Introduction to Earthquak e Seismology

Assignment 14

Department of Earth and Atmospheric Sciences EASA-462
Instructor: Robert B. Herrmann Office Hours: By appointment
Office: O’Neil Hall 203 Email: rboh@eas.slu.edu

Tel: 314 977 3120

Rays in a Constant Velocity Sphere

Goals:

e Understand the extension of Sreléw © a phere

*  Compute the tneel-time versus distance relationship for a simple spherical model
* Understand surface reflections

Background:

As in introduction to treel times in the Earth, we will consider the simple case of a con-
stant velocity sphere. Let the radius of the fluid spherg, liee compressional avevelocity be
c, the source be at a radiug the recerer be at he free surface, the trd time beT, and the
spherical angular distance of the reeefrom the source be an andle

The easiest way to obtain avehtime distance plot is to compute both thevétaime and
distance parametrically in terms of the angle of the rayingahe sourceig, which is 0° for a

ray going davnward from the source. The ray leaving the source willereak agle at the free
surfacej,, defined by the Sne#f’law relation for spherical ewepropagation:

rsSinig  r, sini,
= = , 1
p=""" . (1)
where the receér radius is defined here as =a.

Let N+1 be he number of linear ray segments between the source anderedgi= 0
indicates a direct path between the source and theveeaeid N = 1 indicates tw ray sgments
with a single free surface reflection. The expressions for the tiame and distance are
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What you must do:

Create a spreadsheet starting with the followialgies: C = 10.0 km/sec, A=6000 km, RS=5400
km, RR=6000 km.

Create the following columns: IS, IR, Delta (degrees), p (sgx/déme(sec) which are created
with the formulas for a gén IR:

IR: =ASIN((RS/RR)*SIN(DEGRAD*A7))/DEGRAD
Delta=180-A8-B8+NZERO*(180-2*B8)
p=DEGRAD*RS*SIN(DEGRAD*A7)/'C’

Time=SQRT(RS*RS+RR*RR-2*RS*RR*COS((180-A7-B7)*DEGRAD))/C
+NZERO*2*A*COS(DEGRAD*B7)/C

where DEGRAD=3.1415927/180
Then cop the columns and create a formula replacing N@QE#Rh NONE=1

 Plot the two travel time cunes with the X-axis Delta(degrees) from 0 to 360, and with the
Y-axis (travel time sec) from 0 to 2400 sec.

for the plots ifA > 180 degrees, us360—- A for the plot.
What you must submit:
* A derivation of equations (2) and (3)
* A table showing the computations.
* Also wty is plotting 30— A permissible.
The plot may look as follows:
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A paper by Herrmann in Seismological Research Letters (Herrmann, R. B. (1992). A Stu-
dents introduction to vave propagtion in a homogeneous fluid sphere, Seism. Res. Letters 63,
161-167) and\ailable at

http://www.eas.slu.edu/People/RBHerrmann/VITA/PUB/SRL_63 2 161-167.pdf
created synthetics for a homogeneous fluid sphere having a velocity of c=5 km/s. Thuslthe tra
times of your problem and those of the paper differ by a factorafltawever the radius of the
sphers and the source depths are the same.

This following figure from that paper shows the first 4990 seconds of the time hidtery
vertical axis is the epicentral distance in degrees.

T - 0.0 - 0.000E+0Q\ [0,4995.0] (sec)

n=[0, 239] rr=6000
I=[0, 736] rs=5400

D (cm) DT=5.0
a=6000 modes=70878
Duration=4*DT

A Amplitude

0 7.307E-08
10 1.917E-08
20 8.116E-09
30 5.762E-09
40 4.445E-09
50 4.489E-09
60 4.218E-09
70 3.829E-09
80 6.895E-09
90 4.669E-09
100 4.495E-09
110 4.407E-09
120 4.251E-09
130 3.900E-09
140 5.688E-09
150 4.487E-09
160 6.350E-09
170 9.930E-09
180 9.455E-08

The following figure shows the first 19990 seconds of the response. Notdhdsphere
keeps rgererating due to the mgrarrivals. (Note that this is a reproduction of the figure in the
paper and thus not perfect).
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