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Name: ______ ___________











St. #:                                      

GEOL 483.3 Homework assignment #1
Instructor:  Prof. I. Morozov



 


Due: Feb 9, 2023

1) Two harmonic waves of equal amplitudes A, frequencies f, and velocities V propagate at opposite directions along axis X.
a) (5%) Write expressions for these waves. Use sine, cosine, or complex exp functions.

b) (5%) Write the wave equation satisfied by either of these waves

c) (10%) Give an expression for the superposition of these two waves, sketch and describe its behaviour.

d) At certain points in the resulting wavefield, boundaries (e.g., contrasts in elastic properties) could be placed without disturbing the wave pattern. Identify the points at which:

i) (5%) free-surface boundary could be placed (hint: the strain at these points should be identically zero);

ii) (5%) locked boundary (such as a contact with an infinitely rigid and heavy body) could be placed.

2)  (10%) Use Einstein’s summation notation to show that curl(grad)=0 for any scalar field . (Here, you will have to recall the definitions of these operations from last year).
3) (10%) Show that the Least Squares inverse, when it is possible, gives perfect resolution. This means that its resolution matrix R equals identity matrix, I.

a) (10%) Now assume that we are nevertheless using the damped least squares inverse, by adding a small value  to the diagonal of LTL in the expression for the inverse (write it out!). To the first order in , express the resulting deviation of R from I.
4) (5%) Derive the matrix formula for Least Squares Inversion L-1LS=(LTL)-1LT from the requirement of minimizing the sum of squares of data misfits (reproduce what we were supposed to do in class).

5)  (10%) A vector (say, of particle velocity) has components (Vx, Vy, Vz). Axes X and Y are rotated around axis Z by angle  (so that axis X rotates towards Y). Write the 3×3 matrix of the transformation of the vector (Vx, Vy, Vz).
a) (10%) Derive (or guess but explain and show that the guess is correct) the matrix of inverse transformation.
6) (15%) For 2-D stress tensor:
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 (note that negative values here mean “minus pressure”, compression).
a) Calculate the normal and shear stresses on a fault striking at 20( east of north.

b) Calculate the principal stresses and give the directions of the maximum and minimum compression.
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