
GG 304: Physics of the Earth and Planets 

Homework 10:   
Magnetization and total field anomaly due to a buried sphere 

Problem 1 due Wed. 4/15; problems 2-4 due Fri. 4/17 
 
Part A, based on Lowrie pp. 287-305, due Wed. 4/15 
1) Based on the reading and lecture describe a reasonable history of the magnetization of the 
rocks in Manoa Valley, starting from when they first erupted to present-day.    

 
Part B, based on attached Burger Handout and lecture, due Fri. 4/17 

Our magnetometer only measures local variations in the magnitude of the total magnetic 
field.  In order to determine how buried bodies are magnetized we must therefore compute the 
total field anomaly FAT due to certain idealized bodies (see Burger Handout), 

 FAT = |FT| - |FEU| = (FA  FEU)/|FEU|=HAcos(I)+ZAsin(I). (1) 

This means that all we must do is compute inclination I and the horizontal HA and vertical ZA 
components of the anomalous field.  Doing so requires just a little bit of care in terms of 
converting from the coordinate system of r- to x-z (see below), remembering that 
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2) Write a Matlab program to compute the “total field anomaly”, FAT along a South-to-North 
profile centered over the buried sphere with the geometry defined in the above figure.  It turns 
out that the magnetic field due to a sphere with uniform magnetization M and radius a is 
identical to that of a magnetic dipole with a dipole moment m = (4/3a3)M.  Your code will thus 
have four main input parameters:  
(1) the radius of the sphere, a 
(2) the magnetization of the sphere M (=|M|),  
(3) the inclination of I of M (assumed to be the same as the Earth’s field FEU), and  
(3) depth z to the center of the sphere.   

Write this code as a function so it can be called repeatedly for the various calculations that 
follow.   
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3) Lets first examine how inclination I changes the total field anomaly due to a buried sphere.  
Please use the following parameters: sphere radius a = 3 m, depth of z = 5 m, and magnetization 
M = 1 A/m.  Assume the sphere is located at latitudes  = 030 and 90.  From these 
latitudes you’ll need to compute the inclination I of M and FEU by assuming the Earth’s field is a 
perfect geocentric dipole. 
(a) Now using your Matlab code, compute and plot the total field anomaly FAT versus distance x 

along the S-to-N profile for each of the above latitudes.  Use the units of in nano-Tesla and 
remember to label each curve.  Your plot should look A LOT like the following.  

 
(b) For the case with  =30, make a sketch of the magnetic field lines around the sphere and 

note the directions that they intersect the surface.  Explain why the graph of FAT versus x 
makes sense (i.e., why FAT is positive and negative where it is and why FAT = 0 where it does) 

 
 
3) Now let’s examine how changing the magnitude of magnetization M affects the observed 
anomaly.  Compute and plot the total field anomaly for magnetizations of M = 1, 0.5, 0.25 A/m, 
 = 30N.  Describe how changing M changes the anomaly amplitude and shape.  Play particular 
attention to the locations of the maxima, minima, and zero-crossing of FAT.   
 
4) Finally, let’s vary depth of the sphere.  Compute and plot the total field anomaly for z = 5, 6, 
and 7 m, for M = 1 A/m,  = 30N.  Describe how changing z changes the anomaly amplitude, 
shape, and locations of maxima, minima, and zero-crossings.   


