Mathematical  foundations, applications to seismology
Complex numbers

1. Use the plane wave representation
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      As a trial solution to the acoustic wave equation
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Interpret the result. Note that c=/k!
Orthogonal matrices

2. Show that the matrix allowing a rotation of a vector around a vertical axis is an orthogonal matrix
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Linear systems, matrix inversion
3. Derive – by comparing coefficients – the interpolation weights for a 3-point problem, knowing the function at points f(x-dx1), f(x) and f(x+dx2). Expand the function around those points using Taylor series and find the appropriate weights  to obtain a linear approximation of the function (or its second derivative) at point f(x). (Follow the same approach given during the lecture!).
Fourier series and integrals

4. Calculate analytically the Fourier approximation for  n=1,2, etc.  for   L=1 and the function   f(x) = x. Note that is might be possible to derive the Fourier approximation generally for all n!
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Compare the approximate function with the original function using Matlab or Python. Note that 
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Eigenvalue Problems (using  Matlab or Python makes it easier! You can use intrinsic functions to calculate eigenvalues and eigenvectors. But find first the right strategy!)
5.  
(From Shearer: Seismology). The university of California is running an observatory that is measuring deformations: 

a) at 5km depth the seismic velocities are vp=6km/s, vs=3.5km/s and the density is 2700kg/m3. Calculate the values of the Lamé parameters in Pascal (N/m2). 

b) After the Landers earthquake 1992 (M7.3) the following deformations were measured 80km to the north of the observatory: e11=-0.26x10-6, e12=-0.69x10-6, e22=0.92x10-6. Indices 1 and 2 correspond to East and North, resp. Calculate – assuming that these values are also true at depth – the changes in stress at 5km depth with the results from (a). Treat this is a 2D problem and neglect stress in vertical direction. 
c) Calculate the dominant stress directions (horizontal as azimuth over North). 
d) The yearly deformation rates were measured as: e11=0.101x10-6, e12=0.005x10-6, e22=-0.02x10-6. Assume that this deformation continues for 1000 years. Calculate the stress change at 5km depth (without hydrostatic stress). 
e) A farmer owns 1km2 near the observatory. How much land does he win or loose every year? How much land did he win or loose with the Landers earthquake?

Finite differences, numerical approximations
5. The following equation describes the motion of a pendulum in a seismometer. Replace the time derivatives on the left side of the equation by finite differences and solve for x(t+dt). Is this a unique numerical solution to the problem?
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