Introduction to Earthquak e Seismology

Assignment 7

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

Distances and Azimuths on a Sphere

Goals:

*  Given the latitude and longitude coordinates of a station and epiceotepute the epicen-
tral distance and the epicenter-to-station and station-to-epicenter azimuths.

Background:

Let ¢ and A represent latitude and longitude, respatyi In addition represent the epicen-
ter, E, coordinates with ae subscript and similarly use tl&andsto represent the station.
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Fig. 1. Sketch of station and epicenter location on a spherical Earth

Computation of the epicentral distanfias easily understood usingeetor analysis, such
that the coordinates of the station and epicenter on a sphere with unit radius are

€=(C0SA¢ COS@,, SN A COS@,, SN @) =(€y, &, &)
and
S=(C0SA4COS@s, SN A5 COS@, SN @) =(Sy, Sp, S3)
and the vector elements point in the latitude-longitude directions of (0,0), (0,90) and (90,0).
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The great-circle arc distance betwesandsis just
cosA=elb=gs + 6,5, + 6;5; (1)

Although mathematically correct, this equation may yield numerically incoredoey ofA
when the right side is 1. Such cases occur when thextorse ands are parallel. Figure 2 illus-
trates this case.
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Fig. 2. lllustration of deviation of alternate formulas to determife

Figure 2a illustrates the case wher 0. Sincee ands are unit length vectors, the figure shows an isosceles triangle.
Drawing a horizontal bisector through the angle, it follows that

sin2 =12 =) TETar s TR T Ty )

where the symbd]| indicates the length of theegtor For A= =, Figure 2b indicates that we
should use the formula

A _Is+e| _ 1 o __
055 == (3)

Note that (2) and (3) can combined to fafin=2sn % cosg used with (1) to gie

A = tar’i(sinA, cosh) (4)
wherecosaA is given by (1), and

, 1
sind) = > |s+e||s—¢€|

To compute the azimuth from the epicenter to the station, we will use spherical trigonome-
try to definesin Az andcosAz. Both are computed so that we can resdhe proper anglever a
360° range. Figure 3 shows the location of the epicenter and station. Sinceeneshaleter
mineda, we know the lengths of three sides of the spherical triangle and one of the angles.

The rules of spherical trigonometrygithe following relations:
sinAz _ sin(As— A¢) _ sin@60 — Baz)

Si(90-g)  sind _ sin90- g) (5a)
and

cog90- ¢5) = cosA cog90- ¢,) +sinA sin(90— g.) cos Az (5b)
These equations can be rewritten as

COS@, SINA SiN AZ=COS@s COSP, SIN(As — Ag) (6a)

COS@, SINA COSAz=sings — COSASINg, (6b)
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Fig. 3. Sketch of station and epicenter location on a spherical Edréh.epicenteis given by the symbolE with
coordinates ¢, Ao) and the station is gen by the symbolS with coordinateqgs, A5). The epicenteto-station
azimuth and station-to-epicenter back-azimuth are indicated.

Thus the azimuth in radians is

atan2(cosgs Cos@, SiN(As — A¢), SN @5 — COSA Sing,) (7a)
in C or FORTRAN, or
ATANZ2(Sings — COSASINg, ; COSPs COSP, SiN(Ag — Ag)) (7b)

in an EXCEL or OpenOffice spreadsheet formula.

The reason for rewriting (5a) and (5b) as (6a) and (Gi» w a&oid dividing by zero in
some cases. In addition we realize that the angle is the same if we compt(tgxjaor
tari{(ay/ax), wherea is a non-zero constant.

To corvert from great cricle arc in deees to distance in kilometers, for the Earth we use
111.195 kmv/sec.

What you must do:
Develop a formula for the back-azimuBaz.

Determine the epicentral distance, azimuth from epicenter to station, and back azimuth for the
following epicenter and station coordinates:

@=40 A.=0 @;=50 As=10 Dist(km)= Az(deg) = Baz(deg) =
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=60 A.=0 @;,=70 Ag=10 Dist(km)= Az(deg) = Baz(deg) =
=0 2.=-30 ¢;=60 Ag=60 Dist(km)= Az(deg) = Baz(deg) =

What you must submit:
Compare the difference between these computations and those done using the technique of
Assignment 6.



