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time-dependent, space-dependent elastic waves that originate at an earthquake source (for example,
a fault slips) and propagate though the heterogeneous Earth structure, then are finally recorded as
time series at seismometers on Earth’s surface. Students will examine real seismic data and use

compgtational models to estimate nranerties ahnnt earthamake eourra and Rarth ctrnctnra Qi

[ s

investigrations in the future, whether in academic, industry, or government jobs.

6. Student learning outcomes.

Upon completion of this course, students should be able to:

(a).l [ﬁ% P‘&,’Lﬁ'ﬁlﬁ%—mw&?l_ﬂniti-ﬂl—"lndm&ih'dwnhn_im_ik‘_ﬁdd_. € s
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:b) Describe the physical quantities that govern seismic wave propagation.
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9. Course policies.
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(c) Participation and Preparation: Students are expected to come to class with assigned read-
ing and other assignments completed as noted in the syllabus.

(d) Assignments:

i. All assignments are due at the start of class on the due date noted in the Syllabus.

ii. Late assignments will be accepted with a 20% penalty per day late; an assignment that is
2 5 days late will receive a zero.

jii. The lowest homework assignment will be dropped when computing the course grade.
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propagation—I. Validation,” Geophys. J. Int., vol. 149, pp. 390-412, 2002.

[11] D. Komatitsch and J. Tromp, “Spectral-element simulations of global sexs!mc wave
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Problem Set 9: Forward problems and inverse problems
GEOS 607: Applied Seismology, Carl Tape
Assigned: March 22, 2012 — Due: March 29, 2012

Problem 1. Forward problem: PREM

The Preliminary Reference Earth Model, established in 1980, is a seminal work in seismology
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A PDF of Dziewonski and Anderson (1981) is available on the course website on Blackboard.

1. (X points) Read Dziewonski and Anderson (1981, Table 1) and the associated text. List
and describe the material properties in PREM; list what units PREM assumes for each
variable.

are needed to describe ),,? Ignoring anisotropy, how many edditional parameters are needed
to describe V5(r) in PREM?

2. (X points) Write a Matlab function that inputs a vector of radial (or depth) values and
outputs a vector of Vg5 values. Compute Vg for depths of 1.5 km, 10 km, and 50 km. Do



Write a function in Matlab [x,y] = getellipse(m,theta) that generates the proper
output, and plot the result in Matlab for the model m = (0.1, 0.3, 0.5) using input
angles 8 = (0,...,2x).

(Hint: For N linearly spaced angles, use theta = linspace(0,2+pi,N)’.)

Problem 3. Inverse problem: Using least squares to fit an ellipse to a set of
data

From Problem 2, you should now have a plotting tool for an arbitrary ellipse model m. For this
problem, you do not need the parameter 8.

1. (X points) Write down ip matrix form the least-sauares vrohlem Gm = d_u}msp pnknown
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form.

2. (X points) Using Matlab, implement your result in (a) and solve for m using the data

(zi %) : (3,3), (1,-2), (0,3), (-1,2), (~2,-2), (0,-4), (-2,0), (2,0).

Hint: The desion matrix (2 chanld ha & v 21




- - "e

References

Dziewonski, A., and D. Anderson (1981), Preliminary reference Earth model, Phys. Earth
Planet. Inter., 25, 297-356,




S e v

Problem Set 10: Fault parameters and moment tensors
GEOS 607: Applied Seismology, Carl Tape
Assigned: March 29, 2012 — Due: April 5, 2012
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this example.

5. (X points) There are many choices for computing the eigenvectors associated with a moment
tensor. For this example, compute them using the following formulas:

_ D+N
P1 = DFN]
_ D-N
P3 = |D—N'
P2 = —P1XPs3
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the upper right diagram.
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that the eigenbasis is also a rotation matrix.

6._(Xrojnts) What aze thedupsarted) sieepvalueshf anv donhleccaunle mament toncor?
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A3 = —1. Thus, our “base” diagonal moment tensor is M’ with diagonal (1, 0, -1). Write
the expression for M, obtained from M’ via transformation by U. Check that the following
operations are true for this example: '

Mp, = AMp1=m
Mp,

Mp3 = A3p3=-p3

A2py =0

What is the physical meaning of these three operations? (Be careful: The moment tensor
is associated with the P-wave motion only.)

8. (X points) Go to www.globalcmt.org/CMTsearch.html and enter the following search pa-
rameters:








