1022 Am2, r= R (radius of the Earth) and θ is the magnetic latitude

(a) Derive an expression for the total field strength   
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(b) Sketch a map of the Earth’s surface (Mercator projection) and show contours for the four magnetic field elements F,Z,i and d.   This should give a figure similar to the colour handout showing the IGRF in 2000. For simplicity, you may assume that the dipole axis is parallel to the rotation axis.

(c) Differentiate F(r, θ ) with respect to r. Calculate the change in F that will result in an increase of elevation of 1 m in Edmonton (magnetic latitude ~ 65˚). Express your answer in nT m-1
(d) Differentiate F(r, θ ) with respect to θ and calculate the change in F per km in a north-south direction. Remember that 1 degree of latitude ~ 111 km. Express your answer in nT km-1.

Question 2

A long iron cylinder is buried in the ice at the north magnetic pole, with it’s axis horizontal. The total magnetic field (F) is measured on a surface profile (A-A’) that is at right angles to the axis of the cylinder.
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(a) Suppose the cylinder has just an induced magnetic moment. Sketch the variation in the magnitude of F along the profile (A-A’)

(b) Consider the case when the cylinder has no induced magnetic moment. However it has a strong remnant magnetic moment with M horizontal and parallel to the profile. Sketch the variation in the magnitude of F along the profile (A-A’)

In each part, include a figure showing how you have added the magnetic field vectors at key points along the profile.

This assignment is due at class on Friday December 2nd  2005. Please come and see me if you have any questions about the assignment. 
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