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Introduction to Volume 2

The purpose of this volume is to provide documented
copies of computer programs which are useful in earthquake
seismology. This volume contains programs dealing with sur-
face wave propagation in a plane layered medium. As with
any computer program, there is always room for improvement.
The program REIGEN could be made more accurate by using com~
pound matrix techniques for computing Rayleigh wave eigen~-
functions. The program WIGGLE could be modified slightly
so that a Q model could also be entered. The programs have
been designed so that the output of one is compatible with
the input of another program. To help understand the theory
used, a translation of a Russian article is included in
Appendix A,

The author has had programming experience with an
IBM 1620, a CDC 3300, a CDC 6400, and most recently on a
Honeywell 6023 on which these programs are presently oper-
ating. The programs should be free of machine dependent
peculiarities, with a few exceptions:

1. there are six alphanumeric characters to a word;

2. a floating or fixed point number occupies one word;

3. the largest and smallest floating point numbers on
the Honeywell 6023 are about 1.0 E + 39 and 1.0 E - 39
respectively}

4, there is no PROGRAM statement;

5. the arcsine and arccosine functions are ARSIN and
ARCOS, respectively;

6., multiple files can be used for input or output,

Many programs contain calls for an offline CALCOMP drum
plotter. 1In the more recent programs, plotting calls are
performed in modular subroutine units so that conversion to
other plotting routines can be facilitated. The CALCOMP sub-
routines used are as follow:

PLOTS initiates plot tape

PLOT move pen

FACTOR scales entire plot

SYMBOL plots character string and special symbols

NUMBER plots decimal equivalent of a floating
point number

SCALE determines starting value and scale for an
array of data to be plotted on a graph

AX1S draws an annotated axis line for a graph

LINE scales and plots a set of data points

defined by X and Y coordinate arrays.



The author is interested in any comments, corrections
or improvements to the programs. The computer programs
hopefully will be of use to other researchers. An acknowl-
edgment of their source is all that is requested.



I. SURFACE
PROGRAMMER: R. B. HERRMANN / Nov 1971
PURPOSE:

This program solves the Rayleigh and Love wave period
equations in order to find the dispersion curves for phase
and group velocity, the surface wave amplitude factors, and
the Rayleigh wave ellipticity. The phase velocity is deter-
mined to an accuracy of 0.00000001. One liquid layer is
allowed at the surface.

INPUT/OUTPUT

No tapes are required. Input is on card. Output is on
printer with option for punched card output of dispersion
curve data.

PROGRAM DESCRIPTION

PROGRAM SURFACE: This is the main control link. The model
and control cards are read in here.

SUBROUTINE GPHDIS: This subroutine evaluates the Love and/or
Rayleigh wave period equations and plots the sign of the period
equation. The true phase velocity is the curve for which the
period equation is zero, e.g., the curve between the positive
and negative values of the period equation. The ordinate

is a set of phase velocities

c2 5-5-5 5 5 5-6-6 § between Cl and C2 in incre-
5-5-3 5 5~5-6-6 6 ments of DC. This plot is
5-5-5 5 5-5-5 6 6 helpful in determining which
-4=5 5 5-5-5 56 & mode a particular solution of
-4-5 5 5-5-5 555 the period equation belongs.
4 4 4-4-4 A 4 4 4 This is important because the
4 4-4-4 4 4 4 4 4 modes might lie very close
bbb 4 4 4 4 4 4 together and the parameter
cl 4=4 4 4 4 4 4 4 4 DC inputted into SUBROUTINE

DISPER may be too large, in
which case a particular mode may be jumped over in the root
finding process., The plot alsc has a number to the right of the
sign of the period equations. This number indicates the number of
layers used in the root finding process. The number is the units
value of the number of layers used (e.g., if 23 layers were used
and the sign of the period equation was negative, then -3 would
be plotted). A layer dropping procedure is used to increase the
speed of computation and to decrease roundoff error. The
abscissa of the graph is an array of up to 59 specified periods.
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SUBROUTINE CUTOFF: This determines the periods corres-
ponding to a given phase velocity by an interval halving
technique to an accuracy of 0.001 sec. The routine starts
with an initial period Tl at velocity Cl. T2 = T1 + DT is
generated and the period equation is again evaluated at
phase velocity C1, The signs of the period equation values
are compared and the period varies until a zero crossing
is found. At this point interval halving is used to de-
termine the period of the zero c¢rossing. The procedure
starts over again and searches for the next zero crossing
until KMAX zero crossings, or cutoffs, are found.

SUBROUTINE DISPER: This routine determines the phase
velocities of up to ten modes

at period T(l) and then follows
these modes until the phase
velocities have been determined
for all periods., A mode is
followed until its phase veloc—
ity becomes greater than B(MAX),
the cutoff phase velocity. The
routine brackets a phase velocity
and calls SUBROUTINE NEVILLE to
tefine the value. This routine
also determines the group veloc-
ity, amplitude factors and Ray-
leigh wave ellipticity.

The diagram at the upper left
shows the operation of the mode
following technique for DT posi-
tive, Cl an underestimate, and DC
positive. There will be no mode
jumping if DC is small enough and
if C increases monotonically.

The diagram at lower left shows

the operation of the mode follow-
: ing technique for DT negative, Cl

N an overesgtimate, and DC negative,
Meode jumping may be a problem if
DC or DT are too large. This is
not a problem for DT and DC

~»T positive, since the program has

T3 Tﬁ Ti been written to watch for this.




SUBROUTINE NEVILLE: The desired root of the period equatien
has been bracketed by DISPER. This subroutine refines it to
an accuracy of 0.0000001. The method is as follows. The
root refining proceeds by interval halving until a suitable
region is found where the Neville iteration method can be
used. The Neville iteration method starts out as a linear
interpolation, then in the next iteration becomes quadratic
interpolation, and proceeds up to a 10 degree interpolation.
If at any time the Neville method becomes unsuitable, e. g.
when it would lead to slow or improper convergence to the
correct solution, the interval halving procedure is returned
to. This combination of interval halving and polynomial
interpolation has been designed for maximum efficiency.

FUNCTION DLTAR: The layer dropping procedure is performed
here. Layer dropping will not occur in the middie of root
refinement by Neville, since layer dropping affects the magni-
tude of the period equation but not its sign. This function
also serves to call the period equation, ellipticity, and
amplitude response routines.

FUNCTION DLTAR1: This is the Love wave formulation.
Haskell's matrix is used, but working up from the bottom

layer to the free surface. This routine is valid for C =
B (MMAX) .

FUNCTION DLTAR4: This is the Rayleigh wave function., The
Dunkin-Thrower algorithm is used because it is not affected
by roundoff and truncation error as much as the Haskell
formulation. Ellipticity is positive for retrograde ellip-
tical motion because the coordinate system has been chosen
such that radial = positive and z-axis =positive downward.
The function is valid at C = B(MMAX).

REFERENCES

Dunkin, J. W. (1965). Computation of modal solutions in
layered, elastic media at high frequencies, Bull. Seism,
Soc. Am. 55, 335-358.

Harkrider, D. G. (1970). Surface waves in multilayered
elastic media. II. Higher mode spectra and spectral
ratios from point sources in plane layered earth
models, Bull. Seism. Soc. Am. 60, 1937-1988.

Haskell, N. A. (1953). The dispersion of surface waves on
multi-layered media, Bull. Seism. Soc. Am. 43, 17-34,




Isaacson, I., and H. B, Keller (1966). Analysis of Numerical
Methods, John Wiley, New York.

Schwab, F., and L. Knopoff (1970). Surface-wave dispersion
computations, Bull. Seism. Soc. Am. 60, 321-344,

Watson, T. H, (1970). A note on fast computation of Rayleigh
wave dispersion in the multi-layered elastic halfspace,
Bull. Seism. Soc. Am. 60,161-166.




INPUT DATA

Card
Sequence Column

A. 1-4

5-8

Name Format
MMAX I4
MODE 14

B. Earth Model (MMAX cards)

1-10

11-20

21-30

31-40

D(I) F10.4

A(T) Fl10.4

B(I) F10.4

RHO(I) F10.4

I-5

Explanation
LT.0 end program

EQ.0 use previously
inputted model
with new options

GT.0 number of
layers in model
including
halfspace

Numher ©f modes
for which
dispersion curves
are desired

Layer thickness
in lm

P wave velocity
in km/sec

S wave velocity
in km/sec

Density in gm/sec



C. Control Card

1-4

11-14

21-24

31-34

41-44

IGPHL

IGPHR

ICUT

IDISPL

14

I4

14

IDISPR T4

GT.0 calls Love wave
period equation
plot in SUBROU-
TINE GPHDIS

LE.O skip Love plot

GT.0 calls Rayleigh
wave period equa-
tion plot in SUB-
ROUTINE GPHDIS

LE.O skip Rayleigh
plot

GT .0 calls CUTOFF
to determine the
modal cutoff periods
of Love and Rayleigh
waves.

LE.C skip CUTOFF

GT .0 calls DISPER
and determines
phase and group
velocity and ampli-
tude factor for
Love waves.

LE.0 skip Love wave
dispersion determin-
ation

GT .0 calls DISPER
to determine phase
and group velocity,
ellipticity and
amplitude factor
for Rayleigh waves

LT .0 skip Rayleigh
wave dispersion
determination



C. Control Card

51-54

61-70

IPUNCH I4

FACT

F10.5

GE.l output of
DISPER also on
cards

LT.1 no card output

from DISPER

If zero or negative
program sets FACT
4.0'



D. If IGPHL or IGPHR GT 0, SUBROUTINE GPHDIS is called
which requires the following data cards at this point

a. 1-4
11-20
21-30
31-40

b. 1-80

KK

cl

c2

DC

T(I)

T4

F10.5

F10.5

F10.5

16F5.0

number of periods
along abscissa.
KK .LE, 59.

lower phase veloc-
ity limit

upper phase veloc-
ity limit of
ordinate

phase velocity
increment along
ordinate

I =1, KK. These
periods form the
abscissa of the
plot

E. If ICUT GT O, SUBROUTINE CUIOFF is called which requires

the following data cards at this point

1-5

11-10

21-30

31-40

KMAX

T1

DT

cl

15

F10.4

F10.4

F10.4

number of cutoff
periods to be found
for phase velocity
cl

initial period of
search

period increment
(negative if going
from long peried
toward short period)

phase velocity for
which KMAX cutoffs
are desired; can
equal B(MMAX)

¥F. If IDISPL or IDISPR GT 0, SUBROUTINE DISPER is called

which uses the following data:

1-4

KMAX

14

number of periods for
which phase velocity
is to be determined



11-20 T1 F10.4 initial period. If
Tl is zero or negative,
the array T(I) I =1,
MMAX are read in on the
next set of cards. If
positive T(I) are generated
by T(I) = T1L + (I - 1)*DT.
(I) =1, MMAX,

21-30 DT F10.4 period increment. Only
has meaning if Tl is positive.

31-40 31 ¥10.4 initial phase velocity
guess. May not be less
than 0.8 B(l). For T(I)
increasing with I, Cl must
be an underestimate.

41-50 nc F10.4 increment to phase velocity
for determining roots. If Cl
is an underestimate, DC must
be positive. Next guess is
G2 = C1 + BC. DC must be small
enough that modes are not
skipped.

(This set of cards is read next if Tl is not positive.)
1-80 T(1) 8§F10.0 I = 1. RMAX array of

periods at which phase
velocities are to be determined.

If all routines are to be used, the data are assembled in the
above order. If a particular option is to be skipped, just
skip the data cards listed under that subroutine.

At this point the program returmns to Point A to terminate program,
run other options, or to consider a new earth model.
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PRTURAM SURAFACE

Thly PRIGRam ~ILL ACCEPT ONE LIGUID LAYER AT THE SURFACE,

PROGRAM DEVELUPED RAY ROEERT B HERRMANN SAINT LOulS UN[VERSITY

MOV 71 IN WeICH CASE ELLIPTICITY OF RAYLEIGW WAVE 1S THAT AT THE T
TOP OF S0LIC ARMAY, LGVE WAVE COMMUNIGATIONS IGNORE L1QUID LAYER
COMAON GCL0UY, A100) 5100y, RN (LOD)  NMAX, MMAX, I DROP,FACT, TPUNCH
COMION TOL9)Yan (100U} aU{100s 1)+ RATIN(100+40) MODE

FIRMATCLS ,4a0x,4F 10, 4)

FURalt14,14,2%,F10.5)

FIRAATOLN yuex,3F1n.4)

FORMAT{4FLN. 4)

FQQHAT([4:6Xs4;iP'4)

FIRGATILaXEF1ge %)

RZAD {1 aMMALIMOLE

MAra = aUMBER oF LaYERS 1O sF gEAD In, INC L DING haLFgpanE

Mund = Umac® O w0pES ROR Huprw p1SPEPSTUN pURYES 4Re neStRep
TESMayl 777,77%,77¢

P AT 20

FORGATOLMY, /.10 ,544,13k0RUSTAL MODEL /71K )

FORMAT(LH ,42X,10m THIEK noOVEL S VEL TENSITY F1H0)
TANAX=

D = THIZKNESS NF LAYER IN XKILOMETERS

A = CCMPRESSICMAL WAVE VELQCITY IN XM/SEC

B o= TRAASVRE.SE JAVE VELCCITY 1IN KMy3EC

RHY = DenNsITy 1o GMyLCC

P\.J 3 1:‘1_,[. .

REh, a4, NCTY, ALY ,BC1),RASEDY

PRILT ¢, plrd,atyd,mip),runly)

RELY GBS, ACM=AX) 2 BIMMAX) sRAD(MMAX)

PElLT 9, A{MzAX Y s BIMMAXYSRHND(MMAK)

IF MAXLEGQ. ) M AX 2 RNMAX

[GEHL 6T 2 CALLS LCVE WAVE DISPERSION PLOT

TuBHR GT § CALLS RAYLEICK waVE DISPERSICN pLOT

TCUT  GT ¢ caLlLs SEARCH FQOR LOVE AMD RAYLETGH HIGKER MADF nUTOFF

TulspL G1 2 LovE wayE NDIspERsInn CumrvE

101sPr 6T 2 Rave wavE DIgpErsipn CynyE

IPpusCH (BE, 1 pPUNCRED cLTPUT oF DISPERSION CURVES ALSO

FarnT = wUMagR OF waVELENGHTS 3E|LOW FIRST LAYEF AHERE PHASE
VELDLTITY 1S LESS THAMN SHEAR VELAGITY THAT 4E May CON3IDER
T0 2F EFFECTIVE KALFSPAME, SEE XKNOPGFF SCHWAB-SURFACE VWAVE
COMPLTATIONS- ESSA PP321-344 vo 60 ng 2 APR 70

READ 12, IGPHL,IGPRR,ICUT,IDISPL,IDISPR, IPUNCH,FacT

FORGATCO(T4,6%X),F10,5)

TFCFACTILUD100240C

FACT = 4,0

cUNT]NUE

Mrid = MMAYX

IF(IGPHL,GT,

K, IGFPHR,GT. 27 CALL GPHDIS(IGFHL, IGPHR)
IFCICUT,.GT. 0

N, 2k, 1]
) 2ALL CUTOFF
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IFCIDISKFL. ST, 0. LR ICTSPARLAT.E) CALL DISPER(IDISRL,1DISPR)
G0 70 801
777 CONTI®GUE

B

SURRQUTINE ¢PHrIS(IGPRL, 1GPHR)

CoMaOin plini), a02¢00,80000),RHOC AT, NMAX MMAX IDRAP,FACT, TPUNCH
COYAOh TOL22) 70100, 10 3 LC1a0., 10, RATINL0N,10), MCDE

SEeaNSLION 2l

sleensloy vatsn)

e THIS SULRDITINE GRAFMICALLY DISPLAYS THz SIGN OfF THZ Love OR
¥ RAYLELGH WavE PERIOL EBLATION IN THE C-T PLANE, ThE DIgPERgION
C CURVE 15 THE LIWE OF ZFRRES.
17 Fom AT(LAFE D)
o GF-LLS REATS In UR TP BY DIFFERENT PERIODRS Tn FGRM  A5S01SSa QF
y eLoT
€ THT ORVINATL VARIES FROVM .1 TG 2 & INCREMENTS OF pr
o KK 1S ThE NUMEES CF ABSCISSA VALUES
" Cl 1S LESS ryav 2
> NC 1§ PUSITIVE

Ravu Y AKsDL,C2,4 00

5 FOTIAT (1444, 3F.0,5)
R=&l 104 (T(lis1=1sKK)
TELKaRT5") vy = 59
IF(ugelTours) L = =~ o7
TFeCy.Lr,Coy Gn To Zoun

Pijrt - N
nuM 2 Ny

f1 = C2
ce = o'l

2060 aoNTInde
PrileaT 9995
9998 FORSATIIHL,  0X,43rPERIOD FAR AGSCISSA AF FOLLOWING GRAPH /149)
PRHIET 2999, ((1aT4L) slztakk)
9999 CRRuAT (I 2121 20F72))
Mooy Fuve = 4,2
IFts0.Ed, 6,00 o 10 /g1
Gu 10 Yu11,412), IFUNC
811 1701GrHL,LELD)Y 00 Te g0l
PRIGT 7
7 FORMAT(LRL, S54X.25HFLCT OF  LOVE  FUNGTION/LHG)
GO To 847
812 IFCIGRYR,LE.T) L0 TC &01
PRI,T 3
B FOROAT(LNL, S4X,25HPLOT OF RAYLEIGH FUNCTIONZIHD)
813 cc z 2
100410 1017 1=1+KK

Togurp 2 9
DL s QUTAR(CC, T(1y, IFUNC)
L3 MHMAX

10 = /146

I=-11
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2000
394

334

«“D

[oaRis]
[ }

30102

3001
i1

2O o

L= L - L1114

KAC1Y = [AQS(L)
[FOUELY10L4,1014,1013
K (1) 3 4H-

G To 14d1d

P Ks0[) = 1w

59 TO 19140
K3(l)Y = 1H

CON T TNy

S PRTLT 1109, B, LIRS ELY XL ) Jalal, Ki)

Egp:AzéiT %Z7|3|5§(Q1l11))

IFOC0 -~ Z1) 831,1304,1004
CONTINIE
RO TR

e m
Yowd

SutiguTINg cylaiF

Cotion o1y, a0230),802000 AR NMaX MM X  [DR0P, FACT, IPUNTK
SUMION TELMG),00300,100,0 (100,10, RATINILIN 12, 400E

Keie X = NUMPAER O CUTOFF PERINELS TO GLE FCUND FOR PHASE VELNCITY ot
T

1 s [NITIAL PCRIOD IN SEARCH
DT = PEKION INCHEMENT NEGRTIVE IF  STARTING AT 4IiGH FERION AN

AnD) A5 IR6 TOWARD SHQRTER RPERION
Sl = PHASE VELALITY FCR WHICH XMAX CUTAFFS ARE SEING FousD
Tls ROLTI~E FIeng BEQTH LOVE AMD RAYLEIGH CUTOFFS
Reag 2990, kwax, 71, 07,CL
FORGATLID, 5%, 3F20,4)
PRILT 996
FORSAT(LRLZLHD/1HU)
PRT ST 999
FORGAT(LHOZ1WU,B1X, 26 RHIGHER MO3F cUTOFF PERIORS Z1HD, 34X,
15K

104 Lovg 40X, 10H RAYLE /IHD, 2 (28%, EKPERTOD,10Y, AHPY vEL
YIS

Ll &

TT 3 T1_

Dy 47 IFUNT = 1.2

K s 1

IJRaP * 0

TLF 9T

DELL = DLTAARLCL.T1,IFLNG)

T2 3 T1 + 071

10RLP = 0

IF(r2333030,4000.3601

J = K + LL

T64d = 9,90

KMAX = K

GONTINUE

NELZ2=pLTARLCL T2, [FUNG)

CF(aBS (DE_2-DFLL1)-ABS (DEL2+DEL1))%1:81.5,
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101

102

74

44
47

997

1008
1001

Ty = T2

nels = pebp

n0 TO 80 _

IF(aBS (T4 - T2) - (.0001) 120,120,130

TS 2 (T1 + T2) & .9

Dets = CLTAR(CY, T, 1FLNGy

IF (aBS (DELs = CFL1) - ARS (NELJI + DEL1I101,120.102
T1 5 T3

I R SR W o R
ST

'—-

1

|T‘

-

Al

i~

i o=
2 IF o+ a7
M

i

[ I S Bt
[T M SPR

d
—t
o
n'(

PRIAT 997, (T Y01, TLg*sMy, 01, =1, KMAXY)
FAORMAT(LH s24XsFLu-a26YsE1004324%F30eA6X0F1(44)
RETYRN

EaD

SURKOUTINE 1SR (ILISPL, IDISPR)

CoMpdiv 20170, 40450, 80000),RICELaN ), MAX , M¥AX  IDRGP,FALT, IPUNH
COMNMNt TLL02y,00100,20).,U0100,15),RATINI1LG0,10),M0DE

DIMEINSTIGN TrAxe+D)

DIMENSTION AR(ipyelq)

TeZ ROOT LOTERMINATION SECTION 1S ONE OF [NTEKVAL HaLVING ONCE A
ZeRi CRUSSTIAG Ha3S 3EEN FAUND,

TG FOLLOW MODES THE PROGRAM INITUIALLY FINDS THE PHASE VELORITISS
OF THE #0DF NUMKER CF MCUES FOR PERIND T1, THEN IT FINDS THE
PriaSE VELICITIES FoR PERIOD T1 + DT USING PREVICUS RESULTS TA STaY
O THe SAME M{UpH, [F STARTING AT SHORT PERIODS DC MUST RE SMALL
FriduGh 30 MODE IS NCT JLMPED. 1T IS PREFERABLE TO HAVE DG PnS
SINCE THE PXOGRAM WILL FOLLOW A MODE UP TC ITS CUTCFF VALYE, FGR
DU NEG THE PRUGHANM CANNCT PICK LIP ANY MODES,
FORSAT(I4,6x,4F19,4)

FLRAAT(EFLn. 1)

TL = INITIAL STARTING PERIND

KitAx = NUMRER Nt FERIGD S FOR WHICH PHASE VELOCITY Is TO Br
DET=RMINED

IF 71 =z 0 PRNGRAM REALS IN ARRAY OF T(1) PERIODRS INSTEAD OF
COMPUTING THEM

DT = PERICD INCREMENT., NEXT PERIQD T2 = T1 + pT
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SURFALE

P B

b ]

|

Oy

307

Jug

<

<

AN IRV

&1

TAGE 5

1 = INMITISL PHWASE YELDCITY GUESS, MAKE SURE 1T IS pUTSIDE

'\&- IRLD RCQ Lf

NG 3 PHASE VELACITY INCHREMENT = FOS IF GOING FRGM LOWER TO HIGHER
NEXT PRASE VELQCITY GUESS 18 C€ = ¢1 + n¢

READ LRONIKNAXaTL1oNTC1aTC

r3oo.3un.3ut

AL 1ﬁﬁi.<f(u).J LeKMAX)

Gu T Iu2

T(1y) = 11

Do oY 1 =SPuKuAs

Ty = 70i=1)y + D7

con T Ly

cCo= Lt

P0oweye 1P C 2 oq,0

v IO qen, ey, 1Flne

TFLINISFL, L ) G TO 6999

Gaorn 3o

1F<*nlsy~.,z Gy GC TO 6568

L;‘v: ..1!:

Ci = uC

PRy T 4

FURMAT(IHLY

KrQuF = MO™F

ne ¢ rsgoeir

Lraatlyan

DU g9y8 K = 1,10 x

o ex7 G 1, AMEnE

IF e =1)e6nn, 005,508

IF{IQ = 22&800,601,60U1

£ = Clr~1,1) - 0.7L & ABRS (DCY/NC

Gy TR €48

TR (Cu(C(Kag,la) - CTUK,IG-2)))6062,6C3,674

fL o2 CEk,IMa1) + 0.01#AES (LCY/OC

6y 10 6.5

Ol & Clr,I0al) + 0, CLtadABS (DOY/0C

nu 10 8¢5

CL = gtp=-1,1m)

CONTTLUE

IRLP =2 C

DELL = nLTar(C1, T1, 1FLNC)

re=clepe

Iuﬁup = 0

Teta = DLTAR(C2, T1,IFLNC)

IF (quw(l.._EL4). E.SIGN(1, 0B 20
C1*02

DelLi=LEL?

CHECK THAT 1 1S IN
IF(CL-2 .82 (1))Y=50,£81,251
TF(CL~(RIMMAX) +0.3)1252,250,250
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SURFACE  rAGLE ¢

252 Cu 10 AL , N .
54 Cabl fpyibly¢Ty,c1,c2,0eb1, 0002, IFUNe, M)
CL = CN

IF(CL = RIMpAADI121,124.250
121 cix, 10y = rt

Pz DLTAR(CL P T440-0G1 e IFLMHA)D
9 = OLTAR(C,T1-~0.001,1FLNG)
Rz nLTaR(oren, 001, T4, 1FbNE)
S T DLTAR(mi-y, (01, T, IFLuD!

DIDT = =(P=3)/ (h=8)
Ui IQ) = 21/ + T1#DCCT/CL)
GO TO teQC1.6002),1FUAC

6002 CUNTINUE

o RATId = RAYLZIGH WAVE ELLIPTICITY
RAaTID(K,1GY = DLTaAR(CL,T1,3)
G A 3 RAYLEIGH WrVE AMPLITURE RESPOMSE. SEE HARKRIDER 8SSA NEe 74,

Aoz (2,8Ualelg)en(~1) 3
74013y = 4BS (DLTAR(CL, T1a4)87 01256437/ ¢01e01aT10(RaS)))
Gu TD 6003
o HeRZ AR = LULVE ~AVE AMPLITUDE RESPOASE
6001 conTnus
ALK, IQ) = aRS (DLTAR(LL,T1,5)00,012564637/(ClafiaTia(i=8)))
bapd CuNTLuls
01z CL * 7,01 & asS(pe)/og
oaxk{lny = «
6e 1o 9997
250 1F(anln-1)2%h,256,255
25% par T 240
258 FURMAT(LH ,40H IMFRCPER IalTIaL VALLUE N0 ZERD FOUNE )
50 10 99599
9997 CONTINYE
G TD 9798
255 KHOQLE = Q¢ - 1
IF{aM0De) 9990,99%4,9598
9948 ConTlaur
9964 NI ¥995 18 = 1,~CCF
JEIMAXCIR)
1F1U)9999,9995,5664
9994 g0 TO c7gu1n7u;a>»truac
7001 PRINT 14° . -
105 FURMAT(LHY 55X, 10FLCVE wAVE /1M ,48X,39K PERIOD  PHASE VFL  GRoLP
LVEL 27X 2HAL /18 )
PRINT 1us,  COrlpd,elr, 10,00, 100, 4R, 10)), 152, 0
106 FORMAT(LH ,45X,UPF7,3,4%,0PF1C,4,2x%,0PF8,4,4%,1PE12,5)
TFLIPUNGH.LT-1) GC Tp 9593
PUNCH 1108, (CTCT)eCCTA1Q)sUCTPIQ)PARCTIIQI#IG) 1210 )
1106 FORHAT(A(IPELA«7e1X) 215X 3MLOY12)
Gy 10 9%95
7002 PRINT 103
103 pIRMAT(LHO,53%,14RRAYLEIGH  WAVE /1% ,30¥,
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SURFAUE

104

itd4
9995
9999

P IR o BRI |

1313
1325
1332
1007

1441

1443

1444

22

+3iH PERICD

PUNCH 1104,

SAGE 7

PHASE VEL GROUP VEL L5X,BRUR/LZ, 12X,2HAR/LH )
PRIMT 164, 010D, CCL 000U, 10 RATIONL, IO, ARCT,IG)), 121, ))
FURMAT(LH ,30X,0PF7.341%,0PF10.6,2X,0PF8,4,4X,1PE12,5,4%X,1PE12,5)
TFCIPUNCHL LT, LY GC To 9595
(CTCIDCt i) bl IO AR T A TG RATIC(INIZ)»INY,

=1 3)

FORMAT(S(LPEL4+ 751 %) s 3FRAY 212}
ety Inge
CU’“T{L‘VUE
Rt T RN
ErD

SUBRQUTINE nEVILLE(T,C1.02,DELL,DEL2,IFUNC, 00D

HYhmI METUDD FOR REFIMING ROOT DONCE 11 HAS BEEMN BRACKETTED
RET-EEN 0L aMD €2, INTERVAL HALVING 1S USED RkEERE OTRER SCHEMES
WULLD Tk [MEFFICIENT, CMCE SUITABLE REGION IS FOUND AEVILLE §
ITERATION “EThn0l IS USEL 10 FI¥E RACT.

THE BPROCEDUKE ALTERANATFES BETWEEN THE INTERVAL RALVING AND MEVILLE
TECHNIQUES uSIvL WHICHEVER [S MOST EFFICIENT

COMNL L Ly A (L0, 00100, RRO(ICT ), NMAX  MMAX, [DRECR,FACT, TPIINCKR
COMSON D4 0qUn)ai2(1u0a10)sD3¢1N%,10),0404C0440) ) MODE

DIMENSTON X(20),Y(20)

Cs = U,ze(rf1 + 2

nELS = CLTALCR T, IFUND)
MEv g

Feel - 03y1322,13240,13280
IF¢i2 -~ 09y 1544,1344, 1500
TF(C2 - €3y 1unn,1344,1344
513 = DLl - DEL3

342 % ng

L3 - uEL?

IF(SIGNIL,., uFL3)#STON{L,.,DELL))Y 1441,1441,1443
o = C3

NELe = L[ELz3

G 10 1444

oL = 3

nzby = peEl3

GO 70 1444
anrligg 7
F(ABSV(gl - 2)
CONTINYE _
FFLSTGN (1,,5137,AE.SIGN (1,,532)) NEV = O

351zABS(DELL)

S1=u-1#351

S32=ABS (0EL )

S2=(,14852
1F(31,67,88,,0R,582,37,58
[F{NEV,EQ,Q) G0 TO 1344
IF(LEVLER.2Y G T¢ 13507
(1) £1

Y1) DELY

-0,900u001) 29,20,22

1) GO To £344

I-16



by

ce
CEL2

1
80 TQ 1355
1344 €3 = C.os(ny * (¢2)
DELY = DLTARCCT. T, IFUNG)
f‘-}'c\/ = l
L %) = 1
G¢oro 134
1352 ¥X(¥+1) = C7F
Y{Mr1) = LEL3
Gg 10 42 55
135% nl 136 KK=y,H
J = M‘-KK*’l
Tr (ASOYSMae1d oy (LYY LELL.E=-10? G0 TN 1344
XCoi =(=Y(Jynxt ¥y ¥ v Laaxe o/ (viu*lioveygy)
1364 CunTIhuE
21 Contlagk

C3 = x(1)
PELx = LLTartee, T, FUNe:
\

pFEY = 2

et 4 \,* + 1

TFov,aT 1) ¥ 3 19
Gu To 131¢
CONTINUE

cL o= ¢4

PETUR®™

Erp

™
6 ]

FUrNCTION DLTARCCC, TT,AK)
PO“PO’ 5lins), A(lo“),b(lgﬂi rHO 100, MMaX vuaX IDROR,FACT, TPUNCH
OMEON TOLP Uy A0, 26y, L0100, 10)PATIN(L0N,10y,M0TE
LAY R DROFPING PROCEDLRE~-HALFSPACE NEFINED AS FACT WAVELENGTHS
PELCW ReGINs WHERE C IS LESS THAMN R
TF(INRNPIESFG, 37+ ,608
899 CUNTIwUE

DMAY = FACT # €C « T7
MiAa = MMAY
SUM = 0

o osng 11 = 1,u1Ax
IF¢ce- 9(111}9p1.6u0 gy
901 Suv = SuM o« nlry)
[F¢sum - omaxy 500,500,602
902 MmAx = 11
63 70 954
900 CouNTInuE
04 JoRUP =2 ¢
TFCMMAX LT, 2) meAX = 3
90% OCNTINUE
GO 10 (1,2,3,4,%),KK
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SURFALE FALE &

c LuVi WAVE PpRI2L EQLATICAN
FeTuRN

» RaYLEIGH WAVE PLRINC EQUATIUN
2 DLTAR = DLTAR4((C,T1,1)
Re TURy
£ RaY_FlGk ~AVE ELLIPTICITY
S DLTAR = LLTARA(LE,TT, )
ReTLR:
i ReYLELGH wAVE AUPLITULF RESPONSE COMPCMENT
4 ODLTAR =LLTARS(r0,TTad)
ROCTuRN
o LOVe WAVE s PLTTULE RESFONSE COMPOPENT
B OLTuR = [CLTARLILE,TT,Z)
HETURN
Bl

FUrveTion DLTARI (O, TaMLP)Y
C HAf,=LL-TH Ps‘h LOVE WaVE FORMULATINN FRUM KALFgPACE 71O gUARFATE
O L0120y A 100, , 80208, ,RHA (10D, MaaX  MMAX, 1AROP LFACT, IPUNTH
Corenn L1CLa0),02(1un,10),03¢en,12),080100,10),M00E
e Capn \105 /CCHT)
Cove = J/“r«vﬂxg
Hoz pg(MirhyaR (MpAxYaB(MMAX)

Rt = SORT (#RS (CCVow#e2=1413)
ur = it
TT = 1, =y

MUML = pMAY -y
20 1340 K =2 q,4My
Moz MaAx - o
1L G 66, 0.0y ag To
cuve T oo/ues)
Ré 3 S0RT taBS (CCVEewde1,))
T ORAGEM ) #n (HYRB (M)
’:—wvngﬁbf\)%q

{9-&( )Jidﬂ9,_2g1.t¢?1
ISR 'wa
S I "J L\
R&&SIKQ
= 0S5t

1242

YNCeU )

=
Tak
-

G

r

h.mlln
1 —

'cnz_o

1221

lf)" ”

= 1
G U TO‘1¢4£

1209 EAQF © gxpto!
EXGg~ = 3,/ExQP

ﬁ”ﬁhﬁ(ﬂ(ﬁNL< mkw)

Y = {gXqP - EXGH)/(Z'”QE)
Z z ~RB4RBasyY
Cedu = (EXQp + oXGMyzz,
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SURFAUE  FHAGE 14

1242 EUT = COSU#LT - YuTT/H
EIT = HqZ#UT + 0sAaeTT
T oFogur
T7 = eT7
13403 CONTINUE
GG TO (1,2),MUD
1 DLTKRL =-ETT
R TURN
2 NUTIRL sz UTY
R{‘_‘:TQRQ\J
SR
FUNCTION DLTANG(C, TaMUP)
c MdP = 4 LLtang = RAYLEIGH RWAVE PERIODR EQUATION
» iUP = 2 LLTARd % RAYLFIGH WAVE ELLIPTICITY
o MUF 2 3 DULTARA = RAYLEIRH WAVE AMBPLITULE FACTOR
c U 70 0LF LIQLT. LAYER 1S ALLOWED AT THE SURFACE
) WUIFIEL DU KIN=TRRCWER ALGCGRITWM FOR RAYLEIGH wAVES
e CLFL . LieXIN BSSA yoL 5% Np ¢ pp 335-358 APR 69
c CoF. 0L wATSCH BSSa VL 60 NO L PP 1é1-166 FER 70
o C.Fe D, hHASKRETLER ©£8SA voL 60 »0 & PP 1937-1687 LEC 70
o HIGRER #0C7 CUTCFF MOLIFICATION RY 1 HERRMAMN
CariOn LET7y,p 207, 8(200), ReO(IBU) M¥AX, MMAX, IDROP,FACT, IFUNCH
COni0n L4 ullsi2(400040) TS (1NGa1 ") DAL100 104 MCDE
59 wviu =6.283:1852./(CaT)
£3% 2 fuC
J';Jxx :1
TEGLUP,CT,ty G PE2
1069 pl ¢ o, .
Re = Ueg
BS 3 J.G
R = 4,0
RS = 4,0
IFCOUMP = 231.2,3
1 P17 1,8
G To 4
- VI
7L o 4
2R R 1,4
20 Tn 4
4 CONTInE
D 30 Mzl dmAX
199 apga = 1, -rsa/piMinel
RA 2 59T (A3S{AA0GA))
IF(ARGAY202:200:201
2ut R f"RA
202 IF(2¢m))161.103,1018
a L1Qull SURFACE LAYER
102 PozwVNQaRAaD (MY

IF (MUPGTe12 G0 TG 9p
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SURFALE FAGE 11

R UskHAG{mYalSY
1F{kA)Y313,312,3.4
312 SUNPFR T WYNGeL (¢
Rt =z 0,7
CosSP = 1
‘ 1

313 SINOR 2 (EXP(PY)=g)P(PF)) /(2. 27A)
= -ng & ow SIAPR
SpSAP(PY ) +EXP(-PM))

314 SI1MNFR 5 SIw{(PMI/RA

1 = RA & ST (PH)
CUSE = C0S¢{im)
1% ConTInde

411 = CCSP
221 = RAQZueSIhpH
A31 < 0.2
41 = 9,10
A = 0.0
A2 = 0.0
Ae?d = 00N
452 = 2,0
462 = 0,0
A1l = o0
AL N
AS3 = 0,10
Al4 = 0.9
a24 = ¢.n0
ALS = 0,0
o To 1901

101 ARG =L,=Co2s5{ 1 sap
RE % SORT(ASS(A4G5))
TF(ARGRI20U442040203

253 Ry 3 =Ry

204 conlialn
632,850 wa /0%y
71Eg-1, 0
[P {aMAX =M 49,52, 40

40 RedC RHG (M) w052
Pe = wYirDeRyel ()
Riv % AVYND # RSB # Div)
[F(A)213e2120214

212 R3InNP = 0.2
SINPR = AV NOan ()
CASP = 1.4
Gy 10 215

213 R3InP 2 ~RA#0.54(ZUF(PMI=-EXP(=PM))
SINPR=-RSIYP/(RAans?)
Case = g.34(ExXp(PM)I+EXP(-PM))
GU T0 215

1-20



SURFACE

T 7

PAuE 14

214 RSP = RABSIN{AM)
SINR=RSINp/ (Ranez)
Gagp T oanSepm)
213 TF{B) 216,418,217
219 R314Q 2 =RRag+Iu(EXP(CMI-EXP(~01))
SINJIR==RSING/(R3442)
CUS1 = 0,5eEx2 (IMI+EXBL-gM))
a0 'n 219
217 3140 % REBsIINLaM)
SINIR=RSIND/ (~3ueul)
£408%45 = COStaM)
GU 1O 247
218 R3lvg=0,0
SINGR 2 WV ()
Co84 1,4
60 TO 219
214 R%-nSI\PaR“r””
=HINPR#3T40QR
';OSP%CODQ
Ail 2=2 agall {2, uleul=2,00% L V400w e 28RR-GLea2858
Ayp 2=(1./2:0C )4 (RSTuP#COSO+S INGRRCOSR)
Ai3 -z /00 ys (2,850,108 (1,-C0)e51055+6w3R)
AL4 = ( 1.7/3600 yu(SIANPRACOSOLRS[I,508P)
ALS sl2anCanl-2dnls s, ~ro)en+ss)
Aol 2RANCH (GinacaSIAPRaCOSO* e sRSINNCASR)
Ac? =C7
Az3 2205 n (AuRSTAQ8CCSPHGLRSNPRIHCOSE)
74 =S aPRe<SING
831 ERYCEw LenGiw(2, 80-1.3001, -CC)+01283uSS45su3RR)
832 ® 21851 AR#COSPIGeRSINPACOSA
433 S, 0%, ua(2.80eG1stl, 00 Rue2aRR P OLae2085)
Asq 2-RH0C# (GueseRSINP#COSQ+N1#a2aSINQR#COSP)
As2 zRSINP#SINOR
Aot :Rﬂscaagﬂ({2,%5*&2@51*n2)#(1,-CC)+G1a*4uSS+34a4uQR)
1001 counTIsle
MaTrIX MULTIPLICATICON
FrrHCT LS & A&!\ARV ELFNENTS INCLURED
4n1 = aldagl + 412a.52 + 4135533 + 14984 + Al5435
A52 = AZ1¥3L + AZ28E2 4 A2Z4R 7 4+ A24884 ~ A14#RB5
213 3 Ad1wRt o+ A3C#g?2 4+ ASZ3aR3 -, 50A23484 +,58A134R%
B354 = A41%R1 + A4ZuB82 -7 ,24325R3 + AR2434 -~ A12aRS
135 = AS14#8q4 « A414E2 +2 . .2A31#R3 = A21nB4 « Ali#R%S
21 = ©Bi
Be = QRZ
A3 = uR3
K4 = REB4
H2 = EBRS
53 CuNTINUE
Twf FOLLOWI:G FAPRESSIOMN IS VALID FOR B % g
52 211 2-2 . aRRH(SIMI/P(M)Iaal¥(CSN#GLlaa2)/ (P(MIns2agaRA)
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SURFACE PAgE 19

AZZ == { Ru3(M) aP{Mluu?ul yea{-1)

AL3 S=Qu /{0 (M) aF(MY#P{M)Y+0L/{REDIMIePIMIBP(M)aGnRA)
Aid FRE/{GarHGM)aP (M) aF (M) sRA)

4l UL YaPIM) Y pulaCSCal)enl{-1Yu(RRL, /RA)

“81 = ALL1eR1 + aldap? ¢+ 2.8A13Z8BT + A14uB4 + A1HaES
CS 10 (501,502,203, 4P
501 DLTaRes-a61
RETURN
SC2 IFLJUNP,ER, 2y R12 7 861
JUMP = juMP 4 1
IFCJUMP ARG 4) AL TN 150¢C
PLT4R4 3 U,5x0R1/R 1Y

RLTaR4 = azslza?
TE{t1y, 67,0, 9) QETLRA
R4 »

@Al = wynD s D) % SEPTCARS(RARRA - 1,))
eTaRa = ans(sng » c0S(Rapy)

RETURY

£
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TMICK

1,0008
9,0000
10,0008
20,0000

I~24

CRUSTAL MODEL

P VEL

5,0000
6,1000
56,4000
65,7000
R.1500

S VEL

2,8900
3,5200
3.7900
3.8700
4.7000

DENSITY

2,5000
2,7000
2,9000
3.0000
3.4000
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LOVE FUNCTION

PLOT CF

[Tall (Al ol ol N AT N AR AN AR AN Aol ol A AN e o BN A ol )
Pt 4N 3T FF e

10U O B ED WD D I LD D WD ED DD D DD D
S ¥ 5 F ¥ B PV OEDY BTN B

YR WO A D A ED ED D DD LG D DO D D D
2 Tt ¢t % 4 T F 2 b Pyt

D10 10 10 B D 0 DD IO WD WD 10 WD WD e 0 D D
| SN N I S A RS NS B T D B

) (]

I ED O DD D IR Y I DD DU WD D B i
"8 B8 8§ B % 4 £ Bo§8
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PLOT OF RAYLEIGH FUNCTION

LAY AN AR AN TAR A ol ol oW AT oI AN ol 4 AR AN A NIgN ol ol g}
LB R BE: SRS BEE S N R RN N - R |

| 2 ] N T B I |
D AG 1O N WD W D e 1D D KU R W D DD
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- .

555555555555&%%&%&%&%
555=J555=J55ﬁ455%ﬂ-./r“/=.}—hfﬂ.)=-‘.mx
.g.,sssssassssssss__.,m%mm.&
%%&55555555555%%&%&%&
555.-%;5555555555555%«%-";—?

[
55555&,55:)5.()5555444444
[ B LI B S N ]
NN INHININD PN NN ST T T T T

| L | [ | I I I |
M5 LY VIO UM BN O O B0 WY g ST wE S S S N M) M) M)

| S ] [ ¥ LI I T
COOCO0OCDOOOOOOCODTOOCC OO
OO0 OODOSOOD DOODOMOOO
O INTMOANAGOoONO

3470
6
5
4

3.3
2
1
0
9
8
7
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PERICE

12,9806
6.557¢
4,3681
3,066E

LOVE

PH VEL

4,7008
4,70098
4,7000
4,7000

HIGHER MODE CUTOFF PERIQDS

1-28

PER1IOD

16,4834
7,4149
4,75835
31,4268

RAYLE!GH

PH VEL

4,7000
4,7000
4,7000
4,7000



PERIOD

2,000
3.800
4,800
3,400
6,000
7,000
8,000
9.000
19,000
11,000
12,000
13,000
14,000
15,000
16,000
17.080
18,000
19,000
20.000

FERIOD

2.000
3.000
4,000
5,070
6,809
7,000
8,000
9.000
10,000
11.000
12.800

LOVE WAVE
PHASE VEL

3,407477
3,480797
3,526856
3,563732
3,595662
3,624460
3,651184
3,676%86
3,701213
3.725450
3.,749553
3,773688
3,797935
3,822342
3.846911
3,8716158
3,896413
3,921246
3,94685¢

WOVE WAVE
PHASE VEL

3,706053
3,810811
3,863335
3,973622
4,063838
4,167551
4,283090
4,404134
4,519581
4,615236
4,678198

GROUP VEL

3,2085%
3.3257
3.3727
3,4016
3,4234
3.4409
3.,4547
3,4650
3,4725
3.4776
3.4811
3,4838
3,4854
3,4872
3.4893
3.4920
3.4955
3.,5004
3.5060

GRQUP VEL

3.4703
3,5588
3.6029
3.5934
3,5554
3.5162
3.3002
3,5344
3.6480
3,8675
4,2091

i-29

AL

7,38827E=-43
3,89512E=03
2,68719E=03
2,07591E6-03
1169943E=03
1,44338E~03
1,258B4E~=D3
1,12094E~03
1,01479E~03
9;308485?04
8,62696E~04
8,05973E~04
7.57680E~04
7,15653E=04
6,78389E~04
8,44754E=04
6,13988E=~04¢
5.85475E=04
5.58787E'04

AL

9,98171E=04
6.44528EF04
4,791956=04
4,32769E-04
4!326775704
4,373%0E~04
‘u272Q7Ef04
3|919305704
3.27520E=04
2,36907E=04
1:27248Eb~-04



PERICD

23000
31000
43000
5.000
63000
7.:000
84000
9s0Q0
10:000
11000
12.000
135000
14.000
15000
16:000
17+000
18:000
19:000
204000

FERICD

2+000
3.1¢0
4¢000
5¢000
61000
78000
8yQ00
9&050
10.000
11000
12%000
134000
144000
153000
164000

PHASE VEL

3.114265
3.151148
3,179362
3.21001¢
3:242074
3,273484
3,303160
3.330947
3,357235
3.362662
3.407898
3,4335285
3,459984
3,487566
3.516395
3.546462
3,877626
3,609635
3:642155

PHASE VEL

3,702188
3.791024
3.869216
3.951656
4,052316
4,175212
4:30907%
4,427527
4,513492
4,572207
4,614159
4,5645877
4,67037%
4,688310
4,498593

BAYLEIGH
GROUP VE|

3,0052
3.0684
3,0665
3,0588
3,0607
3,n722
3,0884
3.1049
3,1482
33,1262
3,1287
31260
31495
3,1104
3.1007
3.0922
3.9865
3. n848
3, n884

RAYLEIGH
GROUP VEL

3.5109
3,56190
3.5827
3.58479
3,4783
3,4192
33,4664
3.6621
3, 0042
4,0913
4,2482
4,3102
4,3906
4,4814
4,6170

I-30

WAVE
URAUZ

7.78331E-01
8,00347€~01
7.96462E~01
7.86004E~0%
7,75376E-01
7.66864E-01
7.60712E-014
7:26331E~11
7,5379%E-04
7.52007E-01
7.50802E-01
7:49919E-01
7,49199E~01
7,48571E-01
7,48024E-01
7;475945”01
7.47349E-01
7.47373E-04
7.47756E-0%

WAVE
WR/AUZ

6.,22385E-01
6.16642E-01
5.86135e-01
5,54225E-04
5,19288F-014
4,77813E~04
4,307%4E-01
3,86174-01
3.,51858E~01
3,28316E-01
3t134875’01
3,060656~04
3.05473E~01
3311537E“O;
3,24455E~01

AR

6,65303E+03
4,06700E=03
3,04409Ew03
2,44811E+03
2,02923E+03
1,71251E+03
1,46748E<03
1,27642E%(3
1,12696E-03
1,00926%«03
9,15566E-04
8,39774E-04
7.77146E=04
7.24097E-04
6,77879E204
6,36441E-04
5,98293E«04
5,27983E-04

AR

2,04879€=04
1.,52631E«04
1;403615304
1.50242E-04
1,73177E=C4
1.910328204
1981464E?G4
1,41061FE»04
9.,87478E-05
7;095485705
5,43378E~05
4,330735=09
3,40924E~05
2,38601E=05
8,87479E«06



II. REIGEN
PROGRAMMER: R. B. HERRMANN / DEC 1971
PURPOSE:

This program accepts the card ocutput for Rayleigh
wave dispersion curves determined by the program SURFACE.
The output of SURFACE consists of the period, phase
velocity, group velocity, amplitude factor, and Rayleigh
wave ellipticity. The program REIGEN will determine the
Rayleigh wave eigenfunctions as a function of depth as
well as phase velocity partial derivatives as a function
of layer compressional and shear velocities, as well as
density. The program will accept one liquid layer at the
surface,

INPUT/OQUTPUT

Input is from card. The eigenfunctions and phase
velocities are listed on the printer., The eigenfunctions
and phase velocity partial derivatives may also be listed
on FILE 1. This file can then be used by other programs
to generate synthetic seismograms and amplitude spectra.

THEORY

The coordinate system used is taken such that the
z~coordinate is positive downwards, and the radial coordin-
ate is positive away from the center of a cylindrical co-
ordinate system., In this coordinate system, the ellip-
ticity of Rayleigh waves at the surface of an elastic
halfspace will be a positive quantity.

The system of differential equations to be solved is

1 kA

[}
N

d
3 Z
dz 0 A+2u A2u 0 v
d TZ
a - TZ
Tz ) pu 0 0 k
d URr —k 0 0 1 UR
dz u

2
d TR -kA 2, 4kTu(d+w)
a A - 0 TR
dz 0 A+21 puw ¥ A2y
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where k = 21/CT is the wavenumber, X and i are the Lame
constants, w = 21/T is the natural frequency, and p is
the density. Now T, C, and the ellipticity e, are avail-
able from SURFACE.

The boundary conditions to the above system are that
UZ = 1, UR = e, TZ = TR = 0 at 2 = 0 and that UZ and
UR tend to zerd as z goes to positive infinity.

The above system of equations can be derived using vari-
ational techniques and the following relation for the
system Lagrangian L :

2 2

L=w" I -k I;-2kKI, -1, ,
where
I = pr[U22+UR2] dz
o
o.
I, = r" [(x+2u)UR2+pU22] dz
0
o d TR _ d vz
1, = Jo (U2 AUR 3 01 dz
2 )
e d uz + d UR
I, = IO [(k+2u){g;-) u [dz } 1 dz

The partials of the phase velocity with respect to layer
shear velocity, compressional velocity, and density at
constant frequency for the m'th layer. are defined as

[ 3c Se 3c
e =2p B o -2 |55
L Bgm} Wy P0G o [ ( um]p:;\,w [akm}pﬂhw}
,
3¢ Jc
— = 2 p o =
k aam}w,ﬁaﬁ e [a m}w,p,u
’
3
5-;-] %%] + (al - 2py |22
L mjw,0, B W, A, 1 mjw,P,u
2 Jc
8 oc
" {a“m}w,p,K
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where

e

3
My W,psA,k

s¢ =&
Bum W0, k ]

=

(__Ii}
ok
L WyPsAsl
f_aj;‘}
A
[_8_C - E \ m w’p’u’k
BAm Wy,P,HU k ,_3__]_-!_
_ak wy0,H,A
{ﬂil
ap
3¢ _ e mjw,U,A,k
Dm Wy Ayl k _B_Ii
ok WyH,A,p
with
9L
- = = 2kI, - 21
3 1 2
[ k}w,p,l,u
[%i—] = ZmIO
kSD’usk

%Ii =0? [ (wP+wY) az
Pn weok,t, A

m+1
L = - (Per?+ uh) + o iR
3 dz
miw,k,p,A z
m
+ ( L4 dT2 diR dIR
“dz dz dz
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dA

s - - (Y w-adfwe iRl o
mjw,p,k,H

z and =z 4 are the depths to the top and bottom of
1ayer m." }he group velocity U = U{ENER) can be defined
in terms of the energy integrals as

4+
go do o Quaw o Fith
dk (BLfaw)k wIO
The amplitude factor of the Rayleigh wave = ARE can
be defined in terms of the energy integrals as

1

2CU IO

ARE =

The numerical integration performed in REICEN uses a
fourth order Runge~Kutta technique. Since T and C are
already known, two independent solutions are integrated
upward from the halfspace to the free surface and are
combined in such a way that the surface conditions that
UZ = 1 and UR = e are met. If no numerical error occurs
and the T and C pgir are exact, then TZ and TR must equal
zero at the free surface. When the proper combination of
the two independent scolutions is found, then the eigen-
functions are determined as a function of depth., Simul-
taneously, the energy integrals and phase velocity partial
derivatives are formed.

Several parameters are available to test the numerical
accuracy of the results., The group velocity U = U(DC/DT),
determined by SURFACE, can be compared to U = U(ENER)
determined in REIGEN. The Lagrangian L should be zero
(this is usually a poor parameter to use for testing
goodness of fit), The two amplitude factors AR (from
SURFACE) and ARE (from REIGEN) should be equal. At the
bottom of the listing, under M = 0, the values of TZ and
TR, determined at the free surface in the process of
satisfying the surface boundary conditions on UZ and UR,
are displayed. These would be equal to zero if no

IT-4



numerical error were encountered.

The partial derivatives for the last row are for changes
in the parameters of the halfspace.

PROGRAM DESCRIPTION

PROGRAM REIGEN : This program performs the desired numerical
integration and lists the results on the printer or tape.

SUBROUTINE TAPEIN : This subroutine makes it possible to
update the eigenfunction tape.

INPUT DATA

There are two slightly different arrangements to the input
data for the cases when the output is or is not written
on FILE 01,

Case 1 - No output writtenm on FILE OLl.

Card
Sequence Column Name Format Explanation

A, 1-4 MMAX 14 LE 0 End program

GT 0 Number
of layers in
earth model in-
cluding the
halfspace

11-14 ITAPE 14 LE 0 No tape
output (In
this case,
ITAPE must
be LE 0)

B. Earth model (MMAX cards).

1-10 D(I) F10.5 Layer thickness
in km (Leave
blank for
halfspace,
e.g. I=MMAX)

11-20 A(D) F10.5 P velocity of
layer in
km/sec

11~5



Card :
Sequence Column  Name Format Explanation

21-30 B(I) F10.5 S velocity of layer
in km/sec

31-40 RHO(I) F10.5 Density o§ layer
in gm/cm”,

C. Period data

1-14 T El4.7 T LT O read new

MMAX, ITAPE card
(Point A).

EQ 0 does nothing
in this case
except read in
anew T, C, U,
AR, RATIO card

GT 0 Period in
seconds

"15-29 C E14.7 Phase velocity
in km/sec

31-44 U El4.7 Group velocity
in km/sec

46-59 AR El4.7 Rayleigh wave
amplitude
factor

51-74 BATIO El4.7 Rayleigh wave
ellipticity

At this point the program will determine the eigenfunctions
corresponding te the T,C pair and then return to Point C
to read a new T,C,U,AR,ELLIP card,.

The program is terminated by reading a MMAX card with MMAX.
LT.0. The last data card is followed by the system end of
file card.

Case 2 - Qutput written on tape
A. 1-4 MMAX 14 LE O End program

GT 0 Number of
layers including
halfspace of the
earth model

II-6



Card
Sequence Column Name Format Explanation

11-14 ITAPE I4 LE O No tape output

EG 1 Earth model
not written on
FILE 01; eigen-
functions are.

GT 1 Earth model
written as file
header followed
by eigenfunctions.

21-30 FACT F10.0 LE 0.0 use FACT = 4
GT 0.0 vertical wave
lengths for layer
dropping. See

SURFACE.
B. Earth model (MMAX cards)
1-10 D(I) F10.5 Layer thickness
in km
11-20 A(I) F10.5 P velocity in
km/sec
21-30 B(IL) Fi10.5 S velocity in
km/sec
31-40 RHO(I) F10.5 Densitg of layer in
gm/cm”.
C. Tape update
1-10 TMAX ¥10.5 Last eigenfunction

to be read when
adding information
to previously
written eigenfunc-
tion FILE.

11-15 KMODMX 15 Number of earth
models written on
FILE to skip.
KMODMX = 0 when
writing new tape.

11-7



Gard

Sequence Column Name Format
D. Period
Sequence

a. Header
1-4 IFUNC 14
11-14 MODE 14
22-25 AMODE(I) A4
27-20
67-70

b. Period data (MODE cards)
1-14 T El4.7
16-29 C Ei4.7
31-44 U El4.7
46--59 AR El4.7
61-74 RATIO El4.7

c. Fnd period data
1-80 blank card

II-8

Explanation

LT O Write IFUNC on
tape to denote end
of eigenfunction list.
Then terminate program.

EQ 2 for all other
cases IFUNC must
equal 2. This
signifies the FILE
as containing the
Rayleigh wave
eigenfunctions.

Number of modes
to be placed on
tape for a given
period.

Identification

code for indi-
vidual modes.

Period in seconds

Phase velocity in
km/sec

Group velocity in
km/sec

Rayleigh wave
amplitude factor

Rayleigh wave
ellipticity



At this point the program returns to Point D to read a new
IFUNC, MODE card. When the program finds an IFUNC.LT.O ,
the program terminates.

NOTE: When the tape created here is to be used by other
programs such as WIGGLE, SRFWVPLT, QUESTION, or

RADPAT, the order of data is as is in the accompanying
sample data set. The data are arranged in order of
increasing period. Within each period set, the data are
arranged in order of increasing mode, i.e., FUND Eirst,
1 ST second, etc.

When using QUESTION and some of the other. programs, both

a LOVE and RAYLEIGH eigenfunction tape is used. Both tapes
must have the same earth model for these other programs to
work.

II-9



REIGEN PAGE 3

CREIGEN

AOaOOIaanaaan

i1
20

21

23
2%
44
5000
5001

5002
5003
5004
5005
5007
6010

61011
63172

PROGRAM REIGEN 4 o

THE PROGRAM WILL ACGEPT UP TO ONE LIGUID LAYER AT THE SURFACE IN
WHICH CASE THE ELLIPTICYTIES ARE THOSE AT THE TOP OF THE SALID
LAYER ARRAY,

THIS PROGRAM COMPUTES VALUES OF DISPLACEMENT, STRESS AT MIDROINTY
OF EACH LAYER TOGETWER RITH VALYUES OF DC/DB FQR THAT LAYER ,

THE METHOD 1S BASED ON A RUNGE-KUTFTA INTEGRATION WITHIN EACH LAYER
THE INTEGRATION INTERVAL 1S DDZ=Dn{1)s12,, GOOD RESULTS WILL BE
OBTAINED WHWEN DRZ IS LESS THWAN CsTr/2 PI, THUS, D(I)= 5 KM WILL
GIVE RESULTS TO 4 SEC FGR SEDIMENTARY LAYERS;

THE PROGRAM ALSO YTELDS VALUES OF VARIATIONAE INTEGRALS,
NUMERICAL ACCURACY IMPRBVEMENT BY CHIUNG-CHUAN CHENG AUG 78
DOUBLE PRECISION YY1,YY2,YY3,YY4,¥Z1,Y22,Y23,Y74,AUR1,AUTY,

l ATZi!ATRinAUR2IAU22'ATZEJATRZnAA:BBtpAURinDiUZilDATZl;DAykll

1 DAURZ,DAUZ2,DATZZ2,DATR2,EAURL,EAUZL,EATZY, EATRY,EAURZ,EAUZ2,

1 BATZZ,EATR2,SALURL,SAVZ2E,5AT24,5ATRL,SAURS,SAUZ2,5ATZ2,S5ATR2, XNORM
CUMMON DC108YAAC100),B(200),RHO(1E80),DEPTH(100),AMPUR{100)}
CUMMON AMPUZ(100),STRESR(100),STRESZ(100),DCDB(100}

CCMMON G, U, T,FLAGR,SUMIB,SUMIL,SUM]2

COMMON SUMIZ,UGR, WYNUM,EMR(5),DMZ{5),SMR(5),SMZ(5)

CUMMON DMRSMZ,RATIO,DMZSMR,XLAMB(300),XMUL100)

COMMON AR, ARE,DCDAC100),DCDR(100)

COMMON WWT(4) ,WT(4)

COMMON YY1,vYY2

COMMON AMCDEC(10)

DIMENSION YY1(100,5),YY2(100,3),Y¥3(100,5),YY4(100,5)
DIMENSION YZ1(100,5),YZ2(100,5),YZ3¢100,5),YZ4(100,%)
DIMENSION NMRSMZ(5),DMISMR(5)

FCRMAT (2¢14,6X),10(1X,A4})

FORMAT (1K1} .
FORMAT (1HO,13Xa2HM ,BXT7HDEPTH 10X, 1KWD, 12X 5HALPHA» 11X 4HRETA,
1 11X+ 3HRHO, 13X, 2HMY, 110, OMLAMBA/ZEN 1}

FORMAT (1H ,10Xs15,7(5%X;F10.4))

FORMAT (4H ,10X,15,30X,%(5X,F10.4))

FORMAT (4F10,5)

FORMAT (4HY,13%:10H T(SEC) = ,F7.2,13K C(KM/SEC) = ,F7,.4)
FORMAT (1HQ,13X,12H UCDE/DT) = ,F7,.4,11H U(VAR}) & ,F7.4,3X,
1 6H E = LEL11,4)

FgRMAl {1HO,13XebH ID = LE11.4,3IXeb6W 11 = ;E11,4,3X,6KH 12 = ,
i Ei11.4)

FCRMAT ({1H ,13X:6KH 13 = ,E11.4,3%XabW L = ,E11.4,3X.,6H K = ,
1 E11.9)

FORMAT (1HO,3H M,SX,5HEEPTH,5X,2HUR, 10X, 2HUZ+10X,2HTZ2,10X, 2K TR,
1 9X,4HDCDA,BX,4HDCDNB, 8X,4HDCDR, /1HD)

FORMAT (1K »13,F10.2, 7MiXEL1L.4)) _

FORMAT (1H ,13X46H AR = ,E11.4,3Xa8HARE = ,EBEil.4)

FORMAT (iKW ,A4,3F10,5,5811,4)

FORMAT (1M ,7(¢(4X,E11,4)}

FORMAT (1K ,2(14,6X}))

II-10



REIGEN

6013

D
=
(AN s

778

26
<>2

1o

24

247
504

RAGE 2
XXMIN = 1,0E-15
WeT{1)=g,0
WhY(2)=0.,5
WWT(3)=0,5
WwT¢41=1,0

WT(1Y=1,/6,

WT{2)=1,/3,

WT(3y=1,73.

Wit4y=1,/6,

READ (60,12) MMAX, ITAPESFACT

FORMAT (2(14,6%),F10,.0)

IF (FACT,LE.0.) FACT=4,

NMAX=MMAX

IF (MMAX)Y 777,777,778

WRITE (61,20)

WRITE (61,21)

BASE = 0,0

DO 22 I=z1,MMAX

READ (60,44) D(1),A({1),8(1).RHOLT])

BASE = BASE + D(ID)

DEPTH(I) = BASE =~ D(1)48.,5

XMUCI) = RHO(IY#B(1)=B(1)

XLAMBLT) = RHOCIDY#(AC(])®A(I)-2,B¢L)#B(]))

IF (1 - MMAX) 26,24,24

WRITE (64.:23) [ DEPTHLIY,DCI),ALT},BUI),RAO(T),XMUC])  XLAMBLD)
CONTINUE

WHITE (61425) T1.A01),BUIY,RHOCI)LXMUCTY XLAMB(T)
DEPTH(MMAX) = BASE - D{(MMAX)

IF {I1TAPE,GT.0) CALL TAREIN

IF (ITAPE,LE,1) GO TO 584

LMAX=2 MMAX+1

IF (B{1Y,LE.0.0) LMAX = LMAX = 1

WRITE ¢01,6012) LMAX

DPTH = 9.0

IF (B{1).LE.D.0) DPTH = D(1)

Do = ¢,

K = 1

IF (B{1),LE.0.0) K = 2

[ = K - 1

WRITE (0156013) 1,DPTHsBDLA(K) \B(KI RHO(K), XMUCK) ) XLAMBIK)
DG 200 1=z1,MMaAX

IF (8(1),LE.0.0) GO TO 206 ‘
WRITE (01,6013 1 DEPTHYI)LD(L1Y A1) BCL)  RHMOLT I, XMYCT), XLAMB(T}
CONTINUE

IF ¢ITARE.LE.Q) GO TO 563

READ (60,131) IFUNC,MODE;(AMODE(I)el1=21,:10)

WRITE (01.6012) IFUNC.MBDE

I§ (IFUNC,LT.0) GO TO 717

11K = 0

I1-11



REIGEN PAGE 3

503 CONTIMNUE
DU 500 J=l,MMAX
DCDA(J)=0,0
DLPB(M)=0,0
DCDR(V)=0. 8
AMPURCJ)=0,0
AMPUZ(U)Y=0,0
STRESR({J)Y=0,0
STRESZ(J)Y=0.0

507 CUNTINUE
READ {6Q:5) TJCJUlAR,RAYIO

S FORMAT (5(E14.7.1X))

1F (T) 801,504,499

499 CONTINUE
MMAX = NMAX

LAYER DROPPING PRUCEDWURE--HALFSPACE DEFINED AS FACT WAVELENGTHS
BELOW REGION WHERE C IS LESS THAN B,

IO

i

DMAX = FACTaTeC
269 SUM = 0,0

DU 500 prst,MMax

MAX = 11

IF (C~BLI1Y) $04,900,906
901 SUM= Sum + n(i1)

IF (SUM,LE.DMAX) GO TO $00

IF (1l.EQ,MMAX)Y GU TO 982

IF ¢ali1+i)-ACT1)) 502,903,902
903 IF (B(I11+1)=-B(1])) $02,§00,902
900 CONTINUE

902 MMAX = MAX
SUMIOD = 0,0
SUMli = D;U
SUMI2 = 0.1
SUMI3 = 0.1

WYND = 6,2831853072/(C=a1)
WYNOSG=WVNOuHYND

WVNUM WYND

OMEGA = 6,2831853072/7
OMEGSG = OMEGAsQUMEGA

IF (B{1),GT.0.0) GO TC 4000
RA = C/A(L)Y

RA = WYND » SGRT(RA#RA - 1,)
IF {RA) 40n01,4001,4002

H

4901 SUMIO = RHQe1) & O(1)
SUMIL = 0,0
SUHIZ H Qaﬂ
sUMl3 = 0,0
Ti2= 0,0
GO 7O 4900

I1-12



REIGEN PAGE 4

4002 SIN2RA = SIN(2.#RA=D(1)§/(4,%RA)
COSRA = COStRA=D(1))
COS2RM = 1,/(COSRA#COSRA)

FACL = (0.,54D(1) + SIN2KA) # COS2RM

FACI = WYND # ¢ 0.5 « D81) -~ SINZRA) # COS2RK
FAC2 = WYND & FAC3 / (RA=RA)

FAC4 = RA & RA #» FAL1

SUMIO = RKEO(1) # (FAC1+FAC2?

SUMI1 = XLAMB(1) « FaACZ

SUMI2 = XLAMB(1) = FAC3

SUMI3 = XLAMB(1) = FAC4

TLZ2 = - RHD(L) # OMEGSO # SIN(RA#DB(1))/(RA=COSRA)

4000 CONTINUE

COVA = CrA(MMAX)

cUyB = C/B8(MMAX)

GAM = 2,/C0VBes2

GAMML = BAM - 1,

RA = WVYNO®SQRT(ABS({COVA#82-1.,))
RE = WYNCO#SQRT(ABS({COVBa42-1,1})
DET = WVNOSQ = RA = RE

H = RHO(MMAX) » OMEGSG

BRKT = - GAMM1sWVAD + GAM#RA#RB/WVNO ‘
C T?E SUBSCRIPTS 1. AND 2. REFER TO TW0O INDEPENDENT SOQLUTIONS
ITEr = 0
AURL = 1.0 a0
AlZ1 = 0,0 @0
ATZ1 = -H«BRKT/LET
ATR1 = -H#RaA/DET
MMML = MMAX -~ %

DO 13496 MM=z1,MMM1
M = MMAX = MM
IF (B(M),LE.0.0) GO TO £348

g CHOICE oF EFFICIENT VALLE OF DDZ REOR R-K INTEGRATION. WYNOspDZ
C SHOULLE GIVE INTEGRATION ERROR LESS THAN 0,01 PERCENT FOR ALL
" PERIODS,

NDIV = 1

pPOZ = - DMy / (4.2XDIV}

ALl2 = 1, /7(XLAMB(M)+2,8XHU(M))

AL3 = WYNQ & XLAMB(M) #A12

A2l = - OMEGSQ » RHO(M)

AZ4 = WYNQ

A3l = ~WVND

Ad4 = 1,/ XMUIM)

A42 = ~p1d

A43 = A21 + 4. sWVNOSQeXMU(MIa(XLAMBIM)+XMU(M) ) 2412

YY3{M:5) 5 AUR1

YY1(Me5) = AYZ1

YY2(MsB) = ATZ21

YY4(Ms5) = ATR1
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1346
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4003

PAGE

pU 1338
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RUNGE=-K
DC 1400

m
>
|
~N
H
L3

Lo}

>

| oy

i

fus
HnounH uw o

o
=
[ oy
; ~ :
'-...L
T 9 B # B 0@ i uwwu

EATR1 =
CONTINY
AURL =
AUZY
ATZ1
ATR1
CONTIMY
YY1{MsK
YY2{MsK
YYZ(MeK
YY4( MK
CONTINY
CONTINY
IF ¢B(1
YYi{i.,1
YY2{1s1
YY3{1.1
YY4(1,1
CONTINU
AURZ
ALZZ
ATZ2
ATR2
IF (ITE
AURY =

"o

"

[}

5

KK=2,5

KK

UTTA INTEGRATION
JJzi,ND1LV

= AURY

AUZY

ATZ1

ATR1

0'

0.

0,

0.

L =z1,4

RUNGE KUTTA

AURL #+ WWT(LL)#EDZ=DAURL
AUZ1 + WWT{LL)#EDZ#DAUZY
ATZ4 + WWT{LL)#LDZ=DATZ1

ATRL + WWT(LL)=EDZ=DATR1
AZ1a5AUZ1 + AJ485ATRY
A12+SATZ1 + A134SAUR1
A21eSAUZL + AR24sSATR1
A422SATZ1 + A43sSAURY
EAURL * WT(LL)>#DDZ#DAURL
EAUZL + WT(LL)aDDZ=DAUZZ
EATZY % WT(LL)#DDZ#DATZ1
EATRL * WT{LL)#DDZ=«DATRI

EAURY
EAUZ1
EATZY
EATR1
E
)
)
)
)
£
E
1,GT.0.0) Gn TO §347
) YYLca, 1y

) YYa2(2.,1)

) YY3(2,1)

) YY4(2,1)

E

0,0 ao

1.,D g0

~-H*RB/DET
~H#BRKT/DET

R,EQ.0) GO TO 4084
1.D po

AUzl
ATZ1
AUR1
ATRY

LI (I [ 1}

fl 0% % N
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ALZY = 0.,D 60

ATZ1 = -H=2BRKT/DET

ATR1 = ~H®R4/DET

AURZ = XNORM=AURL + AURZ
AUZ2 = XNORMBAUZL + AU22
ATZ22 = XNORM#ATZ1 + ATZ2
ATR2 = XNORMoATR1 + ATR2

4004 DU 2348 MM=1,MMM1
M = MMAX -~ MM
IF (B(MI,LE. 0,0} GO TO 2346

DLZ = - D(MY / (4.#xXDIVI

AL2 = L /Z{XLAMBIM)+2. #XMU{M))

AL3 = WYNO « XLAMB(M) #A12

A2l = - QOMEGSG & RHO(M)

A4 = WVNC

Ad1 = -WVNO

A4 3 1,/ XMU(M)

A42 = =413

A43 = A21 + 4,+WYNOSOaXMUIMIBIXLAMBIM)I+XMUIM))InAL2
YZ3(M:5) = aUR2

YZ1iMiB) = aUZ2

YZ2(MsS) = ATZ?2

YL4(M15) = ATR2

DO 2338 KK=2,5

K = 6 - KK

DO 2400 JJ=1,NDIV

EAUR2 = AURZ

EAYZL2 = AUZZ

EATZ2 = ATZ2

EATRZ = ATR2

DAURZ = 0,

DAU22 = ao

DATZZ = Q.

DATR2 = 0.

DO 2401 LL Hi 1;&

SAUR2 = AURZ + WWT(LL)®#CDZ=*DAURZ
SAYZ2 = AUZ2 + WWTI(LL)=EDZ=DAUZ?2
SATZ2 = AT22 + WWT(LL)=EDZeDATZ2
SATR2 = ATR2 + WWT(LL)®[LDZ=DATR2
DAUR2 = A31sSAUZZ2 + A33aSATR2
DAUZ2 = A124SATZ2 « A1325AUR2
DATZ2 = A21+SAUZ2 + A28aSATR2
DATR2 = A42aSATZZ + A43aSAURZ
EAUR2 = EAUR2 * WT(LL)#DDZ&DAUR?
FAUZ2 = EAUZZ2 * WTLLL)®DDZ#DAUZ2
EATZ2 = EATZ2 * WT{LL}#DD2eDATZ2
EATR2 = EATR2 *+ WT(LL}sDDZ#DATR2

2401 CONTINUE
AURZ = EAUR2
AUZ2 = EAUZZ

IT~-15
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ATZ22 = EATIZZ
ATR2 = £ATAz
2400 CONTINUE
YZ1¢MaKY = AUZ?
YZR(MpKY = ATZ2
YZI{MsK) 8 AUR?
YZ4{MiK) = ATR?

2338 CONTINUE
2346 CONTINYE

IF (B(1),GT,0.0) GG TC 2347
YZ1(Led) = ¥21(2,1)
Yi2f844:1) = YZ2¢2,1)
YZ3C0141) 5 ¥YZ23(2,1)
YE4(1s1) = YZ4(2,1)

2347 CONTIMJE
AA 3 (YZ3(1,1) = RATIC#YZ1(1,1"?
Br = (RATIOwYY1(1,2) = YY3(1,1))
XNORM = AA/BB
BbE = XNQRMeaYY1(l,1) + YIi1(1.1)

" THESE PARAMETERS ARE SAVED FOR LSE AS A NUMERICAL ANALYSIS
” DIAGNCSTIC

AMPURI(L190)Y = (XNOPMaYY3(1l,1) + YZI(1,1))/BB

AMPLZ(130) = (XNORMaYYi{1,1) + YZ1{1.,1))/RB

STRES4(100) = (XNCRMaYY2(1,1) + YZ2{({1,1))/RBB

STRESR{100) = (ANUAM#YY4(Li,1) + YZ4(1+1))/8B8B

ITER = [TER + 1

IF {1TER,GT.1) GO TG 2011
c IF ROUNDOFF ERKOK 1S SIGNIFICANT. MODIFY INITIAL CHOICE AT RASE
c OF LAYERS OF ONE CF THE INDEPENDENT SOLUTIONS

XTEST = ABS(AMPUR(140)/8ATIO-L.)
IF (XTEST.RE,0.00001) GE TO 40n3

2011 DCDB(YS)Y = ITER
DEDA(L10Q) = 0,7
DCDBC10a) = 0,0
DCOR(100) = 0,2
AMBURIS9) = YY3(1,1)
AMPUR(93Y =& YZ3(1,1)
ANPUZ(G9) 2 YYi(i,1)
AMPUZ(98Y = Y71(i,1)
STRESZ(99) = YYZti,1)
STRESZ(98) = Y72(1,1)
STRESK(99) = YY4(1,1)
STRESK(98) 3 YZ4(1,1)
DCDS{%8) = BR
DEDA(98) = 0,0
DCDALS9) = D,U
DCDR(SBY = 0.,U
DCBR(99) = 0.

COMBINATION OF TWU INDEPENDENT SOLUTIONS SUBJECT TO SURFACE R, C,
THAT UR/UZ = RATIO (I)

ol
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»

7001

1301

1339

DO 7000 M=q1,MMAX
IF (B{(M)Y,LE,0.0) GO TG 7000
IF {M~MMAX) 7001,7002:76802

DZ = L(M)/4,

DO 1389 KK=1,5

AUR = (XNORM&YY3(M,KK) * YZ3I(M,KK) )/BB
AUZ = (XNORMaYYL(M,KK) + YZI(M.KK) )/B8
ATZ = (XNORM#YYZ2(M,KK) + YZ2(M,KK) y/B8
ATR = (XNORM&YY4(M,KK) + YZ44M,KK) )/BA
DURDZ = ATR/XMUIM) ~ WVKOwAUZ

DUZDZ = (ATZ + WUNQeXLAMB(M)I®AUR)/{XLAMB(M)+2,4XMU{M))
DMR{KK) = ALUR#AUR

DMZ{KKY = AUZ#AUZ

SMR{KK) = NURDZ*DURD2Z

SMZ(KR) = pUZDZ#*DUZIDZ

DMRSMZ(KK) = AUR#DYZDZ

DMZSMR(KK) = AUZ#DURDZ

IF (KK - 3) 1339,1301.,1339

EIGENFUNCTIONS AT MIDPOINT OF LAYER ARE SAVED

AMPUR{M) = AUR
AMPLZ M) = ayZ
STRESZ(M) = ATZ
STRESH(M) = ATR
CONTINUE

INTEGRATION BY BOLE S RLLE

DMMR = (DZ/22.5)8(7,s(DKR(1)I+DMR(3)I+32,s(DMRI2)+DMR(4))+12,
1 #DMR(3)) |

DMMZ = (DZ/22,5)4(7,8(DMZ(L)I+DMZ(5))+32,#(DMZ(2)+DMZ(4))+12,
1 #DMZ(3))

SMMZ = (DZ/22.5)8(7.,4(SHZ(1)+SMZ(5))+32,8(SHT(2)+SHZ(4))+12,
1 *SMZ(3))

SHMR = (DZ/22.5)8(7,#(SKR(1)+SMR(5))+32,8(SMR(2)+SMR(4))+12,
1 #SMR(3))

DRSZ = (DZ/22.5)#(7,o(DMRSMZ(1)+DHRSMZ(5))+32,5(DMREM2(2)
1 *DMRSMZ(4))+12,sLMRSMZY3))

DZSR = (DZ/22,5)#(7,#(DNZSMR(L)+DMZSMRI5))+32,»(OMZSMR(2)
1 +*DMZSMR(4))+12,4DMZSMREI))

SUMIO = SUMIO + RHO(M)#¢DMMR+DMMZ)

SUMIL = (XLAMB(M)+2,#XME(M))aDMMR+XMU(M)#DMMZ « SUM;1

SUMIZ = XMU(M)#DZSR ~ XLAMB(M)®#DRSZ + SUM]2

SUMI3 = (XLAMB(M)I+2,sXMUIM))aSMMZ + XMU(M)sSMMR + SUMI3

DLDL = -WYNOSQeDMMR + 2%8WVNQO#DRSZ =SMMZ

DLDM = -WYNOSQ2(2.5DMMR4DMMZ) -~ 2.8WVNQ4DIZSR ~ (2,2SMMZ+SMMR)
DLDR = CMEGSQw(DMMR+DMMI)

DCDB(M) = 2,8RHO(MYeB(M)eC # (DLDM-2.8DLDL)ZWYNO

DCDA(M) = 2,#RMO(MIsA(M)}aC » DLDL/WVNQ

DCDR(M)Y = (C/WYNQ)I+(DLDR+XLAMB(M) »DLDL/RHQ(M)Y+XMU(M)=DLDM/RHO(M))

IF (ABS(AUZY+ABS(AUR)=XXMIN) 700247002,7000

7000 CONTINUE
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C EXACT HALFSPACE CONTRIBLTION
7002 AMPURIM) = AUR
AMPUZIM) = AUZ
STRESR(M) = ATR
STRESZ(M) = ATZ

AP = “Ru0{M)#(WVNO=#AUR + RB®AUZ)/BET
BF % -RMO(My=#(-RA*AUR/WYNO - AUZ)I/DET
Al = ~WYNO#AP/RHO(M)

A2 = =WYNQuRB#BP/RHO (M)

Ad = HA&AP/RHO(M)

A4 = WYNDSQeBP/RHO(M)

1F {Ré) 700%,7006,70305

7005 DMMRK = A1#A1/(2,29RA)+2,24A12A2/{RA+RBY+A2=A2/(2,4RB)
DMMZ = AZ#A3/(2,%RA)+2,8A32A4/(RA+RB)+Ad4uA4/(2,4RB)
SMML = RASA3Z#AZ/2.+2,9RA4RBeAZ#A4/{RA+RBI+RBuA4sA4/2,
SHMMR = RARA1I#A1/2.+2,8RAaRB#AL1#A2/(RA+RB)Y+RBaA2aA2/2,
BRSZ = -Al283/2,-(A12A4sRB+A2aA3sRA)/{RA+RB)-A28A4/2,
DESR = ~ALea3/2,~(AlwAdeRA+A20A34RB)/(RA+RB)~A28A4/2,
GO T0 7010

7006 UGR = B(M)
FLAGR = 0,0
SUMIO = RHA(M)=10.##(25)
SUMIL = XMUIM)=210.2w(25)
SUMI2 = 0.0
ARE = 0.0
DCDB(M) = -2,eWVNCa10,e4(25)
G0 70 53¢

70610 CONTINUE
SUMIO = SUMIO + RHO(M)I#¢DMMR*DMMZ)
SUMIL = (XLAMB(M)+2,#XMU(M)ISDMMR+XMU{M)2DMMZ + SUMI1
SUMI2 = XMU(MIsDZSR - XLAMAB(M)a#DRSZ + SiMl2
SUMI3 = (XLAMB(M)+2,sXME(M))aSMMZ + XMU(M)=SMMR + SyMl13
DLDR QMELRSQ» ( OMMR+DMMI)

DLDM = -WYNOSQ#(2,s MMR4DMMZ) =2, HYND#NZSR~(2,sSMMZ+SMMR)
DLOL = =~WYNASQuUMMR + 25#WVYNO&DRSZ - 8MMZ
DCDA(MY = 2, aRHO(M)eA(MYIsCaDLDL/WVYND
DUDB(MY = 2 aRHO(M)eB(M)aCa(DLDM~2,4DLDL)/WVYND
DCDR(MY = (e/WVNO) o {DLDR+XLAMB (M) 2DLDL/7RHOQ(MI*XMUCM) DL DM/RHO(M))
7011 CONTINYE
UGR = (WYNQaSUMI1 + SUMIZ2)/(OMEGA%SUMIN)
FLAGR = OMEGSQ@#SUMIQ » KWVYNDSQeSUMIL - 2,8WYNDaSUMIZ2 - SUMIZ
ARE = 1,/(2.3CsUGR5SUMTE)
531 CONTINUE
501 CONTINUE
WRITE (61,5000) T.C
WRITE (61.,8001)U,UGR.RATIC
WRITE (461,5002) SUMIQ,SUMIL1,SUMI2
WRITE (61,5003) SUMI3,FLAGR,WVNUM
WRITE (61.5007) AR,ARE
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WRITE (61.,5004)

AU = RATIO
AL = 1.9
TH = §,¢
TZ = 0,0

IF (B(1),LE.0,0) T2=7ZZ
DEPTH(100)=0,0
IF (B(1),LE,0.0) DEPTH(£00Y=D(1)

M =0

DUMML = 0.0

DUMMZ2 = 0,9

DUMM3 = 0,0

WRITE (61,5005) M,DEPTH{100),AU,AZ,TZ,TR,DUMML, DUMMZ, DUMMS
N =1

IF (B(1Y,LE.0.0) N = 2
DG 5010 M = N,MMAX
DRDK 5 =2,a(WVYNUM = SUMIL + SUMI2)
DCDR (M) DEDR{M)Y/DLDK
DCDA(M) DEDA(M) /DLDK
50309 DCDB(M) NeDB (M) /DLDK ]
5010 WRITE (61,5005) M,DEPTHIM) ,AMPUR(MY  AMPUZ(M),STRESZ(M},STRESR(M),
1 UCDAC(M)Y,DODB(M),LCDR(M)
WRITE (61.19)
19 FORMAT (1H%)
M = 100
WRITE (61,5005) M, DEPTHEM) , AMPUR(M) , AMPYUZ (M) ,STRESZ(M),STRESR(M),
1 DCOA(M),DADB(M),LCDRIM]
WEKITE (61+19)
M 2 98 ,
WKITE (61,5005) M,DEPTHIM) ,AMPURI(M) , AMPUZ (M) ,STRESZ(M),STRESR{M),
1 DCDA;M)aDCDB(M)aUCDR(M)
M. = 9
WRITE (61,5005) M. DEPTHIM), AMPUR(M)  AMPYZ(M),STRES2Z({M},STRESR(M),
1 CCDA(M),DODB(MY»LUCDRIMY ‘
IF (ITAPE.LE,D) GG TO 583
MMAX = NMAX
K = 1[Ik +1
WRITE (01,6010) AMODE(KI,T.ChoUsSUMIQ,NYNUM,AR/RATIO, DUMML
WRITE (01,6011) AU,AZ,T2,TR,DUMML sDUMM2,DUMM3
N = 1
IF (B{1)Y,LE.0,0) N & 2
DO 6002 M= N,MMAX
WRITE (01,6011) AMPUR(M},AMPUZ(M)aSTRESZ(M),STRESR(M) DCDA(M),
1 CCDB{M),DCDR(M)
6002 CONTINUE
IIK = T[K+ ¢
GO TO 503
777 CONTINUE
SToP
END

" nn
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SUBROUTINE TAPEIN
READ (60,1) TMAX,KMODMX
1 FORMAT(F10.5,15)
KMODEL = 0
3002 CONTINUE |
IF (KMODEL.EQ,KMOLMX) RETURN
READ (D1,6012) MMAX
6012 FCRMAT (1H ,2(14,06%X))
DO 200 1 = 1,MMAX
200 READ (91,6013) 1DUM
6013 FORMAT (1K ,14,5X,7F10,4)
2000 READ (D1,6012) ]FUNC,MOLE
1F ¢IFUNC.LT.0) GO TO 3000
D0 29%9 IM s §,MOLDE
READ (01,6040) IDUM,T
6010 FORMAT (4H ,A4,3F1n,5,5E11.4)
DU 2100 IN = 1,MMAX
2100 READ (01,6011) XDUM
6011 FORMAT (4H ,7(4X,E11,4))
2693 CUNTINUE
IF (T.GE.TMAX) RETURN
GG TO 2000
3007 KMODEL = KMODEL + 1
GC 10 3002
END
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ITI. LEIGEN
PROGRAMMER: R.B. HERRMANN / DEC 1971
PURPOSE:

This program accepts the card output of the program
SURFACE. This output consists of the period, phase veloc-
ity pairs of the Love wave dispersion in plane layered
solid media. The program LEIGEN determines the Love wave
eigenfunctions, partial of phase velocity with respect
to shear velocity and density as a function of depth with-
in the medium. One liquid layer may be placed at the
surface.

INPUT/OUTPUT

Input is from card. The eigenfunctions and phase
velocity partial derivatives are listed on the printer.
The eigenfunctions and phase velocity partial derivatives
may also be listed on FILE 01. This file can then be
used by other programs to generate synthetic surface wave
seismograms and amplitude spectra.

THEORY

The differential equation to be solved is

2
4. -4V + (pw - K2 V=0
dz dz

with the boundary conditions V(0) = 0, dV = 0 at z = 0,

dz

k = 2n/(CT) where C is the phase velocity and T is the
period. p is the density and g is the Lame constant

u = pB~, where B is the shear velocity in the layer.
The other restriction on the solution is that V(z) - ©
as z +» @ ,

The equation of motion can be derived from the follow-
ing expression for the Lagrangian and variational
methods. The &Lagrangian of the system is

K = m210 - k2 Iy = I, ,

where
= [P0 s, 1, =" w2 dz, and I, = [° u dv°
(o] ’ l (9] ’ 2 o

T
0 iz dz.
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The group velocity U can be defined in terms of the
energy integrals as

U =.kIl

wIy
The amplitude factor of Harkrider is defined as

AL = 1 .

2CU IO

For a system of constant velocity layers, the partial
of the phase velocity with respect to changes in the
shear velocity or density in the m'th layer are de-
termined from the following relations:

BBm 0, m m Bum 0,0

EANERE AN
apm B,w 8pm U,uw m 3Hm o,w

where
Zn
3 = = f Vz(z) dz
apm © 211
Hs Zm—l
gﬁ- = 5 ™ (k%% (2) + (av/d2)?} dz
Hnfo,w 2k°I, =z
1 -1
where z 1 and z_ are the lower and upper depth limits
of the ™ ‘m'th.Tayer (note that z increases downward),

The numerical integration performed in LEIGEN uses the
Haskell formulation of the Love wave problem. The
integration is conducted from the halfspace to the free
surface.

Several parameters are calculated which aid in judging
the numerical error of the integration process. From
the program SURFACE, the following parameters are
available T, C, U, and AL . The group velocity U is
determined by implicit differentiation in SURFACE.
Experience has shown that the U and parameters
determined by SURFACE are very reliable.

ITI=2



LEIGEN lists several parameters which can be used as
goodness of fit parameters. The group velocity U =
U(ENER), which has been determined by using the energy
integrals, can be compared to U{(DC/DT), which was de-
termined by SURFACE. The = ALE, the amplitude
factor determined using the energy integrals, can be
compared to the = AL, which was determined by SURFACE us-
ing differentiation of the period equation. The
Lagrangian = L should be zero if there are no numerical
errors; this has been found to be a poor guide to good-
ness of fit. At the bottom of each printer listing,
there is a line headed by M = 0., This contains the
values of UT (V) and TT (n dV/dz) as computed at the
free surface. If there is no numerical error, TT = 0.

The partial derivatives for the last row in the listing
of the quantities as a function of depth are for changes

in the parameters of the halfspace,.

PROGRAM DESCRIPTION

PROGRAM LEIGEN : This program performs the desired
numerical integration and lists the results on the
printer.

SUBRQOUTINE TAPEIN : This subroutine makes it possible
to add more eigenfunctions at different pericds or for
different models on the same tape. This allows expan-
sion of the tape.

INPUT DATA
There are two slightly different arrangements to the
data for the cases when the output is and is not

written on FILE 01.

Case 1 - No output written on FILE 01.

Card
Sequence Column Name Format Explanation
A. 1-4 MMAX T4 LE O END
program
Cr O Number

of layers in-
cluding half-
space in the
model.
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Card
Sequence

A. Column

1-4

11-14

Name

ITAPE

B. Earth model (MMAX cards)

1-10

11-20

21-30

31-40

C. Period data

1-14

16-29

31-44

46-59

D(I)
A(I).
B(I)

RHO(I)

C
U

AL

Format

T4

I4

F10.5

F10.5

F10.5

F10.5

E1l4.7

E14.7

E1l4,7

E14.7

I11I-4

Explanation
LE 0 End program

GT O Number of
layers including
halfspace in the
model

LE O No tape out-
put (In this
case must be
LE 0)

Layer thickness
in km.

P velocity of
layer in km/sec

S$ wvelocity of
layer in km/sec

Deunsity of layer

in gm/cm”,

LT O read new
MMAX, ITAPE
card (Point A)

EQ O does nothing
in this case

GT O Period in
seconds

Phase velocity in
km/sec

Group velocity
in km/sec

Amplitude factor



At this point the program will determine the appropriate
eigenfunctions and return to Point C to read a new T, C,

U, AL data card.

The program is terminated by reading a new MMAX card
with MMAX.LE. 0. The last system card is an end of

file,
Case 2 - Qutput written on FILE
Card
Sequence Column Name
A. 1-4 MMAX

11-14 ITAPE

B. Earth model (MMAX cards)

1-190 D(I)
11-20 A(L)
21-30 B(I)
31-40 RHO (%)

II1I-5

01

Format

14

I4

F10.5

F10.5

Flo.s

F10.5

Explanation
LE O End program

GT O Number of
layers including
halfspace con-
tained in the
model

LE 0 No tape out-
put

EQ 1 Eigenfunc-
tions written
on FILE 01l but
velocity-density
model is not
written again

GT 1 Velocity-
density model
written on
FILE as header
as well as
eigenfunctions

Layer thickness
in km
P velocity of

layer in km/sec

S velocity of
layer in km/sec

Density of
layer. in
gm/cm



Card
Sequence Column

C. Tape update

1-10

11-15

Name Format

IMAX F10.5

KMODMX 15

II1-6

Explanation

Skip model

already on
tape and
read through
the eigen~
functions
with T =
TMAX. Tape
now ready to
write after
T = TMAX.

Number of earth

models to skip,
KMODMX = O if
tape is new and
has nothing
written on it.



Card

Sequence Column Name
D. Period sequence
a. Header
1-4 IFUNC
11-14 MODE
22-25 AMODE (1)
26-30
66-70
b. Period data (MODE cards)
1-14 T
16-29 c
31-34 U
46-59 AL

Format

L4

I4

A4

El4.7

E1l4.7

E14.7

E14.7

11T-7

Explanation

LT O Signifies
end of eigen-
function written
on FILE. This
is essential
when reading
the FILE.

EQ 1 Otherwise,
IFUNC=1. This
identifies the
FILE as contain-
ing Love wave
eigenfunctions.
See progranm
REIGEN where
IFUNC=2 indi-—
cates Rayleigh
wave eigenfunc-
tions.

Number of modes
to be placed
on tape for
given period.

Identification
code for mode

Period in sec-
onds

Phase velocity
in km/sec

Group velocity
in km/sec

Amplitude
factor



c. End period data
1-80 blank card

At this point, program returns to Point D to read in a
new IFUNC, MODE card. When the program finds an IFUNC
LT 0, the program terminates.

Note, when the FILE created here is to be used by other
programs such as WIGGLE, SRFWVPLT, QUESTION,

or RADPAT, the order of data is as in the example, i.e.,
short periods first; within each period set, the modes

are listed in increasing order, FUND first, 1'ST second,
etc.
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LETGEN FAGE 1

O3

THIS PROGRam CAMPLTES VALUES OF DISPLACEMENTS, STRESS AT THE
MIDPOINT OF EACH LAYER 7TOGETHER WITH THE VALUE CF DC/LB FOR THAT
LAYER, THE METHOL IS BASED ON THE HASKELL MATRIX W[Th SPECIAL
CUNSILERATION GIVEN TC THE HIGH FREQUENCIES, THE PROGRAM ALSO
GIVES THE VARIOUS VALUES OF THE INTEGRALS MAKING UP THE

LAGRANGIAN,
MMAX = MINUS OR ZERC = END PROGRAM, = PLUS = NUMBER OF [AYERS
D = LAYER THICKMNESS, A3 P VEL, B = S VEL, RHO = DENSITY

DERTY = NEPTH TO MILPCINT OF LAYER XMus XLAMB = LAME S CONSTANTS
T = PERIOD £ = PRASE VELQCITY U = GROUP VELOCITY (DC/DT DERIVED)
THE PROGRA4 READS In CNE SET oF 71,C,U,AL OBSERVATIONS AT A TIME

T = NEG REa: IN NEW MODEL

T = ZERQ  £WECK TC SEE WHETHER TO ENTFR NEW PARAMETERS FAR

A QnE LAYES OCEANIGC MODEL WILL RE ACCE®TED, IN WHICH CASF THE
LIAulD LAYER [S IGNGRED

AT OGO OO N aOon

DIMENSIGN NC1GN),AC100),BCLG0),CEPTHILI0) ,aMPl100),5TRESS(10D)
NIMENSION NoDE(200)»DCRRELOG) ,NMMIS), SMM(5),RHOC1G0)
DIMONSIGN 4y 0D0F(40)
DIMaNSION ¥rUuC100),XLAMB(LOG)
XAMIN=L NE~20
FORﬂAT(4‘E14.7,iX)3
FORMATIZ2(14,6x),10(1X,A4))
FO?MAT(aHl)
FORMAT(1KD, 13%, cHM ,8X,7HCEPTH  ,10X%,1HD, 12X,5HALPHA, 11X, 4HBE TS,
L 11X, SHRHG, 13X, 2HpME, 11X, 6HLAMJPA /1K )
23 FORMATULH ,10%,(5,7'8%,F1y,4))
25 FORMATC(LH ,10X,[5,30X,5¢(5%X,F10,4))
44 FORMAT(4F1n.D)

PN =
P I W )

Sopn FORMATCLIHL16Xs1(1nkh T(SEC) = +F7,2+13K C(KM/SEC) = F7:5:4X))
5001 FORMAT(1HY, 16%,1¢12R UICC/DTY = ,F7,4,11H U(ENER) = ,F7,.4,2X))
5002 FORAT(¢LHG,16X,1(84 1C = ,E11,4,7H I1 ,511.4,2X>> :

5003 FURNMATOLH .16x,1(8H 12 = LE11,4,7H L = Eil,.4,2x))
5004 FORMAT(LHY,3H i, 8X,5hDEPTH,1(6X,44DISP,8X, 6HSTRESS,8X,5HDC/ N8, 84X,
LSunC/ur )/1 i)
5007 FORMAT(1H -{3; F13.254(2X1F1114))
5006 FORMAT(LH ,16X,1(8H WYyNC = ,E11,4,20X)/1H
5007 FORMAT(IH , 1 6X,1¢8H AL = ,EL1.4,7H ALE = ,E11.4,2%))
6010 FORAATC1H ,a4,3F16.5,5F11,4)
6911 FORMAT(1H ,7(4x,511,4))
6012 FORMAT(IH +2(14,6X))
6013 FURMAr(lH l4,5%,7F10.4)
12 fFuR rAT<14,JX.I4 6X,F10,4)
801 READ (60,12} MHAA:ITAPE ANY
NMAX = MMAYX
IF(MMAX)777,777,778
778 WRITE(614210)
WrITE(81,24)

III-9



LEIGEN

200

28
22
24

235
5G4

503

500

499

FAGE 2

BASE=0,0

DO 22 1=1,4ma%

REAL(60,44) DCI),ACL),BCI),RHU(T)
3ASESBASELDN(])

DEPTH(I)SBASE = D(1)#0+5

xMUCLY = RHC(I)aB(1)sB(I)

XLAMB(I) = KHC([)e(AC])=#A(])=-2.4R(1)8B(]))
IF¢l-MMaAX)25,24,24

WRITECOL 23014 DERTHETL) yDUIY,ACT), BT, RHOCT), XMULT ), XLAMB ()
CONTINUE
WRITE(EL,25)1ACI) 801 RHOCT) ,XMUCT), XLAMB(TY)
DEPTH(MMAX) = BASE = L(MMAYX)

IFCITAPE.GT.0) CALL TAPEIN

1P UITaPe, L8 1) 50 78 504

LMAL = MMAX 4+ 1

IFCe 01y, Eg, 0, L) LMAX = LMAX - 1
WRITE(L1,6%127 LYAX

QPTH = G'U

IF(8(1)+FQegs0Y DPTR = D1}

DU = I

K o= 1

FGatid kG, g.0) K 2 2

1 =K -1

WRITE(01,6213) [,CPTH,DL, A(K),B(K} ,RHO(K) ,XMUCK Y, XLAME (K)
Do 200 12l ,umay
TF{e(lYaLE-i3e0) GO TO 2?0
WRITE(QL,6213) I,CEPTRELY, n(Ly,a¢ly, gty RECCDy, xMu(Dy, XLAMG( D)
CONTINUE

IFCITARE,LE,0) GO TL 503

READ(O0,10) TFUNCWMCDE(AMADEC(T),I=21,10)

WRITE(811£012) IFUNCsMOCE

IF¢IFuNg, LT, 00 GO TC 777

1Ik = 6

READ(60,57 T
IF(T) 801,54
CONTINYE

MMAX = MNMAY

LAYLR DROPFING PRUCEDULRE~-NALFSPACE DEFINED AS ANY WAVELENGTHS
BELOW REGINN WHERE ¢ IS LESS THAN B
UNLESS OTHERWISE SPECIFIED, ANY=7,0

DMAXZANY=CaT

ITI-10



LETGEN

899

1081
1002

1231

a MMAX

FAGLE 3

SUM =

p0 gou 11=1,MMax

MAX 3 1%

IFtc - 3411?Y 9¢1,940,5¢c0

SUM = SuM + DO

IF(SUr - LDMaX) 00,500,502
CONTINUE

= MAX

WYND = 5,2851u33/(CaT)

WYNJM = WyuD

NVMUSQ:ﬁVNﬂ&NVNO

IMEGSE =(6.,831853,T)waz

CcOVe = /8¢85MAX)

H 2 RRO(MMAX)aq (MMAX )R (VMAX)
RE * WVUNO#SURT(ABS(COYR#42 « 1,))
UuT = 2

TT =2 = i # 4R

AP (MMAX)Y = UT

STRESS(MMALY = T
IF(RB)LGN1.100001G10:

DMz 1,025

SH z

G¢ 7O 4yun2

UM = U.%/R:‘g

S 2 (,sekP

CONTINUE

DLDR = CGMENSQ » DM

ILDm & =hUNDSQuDM + SM)

DCDE(MMAX) 5 2, aRFO(MMAX)#B(MMAX)aCaDLDM/WYND
DCRR(HMaX) = (C/WVNC)a(CLDR + B{MMAX)#R(MMAX)aD| DM)
MMML 5 MMAX -

SuM10 REHY(MMAX) @ DM

syl H o DM

SuMI2 H o#» SM

DO 134n Kzq MMMy

M 2 MMAXR =
IF st 26,02.00 6o To 1344

COvay % /800

KRB = WVYnD®SORT{ABS(COVBaeZ w 1,))
H2RHO(MI®B(4)#B(M)

Ué = LMY/ 4.

DMM(1) = UT & U7

SMMi1) = (TT/H)ew2

DG 1339 KK=2,5

XKK KK =1

Q=R3eL7Z4#XKK
[F{C-B(M))1207,422111231

SING = §IN(Q)

Y=SINQ/RB

Zz-xReSINQ

H

PE )
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LEIGEN PAGE 4

CUSQ = (0519
GO 70 1242
1221 Y=DZaxKXK
2:0.0
C0SQ=31+¢
GO 10 1242
12G7 EXQP = EXP(o)
ExQizy, JEXOP
Ya(2XQP=EXqi) /7 (2, sRE)
Z=RierBwY
COSI=(EXAP+EXGM) /2,
1242 EQT = S0SawLT - YeTT/hR
ETT = ~HalalT + CQSCaTT
NuM{KK) = FuTaplT
SMM(KK? 2 (ETTwiTT)/ (ror)?
TF(xkK=3313%5,1301,143¢
1301 AMP(M) = EUT
STRESS(4Y = ETT
1339 CoNTINUG
Ur = guy
IT = 77
OM=(DZ/22«51 (72 (NFML)+OMMLIS )} #3248 (OMM(2)+DMM (4 ) ) +12 #DMM(3))
SM-<DZ/G2.3>*(7 #(SHFM(L)Y+SMM(5))+32, 4 (SMM(2)+SMM(4))+12,aSMMETY,
DLD = -(W7,0S5qaDM + SM)
DLDR = QMtcie s DM
DCDHLMY = 2, #RHGIH)eR(M)8CaDLDM/WYND

DCDR(HY = (2/WVRD)o{DBLDR+B(H)«R (M) vDLDM)
SUMIQ = SUMIQ « RHO(M)#LM

SuMILl = SuMliy « HDM

SuMlp = suulg & Higw

1346 CONTINUE
AMP(L00Y = 1
STReSS (100
neouliga)y =
DCOK{L0g) =
NEPTH(1U0) = O, u
IF(a(l),EQ,u.U) DEPTH(ICO) = ptly
DLk = -2s8,vNO#SLMIL
DO 1500 L=1,MMAX
[FCL LY, EG,a.0) 6C To 1500
AMP (L) 3 AMP(L)/UT
STRESS(L)Y = STRESS(L)/UT
DEDBLL) = NENB(L)Y/DLDK
DCDx(LY = DCDR(L),/DLDK

e EXCLUSION 9F Low AMPLITLRDES FROM FINAL QuTPUTY
[F(8(L) - B(MMAX))1506,1507,1507

1507 CONTINUE
TFCABSEAMP (L)) -xXMIN) 1501,1502,1502

1504 AMP(L) = 0,0
STRESS(L! = 0.9

g

= T
0,1
0,0

ITT~12



1502
1506
154390

501

0190

4%

1

6pp2

777

DCRe(L)Y = ©,0

LCDoK (L_) = A.E

GG TOQ 1590

CONTINUE

GONTINUE

CONTINUE

SUMIO = SUMIQ/Z(UTaUT)

SUMIE = SUMI1/(LTeUuT)
SUMI2 = SULMI2 Z(UTH*LT)
HaR =2 SuMI/(CasuUMId)
FLAGR=zAH EGJ‘»SU“IG wWVaQSQaSUMIL-SUMI2

ALE = 1,/7(2,#CsUBR»SUNMTID}
CUNTINUE

WRITE(61,5700) T,.C
WRITE(éiibjdi) UL G
WRITE(6L,5152) sUmIg,surll
WRITE(61,5703) SUp1z,F AGR
w9175<61.§ﬁu7> AL2ALE
WRITE(81,5746) «VNUM
WRITE(8)427554)

Moz

DPH = DERPTH{10)

UT = 1.¢

TV 2 5,90

ac3 = 9,90

CCR = 0,0

WRITE(61,57u5y 1y CPR,LT,TT,LUC8,0CR
Nzl

IF(L‘(l) E@nutu} N = 2
DO 501D M 3 N MEax |
WHITE(ﬁl,SSgS)M,DEPTH(M),AMP(M),STR&SS(M)aDCDB(N):UCDR(M)
WRITE(61,475)
FORMAT(1HUY
M =z
wRITg<51n5ﬂu5> MrCEPTR(100)1AMP(10N) 1 STRESS(100)0COB(100)+NCDR(10
)
IFCITLPELE ) GO TC 513
MMAX = RMaX
DUMM1=9,0
DUMi1250,0
NHnd=0,1
K = 1K + 1
WRITE(01,60100 aMCDE(K)Y,T,C,U,SUMIa, WyNuM, 4L, DyumMML, Dymnz
WETTE (g1,8211347,TT DLMV1.DUMM2 nUMM3 DCR, pcR
DC o002 M = N,MMAX
WRITE(CL,6011)AMP(M),STRESS (M), DUMML, DUMMZ, DUMM3, DCOB(M),DCDRIM)
CONTINUE
TIK = 1iK & ¢
Gg 70 503
CONTInUEg
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LEIGEx PAGE o

Enl

SUBRAQUTINE TAPEIN

REALGT60,1) TMAX,KMOLMX
1 FORMAT(F10,5,15}

KMopeL = O

3002 CONTINUE
[F(KMCpel ,Fu,KMCoMY ) RETLRM

30061 READ(UL,6012) MMAX

6012 FORMAT 1H ,:2014,6X%X))
ng 280 | = 1,MMaX

200 Ro Au(dl'bﬁ?? TOUM

5013 FORMaT(1H 4,5%,7F1n,4)

2003 REApCuL, 60133 [fdmc.vcne
[F(IFLNC.LT,0) 40 TL 300N
DO 2999 IM & L1,i+QLE
RtAu(oltébic) TLUMST

6010 FCRIAT(LH ,,4,3F10.5,5811,4)

011 FORMATCIK ,7(4X,E11.4))
DO 2160 IN = 1,MMAY

7 READ(01,6011) X[oup

9 CoNTINUE

IF{T.EQ,.TMAXY RETLRA
GO 10 Z¢00

30600 kMOpEL = KMgDEL * 1
GO TO 3¢02
END

[ASEAN
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-0.1217E 01 =-0¥1819F 01 0.1040E 00
-0,.1224E 01 0i1386E 01 0.1049E 08
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IV. SUBRCUTINE EIGEN

PROGRAMMER : R. B. HERRMANN / MAY 1973

PURPOSE:

This subroutine reads the eigenfunctions from the
tape on Unit ITAPE and stores the eigenfunctions for a
set of up to 15 focal depths labeled COMMON. This sub-
routine requires the subroutines MODEL prior to use and
it uses the subroutine NONPRP for linear interpolation
to obtain the eigenfunctions at various focal depths.

INPUT/OUTPUT

The eigenfunction tape is loaded onto the tape
Unit ITAPE. Input and output parameters are stored
in COMMON.
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V. SUBROUTINE MODEL

PROGRAMMER : R. B. HERRMANN / MAY 1973

PURPOSE:

This subroutine reads the earth model which is
stored on the eigenfunction tape Immediately in front
of the eigenfunctions, The earth model is placed in
labeled COMMON.

INPUT/OUTPUT

The earth model is read off the eigenfunction tape
which is stored on tape Unit ITAPE.



MODEL

4

i

1040

2

PAGE 1

SURHQUTINE #QUEL{ITAPE)
COMMONZONEZAY (100,40, CY (L00-4), N, DEPTHILND)YSDE100)
COMEON/TWO/ZLAYEA(100).A01000,80100),RH0(400), XMULL00), XL ANBE1ON)
REAGCITAPE, Y)Y N

FORMATOLH ,2(14.6x))

REan [N MOYEL

NG 108 13l,a

READCITAPE, ) LAYERCI),DEPTACIY DU, ACT),BUL) ,RHGLL Y, XMULTY,
=XLAR (D)

FARMATU H 414,345,781 0.4)

RETOURE ’

£4D



VI. SUBROUTINE NONPRP

PROGRAMMER : R. B. HERRMANN / MAY 1972

PURPOSE:

This subroutine is called by the subroutine EIGEN
in order to obtain the eigenfunctions at a specified
depth by linear interpolation of known eigenfunctions
at depths above and below the desired value.

INPUT/OUTPUT

All values needed are in labeled COMMON or are
in the subroutine argument.

VI-1



Y

ONPRP PACE 1

SUBAQUTINE ANNBRP{ALMAYY,PYR)
COMAON/ONEZAY(100,40,CY0100,4),N,DEPTH{100),D¢(100)
DIMzNSION PYRC4)
po 100 =1y
I[FQCA = 1
AL=pERTHLL Y =0 058D
Ne="EpTH{Iy4n. ", D
IFCALGE,. DL, aND A,
109 CunTlImue
101 00 L1v gJ s l.maXxy

I
1
E.pgy 60 TO 144

AA = AY(IFOCA, )
CC o= CY({IFNCA JU)
A4 = A4« O w JEPTRUIFCCA)

110 PYROJUY = 48 + (CaA
RETLRY

£
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VII. SUBROUTINE EXCIT

PROGRAMMER: R. B, HERRMANN / MAY 1972

PURPOSE:

This subroutine calculates the theoretical surface-
wave amplitude spectra at a given period from the eigen-
functions of that period for a given set of source orienta-
tion factors. The source can be either a dislocation
source specified by the strike, dip, and slip, or it can
be an explesive source.

INPUT/QUTPUT

All information needed for the functioning of the
subroutine is taken from the argument of the subroutine,
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EXCIT ~AGE 1

SUTROUTINE EXCITUFACLLFAC2,FACILFAC4,FACE,FACE,FACT?,FACS,FACS,
P, pY2 , PYa,PYa, [FULNC,SAZ,CAL,AMP, [FGEX)
GO TO (100,200, 1EQEX
100 CONTINUE
S2A2 = 2,wSaZuCel
CEAl = CAZwC AL = SAZ#S8AZ
G0 1o 1.2y, IFung
1 onGaTrale
L = Pyl wl{FACL-FAC4)#C2AL + (FAC2+F A2 wS247 )
X [ M - PY2 4{(FACSTFACSEYu0AT + (FACK-FACTIuSAZ)
AP SORTEAARL # XxRL + xIm & XIM )
GET LR
2 CONTINUE
XEL = PYLls ((FACJS*FACZ)®C2AZ * (FACA-FACLY2S2AZ) * FACY # PY4
Lo+ ue5eFACTepyy

f

~t

[
[ T ¢ I 1 B T I 1]

XL 2 (PYZerYeyu ((Fa07=FaCh)aCaAl+(FaraeF sC5)85,2)
Am oz SURTEARL 5 XRL # A1M 8 X1n ) '
RET\}RF‘.‘
2050 CUNTINUg
COOT0 (19,25), IFLMNC
12 ANP = @
RuTURN
20 AMP = PY4 - PYH
RETURY
EnD
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VIII. SRFWVPLT
PROGRAMMER: R. B. HERRMANN / Jun 72
PURPOSE:

This program calculates the theoretical surface-wave
amplitude spectra for each individual mode for a choice of
two source spectrums of the dislocation source. The two
source spectrums are S{w)} = 1 , which corresponds to the
delta-response of the system, and S{w) = 1/iw, which cor-
responds to the response of the system to a step dislocation.
Depending on the surface-wave eigenfunction tape used, the
program will plot the Love or Rayleigh wave amplitude spectra.
The theoretical amplitude spectra are generated at a refer-
ence distance of 1000 km or 9 from the source, To specify
the double-couple source, the orientations of the pressure
and tension axes are used. As an aid in identifying the
plots, the focal mechanism specified by the pressure and
tengsion axes is plotted. The spectra are plotted on a 3 x 3
log-log scale, of approximately 2,5 inches per cycle.

INPUT/OUTPUT

The specification of the focal depth, focal mechanism
orientation, and plotting options is taken from card on
FILE 60. Printer output is on FILE 61l. The eigenfunctions
are read from the tape on FILE 01 (this is the tape written
by REIGEN or LEIGEN using exactly the same order of input
as shown in the sample input for these programs). FILE 10
is used for the CALCOMP plotting.

THEORY
The theory of this program is taken from Levshin and
Yanson {1971). The formulation in terms of pressure and

tension axes is used.

PROGRAM DESCRIPTION

PROGRAM SRFWVPLT : This program reads in the data and
controls the plotting.

SUBROUTINE NONPRP: This subroutine performs a linear
interpolation on the eigenfunctions to arrive at the
values for a specified depth.

SUBROUTINE ALOGAXES: This subroutine establishes the
3 x 3 cycle log-log scale for the plot.
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SUBROUTINE LIND: This is a subroutine for plotting the
amplitude spectra for the various modes. Any amplitude
information which is less than three orders of magnitude
of the largest amplitude plotted, is not pletted. This
allows a neater plot by eliminating plotting below the
y-axis or along the y~axis.

SUBROUTINE DIPDD: This is a subroutine used by the sub-
routine NODPL. 1t takes a vector and redefines the vector
in terms of two angles.

SUBROUTINE NODPL; This subroutine plots a focal mech-
anism on an equal area projection for a visual represen-
tation of the focal mechanism specified by the given
orientations of the pressure and tension axes.

Card
Sequence Column Name Format Explanation

A, 1-10 SIZE F10.5 CALCOMP reduction
factor between
0.0 and 1.0 .

B. 1-10 DEL F10.5 Azimuth of the T
axis measured
from North

11-20 BET F10.5 The angle the T
axis makes with
the downward
vertical axis

21-30 ALP F10.5 Azumuth of the P axis
measured clockwise
from North

31-40 GAM F10.5 The angle the P
axis makes with
the downward
vertical axis

C. 1-10 AA F10.5 LT. = 10 read in
new mechanism param-
eters
.GT. - 10 and .LT. O
end program
.GT. 0 focal depth in
km
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Card
Sequence Column Name Format Explanation

D. 1-10 PHI F10.5 LLT.0 read new AA
.GE.0 receiver
azimuth

11-20 RAD F10.5 .GT.0 plot radial
spectra of Rayleigh
wave
.LT.0 no radial plot

21-30 VER F10.,5 .GT.0 plot vertical
gpectra of Ray-
leigh wave
+.LE.O no vertical

plot

31-40 SRC F10.5 .GT.0 spectra for
1/iw source-step
response

.LE.O spectra for

1,0 source~

impulse response
{when using the LOVE
tape VER and RAD have
no meaning)

After performing the operations specified by the PHI, VER, RAD,
SRC card, the program will read another PHI, VER, RAD, SRC card.

The example given on the following page is for the case DEL =

45 , BET = 80. , ALP = 135 , and GAM = 90. This corresponds

to a left lateral vertical strike slip fault striking north.
Since the plots given here are only of amplitude spectra and

not the phase spectra, the plots will also correspond to a right
lateral strike slip fault striking north., Basically, an inter-
change of the P and T axes will not affect the amplitude spectra.
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SRFWVFLT FAGE A

Y T3 Gy 434 £

v

]

£

432

O AN BN

PROGRAM SRELWVPLTY ,

Tils FROGRAM ACCEPTS ANY ARBITRARY OURIENTATION FOR A LOURLE COUPLE
FOCAL MECHANISM, ThE IANFPUT IS THE CRIENTATIQN OF THE PRESSURE AND
TEMSICN AXES, THE PRCGRAM PLOTS TWENRETICAL LQOVE OR RAYL WAVE
SPECTRA AT a4 DISTANCE OF 9 DEGREES OR 1000 KILOMETERS QN A
STANDARD 3 x 3 LOG-L0G SCaLE, THERE 15 AN OPTION For RpDIsL #NB
oR VERTICAL DISPLACEMENT SPECTRUM FpR RAYLEIGH WAVES, USIyG THe
EIGENFUNCTIUN T4PE FOR LOVE WAVES WILL GIVE THE LOVE ~AVE SPECTRA,

COMMON/ONE/ZAY(1LD,4),cY¢100,4),N,DEPTH¢(100),p(100),

LAYES(10GY,A(LUQ),BCLOC)Y,RHOCLD0) , XMUCLOG) s XLAMBLLOD),

1 1BUF(1y2e), ELIP

DIMENSICN ANODECLQY,WuNClLal,ELIPl&0,20),AR80RP 10, pENOMLD)
DIMENSION LaBEL{3),LABLE(4),XX{a0),YY1(60,10),NPERMILUY,YYR(60,10)
DIMENSIQN L<BEC7) LAB(D)

DIMENSION X(62),Y(52).PYR(4),PY(4)

DIMENSTON PYYI(CO0a10)sPYY2(O010) s PYYI(O0110)2PYY4(80440)
DIvENSTON TT(80)

CHARACTLR Lag,LaBg,Lagel,Lasle

CalL PLUTSCIBUF,1026,10)

Call PLCT(D,0,-11.7,-3)

Call FLQT(2,0,2,0,-9)

Rtﬁﬁ(bga4) STEE

SIZE = REDUCTION FACTGR USED 1IN CALL FACTOR OF CALCOMP L1BRARY
IF SIZE = 1.0 PLOT IS 3 CYCLE LLOG~L0G s 2¢5 INCHES PEK CYCLE
HERe SlzE yuST 8E LE, 1,0

TFUSTZE,LE,5.0R,S12E.6T,2.0) STZE = 1,0

CALL FACTUP(SIZE?

LAS(L) = 6w yz

LAB(2) & €H UR

LAB(3) 6" uT
LaBgti) = 4&MDELT
LaBelz) = &n  BETA
LaBe(3) 3 Ak Al
LABE(4) = AnPH
LABE(S) % ArCAM
LABEL (L) = €HFERICD
LABEL(2) = &KW (SEC)
LagLE(1) = M
LaBLE(2) = eHAMP (¢
LARLEYZ) = gHM-SEC)

FORMAT(LIH ,2(14,6X%))

FQRﬁAT(iH '14P5X'7F10'4)

FORMAT(SF11.2)

FORMAT(1H ,44,3V10.5,5E11,4)

FORMAT(4H ,7(4X,E11,4))

NEGRAD 35 0,517452329

READ(6014) DEL,BET+ALPGAM

DEL IS THE AZIMUTK CF THE T AXIS

BET IS THE AMGLE THE T AXIS MAKES WITH THE DOWNWARD VERTICAL
ALP 1S THE aXIM TH CF ThRE P AXIS
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SHFWVPLT PAGE 2

o GAM 1S THE ANGLE THE P AXIS MAKES WITH THE COWNWARD VERTICAL
WRITE(61,7) DELBET,ALPGAN
7 FORMAT(LHO, 4F1y,3)
CALL SYMBOL(1.3%:53,5,0,14:4HT,0,0,1)
CaLi SYMBOL(3,59,5.5,0,14,1HP,n,0,1)
CALL SYMBYL (0,55,5.0,0,14,LARE,1,0,28)
CALL NijMBER(2,56,4,7,0.,14,0EL,2,0.~1)
Cali NUMBER(1.68,4.7,0,14,8E7,2.,%,-1)
CALL NUMBER(¢2,8¢,4,7,0,14,A.P,7,0,-1)
CALL HUMBER(Z,95,4.7,0.,14,6AM,0,0,~4)
DEGRAS s LEL
NEGRAL # SET
NEGRAL % ALP
GAM = DEGRAL # CAM
(CAS(BETY®ez) = (COS(GAMY®aR)
(STN(BETY)nap
(ST (GAM) Y2
Siv(2.#uET?
SIN(2.2GAM)
CALL NOUPL{LELIGETALPsCAM)
CALL FLOT(Puprpege-2)
2001 REAL(GN,4) aA
IF(!’&AQLC."].CJO) GO TC 4321
IFCaA, LT, 0) oo To 9s98
DO 37 151,5

3
n
e |
W un

]
p
(9]
i
(]
Ha hnon

-
-
[ )
—
L%
Li]

W

NG 37 J®t.10
PYYL{1,4) 30
FYYZ2(1,y) = O
PYYE(]+4) s 0
37 Pyva(l,dy = 0

REAptoL, 10N
REALD IN MOnEL
DG 100 [%1,x
1UGLREAU(01.23 LAYER(I ), CEPTHOLY,DUI), ACTY,BUTI, RHOCTY, XMUCT), XLAME(]
Ly
NPER =
DO 1313 1 = 1,12
1313 NPERM(1) = ¢
2000 ReEaDp(otL,1) JFUNC, MODE
MAXY = 2 @ IFUAC
IFCIFUNC.LT,D) GO TC $99%9
IF{HNPER.EG..) MODEMx = MOLE
IF(NPERVEQ. ) TFUN = IFLNC
DG 1314 17 =z 3,40CE
1314 NFERM{1Z) = NFPERM(1Z) + 1
MFER & NPER + 1
DO 2996 IM = 1,r0CE
1REAs(ui.SJ AMODE(IM),T,C,U,SUMIQ, WYNCCIM) yAL,ELIP(NPER, IM),ARSORP ¢
1My
XX{NPERY = T

£
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SRFWVFLT PAGE

TT(PER) = 7
» THE SPECTRA AKE CCMPUTEL AT A DISTANCE OF 1000 KILOMETERS
DENOMOIM) 3 SQRT (WVNCOIM))I#0,3589423w1,0E+20
DENOMIM) = DENCM{IM)Y/AL
DENGM(IM) = DENQM(IM) # 6.2831853 u 34.622776
D0 2100 IN=1sN
2000 READC01,8) Y ¢IN, 1Y, aAYCIN,2) Y (IN,3),4Y(IN,4),DCD,,DCD8,D0DR
WVNG2 2 WV () eaD
G0 10 (24Un,22007, IFUNG
RAYLEIGH WAVES
INTTIALLY AvtIn,1l) = LR, AYLIN,2) 2 UZ, AY(IN)3) = T2

”
n AY{IN14) TR
o NOW AYCIN2LY 2 UR» AY(INW2Z) = UZ» AY(INag) = DURDZ,
» AY({IN,4; = Euzhy
" AND CY<iN¢1) = pUaDZ, cYUInN,2)y = DUIDZ, ¢cYUIN,3) = G2LRDZZ,
n GYCING4) T opauzrze,
AU S M AN

RHC (T a0l apViOe
Le20 s xbaM, a%) v gLouXu Iy
CTUIN, 1) AV SOIMIsaY (TN, 2 + AT LN, 4) 7Xmb(n)
CYOIN, 22 CWVNu(I“)*XLANd(IN)GAV('”;13*AY<IN;33>/XL2N
CYCINGS) = (=H/RMUCOIND + WYNDZa {3, aXL24=2, aXMUCIN) Y /XL2MIwAY (TN, 1)
LOomWANOCIMI o (e e xLAMBCINIZXMUCIMI Y RAY LINSZ) /NL2M
cYCIN, ) = (= (HewyNCoaXLaMB TN YuAYCIN, 20+ WUNC(IM)u (1, +XLAMB(IN)
i %¢u¢1w>>ﬂsvtrm,4))/XL2~
AYCING3I)D % oY (Ih,3)
AY(IM.4) CY(Th,2)
230" CONTINUE
Gu 10 2901
LOVE «AVES
ITNITIALLY AYOIN,1) 3 LT, AY(IN,2) = 77T
MOW AYCINSL) % LT, aY(IN,2) = D4UTDZ
AND CY(CINsd) = [UTDZ, CYC(INSZ) = DRUTCZZ
2400 DU 2500 INzish

J.‘) Ty Va2

CY(IN, 1y = y(In,2y/xFUCINY
CYUIN,2) = ﬁVNQE*(XPU(Ih)- CaCoRHO(INIYHAY CIN 1) /7 XU IN)
AY(I“:Z) = uY(lﬁpl)

2500 CUNTINUE

2503 COMTINUE
CALL NDgPRD(AA,ﬁAXY.PYR)
50 TO(2251,23523, [FLNC

2551 DYYL(NPtﬁilﬁ)
PYYZ (NPER, Iny
g0 T0 2185

2552 CONTINUE
PYYLINPER, M)
PYY2 {NDER? I i)
PYYS{NPER, IM)
PYY4(NPER, 1)

2555 CONTINUE

WYNC(IM)aPYR{1)/D MOM(!M)
PYR(2) ¢/ D:NO% IM

M

WYNCCIM) = PYRE1)Y 7/ DENOMIIM)
WYNO{IM) # PYR(2) / DENOM(IMY
PYR(3)/LENOM(IM)
PYR(4)/CENOM(IM)

IHn 9 unn
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2999 CONTINUE
G0 TO 2000
9999 CUNTINUE
REW[ND 1
Ny 3160 t = L1,NFER
3160 Xx(1) = ALOGLO(xXX(I))
XMAX = XX(NPER)
LMAX = XMAYX
TF{XMAXY « LrAX) 115411541159
114 LMAX = LMAY + 1
115 CONTIMYg
LMIN & MAY - 3
X1 3 LMIN
9937 CONTINYE
IF(PHI LTedy GO TC 2001
Prl 2 azIMiTH AT WHICR SPECTRA 1§ TESIRED
RAD == GT 2 PLOT RALTAL SPECTRA 0OF RAYLEIGH WAVE
~= LE 7 NO aaLlal SFECTRA PLOT
VeR -« o7 v PLoT VERTIgAL SPECTRA AF RaYLEIGH WaYE
-« LE Y NO VERT]CAL SPECTRA PLAOT

(WHEN USING LOVE TAFE, RAD AND VER HAVE NO MEANING)

SKC ~-= T 3 SPLCTRA MULTIPLIED BY SOURCE SPECTRUM S(CMERA) =
1.3/C0MEGA
£,G, STEP RESPONSE QF SYSTEM SEIsSMIC MOMENT = 4,0
BYrE-CN

-= LE 3 SPECTRA MULTIPLIED BRY SOURCE SPECTRyUM S(CMEGA)Y = 1,n
E.Gs, IMPULSE RESPONSE OF SYSTEM

Prlr = Ea2aD & P!

SINA 2 SINCALP - FHIR)
COSA = COStALP = PHIR)
SIND = SIN(DEL = PHIR)
CCSu = COS(DEL = PH[R)
SINTUP = SIN(2y2{DELL"PKIR))
SINAP = SIN(2,s(ALP.PRIRY)
[Flae = 1FUy

YAAXR % 1,00-38

YHAAY = 1.’7._—':-—38

DO 9995 Js4aMODEMX
NP = NPERMEY)

Nng 999% 121 NP

PYR¢1) = Pyyaicl,Jd)
PYR(2) = Pyy2(r,u)
PYR(3) s Pyy3ly,d?
PYR(4Y = Pv¥y4(T1,d)

GG TO (£€71r,2720), IFUNC
2710 CONTINUE
XREAL = 0,5 & PYR(1) #(FACT2sSINDP = FACTY34SINAP)
XIMAG = -0,58PYR(Z)u(FACT4#SIND ~ FACT5«SINA)
GO 10 2730
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SRFWVFLT PAGE 5

2729 CINTINUE
XREal = FACTL#PYR(4) -PYR(1)}#(FACT2sCOSEaCASD - FACT3I4CNSA#CNSA)
XIMAG = 0,84 (FYR(2)+PYR(Z))#(FACT4aCOSN=FACTS4C0SA)
2739 noMTINJE
XREAL = 1,03 25 # XREAL
XIMAG = 1,2 25 @» XIMAG
DuM = SQRTEXREAL##2 + XIMAG##2)
NUM 5 1,08-25 » DU
TFSRe,GTen) CUv = tUm w TT(1) / 6,2831853
IF(OUM,ER Y)Y BUM % 1, 0F=38
[FLIFUNGLER,L) 50 TC 5938
TF{RAD.LE.Y) G0 TC 9989
yy2¢l,dy = UM 4 aBS(ELIR(T,d))
IFEyY2t1,dY ,GT,YmaxR) ymaxR = ¥Y2¢(1,))
YY2UT1,J) 3 aL0giofyy2ir, )
9989 IF(VER.LE.™) GO TG 4995
9988 vyy(leJ) = [uM
IFOYYL 0T odY «GTaYMAXYY YMAXY = YYL(TaJ)
yyq. 01,4y = jLofioqyyicl,
9955 rJNTINUg
YHALY 2 OALDGLOyMAYY)
YM\AR 2 ALDGI0(YMAXK)
Dy 7996 1C = 17 IFUNC
TF¢LFUNC,En, 1) GO TC 6953
Irxic EG.1,ANC.VER,LE.0) GO TO 5995
i IC._u.Z.AND.RAE.LE,Q) G0 TO 9994
9963 CONTINUE
[FtIC,EqQ,
IF{1C.EQ.,
IFCIFUNGE
IF(IFuN"
IF(IFUNG
XaXLenN
YAXLEN
JELTAX
DELTAY y
SUP = 0,03 « Y:\fa‘t.es*l
LmAX = YMaX
IF(YMAX = L+AX) 110,110,111
111 LMax = LAY * 1
110 CONTINUE
LMIn = LMAY - 3
Y4 = LyIN
CALL ALOGAXESOXAXLEAN,YAXLEN,3+3,LAREL,LABLE,12,18.X1,Y1,NELTAX,
LOUELTAY)
D0 3171 IM = 1+#QCENMX
NP = NPERM{IM)
DO 3172 12 a 1+3P
x(12y = xx¢I12)
GO TO (3168.:3149).1C

1y ymax YMAXY

YMAXR

«12 LAB (1) = LAB(3)
2400, I0,860,1) LaslE(l)

ANDLICLER,2) LABLE(L)

Lag(1)
1L AR(2)
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3163 YCIZY = YY1 1Z,1IM)
a0 10 3170
3169 YO1Z)Y = ¥YYR(14,1M)
5170 CONTINUE
IFCYCTIZY LT YL)Y Y(IZYy = Y1
3172 CONTINUE

X(NP+1}=X1
X(NP+2) = DELTAX
Y{NF+1l) = Y1
Y{MPa2)y = TELTRY

5181 Cabl LIND(x,Y,NP,IM)

3171 CONTINUE
CALL SyMBOL( 2
CALL NUMBER({ 4
CALL SYMBCL( 2.
CaLL numREg (4,3
MMM = MUDEMX - 1
DO S30N IMm 1, MM

& dYAXLEN+0,1,SCP,4HH = ,0,0,47
1 s YAXLEN®D,L,5CP,AA,0,0,1)
1eYAXLEN + g40,8CP14HPHI=. .0, %)
5,YAxLEM+0,6,SCP PHI 0,7, 1)

FEN % In
IT = v+ 14
XC = XAKLEY - 1,

Yy YAXLEN = 1, -« (FPN = 1,) & 0,3
CALL SYMBCL(XGrYY+0e1s0:291T20e0r4)
Cakl SYMCL(XC#3,3,YY,0,2,1H=,0,0,1)
3300 CaLL MNUWRER(XGey,6,YY,0,2,FPN,0,0,-1)
CALL PLCT(11,0,3.0,<37
CALL FACTOR(1,M)
CALL PLCT(D.0¢~11e0e-3)
Call PLLCT(N,002,00~3)
CAaLL FACTOR(SIZE)Y
9998 CONTINYE
GU 10 9997
9993 CONTINUE
Call PLOT(LU.5,U,0,999)
ST0F
END

SUBROUTINE LONPRP(A,MAXY,PYR)
COMAON/ZONE/ZAY(100,40,CY1u0,4),N,DFPTHtL00),0(1001},
L LAYER(LO0),AJ(100),BL100)RHOC100Y, XMU(100),XLAMB(LON),
I IBUF(1u26y, ELIP(6L,10)
DIMENSION PYR(4)
PO 100 Izl
IFOCA = 1
Dl = DEPTH(I) - 0.5#D(1)
D2 = DEpTH(T) + g.5a4D¢1)
IF{A.GE,DL1,AND.ALLE,D2) GO TO 101
" CONTINUE :
Do 110 g = 1,MaXY
AA s AY{IFQCA,JJ)

i
O
(e
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SRFWVPLT PAGE 7

cC CY(IFNCA,JY)

AA = AA « CC # LEPTRIFCCA)
113 PYR{JJ) = 2a + (CCap

RETURN

END

SUBROUTINE ALUGAXES{XAXLEN:YAXLENJNDCX1NOCY4TTLX,TTLY;MTX:MTYJX11
Y UELTAX nELTAY)
CHARACTER TTLX, TTLY
DIMENSION TTLX¢LQ),TTLY(10)
SLTs.2eYAXLEN
ST=,A1«YAXLEN
SP=~,06aYAXLEN

i

SS=,0354YAXLEN
S5P=5P+38=,56
TTLPz=~,118YAXLEN-,1

STTL=,0358YAXLEN
XaiU® = 1
YL = vq
YU s Yi+ NACY
IF e g5(yL) ,GE, 10, .CR, ABRS(YL) ,GE, 10,) XNUM = XNUVM + 1
IFCABS(YLY,GE.100, OR, aBS(YUY,GE,100,) ANLM = XNUM + 1,

IFC Y1 LT, 0 ) xhUM T yhUM + 1,0
CALL PLOT(mSLT,d,U,2)
CALL PLOT(O«0+~SLT+3) c
ALL FLOTI(O,0,0,0,2
XPO;Xi LL LoTin,n,n,0 }
YPG=y1
_ TFennex,EC, 0360 70 4
AnCCXsNoCA
FACTXSXAXLEN/ZANNCX
CALL SYMBOL(~,68S85,SP,S85,2K10,0,0,2)
CALL NUMBER(959,) SSP0+5#SSaX1s0e00=1)
Catl PLOTY(0,0,0,0,3)
DU 3 Jsi,N00X
Do2 171,10
X3
X=ALOGLO(X)aFACTX tJ=1)2FACTX
IF(1
Call

*EQe1)GD TR 2
PLUT(K.O.G;Z)
. CaLl PLOT(X,-88T,2)
2 CALL PLoT(4,0.,0,3)
CALL FLGT(X.—SLTéE)
CALL SYMBOL(X=.6wSS,5p,58,2510,0,0,2)
XPO=XPD+10
CALL NUMBER(999,, SSP,n,5#S5S,X%XP0,0,0,-1)
3 caLL PLeT(X,0,0,3)
XTLIMTX
XTL:(XAXLEN-XTL*STTLJ/2.U
CALL SYMBOL(XTLaTTLRsSTTLsTTLX1Q:0sMTX)
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GO TO ¢
4 Ccakb aAXIS(n,0,0,0,TTLX,=MTX,XAXLEN, 0.0, X1 .DELTAX)
6 CALL PLOT(0,0,0,0,32
IF(NOCY.EQ,0060 Tn 10
ANGCY=NQCY

SP = SP =~ (XNUM = 1+45) # 0,5 # §S
TTLP = TTLP - {XNuM -1)%0,5#SS
FACTY=YAXLEN/ZANGCY

CALL SYMBOLtSP-,4,-.5#5%,85,2H10,0,0,2)
CalLL NUMBER{699,,.%485~,06,,%#588,Y1,0,0,-1)

CALL PLOT(0.00:0+3)
DO 9 Jzg,NICY
nG 8 1=1,10
v=1
YZALOGLalYdaFACTy+lU=-1)aFaACTY

IF(1.EQ,10060 To 8
CALL PLGT(ragiv¥e2)

CALL FLOT{(=S8STrYs2)
CALL PLOT(N.02Y¥43)

Catbl PLOTC-5LT,Y,2)
CaLi SYMRUL(SP-,4,Y.,58%5,85,0410,0,0, )
YROSYPg+L,

X

CALL NUFBER(S99,,Y*.5855-,36,,508S8,YrG,0,0,<1)
9 CALL PLOT(nagrVYs3)
YTL=MTY
YTL={YAXLEN=-YTLaSTTL }/2+Q
Cabll SYMROL(TTLP=-,2,YTL,STTL,TTLY,90,,4TY)
RETURY

10 CALL AXIS D, 0,0,0, TTLY,MTY,YAX EN,GG,,Y1,DELTAY)

RETURN
END

SUBRQUTINE LINDIX,Y,NP, M)
DIMENSION X(1),Y{()
X1 = X{nP*1)
YL 5 Y{nP+1)
DELTAX = x(NP+2)
DELTAYz Y{"P+2)
D 1006 I=1;hp
XX =2 (X{1) « X{ )/DELTAX
Yy = {yl1? - YL)/CELTAY
IFC 1,EG.1 )y GO TG 56
IFC YY .%E: 0 Y GG Tn 95
IF ¢ IM JFQ, 1y Call PLCT(XX,YY,2)
IF¢ 1w B9, 1 3y GC TC 100
CALL SYMBOL(XX,YY,N,14,1M,0,0,-2)
aQ TQ 100
95 IFCY{I-1) LB, Y1 )} GG TQ 10%
XXX = X(1) = (X{I) = X{(I-1))/¢Y(1

’-.
IF¢xxx LT, X(1-1) ,CR., XXX .GT, X( Sel{x(l)extl-1))
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XXX = (AXX=X1)/LELTAX
CeLL PLOT(XAX,n, 0,20

10% CONTINUE
CALL PLOT(XX,0,2)
IFC 14EQ.ND ¥ GC T0O 100

102 TFeyelery LLE, v1 ) GO 7O 100
XA 3 X¢1) = (X(1)=X(I+13)/7¢Y(I)~-Y
IFOxx LT, x{1) ,CR, XX.GT., X(1ls1
XA = (XX=XL3/DELTAYX
CALL PLOT(XXxeG 002
Go TC 140

96 IF(yy ,LE, ) G0 TO o7
IFC IMLEG, 1 ) CALL PLOT(XX,YY,3)
IFOIM ,29, 1 ) 60 TG 100
CALL SYWBCL (XX,YY,0,14,1V,0,0,~1)
63 70 g8

97 CallL PLUT(¥x,qu,3)
R0 T0 42

140 CONTINUE
RETURM
LaD

(1+1))nY (1)
J¥xx = g,58(x{[dex1sq))

SUBRAUTINE pNIPDD(X,Y,Z,PHI,DELTA)
TAPL = 6,2R31853

CCON = 57,025578

VNORM % SURT(Aax+YaY+Zal)
IF(Z.6T.0) o 10 10

X = =X
Y = ~Y
Z = -2
10 TF(ABSUX) e Evu 001+ ANDWABS(Y) LTeN:0N1) GO TO 290
DELT, =aRSIn (Z/VNORM)

TF¢ABS(x) LT,0,0001) GO TO 21
Pal = ATANCY/X)Y
IFCXL,LT, 00 2HI = PH] + TWPI/2,
IF(PHILT.?) PHL = FHL * TwpP!
63 TO 34

21 IF(y.LT,0) pHI
IFeY,aT, 00 PN
GO TO 3¢

20 DELTA = Thr1/4,
PH1 = 0

-TwPIz4, + Turl
TWP1/4

SUBROUTINE NODPLULEL,BET,ALP,GAM)
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DIMENSION X{365),Y(36%5),DELTA(2),GAMMA(2)
CalL SYMROL(2,5,3,25,0.1,1KHN,0.0,1)
CaLL PLOT(2,5.:3,.13,3)

CALL PLOT(2.5,2,93.,2)

CAL. PLOT(2.%9,1.13,3)

CALL PLOT(2.,5,0,93,2)

Call FLOT(1,4,2,03,38)

CapL FrLoTe1.6,2,03,2)

CaLl PLCTY3,4,2,03,3)

Calll PLOT(3,6,2,03,2)

CALL $YMBOL(2,5,2,93,0,1,3,0,0,-1)
DEGKAD = 0.;517452329

PG 111 I=1,361

ANGL 5 CEGTAD e« (1 - 1)

x411 2 2.5 » caslangl)?
111 vty = £,82 + SIN(ANG])

X(362) = 0.y

Y(362) = §,9

X(363) 3 1,4

Y{363) 5 1,0

CaLli LIMNEC(X,Y,3¢t,1,0,0)

(O]

PLAT P, T SyMBOLS

R o2 SGTWR s SIN(GAMZZ,)

X1z 2+5 + R # SIN(ALP) = (.03
Yis 2,03 + < # COStALF) - 0,05
CalL.L SYMBOL(X1,Y1,3,141Fp,0,0,1)
R #® SQTWR o SIN(BET/2.,)

xlz 2,5 &+ g » SIN(DEL) - 0,03
Y1z 2493 + & # COS{LEL) = .05
Cablb SYMROL(X1,Y1,0,1.1FT,8,0,1)
TWpl 2 6,28341853

DINC # 1,

NP R 179

XL ® SIN(GFT)#(0S(DEL?
YL s SIN(BET) & SIN(DEL)
Zi = COS(BET)

X2 3 SIN(OaAMIanUS(ALP)
Yo = SIN(GA#)#SINCALP)
22 % C0S5taanm)

CALL CIPDUAL+x2,vl4v2,21422,GaMMA(L),DELTA(L))
CALL DIPDDtXt=X2sY1=YZ224~22,GAMMALR)Y,DELTA(2))
WRITE(S1s1) ((GAMMA(L) sCELTA(L)) s L=142)
1 FURFATLLH 14F119+3)
po 21 =z 1,;
GAMMAC(L) = GAMMAC(L)Y - 180,
TFlGamMMatI) LT, u) naMmalr? = gaMmatl) + 360,
2 CONTINUE
Do 100 x = 1,2
IF(CELTA(KY.GE+1+) GO TC 50
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NPOINT = NP42
DO 40 l=zg,Mp0INT
THETA s{0AM4ACK)~50,+(]=1)80INC)»DEGRAD
JFCTHETALLT,D) THETA = THETA + TWP!
IF(THETALGT.TWR]) THETA = THETA-TWPI
XC1) = SIN(THETA) + 2.5
Y(1) = COStTHETA) + 2,03
40 conTiale
GO TO 9¢
55 IF(aBS(LELTA(K)=90,),GF,1.) GG 70 70
NPOINT = 2
2 el J=102
THETA 2(GaM0p (K)=90,+(1-1)8180, )#DEGR,D
IFCTHETALLT, 0) THETA = THETA + TWpg
IFCTHETAGT, TWP{) THETA = THETA - TWR]
X{I) = SIN{THETa)Y * 2,5
YOI) = COS({THETA) + 203
CONTIRUE
nt 70 93
70 THETA = (LAMMA(K)I=90,) = DFGRAD
TFOTHETA LT, N) THETA = TKETA + TyuP!
X¢1y = SINtTHETAY * 2.8
YC1) = COS{THETA) + 2403
THETA=(GAMYA(K)49y,) « LEGRAD
TFCTHETAGT, TwF1) TreTa = TueTa - TuPy
X(Np+z) 3 QIN(THETA) + 2,5
Y{(NP+@) = £LS(THETA) 4+ &,03
NPOINT = NP o+ 2
ANG = (50, -0ELTA(KY) & LEGRAD
TAN] = SIN(aNGY / 0CSOANG)
NDa 50 T¥1,nF
THETA = GAMPA(K)}=$0, + [1aDINC
IFUTHETAWLT,0) THETA = THETA + 960,
IFCTHETA«GT.2604¢) THETA s THETA =~ =z610.
ALPHA 2 (THETA-GAMMA(K)Y) & DEGRaD
Xd = ATANCTANTZCOSCALPHADY)
R 2 S3TwR & SIN(Xy/s2,!
X(1*1) = RaSIN(THETA#LCEGRAD)
Y(1+1) = ReCOS(THETA®LECRAD)
82 CONTINUE
0 cONTINUE

28
T

+ 2.5
* 2{03

X(NPFOINT+LY = 0,0
YINFOINT+1) = 0,0
X(NPOINT+2) = 1,0
YONROINT#2) = 140
Cabb LINE(X,Y,NPOINT,1,0,0)

100 CUNTINUE
RETURN
END
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0.6 »

45, 90, 13%, 50,
9,

0.0 1.0 1.¢ 1.0
'1'0

'110

45,000 9t,unQ 135,600 50,0060
89,995 89,993 179.995 F0.000
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IX. SRFWVSRC
PROGRAMMER: R, B, HERRMANN / Jan 1973
PURPOSE:

This program accepts a focal mechanism and focal depth
and compares theoretical amplitude spectra for an impulsive
source with observed spectral amplitudes. The source spec-—
trum at each period as well as the anelastic attenuation co-
efficients are determined.

INPUT/QUTPUT

The surface wave amplitude spectra are read from card
on FILE 60, One eigenfunction tape is used on FILE 01,
Qutput is on the printer, FILE 61l.

THEORY

The source spectrum S and attenuation coefficient g
are determined by a least squares process in order to fit
the observations to the model

y = S A exp(-gr),

where r is the distance from the source and A is the theo-
retical amplitude spectra at a particular station for the
focal mechanism and focal depth assumed.

Herrmann (1974) and Herrmann and Mitchell (1975) es-—
tablished a criteria for accepting the quality of data for
determining S and g. A correlation coefficient R is deter-
mined for each fit to the data. Also output is the
critical R value =- RCRIT, The g and S determinations
are accepted if R is greater than RCRIT. 953% confidence
limits are given to G and S.

PROGRAM DESCRIPTION

PROGRAM SRFWVSRC : This is the main input routine.

SUBROUTINE LINLSQ: This subroutine determines g and S to-
gether with confidence levels.

SUBROUTINE RCOEF: This determines the correlation coeffi-
cient between the ¥ vs A values.

SUBROUTINE NONPRP: This performs linear interpolation of
the eigenfunctions with respect to depth.
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SUBROUTINE FISHER; This determines the values of the
Student "t" coefficient at a 957% confidence level,

REFERENCES
Herrmann, R. B. (1974). Surface-wave generation by

central United States earthquakes, Ph. D. digser-—
tation, Saint Louis University.

Herrmann, R. B. and B, J. Mitchell (1975). Statistical
analysis and interpretation of surface-wave anelas-
tic attenuation data for the stable interior of
North America, Bull. Seism. Soc. Am. 65, 1115-1128.
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INPUT DATA

Card
Sequence Column Name Format
A. 1-10 DISTMX  F10.5
11-20 EQEX F10.5
B, 2-5 NUMSRC 14
12-15 NUMDPT I4

Explanation

Only data at dis-
tances less than
DISTMX are used
to determine S
and g

+EQ.0 Earthquake
data
.NE.O Explosion
data

Number of focal
mechanisms to be
entered (LE.10)

Number of focal
depths to be
searched through
(LE.10)

C. Focal mechanism parameters (NUMSRC cards)

1-10 XDEL F10.5
11-20 XBET F10.5
21-30 XALP F10.5

31-40 XGAM F10.5

D. Focal depth (NUMDPT cards)
1-10Q AAA F10.5
E. Data header

1-10 TT F10.5

IX-3

Azimuth of T axis
measured from
north

Angle T axis makes
with respect to
downward vertical
axis

AZ of P axis measured
from north.

Angle P axis makes
with respect to

dowvnward vertical
axis

Focal depth

Period of data



Card
Sequence Column Name Format Explanation

Data header (cont'd)

11-15 MODAL 15 Mode of data
Fund = 1, 1'st = 2
etc.

16-20 NUMSTA 15 dummy set to 0
or blank

21-25 IURUZ I5 1 UZ data
2 UR data
(has no meaning
for Love wave
data)

30-40 ATTEN Ell.&4 LT 0 search through
admissible region
then do least
squares

EQ 0 Do least
squares only

GT O Obtain source
spectrum for given
known attenuation

value
F. Spectral amplitude data
2-5 ISTA A4 Station identifier
11-20 AZ F10.5 Station azimuth

from source

21-30 DIST F10.5 Station distance
from source in km

31-40 WEIGHT Fl0.5 Observational
weight to data

41-51 AMPT, Ell.4 Amplitude spectrum
value normalized
for geometrical
spreading to
1000 km

61-70 GPV Group velocity of
amplitude arrival



The program now returns to Point F to read another amplitude
observation. When a card is found for which ISTA = 'HALT' ,
then the program stops reading in data and proceeds with the
least squares analysis.

When the least squares analysis is completed, the program
returns to Point E to read in new period data. The program
terminates when a value of TIT is found which is negative.

The data must be arranged in order of increasing period
which is the way the eigenfunctions are placed on tape.

For an explosion the XDEL, XBET, XALP, XGAM quantities have
no meaning, seo these values can be read to zero.
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Y A M0 200 0

@RS}

N0 D T &SNS

—

PROGRAM SRFWVSRE

THIS PROGRAM COMPUTES TEORETIGCAL SURFACE WAVE TRANSMISSION
FACTORS FOR RAYLEIGH QR LQVE WAVES AT & DISTANCE OF 1200
KILOMETERS, (OBSERVED SPECTRA NORMALIZED TO A DISTANCE OF 1000
KILOMETERS ARE AEAD IN., A LINEAR LEAST SQUARES FIT IS MADE TO THE
DATA TO 2BTAIN THE SOLRCE SPECTRUM AND ATTENUATION FACTORS
SIMULTANEOUSLY, COMPLTATIONS CAN ALSC BE PERFORMED FOR SOURCE
SFECTRUM OMLY WHEN ATTENUATION IS INPUTTED.

RAYLEIGH ETGENFLNCTION TAPE ENABLES USF OF LZ OR UR

LOVE EIGENFUNCTION TAFE ENEABLES USE OF UT

THE PROGRAM WILL ALSO DETERMINE THE SOURCE SPECTRUM AND THE
GAMMA COEFFICIENTS FOR EXPLOSION DATA IN WHICH CASE THE REL,RET,
ALP,GAM PARAMETERS HAVE NO MEANING AND MAY ALL BE SET To ZERp
COMAON aY(140,4),cv(100,4),5,DEPTHLI00),p(100)

CUMMIN LAYER(L03),A0400),8¢100),RANC100), XMU{{00) XLAMB(100)
caMuan gLIo

DIMENSION AMODE(L0), WYNC(LD),ELIP(10), ABSORP(10),NENOM(10)
DIMaNSTON XCEL (300, ABET(10) s XALRP (10 aXGAM(4 D) sFACT{(10) ) FACT2(40)
DIMeNSTON FaCT3(10),FACT4(10),FACTS(10),AAAC10),1STACS0),A7(50)
DImeNSION EIST(EO),AMF%(?G);WEIGHT(EO),YY(EC)

DIMENSION PyR{4),Pyil4

DIMENSION PYYL(L10,10),PYY2¢10,10),PYY3(20,10),PYY4(10,10)
DIMENSION GPVIO0)

DIM=NSION ol

[THALT = qHH4LT

FORATOLH ,2814,6%))

FORMAT(LH ,14:5%,7F10.4)

FORMAT(SF13.,5)

FORYAT(LH +44¢3F10+.5+5E11.4)

FoRuaTeLH ,7¢4%,E11.4))

FORMATIF10,5,315,4%X,E11,4)

FORMATCOLHL, 20%, SHFCCAL s 11 %, 4HOEL +6Xs4HBET ,6%,4HALP ,6x, 4HGAM )
FORMAT(LIN ,20X,15,5%,4{4%X,F6.1))
FORMAT(1X0A4s5Xs3F10.50E141+%29%0F10+5)

DEGRAD = 0,017452329

RE&AD(42,4) DISTMXx, EGEX
EJEX &9, 0.0 FEARTHGUAKE DATA
EJEX ,nNE, .U EXPLOSICN DATA

ReAo(60,1) NUMSRC.NUMEPT

DO 22 1 = 4sNUM3SRC

REAZ(S0e4) XDEL(IYrXxBET(T1) +XALP(I)YaXGAML])

WRITE(81,8)

pO0 6 1 = 1,NUMSRg

WRITECS1,9 1,xceLty?, xeevly), xaLp 1), xeanty)

DO 27 1 = 1,NUMSRC

XDEL (1Y = DEGRAD = xDEL(I)Y
XS8ET(1) = DEGRAD = XxBET(!)
XALP{I) = DEGRAD # XALP(D)
XGAM(I) = DEGRAD # XGAM(])

FACTL(1) = (COS{XBET(]))##2) = (COS(XGAM(I))=u2)
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{20220 Oy

[ ]

(9]

(]

28

291
2972

40¢0

37

107

Fact2(l) = (sIN(xeeT(l)y)sap
FACT3LL) = (SINIXGAMCI) ) )nap
FACT4A4(TY = 3SINCZ2,aXBET(1))
FACTS(]) = SIN(C.#XGAM(I))

0 2% 1 = LanuMpPT

REATJ(60,4) aaatl)

TT = PERION OF L[ATA .
MODAL ¥ MUTE OF DATA F % 4, 1ST = 2, ETC
NUMSTA = DL mMMY

[URLZ 1 = UZ DaTA 2 = LR DATA

ATTEN LT 2 SEARCH

EC 1 LINEAR LEAST SQUARES ANLY

ST 2 OBTAIN SCURCE FQR GIVEN ATTEN
xx”*x 2 0,0

Reauten, 79 TT,MCpAL  NUMETA, TURLZ, ATTEN
IFerT, L:.O’ GO 10 9999
Do 29 1 = 1,140
NUMSTA = ]
REAL(GT,10) ISTACI),AZLLY»DISTOIN,WEIGHTCLY , AMPLIIY, 6PV LT
IFLISTA{I) 2Q+IHALTY GO TO 294
TFCAMPL(I) s GT o XXMAX ] XXMAX = AMPL(T)
CONTINUE
GJ 10 292
NUMSTA 3 NUMSTA - 4
ConTInUE
NELZETION OF AMPLITULES NEAR NONES OF RADIATION PATTERA
XLl = 0.2 & ¥XMAX
J =
T 4LINUMSTA
LLT,xLIMY GO TO 4600

—

1sTalp)

)

ST(I)
WETGHT()

MPL(D)

i)

[N

Tﬂpu\j’sw
MH\J;DT‘

DIST(I)
WelGHT(J
AARPL (D)
GPV(J) =
Jd = J o+ 1
CONTINUE

ANUMSTA = o - 1
no &7 1
Do 37 J
PYYidl,d)
PYYZL(],J)
PYY3(1sJ)
PYY4{l,d)
REAN(OL, 1)*
READ IN MOTEL
D0 103 1=1,Nn

N~ il o> = e

"
- - -

3 DD
o

EL N X

it

cT,niSTuxy 6C TO 4000 CHANGE MANE

m

1t

REALCGL,2)  LAYER(ID,DERTHCIY,D(I), ALY BLYY,RHGCDY , XMUCTY, XLAMB(]
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)
2009 ReaotoL,1) 1Func, MODE
MAXY = 2 e [FUNC
IFCIFUNC,LT,.0? GO TC 999¢
D0 2999 IM = 1,M0CC
REA?<Q1.5> AMODECTIM) s TaC U SUMIG WUNOCIMIPALSELIPCIM) 1 ABSORP(IM)
HUtIMY 3
< THE SPECTRA ARE CCHMFUTEZ AT A DISTANCE OF 1000 KILOMETERS
NENOM(IM) SGRT (WyNO(IM)I®0,39R9423
DENUEM(TM) DENOMCI¥)Z7AL
DevuM(IM) DENCM(IM) @ 6,2831853 # 31.622776
0g 2109 IN=1,N
§ REASUL:8) AY(IK:l):AY(IA:?):AY(1&:3):&Y(INF4):DCDA!DCDB:DCDR
FerT,ve,TY GO To 2599
WyNU2 = WYNO(IM)ssn
TFOFUNC=2124019,22045,2200

o4 N

N
-
<
Lew )

¥ RAYLEIGH WAYES

~ INTTIALLY AYCIN,L) = LR, AY(IN,2) = UZ, AY(IN,3) = TZ,

c Av(lyrg) = TR

Yy NOA AYUINZL) 3 URe AY(IA22) 3 UZs AYCINS3) = DURDZ»

o aY(IN 1) = LUZDZ

o AND CYUIN, 1) = LUgR4, CYLIN,2) = DULDZ, cY(IN,3) = D2Lpdi2,
c YOINg4) F p2uznze.

2290 no aguﬂ In = 1,5
H & RHOCIN)#CaCeuyNQ2
XLzt = xLaMg(IN) + 2 aXMUCIN)

CYCIn,1) = WVNOOIM) =AY LIN,2) + AYUIN,4)/7XHULIN)
CYCING2T = (NVNGUIMIsXxLAMBUIN)#AYCIN, 1Y*AY (IN,3)) /X[ 2
CYCINIT)Y = (~R/XMUCIN) & WYNOZ2o (S, XL 2M=~2,8XMUCIN) ) /XL2MIRAY (1N, 1)

Lo=dyNOCIMI# (Lo s XLAMECINY ZXMUCIN) Y #AY CINs ) /XL 2M

CYCIY 4 = (=(HeWYNC2aXLaMaCIN) Yo Y (IN,2)+WVNOCIM)u(g,+XLaAMB(INY/

1 AMUCINYY»AY DN, 4) Y 2 XL 20

AYCING3Y = CY(IN,1)

AY(INGS) = o¥(1a,2)
2307 CONTINUE

GO 70 2501

LOvy HAV$S

InITIALLY aAY{Iv,1) = LT, aAYlIN,2) 2 77

NOW OAYCIN,1) T uT, AY(IN,2) = NUYDZ
; AND CY(IMady = SUTRZ, CY(INGZ2) = D2yTp2?
240C DG 2560 IN=1’N

CYCIM, 1y = aYeIn,23/7xMUCINg

CYCIN,2Y = aVioza (XUOINY= CoCeRHOCIN)ISAY CIN, 1)/ XMUCIN)

AY CIN, ) CY(Tn,1)
2500 coNTINYE
2501 CONTINUE

DO 2555 1D = 1,8UMDPT

AA 2 AAA(CID)

NPEx = 1D

IFCAACLTO)Y AA = 0.0

19 RIS R
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CALL ®ONPRP(AA,VAXY,PYR)
GO TO062551,.522)4 IFULNC
2551 PYYLU{NPER,1#) = WyNC(IM)aPYR{L1)/DENOM(IM)
PYYS(NPERS I 4) PYR(Z) / DENOM(IM)
G0 TQ 2555
2552 CONTINYE
Pyys (WPER, T
PYYoUNBER, In)
PYYI(NPER, 1)
PYY4 {WPERST M)
2658 ConTInyE
2099 COMTINDE
IFCTT.NELTY GO 7O 2400
2998 COMTIMNUE
[FemOLaL ,LF,0, QR MOLAL,GT,.MODE) GO TO 2997
RAD = 12
VER =z ¢
IF(IFuNC,En, 1) 80 TC 2633
1P URUZa2y:6381,263%2,2632
2631 VER ¥ |
GO TO 2033
2632 RALD = 1%,
2633 CONTIMNUE
Do «0GE 1 1, 8UuMEPT
DG 001 17 NLMSRC
WRITE (6L, 11 Aaa Dy, J TT,UU(MOD L), aMONECMOD, L)
11 FORMATU 4R 10X, 8RNEPTH = ,F10,3,10X,9HSOYRCE = , 13,10X%X,4uT =,
LOFL0.2,10X,a4HU = LF10.5,104,A4/)

M

WyNMC(IM) & PYR(L1) / DgNOM(IM)
Wyng(IM) » PYRI2)Y 2 pENOMITM)Y
PYR{I)/LENOH(IM)
PYRC4)/LENQMOIM)

" oot 1

i® ow

DEL = XDELfU)
ALP s XALP¢ )
BET =2 XtET(4)
GAY = XGAM{.)

DO 30u2 K = 1+MNUMSTA

PYRc¢q) = Pyvqi(l,MCnal)
pYR(2) = pYY2(l,MonAL)
PYR({3) = Pvyy3(!,MODAL)
PYR(4) = PYy4([,MONAL)

IF(E0EXNE.340) GO TO 2725

PHIR = ,7(%) =« DEGR,D
SINA = SINtaALP = PHIRJ
CGSA ® COS(alLP = PHIR)
SING = SIN{QEL = PHIR)
COSD = COS(LEL = PHR)

SINLP = SIM(Q!*CDEL‘PH%R))
SIMAP = Slvwio,s(aALPPKEIR))
IFLIFVNG=2Y2710,2720,2720

2710 CONTINUE
YREAL = 0,5 & PYR(1) #(FACT2(J)»SINDP-FACTI(J}#SINAP)
XIMAG 5 =C.5#PYR{2)4(FACT4(J)oSIND~FACTS(JI®SINA)
Go 10 2730
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2720 CONTINUE
XREALZFACTL(I)I 0P YR{4)-PYR(1)a(FACT2{ ) #C0SDeC0SD~FACTI(J)2C05AC0S
ia) :
XIMAG = 0,58 {PYR(Z)+PYR(Z))Iw(FACT4{ ) C0SD-FACTE(J)aCCSA)
2730 CONTINUE

60 10 2731
2725 XREAL = PYR(4) - PYR(1)
XIMAG = 0,0

IFCIFUNC,ED, L) XREAL ® 0,0
2731 CONTINUE
DUM = SGRT(XREAL®##2 * XIMAG##2)
IFCLUMIEGs D) WEIGHT(K) = 0.0
IF¢IFUNC,ED, 1) GO TC 9988
IF{rAD L E, ) GO TC 59&9
YY{x) = nuM # asStELIFfMODALY)
3989 IF(VER.LE.T) GO TC $995
9988 yy(n) = Luv
7995 CONTIMGE
3002 goNTINUE

|

CALL LINLSOCMUMSTA,SEIGRT,DIST,YY, AMPL AL, ISTA,ATTEN,GPY,TT)
3001 CONTInUE
3000 CONTINUE
XXMAX = Q,7
IF(TTsLEsy) GO TO 9999
DO St I = 1,100
NUMSTA = |
REAL(oCs10) TISTALIY s AZ(I Y« DISTLIY s WETIGHTC(I) s AMPLIIYGPYVI(D)
TE¢IsTa(ly,en,hatT) GO TO 311
TFCAMPLOT) G T XXMAXY XXNAX = AMPL (1)
31 CONTINLE
GO TO 342
311 NUMSTA = NUSSTA - 1
312 CONTINUE
pebeTICON CF AMPLITULES NEAR NOpES OF RaplATION PATTERN
Xilw & 0.2 o X¥XpaX
J ¥ 1
DO 50U0 1 % 1,NLMSTA
o IFCAMPLCIY LT XLIMY GC TO 5000
IFCUIST(I).GT+DISTMX) GC To 5000
IsTA(l)

L]

£

DIsT(J) DISTC(D)
WETCHT(J)Y = WEIGHT(D)
AMPL(J) AMPL(T)
GPV(J) = GPy(D)
w 2 ) o]

5000 CONTINUE
NUMSTA =2 ¥ - 1

n o~ W o1
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M

IFCTT,E6.T) GC TO 2598
GU 10 2¢00

9999 CONTINUE

REWIND 1
STQP
END

SUBROUTINE LCINLSQINGW, XX, YY A, AZ,ISTALATEN,GPV,TT)
THln SURROUTINE SEANCHES FOR MINIMUM OF STATISTIC SHOWN AND GIVES
95 PFERCENT CONFIDNENCE LEVELS
DIMENSTON 501, aX (1), YYCL) ALY b AZIL), ISTA(L),Y(52),X({82),FRR(52)
DIMENSTION TST1GN({2)
DIMENSIGN 1AST(2Q) )
DIMENSICN BFPVI1)2RAL(22)
DIxENSICN Dt52)
ISIGMGY) 5 4H +-
ISIQN(Q} = gH X /
200 FORDAT(3H ,*HEx  ,E11,4,A4,E11,4,10X,4HK= ,E11.,4,4H +~ ,F11,4
1e107, 6HSIGMA 3 ,E11,4,10%,4HR = ,F11.4)
201 FGR%AT(lH :A4nSﬁlF19.&oEX}F101234f4X;Ell.4)02F10g4!4X0E11o4)
202 FURGAT(IH ,4H STALLIIX,4HAZ 9%, 8HPIST 4%,
£ L14RaD PATTERN,4X, 31k CBSERVED ,4X,11iH PREDICTED ,4%,2%,4%4,
2 DhUEY 24X, 6HREIGHT ,4X,6HGP VEL ,3X,12HCORR 0BS RAD /)
203 FURNAT( Hg»@HNUNSTA =413,5Xa1 BHESTIMATED MOMENT =+B191445Xs7HROR]T
1 = 1E11.47)

IMP = ¢

JUMP 2 g

IF(ATTEN,EQ,A) GO TC 5000
IF(ATTEN LT, 0) JUMP = 2
IFCATTENLLT,D) ATTEN = -0.00004

5301 CONTINUE

GO 10 (301,302,301, U%F
302 IMP = [MP + 1

ATTEN = ATTEN 4 0,00004

IFCiMP, 0,07 JUMP 3 4

IFCIMPL,EQ.27) GC TG 5008
3C1 CONTINUE

Wala = 3aY¥iwed 3 W # {(A- SaYYaEXP{-ATTENaXX)Yss2 & MIN
SuMi = ¢
SuMz = ¢

IsléG 1
Bg 101 = {,N

Y{I1s = YY(1) » EXF(aaATTENaXX(1))

SUML = SUML + w(I) & A(I) & y(I?
10 suM2 = SUME * WD) # Y(IY » Y(I)

S = SyYML/SuUm2

SuMy =

SUM1 = 1

SuMz = ¢
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SuMya = a.ﬂ
.o 20 1 = ¢ N
SuMy = SUMﬂ + Wi
SUMLI = SUML * W(l) # Y(1)
SUMz = SUM?Z2 + W(l)sY(lYeY(])
Y¢ly = 3 & y(D)
ERR(TY & At1Y - Y(1)
2) Suvy 3 sumt o+ w1 g ErRR(1Y & ERRY)D
T = 1,961
o TG PREVENT DIVISICN BY ZERQ

IF¢n. 0.1y o = 400

SIGrA = SEAT(SUMI/ZEN=-1))

IF (v, el,100) N = 1

DS 2 T » S{gMA «(SORT(SLMQ/ARS(SUMNaSUMZ.SUMLsSUML)))
NS=5Se1, NE2G

SLOPE = ATTiN

NSLlere = 0,9

[F(JUMP,BG. 1) 40 T0 6000

SS=aaeq . F2 7

NnII-Zél 27388, ISIaN(ISIGY,Ds,SLOPE,DSLOPE, §IGM,

B0 = alnGis)

vl

50048 Suml =
Surva = 0
SumS 2 O
Su¥t = @
SUdh s g
SUM¥y = g
c 4w (ALOGCA/YY> - By - EfeXX) ss 2 = MIN
DG 182 1 3 1,N
QUI) = ALCG(ACTII/ZYY (I ))
SuMd s SUML & WD) @ XX(T) # XX(])
SUMZ2 = SUM2 « wW(I) # xX(D1)
SuMs = SUMZ & W(Il)
SuMs = suM4 o+ wely 0 gt
Sups = sUms + W{I) & (1) & XX(])
100 SuMa = SUMA + W) @ GeI) & Q1)
DET = suM3 o Syprl - SULMZ & SUM2

"

I1S15 2
GO 10 (401,402,402 ,4LMP

401 conNTINUEg
85 = (SuM4 » SUML - SUMZ » SUM5)/DET
Bl =z (~-SUM4gaSQUMZ + SUM3 # SUMS)/DET

402 CONTINUE

n 70 rREV:NT sIvisloN gy ZERO

IF(n.LE.2) & = 200
SIGHAZ 3 (SUM6 = Bo#SUMq ~ BLeSUMB)I/ZIN-2)
IF(N,EQ.QGQ) N s 2
T = 100,
IFtN.GT,2) CALL FISkER(N-2,T)
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T2 = T » 7

XC = 120000,

IFG,6T,2) X o= Tz/{N-2)

RCRIT = SERT(XCI/SORT(L,+XC)

S = ExP(BU)

SIGMA = SQRT(ABS{SIGMA2))

SEpy = T » SORT(A3S(SUM14S1GMAR/DET))
D5 = EXP(SEED)

GO TO (501,%302,502),JuMP
561 CouhTinug
Do L0 1 o= 1,n
ERR(I) 5 EXP{G{])=B0-B81eXx{
161 Y(U) = yY( Dy aSebEXpeataXXtl)
552 oMl IntlE :
SERL 5 T # SORT{ABS{SUMIaSIGMAZ/NET))
SLOPE = - o1
DaLUPE = S$Fi1
pN0G CUNTINLE
Callb KCCgFr(h,w,Y,a,RcCerr)
S3=nei, 0EZD
Wikl E(61,20¢755 , ISIGN{ISIG),DS,SLCPE,DSLOPE,SIGMA,RCOEFF
TFL{aUnP,EG,2Y Q¢ TN 5001
IFCLUMP«FGo2 s CReJUMF.EG3)Y ISIB = 1
F3TiON =S8 # 6.284485% 4 77
WRTTE(A1,233) M, ESTMOM,RCRTT
WRITE(sL,222) 1SIgNCISIG)
NG %099 1 = 4,y
599 RAD(I) = A1) = YY{(I)Y /7 v(!I)
o BECAUSE OF THE MNORMILIZATION USED YY(I) AND RAD(1) ARE
o 10820 TOO LARGE
DU cogt 1 = 1,N
6001 WRTITEC(AL,201) I1STALI),AZCI Y, XNLI)Y, YY Q1Y A1), Y (I Y,ERR(L), W 1Y,
1 Py lp?,Rant()
IF(sL0PE LT, 0,0KR.SLEPELGT. M, 01y ATTEN = 0,0
IFOSLOPE LT Qs CHeSLEUPEGY A0 01) JUMP = 3
TF(3LOPE,LT,n,0R,5LCPE,GT,n,01) GO TO Sc01
Ri= TURHK
E

I
)

SUBROUTINE RCOEF (N, w,Y,A,RODEFF)
DIMENSION VM(17,Y01),A(1)
IFn.EQ, 1) RCCEFF = 1,0
[F¢rie2Q. 1) RETURN

SUMG G
SUML
SuMz
SUM3
SuMq
Suhs
00 60

——a U S O3 v

o8 1w NN ou
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SuMy = SUMA &+ W (D)

SUMs = sUMy « wily w v(Dy

SUmy = SUm2 « W(I) « YC(I) & Y(I)

SUMJ & SUM3 + W(I? o A(D)

SUMe = SUM4 * LW(l) # AC1Y & A(D)
601 SUMS = SUMS + W(l) #» Y(1) & A(D)

RCOEFF = (SUMUsSUMB - SLM1eSUM3)/SORT((SUMQaSUMZ - SUN1asUH1)n
i 0 SUNE # SUMO - SUM3 & SUM3I))
ReTUR®N
EnND

SUBRROUTINE NONPHP(A,MAXY,PYR)
COMMON AYC$60,4),CY¢400,4),N,BEPTH(100),D04050)
COMMON LAYER(L00) A (100),R(100),RHOC100)sXMUC100) s XLAMB(100)
COovMiHEON [RUF(10628)
CoMaon ELIP(®g,10)
CIMENSION PyR(4)
Du .LrL- ‘[ lp‘
IF2¢A = 1
D1 = LEPTH{]Y - 0.5sn(1)
D2 - DEPTHLIY * 0,%#D(1)
IF(*'LE DLleANU A LF Dz) GO0 TO 124
103 CoMTINyE
101 DC 119 Jd = 1, Maxy

A = AYCIFOCA,JJ)

CC = CY(IFOCA,JU)

AA = AA = CC ® LDEPTR(IFCCA}
113 PYR(JUY = AA + (CuA

RETURN

END

SUBRQUTINE FISHER(N,T)
SIMENSI”N FT(34)

FT(1) = 706
FT(2) = 3u3
FT{(3) = 3+182
FT(4) = 2.776
FT(sy = 2,571
FTlod = 2,447
FI(7) = 2.365
FT(3) = 2436
FT(9) = 2:262
FTei0y = 2,228
FT(¢11) = 2,201
FT(12) = 2,179
FT(13) = 2,160
FT(14) = 2,145
FT(15) = 2.431
FT(16) = 2,120
FT(17) = 2,110
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1010

FT(18)
FTL19)
Fr20)
FT(21)
FT(22)
F1¢23)
FT¢z24)
ce1iz5)
FT(26)
Frez7)
F1(28)
FT¢29)
FT(30)
FT(31)
FT(32)
F1¢33)
FT(34)

I =N -2

IFLILLELYY 1 ® 1 ‘
IF{1.67.,30y go 1o 140

T = FT(D)

RETURN ,
IF¢I.GT.30,AND, 1. LE,40) T
IFCI+GT+AOAND 1+ Es60) T
IF¢l,67,60,aNp,. 1, LE 1200 T

Hun anmea

LUDNE T | B (I VIR PO

2,101
2,093
2.086
2,080
2.074
2,069
2.u64
2,060
2.u56
2.5°2
2,048
2,045
2.p42
2,u21
2.000
1,380
1,960

IFt1.aT,120) 1T

RETURN

END

(1-30)4(FTC3L)=FT(30))/10,+FT(30)

(1740 ®(FT(32)-FT(31))/20+ + FT(31)
(1-50)e(FT(33)-FT(32))/60, + FT(32)
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DATA

3500,

1
i81,
1z,
16,
SLMT
LHCT
AAMT
BLOT
o777
MNTTY
CLET
STJT
WEST
BLAT
ATLT
LUBT
TUCTY
ALGT
DUGT
NEWT
LONT
MSOT
PNTT
EDMT
FFCT
MBCT
HALT
-l,

£72.

1
$35,3

1425,3¢0

941.4
S26.4
1650,
1793,

1014.3C

3074,
1615.0
917.1
612.6
106%.7

1916.8
1455,8

2624.7
2489.%

£881,8

2316.,3
2613.69
2651,9
2307,3
4758.5

(]
L
-

L S S S e e e R S o N T T Sy Sy WPy
c e s e
OO CC OO CCOOC DO OoCOoOCOoOooo

« e & ® e » e » .- e =

6.,8459E-04
5,1925%E-03
4,9422E-03
4,4010E-03
4,2669E-03
5,1962E-03
2,3541E-03
2.9n65E-03
J3,2214E-03
5,5236E-03
3,3148E-03
5.3376E-(03
5.,7971E-03
7.7983E-03
1,7778E-03

3,3989
J.4802
3.4276
J3.4484
J3.4836
3,4970
3.3878
3.44836
3.4849
33,5047
3.,4991
3.2037
3.2604
3.3494
3.3583
3.2151
3,3513
3,36%87
3.3948
3,3830
3.4970
33,4853

16,
1¢.
16,
16,
16,
16.
16,
16,
16.
16,
16,
16.
16,
16,
16,
16,
16.
16,
16,
16.
16,
16.
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X. RADPAT
PROGRAMMER: R. B, HERRMANN / May 1973
PURPQSE:

This program accepts observed surface~wave amplitude
spectra for a given period, corrects for amplitude decrease
due to anelastic attenuation, and plots the amplitudes as a
function of receiver azimuth. For a given value of the
source spectrum at the same period, orientation of the pres-
sure and tension axes, and focal depth, the theoretical
surface wave radiation pattern is plotted.

The radiation patterns are scaled to fit in a square
2 3/4 inches on a side. Beneath each radiation pattern, the
period is written, as well as a scale relating the plot size
to units of dyne-cm.

The amplitude apectra uged by the program are values
at a reference distance of 9.

The spectra can be aligned on the page by specifying
an (IL,JJ) coordinate for the plot location. The (IL,JJ)
specifications are

1,1 (1,2) (1,3)
(2,1) (2,2) (2,3)
(3,1) (3,2) (3,3)

To plot more than nine patterns, or to plot another
page, just make the next IT or JJ in the (II,JJ) pair nega-
tive., The program recognizes the negative quantity, moves
the origin of the plotting system 13 inches, and plots the
radiation pattern in the location (ABS(II), ABS(JJ)).

INPUT / OUTPUT

The eigenfunction tape are read from FILE 0l. The
observed surface-wave amplitude spectra are read from
card on FILE 60. The FILE 10 is used for CALCOMP plots.
If the card data is for Love waves, the eigenfunction
tape must be the one containing the Love wave eigenfunc-
tions. The program also requires the subroutines NONPRP,
EIGEN, MODEL, These subroutines are stored separately on
disk. Printer output is on FILE 61.



INPUT DATA

Card
Sequence

A.

D. Data header

Column

13-72

1-10

11-20

21-30

31-40

1-10

1-10

11-15

16-20

21-15

Name

(IFORM(I),

1=1,15)

XDEL

XBET

XALP

XGAM

AAA(L)

TT

MODAL

IDUMP

IURUZ

Format

15A4

F10.5

F10.5

F10.5

F10.5

F10.5

F10.5

I5

15

15

Explanation

Format for spec—
tral amplitude
data input

Azimuth of T axis
measured clock-
wise from North

The angle the T
axis makes with
the downward
vertical z-axis

Azimuth of P axis
measured clock-
wise from North

The angle the P
axis makes with
the downward
vertical z-axis

Focal depth in km

.LE.O end program
.GT.0 period in
seconds

MODAL Mode of sur-
face wave data

Dummy wvariable-not
used~-leave blank

.EQ. 1 UZ for Rayl
.EQ. 2 IR fpr Rayl
(has meaning only
for Rayleigh wave
data)



P. Data header (cont'd)

Card
Sequence Column
30-40
E. 2=5
F. 12-15

IFORM - Format read
in from first data
card above

Name

ATTEN

SRC

I1

ISTA

DIST

WEIGHT

AMPL

GPV

Format

E1l.4

Ell.4

15

I5

Explanation

Anelastic attenua-
tion coefficient
for surface wag?
in units of km

Source spectrum
at period TT in
units of dyne-cm

Coordinates of
radiation pattern
positioning

1 ki)

Station code

Azimuth of station
from source
measured clock-
wise from North
in degrees

Distance from
source to sta-
tion in kilom-
eters

Weighting factor
on data, not
used by this
program

Spectral amplitude
observed . at the
station at period
TT in units of
cm-sec

Group velocity
of this arrival.
at period TT--
informative only-
not used by this
program,



The program returns to Point F to read in more ISTA, AZ, DIST,
WEIGHT, AMPL, GPV data until it finds one with ISTA = HALT.
The HALT indicates the end of a data set, The radiation
pattern is now pletted. The program then returns to Point D
to read in a new TT, MODAL, IDUMP, IURUZ, ATTEN, SRC card to
see if the plotting should continue or whether the program
should be terminated,

*¥kk% NOTE -- The data must be arranged in order of increasing
period. Also no period interpolation is performed.
Hence the periods used must agree exactly with those

sxxsex Written on the tape.



RADPAT FAGE 1

» PRACURAM RATPAT

z T415 FROGRAY ACCEPTS CRSERVED AMPLITUDRES OF LCVE OR RAYLEIGH WAVES
z 440 USING SgURrE SPECTRLM AND ATTENUATION OF A GIVEN PERION YIFELDS
n A PLOT OF TiE 0 SERVED AND THEQRETICAL AADIATION PATTERY,

o TAE PROGRAM YIELDRS aAMPLITUNES AT A DISTANCE OF 1000 KILOMETERS

CUMMON/UNEZAY (100, 4),0Y(100,4), 8, DEPTH(L00)Y, p(100)
V.“OW/TWC/LAVgﬂ(ln“) A(iapiyh(lno)nRHﬁfigg} XMUCLpg) o XLAMB (1)
COVRpONATHREE famg Drclo).wv‘061t).ELIP(iﬂ).ABSoﬁpctu) DcNou(lca
cOx:, 01 /FORE, \LMIPT AAAC1I5),7YY1(15,10),PYY2€¢15,10),FYY3¢15,40),
;PY¥4(;5 161, 1Fn
NIVENSTION YaTA(iﬂU}.Ai(lﬂW),“iST(¢“W)-”rIGHT(lﬂG) AMPLEL00)Y,6PY (1 0p
U).zﬂurclb”'a
DIMENSION SINAZ(3014,C08A2(304)
DIVENSION ¥ (10,0, Y0(100),XTS ZB5),YTC353) sSAL364),CALE61),8D(36,)
DIVENSION 0o (361),80P (361,37 P(361)
DIvENSTON PyRas
RIYENSION Tp0oRy15)
Cali PLCTSCIBUF,1¢0¢,10)
CALL PLOT(A.0=11.0s=3)
Call PLOTUD 0,1,0,-3)
NEGRAD & O, 0174452326
TeialT = 4nu 7
1 PO AT (LK ,&(14 6x1))
4 FJF%ATtﬁfI: %)
15 FORMAT(IH L2 (B11,4,4%,511.4,9%X))
16 FORGAT(LH .3(51¢.4 aX)a2FLn.1,215)
17 Fu Q Ai(Flu.J»éIa04¥1;11.4:9<bt11 4)
18 FORAAT(12X,10A4)
19 rwn AT CLHY)
2n FORMATOIH a4 B, 7HLEPTR = 4 F16.2)
CALL MODEL (1)
READ(6D,18Y (IFLRMEIY, I21,1)
WETTE(AL, LRI CIFLRM(L) 121,1)
REAL(EN, 4) ZDEL,XBET, XALP, XU3AN
WRITE(HL1,4) XLUEL,XBET,XALP, XGAM

XPEL = DEGRAD & XLDEL
¥HET = DEG2AD « XBET
XGAt & OEGZaD & XGAW
XKALP = [EGRaAD # XALP
FACTYL = (Crs(XRETY#a2) = (COS(XGAM)Y#a2)
FarT2 3 (S1n(XacT))sa2
ACT3 = (SIAN(RBaM))#up
FACT4 = SIw f( 2 #XRETI
FACTS = SI(Z,8rGAM)

"0 4004 K = 1rq01

Xd =2 K - 1

ANC = DEGRAD w &J
SIN(XALP-ANG)
COStXALF=ANG)
SIN(XDEL=ANG)

N
p -
N
St
"



RADPATY

4004

vaot

1

b

s

B I B BN B 1)

p]
A
e ]
=
s

2999

gl

i

231
292

309

2961

FAGE 2

Can) 5 COSKXUEL-aNG)
SUF({K) 5 1% ( e (ANEL=ANG))
SAP(K) = STn(2.ul{XALDw AAG))
SIraZ(K) = 1T\( NG)
COSaZ(K) = COS(.NG)
NUMGPT = 1

= 0
REAL(6T,4) aAA(L)
IF wB WISk 10 Tak® AVERAGE  COVER FaULT PLaNE USE FO OWING,
SiaLl EFFESDT
MUMLCPRT 5 9
TEEP = AAA(1)
XJ o= 1 -0

Trle 1A% riLLT PlLant EXTELTING FROM AAA(1) +-2.8& KM

AaR(l) T ONELR 0,7 W Xy

CunT iy

conTInie

BRITE(&L, 17}

REALG(O404 7% TT,e00AL,IDLMP  IURLZ,ATTEN,SRC
IFCTTLEpY 60 T2 9999

K LTECS 1,170 TT,MO0AL, ITUMP, TURUZ,ATTEY, SR
REAI(CA L) 11eJy

CALL POSTTUOI T agus XXeYY)

DavMaX 3 0o

n -

udyoTA : 1

READCEY, TF LMY ISTAlI) Az (1), nISTLI)  WEIGHTIT), AMPLEL) , gPYILT)
TFCISTACL) D T~ALT) GO TG <91

CoONTInUg

GO 70 292

NUMSTA = NU~STA - 1

CUNT InUE

CURKECTINN FOR AMELASTIC ATTENUATION

0 300 1 =2 1,8.87T4

Pyl =z DEGRAY & 32(71)

NUA = AMPLETY » EXAP(ATTEA®DISTC(I))

AMPL(TY = M

YGOI) = DUM & CULS(PRID

XOCI) = DUM & SIN(PRI)

TFCOUMeaT e NEMAXY CRNMAX 3 DM

HRITE(EL» JECRMY ISTACI) s AZLL) s NISTLII A WETIGHTIIY#AMPLCTIY PV
ConTIMYE

IF¢r.0,7Ty GU 10 2961

CALL EIGEN(91,TT, T

CONTINUE

SdM1 2 0
SumMz = 0
Sy43 = 0
SuMg = §



RADPAT
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2727

2730

(e}
AP |

)

3500

N
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BISERVIVIVE B G EPRSRSS ol oh ¢

SuMi o= SUM1 + PYYL(],MODAL)

SuMZ = SUM2 + PYYZ(I,MODAL)

SuMS = SUME + PYY3C([,MOTAL)

SUMs o= SUM4 + PYY4(I,MRLAL)

cor TIE

TiiMayx = 0,0
PYR(L) = Sia1 / NLMEPT

PYR(2) = Sup2 / NUMCPT
PYR(3) £ S1'a3 / nuvipT

PYR{4) = Suw4 g NUMEPT

QU_soszﬂv T 1,381

2lNa o= DA(K)

cosa = oalw)
SNy = snie)
TUSy = DK

SINUR = SU2¢K)
SivaP a8 SA¢K)
G TO (273134272500 TFUND
codTINGE

LaEal =2 005 4 P7R(1) #{pACTZ4SINDP - CACTIsSINAR)
Mi¥inG = 'U.?*PVWCZ)*(FACT4*SIND - FACTgastA)

2 10 2730
CONTINUE

KnEal o FACTL#PYR(4) -PYR(4)I#(FACT24C0SD4CASD - FACTI#C0SA4COSA)
XIMaG 2 N, T4 (PYR(2)+PYR{3)Yu(FACT44COSR-FACTS#CCSA)
Contlaue

T4E QUTRUT SIgRMN 1S 1N €3S UNITS THIS STEP 1S TAKEMN SO TyaT
THEORETICAL AMPLITHLES ARZ «0T T0O0 SMALL FOR MACHINE LT, 1F-1%

XrF AL SR™ # YAZAL

XIMaf = SRY o {IMAG
DUM = SERTYAREAL#®2 + XIMAGw82)

TFQIFUNG,EN. 2. 04D, TLURLUZ,LGE,Z) NUM = nUM & ABS(ELIPUMOCALY?
XT (1)

3 nuM s g INAZIK)
YT¢<}) = nuM ow COSAZ (X!}

[FCLUMLGT . TrMAX)
CONMTINUE
RADIATION 7 TTERNS (RE BIVEN WITHIV
ViALNAX 3 Cntigx
TFCTHHAX «GT«08MAX)

THYAX DUM

1 IN¢H R,plUS glIRCLE

-
-

VALMAX THMAX

DO 3500 K = 1130
YT rn) ={YT(n) /7 ValMax)e+ YY

XTOA) = (XTtn) / VALKAX)* XX
CovyInpt

WRITE (81,20 A“UgEcVOQAL).AAAct; ) _
RTTECSL,18) XT(L),YTUL) , XT(48),YT(48),X7004),YT(91),AT¢138),YT(13
g)

XT(562) 3 0,0

YT(362Y = 2,0

¥T(:63) =2 1.0



RapPal TAGE 4

YT{u6d) = 1.8

Calh LINEWXT,YT,3061.147:7)

N3 5501 IN s 4, s UMSTA

X :(XO(IN)/?ALWAX)* X X

YOSLYOUIN) s VaALMAX)+ VY

BAL L SYMI0L(XaYaD,035,0,0.0.-1)
3801 CONTIRUE

Z o= ALt vAaLyay)

LSS
Sl

z
FT & 2
FT o= Lie#ngy
wxx = 1./F7
IFeakx gl o2 MM a g
TEOAXA, 6T )Y viX = XXY /7 13,
FT 2 M
R ITECHT 28 VALMAX OBMAX s THMAY, XXX FT XX oYY, 110 Jd

~ Hw

F S TR 1 |

Cabic SY RUL(XA=, o028, YY+1.0,0,10,34,0,0,1)
CaLl PLOT Y2, 7Yen,05,3)

CALL FLCT(, YY4d.82,2)

Caloe SYMROL(XNA,YY,"n,03,2,0,¢,-1)

ChtL PLCTOA+XXaaYY=1420,3)

Cabe PLUTON G #aXasYY=1,30,2)

Cate PLOTUX ea¥s,YYoy 25,2)

CALL BLOT(Xa-4X3,YY¥=1,25,2

CALL PLOT#Aa-xY.,YY=-1,20,3)

Talu PLOTOG-AXYaYY=1.3,.2)

CALL 3YMROL(XX=0+33,¥Ymy 01220 040,%u2 X 10044
Call SYMRUOL (Xx+e 0SB YY=1,1%,0,10,2M10,9,0:2)
CALL W HuRE7 XLy 28, YY~1,07,0.07,FT,0,9,-1)
Call SYMROL(XX-,,4,YY=1,50,0.10,4HT = ,0,0,4)
CablL NUHQEQ(XA.YY-i.SO:JoleﬁTT::.Orl)

5y TN 2997

CoMTINUE

PaND 21

CaLl PLCT(LE v, 0,0,59%)

sSTop

Emh

[P

O
O
¥
e

SURKOUTINE LaST T, 0 AXs YY)
DIMENSTION Y(3),Y(8)

X030 % 1.5
x¢7) = 4,25
X(3) = 7s00
Yii) = 7,25
Y(zi = 4,97
Y(Zy = 1,7

.75
Fe1.6T,0.4%0,4.567.9y 66 TC 199
CaLu PLOT{L2.0,0,40,-3)

CALL PLQT(3,Ch-11.0,-3)

Call PLUT(a.q0g,002=3)
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DATA

181,
12,
16,

SLMT
LHCT
AAMT
BLOT
arTT
MNTT
CLET
STJTY
WEST
BLAT
ATLT
Lus?
TUCT
ALQT
DUGT
NEWT
LONT
MSQT
PNTT
EDMT
FFC?Y
MBCT
HALT
.l'

PAGE 1

(1X,44,5%,3F10.,2,B11,4,9X,F10,4)

22,

1
1
3.2
3.6
36,2
40,3
44,4
47,2
47,4
55,1
59,8
76,0
1141.,6
261.,1
c64.6
€71.7
291,2
303.,7
305,1
309,7
311,8
34,7
3490,9
350.2

272,
1

538,43
1425, 30
941 .4
526 .4
16%40,
17939
1014.,30
2374.,1
1815,0
917.,1
612,¢C
1069.7
1916,8
14%55,8
2024,7
2489,¢%
28€1.,8
2516,3
284,69
2¢651.9
2307,3
475%8,5%

89,
1.4000E=-04

X-10

2,2948E 23

8,4891E~04
6,8459E-04
5.1925E-03
404153E"03
4,9422E~03
4,5981E-03
4,4010E-03
4,26869E-03
5,1962E-03
2,3541E~03
3140885“03
1.6224E-03
1,9990E-03
3,2214E-03
5,5236E~03
3.3148E-03
5,3376E-03
5,7974E-03
7,7983E-03
2,4308E~-03
1.7778E-03

3,3989
3.4802
3,4276
3,4484
3.4836
3,4970
73,3878
3,4486
3,4810
3,5047
3,4991
3.2037
3.2604
3.3494
3.3543
3.2154
3,3513
3.36897
3.3948
3.3830
3.497¢
3,4853

16,
i6,
16,
16,
16,
18,
16,
16,
16,
16,
16,
16,
16,
16,
16,
16,
16.

16,
16,
16,
16,



AR
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Xxi. QUESTION
PROGRAMMER: R. B. HERRMANN / May 1973
PURPOSE:

This program accepts cobserved Love and Rayleigh wave
amplitude spectra for an earthquake. The program searches
through a parameter space of focal mechanism orientations
and focal depth. For each particular combination, the program
computes several goodness of fit characteristics which. are
used by the user to determine the best focal mechanism and
focal depth combination which satisfies the cobservations.

S(w) = MO/im .

INPUT/OUTPUT

The surface wave amplitude spectra are read from card
on FILE 60. Two tapes are used. The Love wave eigenfunction
tape is placed on FILE 01 and the Rayleigh wave eigenfunction
tape is placed on FILE 02, Printer output is on FILE 61.
Both tapes must have the same earth model specifications.
The sample data for LEIGEN and REIGEN are consistent with the
periods on eigenfunction tapes.

THEORY

The theory of Levshin and Yanson is used to specify
the theoretical amplitude spectra. The formulation in
terms of strike, dip, and slip is used. Since only the
amplitudes will be considered, the strike need varg-only
over 1800, the dip over 900, and the slip over 180", Be-
cause of the symmetry of the theoretical surface wave
amplitude spectra to a 180 rotation in strike, the strike
is only known to within 180°, The slip varies over 180
instead of 360° since the amplitudes only arg used. The
choice of the proper strike (or strike + 1807 ) is made
from the best fit to observed P wave first motion.

For each combination of strike, dip, slip, and focal
depth the following parameters are computed.

MOMENT - Seismic moment from average of Love and Rayleigh
wave estimates,

R-RAYL - Correlation coefficient between the observed and

theoretical Rayleigh wave amplitude spectra for
the totality of data from all azimuths and periods.

XI-1



RES-RAYL - Sum of square residuals between observed and
theoretical Rayleigh wave amplitude spectra
using the average seismic moment estimate

R-LOVE - C(Correlation coefficient between the observed
and theoretical Love wave amplitude spectra for
the totality of data from all azimuths and

periods

RES-LOVE - Sum of square residuals betwen observed and theo-
retical Love wave amplitude spectra using the
average seismic moment estimate

RES-L+R - Square root of sum of Love and Rayleigh square
residuals.

MOMENT-L - Seismic moment estimate from only Love wave
data

MOMENT=-R - Seismic moment estimate from only Rayleigh wave

data

If either correlation coefficient is less than zero, none
of the above information is listed. This saves considerable
printer time during the program execution.

The last column of the printout is flagged by a **% if the
two independent seismic moment estimates are within a multi-
plicative factor of 1.66 .

After the computations for a given focal depth, a summary is
given of the various slip, dip, and strike combinations
which gave the largest RR, RL, and least RES, RESR and RESL,
as well as the largest value of BEST. BEST is defined as
RR*RL*(ratic of seismic moment estimates chosen to be less
than 1.0).

The best focal mechanism estimate has been found to be the
one with the largest values of the correlation coefficients
RR, RL and for which the two independent seismic moment

estimates are as equal as possible. The output of all these
parameters permits. a robust search.

When beginning a search for the best focal mechanism, the
following search range is used:

prp 30° (15°) 90°

stip 90° (26°) 70°
0] Q o]
STRIKE 0° (20°) 160

DERTH 5 (5) 20 km
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The spectra of SLIP = f90° quals the gpectra for SLIP
=+ 90°. Likewise STRIKE = 0 and 180  yield the same
spectra. Hence the choice above,

After performing this initial search over a wide grid,
an appropriate region is found for the solution and the

program is rerun using a finer grid.

PROGRAM DESCRIPTION

PROGRAM QUESTION : This is the main input/output routine.

SUBROUTINE PRESS: This subroutine determines the cor—
relation coefficients, residuals, and seismic moments.

(The following subroutines are required for operation but
are found in the User Library. They are described else-
where in this volume).

SUBROUTINE EIGEN

SUBROUTINE MODEL

SUBROUTINE NONPRP

SUBROUTINE EXCIT

REFERENCES

Herrmann, R. B. (1974)., Surface-wave generation by central
United States earthquakes, Ph. D. Disgertation,
Saint Louis University.
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Card
Sequence

A.

C.

Focal depth

Column Name Format
1-10 DISTMX F10.3
2-5 NUMDPT L4

cards (NUMDPT cards)

1-10 AAA(T)
1-5 ND
11-20 DI
21-30 DINC
1-5 NS
11-20 ST
21-30 SINC
1-5 NF
11-20 FI
21-30 FINC

(Love wave data first, arranged in

G.

1-10 TT
11-15 MODAL
16-20 NUMSTA

XI-4

F10.5
I5
F10.5

F10.5

I5

F10.5
F10.5

i5

F10.5

F10.5

Explanation

Data for distances
greater than DISTMX
km are not used in
the computations

Number of foeal
depths to be con-
sidered

Focal depths in km

Number of dips to
be used
First dip in degrees

Dip increment in
degrees

Number of slips
to be used

Initial slip angle
Slip angle increment

Number of strikes
to be used

Initial strike
angle

Strike angle incre-—
ment

order of increasing period.)

F10.5

I5

15

.LT.0 end of Love
wave data

.GT.0 period in
seconds

Mode of Love wave
data at period TT

Dummy variable-not
used



G. {(cont'd)

Card
Sequence

21-25

30-40

11-20

21-30

31-40

41-51

61-70

Column

Name

TURUZ

ATTEN

ISTA

DIST

DUM1

DUM2

Format
I5

E11I4

A4

F106.5

F10.5

F10.5

Ell.4

F10.5

Explanation

Not used for Love
waves

Anelastic attenua-
tion coefficient
in km “for Love
wave of period TT
and mode MODAL

Station identifier
code

Azimuth from source
to station in
degrees, clock-
wise from North

Distance from
source to station

in km

Dummy variable - no
use in this program

Spectral amplitude
DUM2 variable - not

used by this pro-
gram

The program corrects the amplitude for anelastic attenuation and

returns to Point H to read another ISTA set.

When it finds ISTA

= HALT, the program then goes tc Point G to read amother TT

All the Love wave data is
read in until a TT = -1.0 {(negative) is found. (This signifies
the end of the Love wave data).

header and corresponding ISTA data.

(The Rayleigh wave data is now read, arranged in order of increas-

ing period.)
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Card
Sequence Column Name Format Explanation

I. 1-10 TT F10.5 .LT.0 end of Rayleigh
wave data
.GT.0 period in sec~-
onds

11-15 MODAL I5 Mode of Rayleigh
wave data
Fundamental-~
MODAL = 1

16-20 NUMSTA IS Dummy variable~not
used

21-25 IURUZ I5 +EQ.1 Vertical com-
ponent spectra
used
.EQ.2 Radial compo-

nent. Rayleigh
wave spectra
used

30-40 ATTEN Ell.4 Anelastic attenua-
tion Eiefficient
in km for
Rayleigh waves of
period
TT and mode MODAL

J. 2-5 ISTA AL Station identifica-~
tion code
11-20 AZ F10.5 Azimuth from source
to station in
degrees,measured

clockwise, from N

21-30 DIST F10.5 Distance from
source to station
in km

31-40 DUM1 F10.5 Dummy variable-
not used by
program

41-51 AMP E1l.4 Spectral amplitude
in cm-sec

61-70 buM2 F10.5 Dummy variable - not
used by program
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The program corrects the spectral amplitude for anelastic
attenuation and returns to Point J to read another ISTA set.
When it finds an ISTA = HALT, the program recognizes the

end of data for period TT and mode MODAL and proceeds to
POINT I to read another TT header and the corresponding ISTA
data. A value of TT = negative indicates the end of Rayleigh
wave data. At this point the search process begins for the
best solution.
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JUESTION PAGE 1

" PROGRAM AQUESTION
o Trls PROGRAM ACCEPTS RATLEIGH AND LOVE SPECTRAL VALWES FOR VARIgUs
c PERIODS AND MODES AMD COMPUTES SEISMIC MOMENT ASSUMING
C 1,70MEGA SAURCE, THE GCCDNESS OF FIT AND THE MOMENT aRE
ot NETERMINED FOR ANY FOCAL MECHAN]SH
COMMON/ONEZAY(100,4),CY(100,4),N,DEPTH(L00),p(100)
COMMON/TWO/LAYER(100) sACL00) »B(AN0)+RHACL00),XMY(100) s XLAMB(10D)
CUMMON/THREE /AMODE(10), WUND{10),ELIP(10),ABSORP(10),0ENUM(10)
COunON/FORE /NUMEGPT, AAA(15),PYY1(15,10),PYY2(415,10),PYY3(15,10),
LPYY4(15,10), IFUNE
DIMENSIGN STRK(15),CST(15),88T(15),525T(15),025T(15)
DIMENSTIQN “19119>.$L<1‘J LP<13>;cznc153.QLIP(15),Sst19) cSt15)
NIMENSIOGN SIHMAZ{2.590), COSAZ(&:550)-XLt550):XR(55u) YL(DSD) YRE55g
J),PYLlciﬁ,k,).Pngcln I0Y,PYR1(10, 30) PYRZ2(10,30),PYR3I(10,30)
DIMEMNSTON PYR4L{0, 30).Nmuh%430) SNNUMR (3
nIveNSIoN 1sle?, 1nted, 1PlsT, 18657 (4!
DIMENSTON X3EST(6)
Mio=
MZ 3 gH B
LiEsT (1) = 4 4R
IBESTLZ) = 44 n&§
I3ES5T(4) = 4HKESR
IBEST(5) = 4HRESL
IHEST(®) 5 4HBEST
1 FORMAT(1H #2(1416X))
2 FORMAT{10X,5H Nk = ,I5,10%,8H 8L =, 15
I FORMATULHL, 8HDISTX = ,F10.2/7)
4 FORMATIEF11,5)
7 FQRMAT(F10,5 (319,4%,E11.4)
10 FORMAT(LX A4, )x,3rno 2aE114 0 INIF10.5)
11 FORMATIIS:9%,2F+ 0.5 '
9 FOHmATclHo 1X, saDEPTH 2%,4HSLIP, 33X, 3HD!P 6H  STRK,2%,8H MOMENT ,
14X, 81 ReRpYp,aX, BhR&S -RAY_,4X,8H R-| OVE,4X,8KRES-  CVE, 4,
2 BHRES--L*Q.4x,dHMONEkT-L.4x.8HMOMENT-R )
13 FORMAT{1R ,SHuap, A4,3(F5,0,1X),1%X,F10.3)
14 FORMATIIH 24F0.108(1XsE1n 301X) 14X sA%)
C LOGIC UNIT 41 = LCVE TAFE
G LOGIC UNIT 002 = RaYL TAFE
cabll MODEL(o1)
CalL MODEL(g2)
REAL 60,4 DLISTHX
WHITE(61,8) nISTMX
READ A0, 1! NUMDPRT
DG 28 1 = L,NUMLPT
28 REAL(6D,4) aAAt])
IHALT = 4HKALT
XLOW = 1+0E=30
DEGRAD =3 0,01745232%
C NE 8 NUMSER LIPS LI = INITIAL DIP DING & DIP INCREMENT
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QUESTICN PAGE &

a0 OnO,

(@

4001%

40072

4003

REAL(60,11) +0, DI, DINC
NS 5 NUMSER 3LIPS 81

READ(60,11) NS,51, SIANC
NF = NUM3ER STRIKES F1

REAL(GCe311Y MFs Fls FINC

CC 4001 J =z 1,NI

XJ = J

DIPCJ) = (np + (xy-1,l%CINC?

ROIP = DEGRAD # DIP()

S3(J) = SIN(RDIF)

CLty) = COS(RLIP)

£2D(J) = COS(2.#RLIF)

L]

cOMTINGE

nd 4002 K = 1,NS

XJ=K

SLIP(K) = (s + (XJet1,) s SINC?
RSLIP = Uc?«Au  SLIP(K)

SE(K) = SIN(RSLIP)

CS(x} = COS(RSLIP)

CONTINUE

DO 4043 L =z 1,NF

XJ:I

STRA(L) = (r1 o« (xJe1,? & FING)
RSTRK = D=GRALD # STRK(L)

CST(L) = CAS(RSTRK}

SST(L) & SIN(RSTRK)

S2ST(L) = SIN(2+«#*RSTRK)

C2ST(LY = mOS(2,#»RSTRK)
CoNnTInVe

SOURCE SPESTRUM IS ASSUMED TO RE 1,./0MEGA

TY = PERIOD OF LATA
MODAL = MOOE OF DATA 1 = FUND,
NUMSTA s DUMMY

[4RuUZ 1 = UZ paTaA , 2 = UR DATA

INITTAL SLIP

SINC

INITYAL STRIKE FINEC

ETC

SLIP INCREMENTY
STRIKE INCREMENT

ATTEN = APPROXIMATE VALLE OF ATTENUATION COPFFICIENT GAMMA

T =1
NL 5 @
LOVE WAVE TaTA
DO 293 4 = 1,30

READ(6G17) TTaMODAL s NLMSTAPJURUZ/ATTEN

1FerT,LT.0) GO 7O 7997
NJMJTQ = '\3

DO 29 1 = 1, L12¢

READ(6D,1U) ISTA,AZ.DIST,DUML,AMP,DUM2

IFCOISTWGEWLUISTEX) GO TC 29
NUMSTA = NUMSTA + 1
IF(IsSTA, Fa IHALTY G0 T2 291
NL 2 NL o+ ¢

CIF(NLLGT.580) GG TO 9599

XL ANL)=AMPaeXP(ATTENRDIST)

1T-9



QUESTION PAGE 3

AZ = DEGRAD # Az

SINAZ(L,NL) = SIN(AD)

COSAZ(L,NLY = 00StAZ)
29 CONTINUE

G0 TO 292

291 NUMSTA = NUMSTA = 3
292 CONTINUE

NaUsLCd) = aUMSTA

FACT = TT/6.2874853

IF(T.en,.TFY G2 11 296

CaLL EIGEN{p1,TT,T)
296 DO 297 IZ = 4,NUMLPT

PYLLCIZ, D) PYYL(14,MODAL)Y # FACT
297 PYLZL1Z4d) FYY2(1Z/MQLDALY # FACT
293 CcONTINUE

6O 10 7987
J -1
=
n

NR =
C RAYLEIGH WayE DaTa
Do $13 J s 1,59
REAI{b017) TT*MCDALINUMSTAS JURUZPATTEN
Fert.b71.0y Go 10 8598
MUMSTA =
DO 51 1 = 1,169
READ(E0,10) ISTA,AZ,DIST,BUML,ANP,DUMZ
IF{LIST,.GE.0ISTMX) Gp To 31
NUMSTA =z NUMSTA + 1
IFCISTA,EQ, IHALTY GC TO 3214
NR = R o+ g
IF(NR,BT,555) BC TO 999§
XR(NR) 2 aMP e XPATTENRDST)
AZ = DEGRAD # AZ
SINAZ(2,NR} = SIN(AZ
COSAZ(2sNRY = A
34 CONTIRUE
GQ 1C 312
J11 NUMSTA = NUMSTA - 4
312 CoONTInYE
NNLMROJ) 5 NUMSTA
FACT = 17/6,2031853
IF(T+EQ.TTY GO TO 315
Cali EIGEN(;?:TT’T)
315 conNTInUE
IF(IURUZ,EQ,2) FACT = FACT # ABS(ELIP(MODAL)Y
316 po 917 1z = 1,numMLPT
PYR1CIZsJ) PYY1{1Z>MOCAL) & FACT
PYR2(17,J) Pvyo(1z,M0CaLy & FaCT
PYR3(1Z,4) PYY3(1Z,MOCAL) & FaCT

H U

7%97 J =
7987 JLMx
T =

i H

XI-10



WESTION PAGE 4

317 PYR4U(1Z.,J) = PYY4(1Z,MDEALY # FACT

313 CONTINUE
GC TD 898¢8

3998 J = J - 1

8988 JRMX = 4
WRITE(61,2) NR,iL
DO dgog I = 1eNUMEPT
WRITE(S1112)
SrRESR=1,0/XLOW
SRESL =1, 0/% 0%
SRES =1,0/7X_ 0k
GRR=0,0
GRL=s0,0
PMRR = 4.0
DO 3001 J = 1,ND
SINL 5 sntyd
CoSu = ¢hU)

£OsSeD = C2Ddd

Lo s002 K = 1anS

SINy = 55(¥)

COSS = CS(K)

DO $QuU3 L = 1oNF

COSST = oST(L)

SINET = SST¢L)

SINZST = S257(L)

cUSEST = casTil

FACci = SINDwcCSS#c0528T

FAC2 = SINDaCUS38S1a2ST

FACE = =SIND#COSDeSINS#CAS2ST
FAC4 = -SIMp#C0SDaSINS#SIN2ST
FACS = COS?DaSInS#CCSST

FACG = COSZ2D#SINS#SINST

FACY = -CUSL#COSS#CCSST

FACe = ~CUSL#L05SaSINST

FACY = 2.,%SIN[#COSD#SINS

ML = G

DO 3062 KL = 1,,LMX |
THE QUTFUT OF EIGEN IS IN £GS UNITS THIS STEP 1S TAKEN SO THAT
THECRETICAL AMPLITUCES ARE NOT T0O SMaLL FOR MACHINE ,LT. 1E-19

(4 3 g

PYL = PYLI(I,KL)#l, Ug20
PY2 = PYLZ2(['KL)*1 GEZ0
NUM = NNUML (KL

DO Z0Gé6 M = 1iNyM
ML:ML-’-l

SaZ = SINA7Z(1,ML)

CAZ = ¢OSAZ¢1,40)

CALL EXCIT!FACL,FACZ,FAC3,FAC4,FACS,FACG,FAC7,FACE,FACY,
1 PY1,PY2,PY3,PY4,1,SAZ,CAZ,AMP,1!

3006 vy (ML) = AMP

3008 CUNTINUE

XI=11



AUESTION FAGE 5

I

' ]

i

MR #

DO 4009 KR = 1,JAMY

THE QUTPUT QF EIGEN Is IN CGSs UNITg THIS STEP 1S TAKEN S0 THAT
THEGRETICAL AMPLITULES ARE NOT TQU SMALL FOR MACHINE LT, 1E-19

oyL = OoYRi{1,kR)al,0GF20
PY2 = PYRZ{[»XR)®#1.0Ec?
PYZ = PYRJS(I,KR)e1,0EZ20
pPY4 = pYR4{],AR)I#1,ECD
NUM T ONNUMR (KR!

00 3047 M o= 1,NM

MR 2 MR + 1

SAZ 5 SINaA7(2,MR)

CAZ = COSAZ(2,¥R)

CALL EXCITUFACY,FACZ,FAC3,FAC4,FACR,FArG,FACT,FACE,FACS,
PYL FY2,PY3,PY4,2,5A2,CAZ,AMP,1)

007 YR{#R) = Aup
30C% CoNTINUE

402

403

404

1

rabi RR&SS(ul,MA,xL,xk,YL,YR,RL,RR,5,RESL,RESR,RES, SL,SR)
The QuToUT oF g1GEN 1S IN CGS UNITS THIS STEp 1S TAKEN 30 THAT
THECRETIZAL AMPLITULES ARE NQT TPO SMALL FQR MACHINE LT, 1E-19
S = 8 , 1.,nE2¢

SL o= SL e 1,0E20

SR = S5Rs1,7%:20

ICRGAK = M1

IFCRLLLTL,CLCRLARLLT, ) GO 10 421

SLLsR = SL/sR

TFeoLESR, BT 0,6, AND,SLOSR,LT.1,7) ICROAK = M2
WEITE(RL,14) AAACTY,SUIP ), DIPCY),STRe (2,8 ,RR, RESR, H_,RES,RES
IF(SLDSR,GT, 1) 3LLSKA = 1,/5LDSR

PROD = RR & RL ® SL[SR

IF(RR«LE-GRR) 60 TO 402

GRR=RR

15(1)=K

IL¢gr=d

Iptir=t

IF(RL,LE,GRL) GC TC 403

GRL=RL

1502 =¢

10(2) =y

IPtz)=L

[F(ES.LE+SKES) GG TO 404

SREs=RES

I5(3)=K

1603)=d

IPt3)=L

IF (RESR,GE ,SRESR) GC T2 405

SFESR=PESR

1s(4)=x

ISTCIEN!

XI-12



QUESTION FAGE &

[P(a)=L
405 IF(rESL,GE,SRESLY GC 70 41p
SRESL:RESL
15¢5) =K
10¢5)=y
Ip(?)=sL
410 IFC(PRGD+LE-#MRR) GO TC 411
PMRREFPPOD
TR EL
Tutel=
IPleltsy
411 CONTIulUE
421 CUNTImiE
3003 CONTIME
3002 conTInyE
30CL CONTINUE

XEST(1) s LRR
XHEST(2) = 5RL
XuEuT(3) = SRES
XuE5Te4) = 5RESK
XeesT5) = spEse
X3ES5T(81 = pMRR

NG 420 AN = 1,6
KKe2TS(NN)
JuUs I DEMNN)
LL=lP Ny
427 WRITE(E1,13) [RESTUANILSLIPLKKY  DIPCIY ) STRECLL ), XREST (WN)
3000 CONTINUE
3999 CONTINUE
WRITE(ALl,2) NR,AL
REWIND 1
REWIND 2
END

SUBROUTINE KRESS(NL ,NR,XL,XR&,YL,YR,RL,RR,S,RES| ,RESR,RES, SL,SR)
DIMENSTION XL 02), Xafq), Y (1, YRt

SUMLB B
suMl
SuML 2
SUML 3
SuMi-4
SuMiLe
SUMED
SUMRY
SuMRr2
SUMR3
SUMR4
SUMRS
DO 601 ! = 1,NL
SUMLLO = SUMLD + 1.

[ B B e BRew Jhds Bas Jwe BU o Ran JEEav Jes Jas )

XI-13



QUESTIAN FAGE 7

SUMLL = SUML1 + XL(D)

Subb2 = SuMLe2 + xbLely » xi¢l)

SUML3 = SUMLI « YL ()

SUM{L4 = SUML4 + YL¢I) & YL(I?
601 SUMLS = SUMLS * XL(1) # YL(I)

PO o2 ] = 31+NR

SUMARD = SUMKD + 1,

SUMRY = SUMRY + XR(])

SUMi2 = SUMRZ2 + XK(]) @« XR(])

SuUMR3 = SUNMKI * YR

SUMK4 = QUan + YR({1) #YR(})
602 SUMKB = SUMRP XEELY = YR{DD

RL = (?LMLn»SL“LG SLML1#SUMLI )/ SART((SUMLOeSUMLZ2-SUMLL4SUMLY) &
i (SbHLOﬂSL%L4 SUMLZaSUML3))

RR = (SUMR74SUMKS-SUMR1#SUMR3)/SORT ( (SUMRO&SUMRZ~-SUMRL#SIIMRL) =
L (SUMR28SUMR4-SUMR3I#SLMRI))

SL = SUML2/sumL4

SR = SUMRS/SUMRS

S = (SUMLU & SL + SLMRO s SRYZ(SUMLO + SUMRQD)

SUML2 - 2.25sSUyis S»SuSUML4

A
m
wy
—
9t

PESR SUMR2 = Z,u485#SUMRS + S#SaSUHRY
RES = SQRT{aBS(RESL * RESR))

RETLRN

END
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DATA

3500,
3.

PAGE 1

45, 15,
-90, 30,
0.0 30,
i 0 1
76,0 917,14
350.2 4758.5
i 0 1
38,2 944 .4
40!3 '5260‘
47,2 1793,
47 .4 1014,30
59.8 18158.0
74,0 917.1
3%0,2 '4758.5
1 0 1
96,2 941, 4
40,3 526 4
47,2 1793,
47.4 4014,30
'5956 1815’0
76,0 917 .4
111,64 6312,0
3%0.2 4758 ,8
58,2 2%914,60
3 0 1
3,2 335.3
96,2 41,4
40,3 26,4
47,2 1793,
47,4 1014,30
5,1 3174,1
59,8 1815.0
76,0 §17.1%
111,64 612.0
309,77 2316,3
350!2 475&!9
55,2 2%84.60
4 0 1
3,2 339,3
J.4 142%,30
36,2 941.4

6.0000E~04

5.0000E=04

400000E'04

3,0000E~04

'2,0000E=04

| 0,8994E 23
2«1??15?03 .3t432’
4.B066E-04 3:4202

. : 10027 23
3. 4337E-03 3.3360
2:.2932E~02 2.,4463
8.,90¥2E-04 3.8407
2,9347E403 3,3267
1,3002E=03 3,3263
°.3604E-03 3.4752
F.1541E<04 J.4288

1.1459E 23
3,06846-03 3.2879
2.6165E-03 3.2613
1.5631E-Q3 304800
3.77316-03 3.332%
1,8485E~03 3.3880
2.864GE-Q3 J. 4488
1,60264E-03 3,5968
1.,8448E~03 3,4338
4,6747E~04 J.4472

1,2892E 23 .

9.09956~04 3.2824
3,0412E8%03 3,3368
3,2108E-03 3.,4093
2.7919E-03 3.4834
4,3481E-03 3.0390
2,3679€E~03 21,3829
2.1790E-03 3.3947
2. 8796E-03 J,4149
'2.,8249E+03 3.334%
1,8667B-0% 3.235%
2.0819B4Q3 3,4425
B.42556~04 J.4472

_ 1.4324E 23
§.,93396~04 3.348¢0
6.42165‘04 314929
3.4497E-03 3.3937
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DATA

BLOY
eTTY
MNTT
CLEY
STJT
WEST
BLAY
ATLY
LONT
MSOT
BNTY
EDMT
MBCY
Fect
HALT
12,0

SLMT
LHCT
AAMTY
BLOT
oTTT
CLET
MNTT
STJY
WES?
BLAT
ATLT
LUBT
ALGT
puaGrT
NEWT
LONT
MSOT
PNTY
EDMT
FECT
MBCT
FCC?
WALT
14,

SLMT
LHCT
AAMY
BLOT
oTTY
MNTT
CLET
STJT
NEST
BLAT

PAGE 2

40,3
44]4
47,2
47,4
93,1
59,8
76.0
111,46
3a5.1
309,7
314,8
324,7
350,2
358 .2

i
3.2
3.8
36 2
40.3
44,4
47 4
47, 2
'55-1
29,8
76,8
111.6
261,1
274,7
291,2
303,7
308.1
3009,7
311.8
324,7
349.9
350.2
955 ,2

1

3,2
3.6
36,2
40,3
44,4
47,2

47,4
$5.,14

29,8

76,0

526 ,4
1660,
1793,
1014,30
3374,4
1815.0
917.1
612.0
2884,8
2316.3

'281309

g

2631,9
4758 .5
2591,69

1
335.3
1425,30
F44., 4
524 ,4
1650,
1014,30
1793,

3374.1
181%.90
917.1
612.0
1069.,7
145%5%.8
2024,7
2489.,9
2884.,8
2314.3
2813.9
2681,%
2307.3
4758.8
289460

i
53%.3
1425.3¢
941 .4
526, 4
1650,
1793,
1014,30

-3374,1

1815,0
917.4

1,8000g-04

1,6000E~04

XI-16

3.68216-03 3.4260
2,1226E503 3.4473
3,47818-03 3,4848
4,71%29E-03 3.3484
3,82048603 3,3934
'2,9500E~-03 3,4300
2.8878E-03 3.4297
3,1447E+03 3.5394
1.1006E-03 3.2420
3v2504&"03 3!269'
1,6218E-03 3.3011
6,9380E-Q3 3.224%
2.5086E603 3.44462
6,2815E~04 33,4244
1,7189€ 23
8.7832E-04 3.4382
6,7490E-04 3.5058
4,6993E~03 3.4152
4,7110E~03 3.3874
3.5122E-03 3.4437
A4.8991E-03 3,382%
4.85247E-03 3.4800
4,6878E~03 3.4051
4,7602E8~-03 3,4512
213993E~-03 3, 4426
J.3696E~02 3.5092
3,3737E-03 X.0014
‘1056576’03 303038
2-27‘35“03 312426
S.3736E-03 3,1914
2.1395E=03 3.27%4
3.9906E-03 3,307
2010715’03 394174
7.71526-03 3,3050
7.0549E~Q4 X. 5590
2.4532E~03 3.4643
6.5789E-04 3.4435
| 2,00545 23
B.2808E-(04 J.4803
8,4011E~-04 3.4217
5.1475E~03 3,4339
4,80986-03 3.4204
4,27656~03 3,4727
4,8216B403 3.4888
4,8599E-03 3,3934
4,53596~03 3,4224
5.1800E503 J.4644
2.2099E~03 3.4297

18,

10,
19,

10,

i2,
12,
12,
12,
£2.
12,
i2.
2
2.
12,
12,
12,
12,
12,
12,
121
12,
12,
12. .
12,
12

i4,
L4,
14,
14,
14,
(4,
14,
14,
i,
14,



DATA

ATLY
LUBT
TUCT
ALQT
BUGT
NEWT
LONT
MSQT
BNTT
EDMT
FFCT
MeCcT
Focy
HALT
16,

gLMT
LHCY
AAMY
BLOT
oTTY
MNTT
CLET
$TJY
WESY
BLAT
ATLY

Lus?

TUCY
ALQT
nuGt
NEWT
LONT
MSOT
BENTT
EDMT
FFCT
MBCT
MALY
18,

SLMT
LHCT
AAMT
BLOT
orTY
MNTT
CLET
$TJY
WEST
BLAT
ATLT

#12,0
1069 ,7
1916,8
1455,8
2024,7
2489.9
2881,8
2316,3
2843,9
2651.9
23073
4758,5
2591, 60

1

335,3
i425130
941,4
26,4
16880,
1793,
1014.30
3374.%
1815,0
217.14
612.0
1069.7
1916.8
1458,8
2024,7
2489,9
2881,8
2314.,3
2813.9
26451 .9
2307.3
47%8,8

1
335.3
1425,30
941 .4
526, 4
1680,
1743,
1014.30

3374.1
1815.0
9i7.1
612.0

1,4000E-04

"142000E-04

XI-17

3,1774E~03 '3,4892
3,4343E~03 3,1287
2.0147E-04 3.2384
1,2076E-03 3.3813
3.0225E-03 3.3443%
4,9841E-03 3,2243
3,4397603 3,348
4,74647E~03 3.3599
4:25365'03 30390§
7,8316E-0% 3,361%
1.7454E-03 J,4834
2.0222E-03 3.4789
4,7894E~04 3.4375
2.2918E 23
8.,4891E~04 3.3989
6,8489€-p4 3,48pn2
5,19256-03 3.4276
4,4183E-03 T, 4484
4,9422E-03 ' I, 4834
4,5981E-03 3.4970
4040‘0E’°3 30387&
4,2669E-03 J.4484
,1962E-03 3,4810
2,3844E503 33,5017
J.40808E~03 3.4991
2+9095€~-03 J.2037
1,6224E-03 3,2604
1,.9990E~03 3,3404
3,2214E-03 3,3883
5,8236E-03 3, 2181
3,3148E-03 3.3843
5,3376E-Q3 3,.3697
5:?9715"03 3-3965
"7979$3E’°3 313830
2.4308E-03 3.4970
1,7778E=03 Z,48%83
P,5783E 23
9,0823E-03 3.3564
8,1978E-04 3.4908
5'22422503 3a4523
3,9877€403 3,48264
4,9760E403 31,4984
4,2945E-03 3.5Q04
3.9147€~03 34463
4,5650E~03 3:.4649
5,13156-03 3.4927
2.4508E~03 3,52%3
‘3,2956E-03 3.5343



RATA

Lus?
TUC?
ALGY
DUG?
NEW?
LONT
MSOT
RNTT
EDMT
FFCY
MBCT
WALY

sILMY
LHCT
AAMT
BLOTY
QTT?
MNTT
CLET
STJUY
WEST
BLATY
ATLTY
LUBT
TUCTY
ALQT
RUGT
NEW?
LONY
MSOT
PNTT
EDMT
FFCY
MBCTY
FCCT
HALT
22,

SLMT
LHCT
AAMT
BL.OT
MNTT
CLET
STJY
WEST
BLAY
ATLT
LUBT
TUCY

106%9.7
1914,8
1455,8

2024.7

2489.9
2881.,8

2316,3

2813.9

26%1.%

2307.3

4758.5

b
335,3
1425%,3¢0
941 .4
526, 4
1650,
1793,
1014,30

3J374,1
181%.,0
$17.,1
_612.0
106¢.7
191¢,8
1‘55}8
2024.7
2489.9
2881,8
2316,3
2813,9
2651.9
2307.3
4788 .5
£2591.60

1
335.3
1425, 30
944.4
526, 4
1793,
1014,30
33%4.%
1818,0
917.1¢
812,0
1069,7
1916,8

1,0000E-04

0.8Q00E-04

XI-18

2.,1728E-03 J. 1941
1,4905E~03 3,2480
2.7499E503 3.3075%
3.32746-03 3.3807
5,5134E~03 3,2370
3,3145E-03 3.3670
¢,9811E-03 3,3820
5,5888E-03 Y.4174
7.1691E-03 3,4004
2,4441E-03 3.807s
1,83726-03 3.4802
'2.8@485 23
9,1387E-04 3.4603
1,0844E-33 J,.4444
%.0996E-03 3,46853
3,8283E-03 3.4769
4,9274E=03 3.5021
4,0911E~03 3.8072
4095335?03 30‘395
4,8742E-03 3.4779
4,8487E-03 3.8398
2.4387E-03 3.4984
3;ﬂ139E*O3 305602
3.0484E-03 3.1917
1.4176E-032 3.2428
3,0171E-03 3.3094
3.5706E~03 3.3920
5,1862E~03 33,2592
3,8135E~03 3.3788
4,3631E=03 3.4043
5,4352E+03 3.42%7
6.8454E-03 3.4248
2,4413E-03 3,4996
1.8754E+03 3.4904
2,6374E~04 3.3418
3.,1%913E 23
9.0117E+04 3.4964
1.1741E~03 J.4074
4,5990E-03 3.4370Q
J3.,8602E=03 3.,4093
3,8738E-03 3.5407
3,8541E403 3,422
5.2040E-03 3.4860
4046’85?03 3053‘7
2+3462E~03 3,4818
3. 8630603 3.8706
2,3140E-02 3.168%
1,822248.032 3,31¢48

18,
18,

18,

18,
18,
18,
18,
8,
18,
18,
18,

290,
29.
28,
20,
20,
20,
20,

‘200

29,
20,
20,
20,
20, .
20,
20.
20,
29,
20,
20,
20.
20,

‘200

20,

22,
22,
22&
22
ad,

22,

22,

22.
22,

22,

22,



DATA

ALQTY
puG?
NEWTY
LONT
MSOT
PNT?
EDMTY
FFCT
MBCT
FCCY
MALT
24,

SLMT
LHCT
AAMT
BLOT
oTTY
MNTT
gLE?
$T4T
WEST
BLAT
ATLY
LueT
TUCY
Alov
BUGT
NEW?Y
LONT
MSOT
ANTT
EDMT
FFCT
MBCT
FCC?
HALT
26,

SLMT
LHCT
AAMY
BLOY
oTTY
MNTY
CLET
$TJY
WEST
BLAT
ATLY
LuBeT
TueT

PAGE 5

274.7
2¥1,2
303,7

308.1
309.,7
311,8
324¢.,7
340,9
350,2

3558,2

™D 4

3

R 2 A
QO‘

D -
OIN

44.4
47,2
47,4
55,1
59’8
76,0
131,64
261.1
264,96
274,7
291,2
303,7
30%,1
309,7
331’8
384,7
340,9
350.2
355 2

o=
uru L N

FN R
Q() A

44 .4
47,2
47 .4
‘55.1
'5933
76,0
111,46
261 1
64.6

1459.,8
2024.7
2489,9
.2881,8
2318.3
2843.%
26%1.,9
2307,3
4788 .8

2891 .60

1
338.3
1428,30
V41,4
526 .4
1650,
1793,
4014,30

3374,4
1815,0
917.4
612.0
1069%.7
1916,8
1455,8
2024.7
2489.9
2881,8
2316.3
26813.,¢
2654,9
2307,3
4758 .5
2%891,60

1
33%,3
1425,30
§41.4
526 .4
1659,
1783,
1014,30

3374.4

1815.0
947.4
612.¢

1069.7
1914,8

0,8000E-04

XI-19

2,8285E-03 3,3417
3,57126+03 3.,4092
4,7496E-03 3,2753
3,6530E-03 3,408
4,0858E%03 3,424%
5,3097E~03 3.4404
5,9431E~-03. 33,4385
2.4430E-03 3.%5049
1,6628E-03 3.8410
2:.5214E-04 3,3646
3,4377€ 23
1,13346-03 3.4114
4,8287E-0% 3.4433
3:84526“03 3!3874
4,6535E-03 3.8324
3.4940E-03 3.5859
3,2497E-~03 3.4163
5,8823E-03 3,4770
4,2839E~03 3.8422
2,2883E-03 3.5017
2.8225E-03 3.8758
1.6599E+03 3.1241
1.1884E-(3 3,.4327
2.5445E-03 J3,3668
3,3038E-03 3.,4440
4 ,8242E-03% 3,2861
3,48196~03 3,4485
4,1010E=03 3.,4474
5,11776~03 33,4490
2,3631E~03 3.5074
1,4003E-03 3.5280
2.8572E=-04 3.273%0
3., 7242 23
9.,12276-04 3,6288
9.,6413E~04 3,49%1
5.,39478-03 3,6014
3,62886-03 3.,4149
4,4517E~03 3. 5473
3.1529E-03 3,6060
3.,8750E-0% 3,8602
6005&2&”°3 304842
4.0293E~03 3:.5613
2,2262E~03 3.85423
2,23076+403 3.57%8
1.,9948E~03 33,1754
1.1783E6~03 J,.488%9

22,
22,
22,

22,

22,
22,
22,
a2,
22,
2z,

24,
24,
24,
24,
24.

'a‘n

24'

24,

24,
24,
24,
24,
24,
24,
24,
2‘.
24,
24,
24,
a4,

2"

24,
a4,

28,
28,
24,
26,

26,
‘260
'360

as.

26,
‘26-

28,
a6,
24,



DATA

ALOTY
DUGT
NEW?
LONY
MSOT
PNTT
EDMT
FFCT
MBCT
HALT
28,
SLMTY
LHET
AAMT
BL.OT
aTTY
HNTT
sTJY
WEST
BLAT
ATLY
LusT
_tucY
AkQY
pUGT
NEWT
LONT
MSOY
PNTT
EDMY
FFCY
MeCT
FCCY
HALT
30,
LHEY
AAMT
BLOT
oTTY
MNTY
$TJTY
WESTY
BLAT
ATLY
LUBT
TyeY
DUGY
NEWT
LONTY
MSOT

PAGE &

274.7
291,2
303,7

305,
309.7
31,8
384,7
340,9
350,2

(2]
* ®* » w2 e w e uw

L and

4 g AN D D B Gl
Lt ol B RS I I X ¢
HAORFN&WUN NP>

n
O

264, 6
274.,7
2%91.2
303,7
$08,3
309,7
311,8
324,7
340,9
350(2
55,2

36,2
40,3

1435,8
2024.7
2‘89-’ ’
"2881,8
2314,3
2&136'
2654,9
2307.3
4758,%

1
335,3
1429,30
G414
526, 4
1650,
1793,

33744

1815, 0
917.1

612,49
1069,7

1914,8
1455,8
2024.,7
2489,9
2861,8
2316 ,3
2813,9
2653 .§
2307.3
475’!5

591,60

1
41425.,30
G41.4
526, 4
1630,
.1793|
3374,13
1815.0
17.1
612.90
1069.7
1916,8
2024,7
2489.9
2881.,8
2314.3

0.8000E~04

0.8Q00E~04

X1-20

2,8749E403 3.3824
3,0813E~03 3,46758
4,3997E~-03 3,3025%
3,4277E-03 3.472%
4,27976-03 3,4654
4,6407E%03 J.,474%
5, 72806203 3,471%
2,23078-03 3.,548%
1,2187E-03 3.8398
 3,0407E 23
4,0200E-03 3.4692
8039685? ‘ 3c5603
6,0470E-03 3.8342
3,4863E-03 3.,4428
4,2973E-03 3,56464
2.9387E~03 3.,6469
'5!2375E’03 335427
3,7479E+03 3,6055
2,1691E-03 3.5944
2.60'55583 3:.8074
3,24%6E-02 3,3184
4,1281E-03 J.4984
1.9144E-023 - 3,3810
3,0604E-03 3,4673
4, p622E-03 3,332
3.3243E-03 J,4978
4,4084E~03 3,4863
4,17076-03 3.8028
B,4612E-03 2,4987
2.0361E-03 3:.5%39
1,0849E~03 3.5623
6,8143E~04 3.4%44
. 4,y2972E 23
8,0098E-~-04 3.5606
$,4815E~03 3.8998
SISISQE“OS. 3'4484
4.2371E-03 3.,5858
2,8852E~03 3.6023
4,3225E~-03 3,807}
3-‘0655“03 3.6435
‘2106555f°3 3o¢$33
€. 4118E~03 3.6779
4,5324E:03 3,3283
1,07366-03 3.49098
J.2708E-03. 3.4449
3,6209E-03 3,3664
3,2187E-03 3,8170
4,36186~03 3,8021

26,
26,
36,

‘26,

26,
26,
24,

'251
28,

28,
28,

28,
28,
28,
28,
28,
as.
28,
28,
28,
28,

28,
'?!.

28,
28,
as,

28,

28,
28,
28,

30,
-30.

30,
30,
30.
30,
30,
30,
30,
30,

30,
30,

3,
30.
30,



DATA

ENTT
EDMT
FFCY
MBC?
WALT
35,

LHCT
AAMT
BLOY
oTT7?Y
MNTT
$TJY
WEST
BLAY
ATLT
LuB?
TUCT
DUGT
NEWY
LONT
MSQT
PNTTY
EDMY
FFCT

HALT

40,
DTTT
MNT?
STST
WEST
BLAT
ATLT
TUCY
DUGT
NEWT
LONT
ENTY
FFCY
HALY
45,
oTIY
MNTT
8Tyt
WEST
ATLY
LONT
PNTY
FFCY
HALT
50,

98,1

111 6

64,6
291,2
303.,7

3081
309,7
311.8
384.7
3‘0.9

1 Q
44,4
47,2
»5,1
59.8

111 é
264.6
291.2
303,7
30%,1
311, 8
340,9

i a
44,4
47.2
35,4
29,8
111, 6
30%,1
311,8
340.9

i 0

2813,9
2651.9
2307.3
4754.8

i
1425,30
941 .4
526, 4
1630,
1793,

3374.4
1815,¢
917.4
#12.0
1069.7
191¢,8
2024.7
2489.9
2881,8
2316.3
2813.9
2681.9
2307.3

1
1630,
1793,

3374.1

1813,0
$17.14
612.0
1916,8

2024.7

2489.9
2881,8

2813,9

1
1650,
1793,

3374.%

1835.0
612,0
2881.8

2813.9%

i

0.6000E=04

0.64000E~04

0,8000E~04

0.600Q0E~04

XI-21

3,8042E403 3.8444
4,7444E8#(03 3.499¢0
1,8617E+03 3,6083
9.,2881E~04 3,998¢
‘ §,0134E 23
9.1639B-04 3.8471
7,00436503 4,1444
2.2832E-Q3 3.6902
4,2554E-03 3.7191
2,8478E-03 3,6332
3:7471E-02 3.7024.
2,8148E-03 J.68490
1,7757€E-03 3,7825
1,9882E-03 3,9006
4,6987E-03 3.6029
1,08886-03 3,5986
2,7073E46Q3 3.5949
2,9423E+03 3,3638
2.9365E403 3.5386
301867E”03 31‘346
2,5629E~03 3.8222
1.7760E-03 3.7317
- 85,7296E 23
3.99756-03 3.6777
2,8279E~03 3,7027
3,9163E-03 3,8065
‘2&31495*03' 307919
1,43256~03 3.799%1
4.,5001E-03 4,01%7
1&*4935'03 305290
2.4238E~03 3,4033
1.9142E+03 3.3672
R. 631464603 3,5604
2,5344E=03 3,7204
1,43136-03 3,762
. 6,4488E 23
3.9628E503 3.70664
2,1168E-03 3,8008
3.5946E-03 3.8966
1.8029E403 3.8749
1,1483E503 4,3281
2,2098E~03 3.7345
1.70066-03 3,8982
1+2329E-03 3.,7837
7.1620E 23

30,
39,
30,
30.

3%,
39,
3%,

38,

38,
38,
38,

33,
'35:

33,
39,
35,
3,
38,

-39,

39.
38,

40,
0,
A0,
49,
40.
40,

‘lU.

40,

40, .

40,
49,
40,

45,
‘:|
43,
43,
45,

48,
43,
4%,



DATA

MNTY
sTJT
PNTY
FFCT
HALY
wl,

5.0

SLMZ
ATLZ
ROLZ
WALTY
8.0

sLMZ
BL0Z
ATLZ
EDM2Z
ROLZ
MALT
7.0

SLMZ
LHCZ
AAMZ
BLOZ

WESL.

BLAZ
ATLZ
MS02
EDMZ
ROLZ
MBC2
Fce?
HALT
8,0

SLMZ
LHCZ
AAMZ
BLOZ
0772
MNT2
8TJZ
WESL
BLAZ
ATLZ
MSOZ
EDMZ
ROLZ
MBCZ
FCCZ
WALT
9.0

FAGE &

47,2 1793,
55,1 3374,4
311,8 2813.§
340.9 2307.%
1 0 1
3,2 335,43
111,64 £11,2
334,2 284,2
1 0 1
3.2 33%.3
40,3 5264
111.6 611.290
324,7 26%1.¢
334,2 284,32
i 0 1
3,2 33%,3
3.6 1425,30
36,2 941.4
40,3 526,4
59,8 1815.0
76,0 $17.1
111. 611.2
309,7 2316.3
324,7 2681,9
334,2 284,2
350.2 4738.5
$58,2 2%91.60
1 0 1
3.2 335,3
v.6 1425,30
$6,2 941 .4
40,3 826.4
h4,4 16%0,9
47,2 1793.6
55,1 3374,14
59.8 1845.0
76,0 917,4
111,84 611.2
309,7 2346.3
34,7 2654 ,9
334-2 23‘!2
320:2 4758.5
389,32 2891,60
i 0 1

7.0000E-04

6.0000E~04

5.0000E-04

4,0000E~04

3.0000E-04

XI-22

1,6703EA03 3,6837
3,2756E%03 4,n389
1,5283E-03 3.8608
1,2882E-03 3.8988
H,7162E 23
1, 01&15»&3 3.0099
1,4279E-08% 22,8874
1.0276E~03 3.0299
0,8594E 23
2.7808E~03 3.0166
1,5474E-03 2,8%85%
2.3801E-03 2,9829
8.3180E-0#% 2.8230
1,4844E303 2,9744
1,00278 23
3,9548E-03 3.0466
3.04598E~03 3.0847
2.5370E-03 2.9590
2.4ﬁ285~03 2!8979
1.0318E-03 2,.8929
1.3893E~03 3,0504
2,7269E-03 3.023%
1,21826-03 2,923
1,4487E-03 2.8320
2,39776-03 3,0875
1.0460E-03 3.0724
7.7297E+%04 3.1497
1,1459 23
4,8646E=03 3.086%
1.8264E-032 3.0998
3,2005E-03 3,0014
e.5102E-03 2,962
1.3664E~03 3,1096
9.,%4463E-04 3.,0074
7.2845E-04 3.0827
1.34618~03 2.9894
1,6706E-03 3.0889
3 $1818E03 3.0748
1.8685E40% 2,9243%
1,4186E-03 2.8472
2.4695E-03 3.,1128
1.9474E203 2.0813
1,5107E%03 3.134%
112‘925123

54,
50,
50,

50,



DATA

SLMZ
LHGZ
AAMZ
BLOZ
07172
MNT2
CLER
$TJZ
BESY
BLAZ
ATLZ
Lus?
TuC?
ALG2Z
MS0Z
EDMZ
ROLZ
FEC2
MBC2
Fcc?
HALT
10,0
SLMZ
LHGZ
AAMZ
BLOZ
QT2
MNTZ
CLER
8TJ2
WES1
BLAZ
ATLZ
LuUBZ
TUCZ
ALQZ
LONZ
MSQ2
EDMZ
ROL2Z
FFCZ
FCCZ
WALT
12.0
SLMZ
LHCZ
AAMZ
BLOZ
oTT2
MNTZ

PAGE ¢

3.2
S, 8
36’2
40,3
44 .4
47,2

47,4
°5,1
9.8
76,0

111.6
261,1
26¢.6
71,7
309.,7
324,7
334,2
340,9
320,2
355.2

- -
»

BB b TALN
N an

Wb B3 Orve
» wiw » = = O 0GA
-

-

AR AN
0
(’

47 2

339.3
1425,30
941, 4
526 4
1659,
(793,
1014,30

3374.1

1815,0
917,14
611,82

1069,7
1916,8
1459,8

2316,3

2681, 9
284,32

2307.3

4758,5
2991,60

i
335.3
1425,30
941 .4
526, 4
1650,
1793,
1014.,30

3374.1
18158,0
917.4
614.2
1069,7
1916.8
1452 .8
2881,8
231‘.3
2651 .9
284,2
2307,3
2991,60

i
335,3
1425,30
526, 4
1630,
1793,

2,0000E-04

1.8000e~0¢

XI1-23

4,32996+03
2,03936-03
3.62436-03
2,6020E-03
1,07046503
1.0225E-0%

1,0802E-03

1.4974E-03
1,6408E-03
1.8386E~03
3,R440E~03

2,0061E-03

1,3115E-03
8q23495-°4
2.0064E-03
1,6004E~03

2,1941E-03

6.8874E-04
2.9412E”03
1.98876-03

1,43248 23

3,5%82E403
2,1395E-03
2.8828E-02
2,3528E-03

1.3934E=03

1.3206E-03
1.4342E~03
2.2226E-03
1.8428E-03
1i90445*°3
2.9280E~03
2,5717E8-03
1,3871E-03
1,11656~03
1,2889E-03

2,0930E#03

1.31195*03
2.,1992E~03
8, 84925"04
1.85525*03

1,7189€ 23

2. &3095 03
1,92%4E-(03
2925935’03
1!!311&’03
1,9867E-03

1,48726-08

3.107%
3.1066
3.0353
3,0270
3.1482
3.1283
2,9929
31,0496
3,0205
3.1418
3.1349
2.8667
2,8069
3.0083
2,9308
2,9097

3,084%

3.1308
3.09%4
3.1392

3.0932
3,1064
2,077%
3.0270
3,1422
3,1473
2,9929
3,0538
3,0458
3,1418
3.1360
2,8708
2,8048
3,0131
2,9712

2.9662

2.9338
3,0218
3.1572
J.1488

3.1220
3,1468
3.0699
3.0183
3,1038
3.1380

12.



DATA

CLER
$7,)2
WES1
8LAZ
ATL2
Tucz
ALOZ
puGz
LONZ
MSOZ
EDMZ
ROLZ
FFC2
MBCZ
Fcez
WALT
14,
SLMZ
LHCZ
AAMZ
BLOZ
Q172
MNTZ
CLER

aTJT

WES1
BLAZ
ATL2
LUBZ
TuC?Z
ALQZ
pUGZ
LONZ
MSO2
EDMZ
ROLZ
FFCZ
MBCZ
WALT

sLMZ
LHCZ
AAMZ
BLOZ
0TTZ
MNTZ
fLER
8TJZ
WES]
GLAZ

PAGE 10

47.4

»

58,1
89.8
76,0

1014.30
3I374.4
18150

917,41

611.2

1918,8

1458 .8
2024.7

2881,8
2316.3
2651, %

284,2
2367.3
4758,5

2891, 60

i
335,3
1425%,.30
Q41 .4
526.4
1650,
1793,
1014.,390

3374.4
1815.0
917,14
611.2
1069.7
1916.8
1455,8
2024.7
<881,8
2316,.3
2651 .6
‘284,2
2307.3
47%8.5

1
335,43
1425,30
941 .4
526.4
1850,
1793,
1014.30

3374,1
1818.0
#17.1

1.6000E~D4

1:4000E~04

XI-24

1.3160E403

2,85086E-03

2,3676E-03
2.2352E-08
2.4221E-03
8.1376E~04
2,8401E-03
2,49B8E-03
8,0948E-04

‘.0729E403

1090075'03
2,3087E-03
1.243436-03
3,43%6E-03
1,1791E403

2,.00%4E 23

2,6080E-03

- 4.86%2B403

1.9791E-03
1.6319E%03
1.8374E-03
1,4416E-03
7.0880B-04
2.1843E-03

2.008BE-~D3

1,9824E-03
1,4747E-03
5.4938E-04
7,34446E-04
2,319768-03
2,7392E~03
5.4073E~04
2,0042E-03
2:8220E-03

'20£2655?03

1,3143E-03
2.8%63E~03

2:2918€ 23

205868503
1,8304E-03
2,1194E403
1:50‘25“03
1.6990B-03%

1,1696E~03

9.6655E-04
1,7497E503
1.7185E~0%
115719E"°3

2,9973
3.0568
3.0561
3.0811
3.1802

2:9642

2.9401
2.9734
3.0420
3.0027

3!0036'

3.4214
3.1372
3,0863
3,1430

3.1513
3,1300
3.0329
3.0867
3.0720
3,1826
3.0196
3.0469
3.0433
3.081%

3:0729

J.1402
3.,02%98
2.9416
2.9692
3.0463
2.9969
209918
3.0878
3.0979
3.0615%

3.1662
3,0%83
3.0600
3.0097
3.069¢
3.0538
3.0514
3.0277

'3.06842

3,0814



DATA

ATLZ
LUBZ
TUCZ
ALOZ
puGZ
LONZ
MS02
PNTZ
EDMZ
ROLZ
FFCZ
HALT
18,

SiM2
LHCEZ
AAMYZ
BLOZ
0TT2
MNTZ
cLER
§1JZ
WESHL
BLAZ
ATLZ
TUCZ
4LG2
puG?
MS0Z
FNTZ
EDMZ
ROLZ
FFC2
MBCZ
FCCZ
WALT
20,

§LMZ
LHCZ
AAMZ
BLOZ
0TT2
MNTZ
§TJZ
WESY
BLAZ
ATLZ
Tuc?
ALQY

DuUGZ.

MS0Z

611.2
106%.,7
1914,8
1485,8
2881,8
2316.,3
2813.9
2651 .%
284.2
2307.3

1
333.3
1425,30
941-‘
526.4
1659,
1793,
1014,390

I374.,4
1815,4¢
17,1
é11.2
1916.,8
‘1‘55;8
2024.,7
2316, 3
2813.,9
2651.%9
c84.2
2307,3
47%8.5
591,60

1
335.3
142%,30
S41 ., 4
526, 4
1889,
1793,

3374.1

1815,0
917.1
611,32
1916,8
1453,8

2024,7

2316,3

1,2000E-04

1:0000E~04

XI-25

1,13%8E-03 3,1603
4,4784B503 3,2400
4,7992E%04 3,0447
1,7883E+03 2.9444
2.0440B~03 2.939%90
7.92518404% 2,9774-
1,83026-03 2,9892
4,6%92E-04 2.9514
2,1366E-03 3.0002
1,8834E-(Q3 53,0379
1.4200E-03 23,0752
2,5783E 23
1.3914E-03 3,0440
1,474BE-03 3,0681
1,9882E-03 3,0901
1.4003E~03 3.0822
1,85726-03 3,0878
1.3002E~03 3,0587
1.9039E-03 3,1707
1,9582€E-03 3.025%0
1.2590E=03 3,0628%
1,1238E-03 X, 0428
9.5085E~04 3,2399
R.8667E-04 3,05764
1.2206E-03 2,9248
1.2671E-03 2.9437
1,7245E-03 2,9798
2.2259E-~03 3.0070
1,6847E-03 3,195
1.4997E-03 3.n528
2,0087E~03 3,0268
1,33936-03 3,0713
.. 2.8648E 23
1031955”03 20983L
1,3614E-03 3,0969
1,1744E-03 3.0924
1.1678E~03 3.0445
1.23¢BE353 300353
1.5036E-03 3,0639
1.1832E~03 3.0662
9.8831E-04 3,0047
?,1581E~04 2,9593
6,8929E-04 3.328¢
2,3238E-04 53,0430
&.4961ﬁ:ﬂ§ 2}’006
7.2643E-04 2.922¢
1.9100E303 2,9950

i6,

16,

18,
18,
.8,
18,

20.

20,

0.,

120.

g,
20,
a0
20,

‘20,

a0.

‘200

20,

20.
‘20,



DATA

RNT2
EDM2Z
ROLZ
FFCZ
MBC2
FCC2Z
HALT
22,

SLMZ
LHCZ
AAMZ
BLOZ
nIT2
MNTZ
£§TJ2
WES1
BLAZ
TUuczZ
ALGZ
MS02Z
PNTZ
BEDMZ
RoLZ
FFil
MBC2
FCC2
WALT
24,

LHCZ
AAMZ
0772
MNTZ
§$TJZ
WESL
RLAZ
LuB?
TUCZ
ALGZ
MSQ2
RNTZ
EDMZ
ROLZ
FFLZ
MBCZ
FCC?Z
WALT
26,

WHCZ
AAMZ
pITZ
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31,8
324,7
3d4,2
340,9
3%0,2
$55,2

g

2813,9
2651.9
284.2
2307.3
4758 .8
é591,680

i
33%5,3
1425,30
41,4
526.4
1850,
1793,

3374.,1
181%.9
817.14
i916|8
1455 ,8
2316.3
2813.9
2651 .9
284 .3
2307.3
4758.,9
391,60

1
1425,30
941 .4
16%0,
1793,

3374,1
1838.0
e17.4
1069,7
1916,8
14%5,8
2316.,3
2843.%
2651,9%
284.2 .
2307.3
4738.5
2591.60

1
1429,30
9414.4
1658,

0.8000E~04

0,8000E-04

0.8000E~04

XI-26

7.9996E+04 2.9814
1.9193E~03 2,9847
1.,8237E-03 3,21864
1.,1418Ex03 3,0988
1,9975E-0% 3.0429
1.3285E-03 3.0677
3,1513E 23
1,19436-03 3,4425
1,4126E-03 3,0948
1,5003E~¢3 3,05678
8,9780E-p2 2.9634
1,04956~03 33,0463
1,4961E-03 3,0880
2.,11838+03 3.1088
7,9566E-04 3,0306
8,6200E~D» 2.9475
3,6888E~04 3.0262
&.0200E-04 2,899]
1,3027E-03 3.0263
8022&35'5‘ 3.0015
1,5745E-03 2.97%0
1,1667E~023 3,1128
9.,9161B-04 3,0793
1.3398E-03 3.0773
1.23008-023 3,0943
3,4377€ 23
1.9842E-03 3,1617
1,2350E-33 3.047§
9,6488E~-04 31,1489
1.8782E-03 3.1390
1,7846E-03 3,2031
8,29298~04 3,1792
9,3695E~-04 3,0227
4,0991E~04 35,1611
6,3787E504 3,057%
4,7773E-04% 2.9298
1.2286E-03 3.10985
7,0261E~04 3.0342
1.2146E-03 3.,0644
1.0908E-~03 2,9744
9.1179E-04 3. 1372
1,2148E~03 32,1555
- '3.7242E 23
1,4377E~03 3.2082
9. 1922E-04 J3,1628
8.6384E-04. 3.166%
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DATA

MNTZ
8§TJ2Z
WESY
BLAZ
ATLZ
Lue2
TUC2
ALQZ
DUGZ
MS02
PNTZ
EDM2
ROLZ
FFCZ
MBC2
FCC2
HALT
28,

LHCZ
Q172
MNTZ
§TJ2
WES1
BLAZ
ATLZ
LuBZ
TUCZ
ALQZ
MS02
PNT2
BDMZ
ROLZ
FFC2
MBCZ
FccZ
HALY
30,

LHCZ
0712
MNTZ
WESY
BLAZ
ATLZ
LuUB2
TUC?
ALGZ
DUGZ
MSOZ
EDMZ
ROLZ
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47.2

0

0

1793,
3374.1
1813,0

817.4
611,23
106%.,7

1916,8

1455,8
2024,7
2316.,3
2813.9
28531.,9

284.2
2307,3
4758 8%

2591,640

1
1425,30
1680,
1753,

I374.,1
1815.0
g17.1
611.2
1069,7
1916,8
145%5,8
2314.3
2813 ,¢
2651,9
284.,2
2307.%
4758.8
2591.60

1
1425%,30
16850,
1793,

1818,0
217 .4
611.2

1069.,7
1916,8
1455 ,8

2024,7

2316.,3

2651 ,9¢
284,2

0.,8000E~04

0.8000e~-04

X1-27

1.6363E-03
1,2198E~02

8.9719E-04

1,0799E403

5.1008E-04

5.8211E50a
7,33278-04
4,3860E~04
6,7091E-04
1.,1163E~03
5.1329E~04
1,1945E-03
1,2399E~03
1.0988E-03
8.6732E-04
1;2869&‘03

4,0407E 23

1.3009E~Q3
7.94199E-04%
{1.5688E-03
7,94B6E-04
7.3624E-04
1.8243E-03
7-94!35’34
6.,9404E~04
4,3387E-04
4,8944E-04
8,3720E+04
3.,9470E-04
1.1829€6-0%

1 .4247E503

1,0975E.03
7062‘35”0‘

4,3887E-03
4,2972¢ 23

1.1474E-03
7,5288E-04
1.29556503

7.1008E~04

1;29‘05”03
9.0719E-02
8,4603E~-p4
4,0935E-04
5,89205-04
8,8433E~04
5.9334E-02
1,09206-03
1,5330E-03

3.183%
3,2889
3.2304
3,095
3.6403

3.2013

3,102
3,032¢0
3.1178
3.2064
3.08n6
3.1706
2.9900
3.2144
3.,2200
3,2172

3.21790
3.2423
3.2384

3'2970‘

33,2450

3.,1338
3.4212

3.2949
3,1992
3,1897
3.2514

3,1974
- 3,04238

3,2807
3,2630

3.2044
3,244
3,329
3.2547
3,1524

3.3309

3.3439
3,3284
3,2722
3,1496
3.2960
3,1820
2,9209
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DATA

FFCZ
MBCZ
FCcC?
WALT
35,

LHCZ
oTT2
WES1
BLAZ
ATLZ
FFC2?
MALT
40,

aTYZ
BLAZ
ATL2
BUGZ
EDMZ
Frc2
WALT
‘5,

o0T7Z
BLAZ
ATLZ
puUG2
EDM2
FFCZ
MALT
91

h
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340,9
320,2
$5%,2

1

3.6
44,4
59,8
76,0
111.,6
340,9

1
44,4
76,0

131.6
291,2
324,7
340,9

44

76
131
291
324
340,9

3
4
0
$
2
7

]
]
’
L

¢

g

0

2307.3
4758.3

2591.,60

1

1429,30

1450,
1815, 0
917,14
611,2
2307.3

1
1650,
917 .4
611.3

2024,7
2654 ,9
2307.3

i
1650,
917.¢
611,23

2024,7
2651.,9
2307.3

0.6000E-04

0,6000E~04

0,6000e.04

XI-~-28

1.0937E503 3.3400
5,9855E-04 3,3453
1,4307E-03 3.3798
5,0134E 23
1.0099E~012 3.378%
6,1376E-04 3,1602
6.5948E-04 3.4252
1.1449E-0% 3,3120
9.4786E-0% 3.2834
8,8108E~04 J.4218
- B,7296E 23
3.8902E504 3.2377
9.1741E-04 3.5491
9.9368E~02 I.4%64
2.2214E-03 3.4082
5:1“9E?°‘ 3'5890
4,8%86E404 3,7775%
6,4458E 23
2,5430E~04 3.4343
8,0422E-04 3.4523
8,Y968E-Q4 I, 66214
2.0624E-03 3.2426
6.6968E-04 3.699%
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XII. WIGGLE
PROGRAMMER: R. B. HERRMANN / May 73
PURPOSE:

This program uses the eigenfunction tapes generated by
the programs LEIGEN or REIGEN to generate synthetic seismo-
grams and also the spectra of the ground motion. If the
LEIGEN tape is used, transverse ground motion is generated.
If the REIGEN tape is used, the vertical or radial compo-
nents of ground motion can be generated for earthquakes or
an explosion. The spectra can be written on tape and atre
normalized for geometrical spreading to a distance of
1000 km. This tape can then be read by the programs DATAPLT
or FILTER and plotted. Card output of the time series in
a format for direct input to EXSPEC is also available.

This program accepts an arbitrary source spectrum and
medium attenuation model. There is an option to generate
source spectrum by inputting Mo, S(w) = MO/iw.

Spectra and or seismograms of the following can be
generated: ground velocity, ground acceleration, or dis-
placement; velocity or acceleration traces through a
15-100, 30-100 WWSSN systems, or two LP LRSM systems.

Note: the computed ground displacements are positive
for UZ when motion is up, UR when motion is away from the
source, and UT when motion is clockwise from source. The
instrument magnification routines are such that a positive
ground impulse causes an initial upward motion of the in-
strument output.

THEQORY
See Herrmann (1974) or Herrmann and Nuttli (1975a,b).

INPUT/OUTPUT

Card input is on FILE 60. Printer output is on FILE
61 and 42, CALCOMP plotting is on FILE 10. Punched cards
are on FILE 43. Eigenfunctions are read from FILE Ol.
Spectra may be written on FILE 03.

PROGRAM DESCRIPTION

PROGRAM WIGGLE : This is the main routine.

SUBROUTINE EIGENF : This reads the eigenfunction tape and
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yields the eigenfunctions for the proper depth.

SUBROUTINE TAPEWR : This writes the ground spectra on FILE
03 in a format compatible with DATAPLT and FILTER.

SUBROUTINE SEISMAGl : Response of the 15-100 or 30-100
WWSSN long period seismograph system.

SUBROUTINE SEISM3 : Response of LRSM LP system with filter
6824-2.

SUBROUTINE SEISM7 : Response of LRSM LP system with filter
6823-13.

SUBROQUTINE RESP : This subroutine corrects the spectra of
the ground motion for the instrument response.

SUBROUTINE VELRES : This multiplies the spectra by iw,
which is the frequence domain equivalent of time domain
differentiation.

~ SUBROUTINE FOUR2 : This is the fast Fourier transform
routine.

SUBROUTINE EXCITT : This accounts for the force system
at the source, either double-couple or explosive.

SUBROUTINE SRCIN : This reads in the real and imaginary
components of the source spectrum or generates real and
imaginary parts by reading in seismic moment at S(w) =
M /iw .

]

SUBROUTINE GAMMA : This reads in the medium attenuation

coefficients.

SUBROUTINE INTER : This establishes the complex spectra
of the ground motion by linear interpolation.

SUBROUTINE PNCH : Punches time history of seismic trace
on FILE 43 in a format for direct input to EXSPEC. A
copy of output is placed on FILE 42.

REFERENCES
Herrmann, R. B. (1974). Surface-wave generation by cen-

tral United States earthquakes, Ph.D. Dissertation,
Saint Louls University.

Herrmann, R. B. and 0. W. Nuttli (1975a). Ground motion
modeling at regional distances for earthquakes in a
continental interior, I. Theory and observatioms,
Int. J. Earthq. Engr. and Struc.Dyn. &, 49-58.
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Herrmann, R. B. and 0. W. Nuttli (1975b). Ground motion
modeling at regional distances for earthquakes in a
continental interior, II. Effect of focal depth,
azimuth and attenuation, Int. J. Earthq. Engr. and

Struc. Dz!!o, _4_, 59—72.
INPUT DATA

Card
Sequence Column Name Format Explanation

A, 1-5 IEQEX I5 .EQ.1 Earthquake
.EQ.2 Explosion

6-10 JSRC 15 .LE.Q read in
source spectrum
.GT.0 read in seis-
mic moment

11-20 DT F10.5 Digitizing interval
of seismogram

B. 1-10 DIP F10.3 Dip of one nodal
plane measured
from horizomntal
toward downward
pointing positive
z-axis

11-20 SLIP F10.3 Direction of slip
vector on nodal
plane measured
counterclockwise
from the horizon-
tal pointing in
strike direction.

21-30 STRK F10.3 Strike of fault
plane measured
clockwise from
north

C. 1-10 AA F10.3 .GE.0 focal depth
in km
.LE.-10 go to
Point B.

LBGT.<10 .and. LT.O
D. Source spectrumn data end program

1. If JSRC.LE.Q read source spectrum (up to 49 periods)

1-10 T F10.2 Period of source
spectrum value
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Card
Sequence Column Name Format Explanation

D. (cont'd) 11-21 ¥R E1l.4 Real part of
source spectrum

31-41 XI Ell.4 Imaginary part of
source spectrum

{The source spectrum values are read in
until a card is reached for which
T.LE 0)

2. If JSRC .GT.0 read seismic moment (one card)

1-10 XMOM E10.3 Seismic moment
in dyne-cm

E. Anelastic attenuation coefficients (up to 41 sets, 2 cards
per set) (NOTE: two data cards are required per period since
11 sets of values are placed in 8F10.5 format)

1-10 T(I) F10.5 Period in seconds
LE.O end of
gamma values
11i-20 ATEN(I,J), J = 1, 10 attenuation
ves values in km™}, J =1
71-80 corresponds to fundamental
1-10 mode.
11-20
21-30
F. 1-10 PHIL F10.5 Azimuth of receiver
from source
LT.-400 go
to Point C for AA
12-15 STA AL Station identification
G. 1-10 R F10.3 .GT.0 epicentral

distance in km
.LE.0 go to Point
F for new PHI

11-20 TO F10.3 Time seismogram
begins

21-25 ID(1) 15 Ground Disp
LE 0 skip

LE 2 seismogram
GE 2 spectra
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Card
Sequence

G. (cont'd)

Column

26-30

31-35

36-40

41-45

46-50

51-55

56-60

61-70

Name

ID(2)

ID(3)

ID{(4)

ID(5)

ID(6)

IURUZ

NPY

Format

I5

I5

I5

15

I5

15

15

YAXLEN F10.3

XII-5

Explanation

Ground Vel

LE O skip

LE 2 seilsmogram
GE 2 spectra

Ground Accl

LE 0 skip

LE 2 seismogram
GE 2 spectra

WWSSN Disp

LE O skip

LE 2 seismogram
GE 2 spectra

WWSSN Vel
LE 0 skip
LE 2 seismogram
GE 2 spectra

WWSSN Accl
LE 0 skip
LE 2 seismogram
GE 2 spectra

.EQ.1 Vertical
component of
Ravleigh wave

-EQ.2 Radial
component of
Rayleigh wave

Number of time
steps to plot
on seismograms.
NPY.LE.1020. If
NPY.LE.O, NPY =
1020

Length of time
axis in inches
LE 9. If YAXLEN
.LE.0, YAXLEN =
5.12



Card

Sequence Column
G. (cont'd) 71-75
76-80

Name

INS

IPNCH

Format

15

Explanation

Instrument re-
sponse

0 15-100 WWSSN
Resp

1 30-100 WWSSN
Resp

2 LRSM 6824-13
Resp

3 LRSM 6824-2
Resp

GT.0 Card output
of seismogram
LE.O No card
output

The program now returns to Point G to read
in a new set of R, etc.
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WIGGLE PAGE 1

PROGRAM WIGGLE
THIs PROGRAM READS EIGENFUNCTION TAPEs AND CALCULATEs gYNTWETIC
SURFACE WAVE TIME HISTORIES
GROUND MOTION CONVENTION US VERY % = UP
RADIAL + = AWAY FRQOM SQURCE
TRANS + = CLOCKWISE FROM SOURCE
COMMON/ZONEZELIP(42,10),WYNUME42,10)
COMMON/THWO /IMODE(SQ), N
COMMON/THREE/ZTT{50),21P{1050}
DIMENSION PYY1(42,10),PYY2(42,10),PYY3({42,10),PYY4(42,10}
DIMENSION SR(20)»ST(50)sATTEN(42+103 4 XRLE42210)9XIM(42,40)
DIMENSION DaTa(2,1024) ,
DIMENSION 18UF(800),1D(6),X(1024),Y(1024)
DIMENSION naTM{2048)
EQUIVALENCE (DATA(1,1),CATM{(1))
EQUIVALENCE(DATM(1)aX(12) 2 (DATM(102%)4Y (1))
EQUIVALENCE (ZIP(1),SR{1)),(ZIP(B1),S¢1)),¢21P(101),%XRL(1)),
1 (ZIP(521).XIM(1);
CHARACTER IDATE(3),ITyP(2),1EX(2),1IST,ICOM, 1A
CHARACYER STA
IEX(L) = 4KEQ
1EX(2) = 4HEXPL
ITYP{1) = 4nLOVE
ITYP¢2) = 4KRAYL
caLL pLoTS¢1BYr,800,10)
CALL PLOT(Q,O.-li.O;-S?
CALL PLOT(0,0,1,0,-3)
DEGRAD = 0.017452329
NWRITE = 1
3 FORMAT(IM ,8E15,.8)
4 FORMAT(8F10,3)
5 FORMAT(2F19,3,815,F10,3,215)
g FORMAT(215,F10,5)
8

Ot O

FORMAT(10X s 4HMAX s A9,2H 3.E11,4)
FORMAT(F10.511X1A4)
11 FORMAT(1HY,ad,6X,4HET 2,F10,3)
12 FORMATCLHO,7X, 3HDIP,6X,4HS 1P, 4X,6HSTRIKE)
13 FORMAT(1HO,7HDEPTH * ,F10.3)
14 FORMAT(LIHO,6HPH] = ,F10,3 ,1X,A4)
15 FORMAT(1H »A4)

c IEQEX = 4 EARTHGQUAKE = 2 EXPLOSION AND DIP SLIP STRK HAVE NO
c MEANING
C JSRC ,GT, 0 READ IN SEISMIC MOMENT IN SRCIN AND NOT SQCURCE
C SPECTRUM
c DT = DIGITIZING INTERVAL FOR RESULTANT SEISMOGRAM
READ(6D6) 1EQEX?JSRCDY :
WRITE(61,11) 1Ex(IECEX),DT
DO 500 K = 1,4
DO 5011 % ¢,2
DO 503 J ® 1,1024
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WIGGLE

o

501

502

504
505
506

5090
43214

PAGE 2

DATACL,J) = 0,0

DATA(1,2) 1.,/¢4,507T)

DATA(1,3) = 1,/(2.4ET}

DATA(L1s4) 3 1./(4.,8DT)

CALL FoyrR(DATA,1024,-1,87,DF)

INS = K - 1

CALL RESP(DATA,CF,INS)

DO 502 | = 513,1024

Jd T 1028 - 1t

DATACL,1) = DATA(L, )

DATA(2,1)==-DATA(2,J)}

DATA(2,513) = 0,0

Call FOUR(DATA,1024,+1,C7,0F)

SPECIA_ STEPS ARE TAKEN BECAUSE OF EQUIVA_ENCED ARRAYS

DO 504 | = 1,100

J ® 2a1 - 4

DaTMiT) 3 paTMly)

DO 505 | = 1,1020

Y(1) = DATM(I1?

X¢1) = (I-1y=D7

CALL SCaLE(Y,1.0,1020,1)

CALL SCALE(X,5,10,1020.1)

CALL AX1S¢0,25,0,0,4HSEC ,-4,5,10,90,0,%¢1021),%¢1022))

CALL AX1S(2,0,-0,25,4HINST,4,1.2,180,0,Y(1021),Y(1022))

Y(1922) 2 = Y(41022)

Cali LINE(Y,X,1020,1,0,0)

CALy PLoT(3,0,0,0,-3)

CONTINUE

DF 5 1,/(1024,%0T)

CONTINUE

READ(60,4) plIP,SLIP,STRK

WRITE(E4+12)

WRITE(61+4) DIPsISLIP+STRK

nie DIP OF FAULT PLANE MEASURED FROM KORIZONTAL CLOCKWISE
Z DOWN

SLIp DIRECTION OF SLIP VECTOR MEASURED CCL FROM HORIZONTAL

STRK STRIKE OF FAULT PLANE MEASURED FROM KNORTH

XDIP = DEGRAD # DIP
XSLF = DEGRAD # SLIP
XSTR = DEGRAD # STRK
SIND = SIN{xDIP)
COSD = COS(xDIP)
£0S2D = COS(2+#XDIP)
SINS = slN(xsLp)
CCSS = COS{XSLP)
COSST = COS(XSTR)

SINST = SIN(XSTR}
SINZ2ST 3 SIN(2.8XSTR)
C0S2ST = COS(2,#XSTR)
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WIGGLE FAGE 3

FACL = SINDeCOSS#L082ST
FACZ2 = SINDaCOSS#SIA2SY
FAC3 = ~SIND#COSDu#SINS®#CO0S2ST
FAC4 = ~SIND#COSD#SINS#SINZ2ST
FACS = CCS2DeSINS#CCSST
FAC6 = COSZD#SINS#SINST
FAC7 = ~COSD#CDSS#CCSST
FACS ~-COSD#COSSeSINST

LI 1]

FACY9 = 2,3SINDsCOSD#SINS
2001 READ(AD,4) AA
WRITE(S1,13) AA
IF(AAWLE.~10,) GO TC 4321
IF{aa,L7.0) GO TO 9998
CALL EIGENF(PYYL,Pyy2,Pyv3,Pyvs, 1FUNC, AA,NPER)
WRITECSL,15) 1TyPCIFUNC?
Do 130L 1 = 1,1050
1001 ZIP(I) = 0+
calbk SREIN(SR,SI,TT,NPER,JSRM)
CALL GAMMAtATTEN,TT,NFER)
CALL SYMBOL(0.0,2,040,14,1TYP(IFUNC?,90,0,4)
CALL SYMBOL(0.9,4,0,0,14,4un = ,90,0,4)
CALL MNUMBER(0+014+510+147AA193.:011)
Call PLOT(Z.0,0,0,-3)
2112 conTInVE
READ(60,8) PHI,STA
PHIT STATION AZIMLTH
IF(FHT.LT. =400y go TC
WRITE(81,14) PHI»STA
SAZ = SIN(DEGRAL = FHI)
CAZ = COS(NEGRAL # PHI)
N0 1000 T = 12NPER
MODE = IMOQE(‘)
DO 1000 J = 12MCDE

URED FROM NORTH

(9]

MEAS
2001

PYy1 = Pyyitl,¥)
Pya = Pyya(1,n
PYZ = pyY3l1,d)
PY4 3 PYY4(],J)

CALL EXCITT(FAC1,FAC2 FAC3,FAC4,FACS,FACK+FACT, ,FACB,FACY,PY1,
1 PY2,PY3,PY4, IFUNG,SAZ,cAZ, XR, X1, 1EGEX)
XRLC(T, J) SR{I)&XR - SICI)eX]
XIMET,J)3 SR{T)ax] + SICI)uXR
1000 CONTINUE
3113 CONTINUE ‘
c READ IN FEPICENTHAL DISTANCE AND STARTING TIME OF SE]ISMOGRAM TRACE
READ(60,5) RoTA,I0(1),10(2),51D(3),1DC4),1D¢5),ID(6),1LRUZ
12NPYsYAXLENSINS IPNCH
IF(R.LE.0) GO TO 2112
IF(NPY«LE«O) NPY 3 4020
IF¢yaxLEN,LE,0) YAXLEN = 5,12
YAX EzYAXLEN
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NOTsYAXLEN
WRITE(61,5)R,Ta,I0(1),10¢2),1D(3),1D¢4),1D¢5),10¢6), LURVZ
»NPY s YAXLEN, INS, IPNCH

R E&PICENTRAL DISTANCE IN KILOMETERS

TO TIME SEISMORRAM BEGINS

ID CONTROWLS THE OUTPUT CPTIONS

1D{1)  GRAUND DISP L 0 SKIP LE 2 SEISMOGRAM GE 2 SPECTRA
1D¢2)  GROUND VEL LE 0 SKIP LE 2 SEISMOGRAM  GE 2 SPECTRA
ID{3y  GROUND zCCL LE o SKIP LE 2 SEISMpGRAM  GE 2 SPECT®,
Iptey SElsMp plsre LE 0 SKIP LE 2 SEISMQGRAM  GE 2 SPEcTRa
10¢5)  SEISMO VEL LE 0 SKIP LE 2 SEISMOGRAM  GE 2 SPECTRA
IDC6)  SEISMO aCcL LE 0 SKI!P L& 2 SEISMQGRAM GE 2 SPE(CTRA

TURJZ £Q 1 VERTICAL CCMP OF RAYL EQ 2 RADIAL COMPOAENT OF RAYL
NPY = NUMBER OF TIME STEPS TO PLOT FOR SEISMOGRAM NPY,LE,1024
YAXLEN 5 LENGTH OF TIME AXIS IN INCHES
NS 0 15-100 WWSSA RESP
1 30«100 wHSSNn RESP
2 LRS, s524-14 RESP
3 LRSS 6824-2 RESP
IPMCH 6T U CARD OUTPUT CF SEISMOGRAM
CALL SYM3CL(D,9,0.0,0,14,44DIST,90,0,4)
CALL NUWBEQ(Qngp0.7¢0.14pﬁn90-9;’1)
CALL SYH30L(gene2agrinetde4H PH12%0.p04)
CALL NURBER(D9s2.70041%1PHL 900 =1)
CALL SYMBOL(0ne34540.442STRIIN .01 4)
Cr‘\LL— PLUTH.‘S.Q.O.-E) ’
CALL INTERITT.NATALNPER, OF, IMODE, XgL , XIM, WYNUM, ATTEN, [FUNC,
3 H;:URUL,ELIP;TJ)
WRITE(D4,3)) (LATM(][),131,1026)
RENIND 54
no 5000 (ax = 1,46
IFCIDCINKY S LE D) GO
§thﬁl54.31 {oarMet
‘ERIND o
Gu TO (2091,5601,5001,5002,5002,5002), [k
2009 Cal.k RESP{NATA,LF,INS)
2301 CONTINUE
GO T0(5014,5012,501%,5011,5012,5013), INK
5013 CALL VELRES(DATAsLF)
5012 CaLL VE_RES¢DaTA,CF)
5011 cONTraUe
POk, LT,2? 60 TO 4115
IST = 4xSYNT
1C0H 3 AHHRET]
I0ATEC(L) = 4HC SE
IQATE(E) = ¢HISMD
IDATE(3) = 4HGRaAM
CALL TAPEWR(DATA,123,NWRITE,!ST,1C0",R,PHL,0,0,T0,DT,IDATE,1024)
4115 CONTINYE
IFCIRCINK), GT.2) GO TC 5410¢C

it nn

I RO ONTALTAY IR DT LI

)
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9500

5600

5700
5701
5702

57073
5704

5860

“ALE D

DO 5508 1 = 513,1024

J = 1028 - 1

DaTAS1, 1) = naTaty, )

DATACZ, 1Y = ~ DATA(Z,J)

NATA(Z:543) = 0.9

Catl FOUR(DATA,1024,+1,C7,0F)

FACC = SORT(1500, /R)

D0 5600 1 = 1,124

JFP2 s -1

DATHOL) NaTM(,) » FACC

Yeili = 19

DO 275g 1 = 24129

YOI = YtI=3) + DT

Go YO (%701.5702,5703,5701,5702,5703), INK

Ta = AHaMP

G0 TG 5704

Ia 2z 4HVEL

Gy TQ 5774

1A = 4HACCL

CONTINUE

Cali SCulE(x.L,5,aP7,1)

Calil. SCALE(Y., YAALEV:NPYai)

CALL AXI3¢n2%0..5r9HSEC +=41YAXLEs P nsns YINPY+q ) 1Y INPY42))
Calll AXIS(7,0,-C.25,14A,4,1.0,180,0, x:wbv+1’.xcmpv+2>>

NEYz = APYsy

X{NFY2Y = o« X(NFY2)

CALL LInECX, Y,NFY.m 0,02

CALL FLOT(Z.0,0.,0,-

Atax = O

Ny 8L 1 = 1,np
TF(XMAX (LT.4BS(X
CONTINUE
WRITE(s1,7) 1A, xMax
TFOINK LT, 41 (3T = ¢
[FCINK,GT,3,AND, INS,EG,Q) INSTM
IFCINK,GT.3,AND, INS,GT.0Y INSTM
IFCIPNCH.GT.0) CALL PNCH{X,NPY, DT, XMAX,PHI, R, Tos INSTM)
CONTINUE

CUNTINUE

6O TO 3413

CONTINUE

CALL FLOT(1u.0,0,0,999)

STop

END

]

I))) XVMAX = ABS(X(I))

1
N

(1]

SURROUTINE 2IGENF(PYYL,PYY2,PYY3,PYY4, JFUNC, AA NPER)
COMMONZONE/ZELIP V42,400, WYNUME42,10)
COMMON/TWNO/ZIMODELSA) N

COMHON/THREZ/TT(50),21P(1050)

DIMENSION Av(72:44),CY(70:4)sDEPTH(?0YD(70)
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3

2008

2107

22017

PAGE 6

NIMONSION A(70)4B(70),RFQ(7U) ,XMULT7C)Y, XLAMBLT7G)

DIACNSION PYYL1(42,40),PYY2¢42,10),PYY3(42,10),PYY4(42,10)
DIMENSION PYR(4)

FORMAT(IN ,2(14.,%x%))

FORMAT (1M +14.5x,7810, %)

FORMATCLH +a%)3F19.2,9E11, %)

FORHAT(LH »7¢9%1F11.44))

ng $7 1 =
143D%¢]
D 37 Jd
CLIFt,
AVNUMY
PYYLLI,u)
PYY2(1rd)
PYYI(L,.dy
PYYs(],u)
REAutoL, 1)
REAU IM “MUh:L
N0 190 I=1,4

)

=1
Np;
WJ) s 0,y

0 a .

] READ(Q1,2) CAYERGDEPTROD),DOL),ACI) 801, RHOCIY, XML T ), XLAMB( )Y

NPER = ()
READCI1,1) IFUNC, MCDE
IF(RPER,EG ) TFUN = [FUNC
MAXY 2 2 & [FUNC
[FCIFUNC.LT.0) GO To 9969
NPFER = NPER + 4
IMOLE(NPER)Y = MCDE
LG 2999 IM =z 1sM0CE
FEAD(CL,5) ,MODE,T,C,bL, SUMIO, WYNUMINPER, IM), (L, ELIP(NFER, IM}, \nSOR
TT{PER) = §
THE SPECTRA ARE CCMPUTEL AT A DISTANCE OF 1000 KILOMETERS
WVMG = NYNYHCNPER, IV}
NDENUM SURT(WYND)#3.398942344,4E4+2
NEnuM = DEwgM » 6,2031853 o 31,622776 / AL
NU zau0 [Nag,W
REAL UL, 60 AyCtih,1)oayCIN,2?,AvCIN, 30,4y IN,47,56D4A,DCD8,DCOR
WYNDZ = WVN) & wYND
RAYL.EIGH WAYVES
INITIALLY AYUIN,L) = LR, AYCIN,2) = UZ, AY(IN,3) = TZ,
Ay (IN414) 3 TR
NOw AY(IN,4y = LR, av(IN,2y = yz, av(IN,3) = pyRpZ,

AYCIN, 4y = puipl
AND CY(INs1) % DURNZ, CYUIN,2) = BUZDZ, CY(IN.3) * D2URDZZ,
CY¢(IMs®y = payzpze

GC TO {24013.220u)1FUNG
DO z3p0 IN 2 1,N
4 = RHO(IN)aCaCawVNOD
XL2m = XLAMBOIND « 2 axmy (N
CY(IN,1) ~WVND sAYCIN,2) * AY(IN,4)/7XMUCIN)
CY(IMN2) {WVND #XLAMBUIN)#AY CIN LI®AY (IN23))/XL2M

nn
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WIGGLE PAGE 7

CY{INS3) = (~H/ZXMUCINY + WUNO2a(3,aXL2M=2,aXMU(INYY/ZXL2MIHAYLIN, 1)
1 =WVNG s (L, +ALAMBOINY ZXMUCIND Y oAY LIN, 3 ) /X 2M
CYCIN,4) = (~(H+*WYNC2oXLAMB{IN) J&#AY(IN,2)+WVND s {1, *XLAMB(IN)/
LoXMUCINI I RAYLING Y)Y )7 XL2N
AYCINI3) = CY(Iney)
AYCINI4) = CY(Ine2)
2303 CONTINUE
GO TO 2501
LOVE WavES
INIplaLeY aYlin,1) =y, aAYOIN,2) = 77
NOW O AY(IR,1) T T, AY(IN,2) T DUTDZ .
AND CY(INaLy = JUTRZ, CYUINs2) = D2UTDZE
2407 DO 2500 IN=z1eN

[o - R I O

cYCIN, 4y = avlv, oy /xMuINy
CYCIN,2) 3 wVNQus(XMUCINY- CoCuRHOCINIIuAY (IN, 1) /7XMUCIN)
ATCIN,2) = CYC(IR, 1)

2590 CONTINUE
2501 CONTIAUE
ng 103 1 o= 1,
IFOCA = ]
F1zUERTHOIYI=0034D(1)
Oz=uErTH(ly,0,54D¢1)
IF{aA,GE.LYL,AND, A, LE,N2) 60 T0O 101
CONTINUE
Do Llu g o= L,MaXy
8ah = AYC(IFSCAS G
CCo= CY(IFACAI W)
AAA = AAA = CC # DEFTH{IFOCA)
119 PYR(JuU) = AaA + CC # AA
Go so<9551,;592),IFch
2551 PYY{(NPER, 1) = WyNC #PYR{1Y/pENOM
PYYE(uPERa!H’ PYR(2? / DENOM
GO TQ 2555
2552 CONTINUE

PR
OO
W

PYYL(NPER,T¥) = WyMC # PYR(1) / DENOM
PYYZ(NPERIISY = WUNC # PYR(2) , DENOM
PYYA(NFPER, IMY = PYR(3)/LENOM
PYY4(nPsR, 1) = PYR(4)/0eNOM

2555 CONTINUE
€999 CONTINUE
GU TO 2add
9999 COMTINJE
IFUNC = [Fuy
ReWIND 1
RETURN
END

SUBROUTINE TAPEWR(X,M,NWRITE,IST,ICOM,DIST,DEG,BACKAZ,T0,DT,

1 IDATE,NPTS?
DIMENSION X(1),]DATE(3)}
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W ITE(D3,310) M,NPTS,IST,I1COM,DIST,CEG,BACKAZ,T0,LT,
bOIDATECL)Y 1pATES2), IDATE(3)
310 FURMATL215,44,14,A4,1%x,5F10,2,344)
DO 342 1 = 1M
K = 1 # 8
J s K -7
312 WRITE(D3+0311) NaRITES(X(L)tL=UsK)
311 FURMAT(18,R8015.45)
MR TE = NdR1TE + g
Re TURN
ExD

SURKQUTINE SE1SMAGL(FREG,PEAX,XR, X1, INS)
INS EQ ¢ 15-400 AWSSN
PEak MAGNIFICATIONS ARKE 350,700,1400,2800,5600
IMS EQ 1 30-100 WwSEN
WEZE ,2RILESI4FREQ
[NDEX=(PEAK+1) /375
TFOINS,GT, ) GO TC <00
100 cONTmUE
GG T0'1,2,2,343,3:3,4,4,4,4,4,4,4,4,5), INDEX
1 Friu=27a,
SIGHASCO, 003
Gu 10 6
? FMAL=%58,0
SIGMNATO, 01X
GG OTO 6
3 FmAGg=zil10,
SIGMAZD,N47
GG TOQ 4
4 Frog=2190,
SIGMA®Q,204
ry 10 6
Firidi=3950,
SIGrHAZD,RUR
& 2ETasl,93
7evriad,
1\154:'418879
Wiz, (162331453
5C 10 359
200 cuMTINUE
GO T0(10,27,20,30,35,30,30,40,40,40,40,40,40,40,40,50), INDEX
10 FMAG = 291.9

ey

W

S1GA = n,a8y3
50 YO0 45

28 Fiag = 503,14
SIGMA = 0,012
GG TQ 64

30 FNAG = 1001.5
SInMA = 0,044

X11-14



@
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GGLE

41

5n

61

307

"
!

q
L

Kl
—

g

1

2

3

200
160

FAGE 9

GO TQ 4y

FIAG = 1941.,9

SIGHA = 0,195

GO 70 60

FiAG = 2241,8

SIGMA = 747

2¢Ta 2 1.5

Zgtal = 1,0

Fti = ,20943¢5

Wil ¥ L U62B8316%3

CUMTINUE

Az (WEsWE~aNsWA)# (WESWE~WNLIaWNL) =4, 27 ETA#®ZETALoWNBRNLe (1, -315M0)
¥uEepE

piss oWEa (2ETaiauWNL o (WNeWN-WEaWE)+ZETp0uNs (WNLauNL=-wEaWE))
FaCloR = FugGaYeswEeWe / (Alaal + AR#AR)

Xh ==A1 & FaCInng

X, ==FACTOR » An

RETURYN

ELD

SUBRQUTINE SEISMI(FREG,FEAK,XR, X1}

LRSiH PESPONSE FUR LF SYSTeEM WITH FILTER 68242

PHASE RESPOLSE QOBTALINED FROM HILBERT TRANSFORM OF AMPLITUDE
FESFONSE., GAIN NORMALIZED TQ 1,0 AT 25 SECONDS,

DIMENSTON FRE(26),P{28),PHT(28)

DAT A FR&/’OLI”QOZ"003"004"UGS"GOG"007"008"009"01"02"03'
nU4; oL*S;;Uﬁ; .37. .GB, .09; .11 .2) .3: '40 05) 16!.71 -8’ 1911./

Dalp PHI/2A3,9,257.5,254.9,245,5,239,3,233.4,227,1+221.1,214.6,
LR, 3,134.9,73,2:15,34=33,2,-71,2,-100,1,-122,4,~140,0,-153,8,-213
2 12=232,63=542 ,05,-249,2,4-253,0,~256,9,-259.3,-261.2,-262,9/

PaTa F/,00005,,02040,,00135,.00321,,00625,.01077,,01706,,02546,
J03631,.05006,,34117,,73904,1,0000,.,97633,,79807,.61417,,46105,
234464, 26315, 035R3,,01097,.00468,,00240,.00139,.00087,,0n0%88,

M 2 2&

PEGRAD = 0,01745329

1F (FREQ,GT.0.5) FREG = 0,5
IF(FREQ,LT,0,805) FREG = 0,
DG 20c 1 = 1M
IF({FREQ.GE.FREt]}Y . ANDFREG.LF«FRE(I+1)) GO Tn 160
CONTINUE

PPz PRI(I)&(PHI(I+1)-PHI(I}))/
P FLLY « (P(I+3) - p(1)Y/(
PF FF # DeGRAD

gns

(FRE(I+1)-FRE(]1Y)#({FREQ-FRE(]))
FRE(I+1)=FREC(I) )#{FREQ~FHRECT )

®# 0 nn

XR COS{PF) # FH @ PEAK
X1 SIN(FE) & FH » PEAK
RETURN

END

SUBRQUTINE SEISM?(FREG,FEAK,XR,X1)
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A N

200
168

i0

LRS» RESPONSE FCR LFP SYSTEM WITH FILTER 6824~13

PHASE RESPONSE CBTAINED FROM HILBERT TRANSFORM COF AMPLITUDE

RESPONSE, GAIN NORMALIZED T0 1,0 AT 25 SECONDS,

DIMENSION FRE(28),P{28),PH1(28)

DATA FRE/Zvngto. 002000530004 00552 .00%0 10070008 . 00%1.0104024,03,
ir0410051l06l-07lOualnggl01!!2!031|4005906'17loallgllo/

baTa P/,000015,,000391,,00131,,00310,,90609,,01968,.,01713,.02556,
1.03518,,04R48,.,2803(,,67553,1,0,1.09448,1,0044,,86969,,74511,,6355
€72.54818,,12153,.,04630,,02741,.01827,,11328,,01017,,008052,:.,006545
Sy,005404/

CATA PHI/265,0,255.1,253,4,2468,1,242.8,236,9,23(.3,223,4,216,4,
1209,7,153.4,102,0,54,6,14.4,-16,8,-40,4,-58,2,-73.3,-385,4,-146.4,
d'lSS.ga'155.3g-15d.4)‘157.7;’159.2:‘1§@|6!‘162.3;'16353/

Moe 2E

TEGRAD = 0,01745329

IF(FR&O.GT.Q.52 FREG = 0,5

IF(FREQ,LT,U,L02) FREG = O,

DO 200 1 = 1M

IF(FREN,GE FRE (1), A0D,FREG,LF ,FRE(T+1)) GO TO 160

gos

conTInbg )

PES PHICII+(PHI(I+1)-FRICIYI/(FRECI+1Y=FRE(]I) 0 {FREQ-FRE(1))
PH 2 PL1) & (P{l+d) = PLINI/(FRE(I+L)-FRE(I)Y&(FREQ-FRE(]))
PF = PF & DLGRAD

XR s PH#PEAR#COS(PF)

X! = PHOPEAK®SIR(PF)

RETURN

END

SUBROLTINE RESP(DATA,LF, INS)
DIMENSIGN DaTalq)
DATA(LY=0,1

DATA(CZ) = n.0

X[ = [ =1

FREQ ® X1 » DF

J o= z # ] = i

K =z 2 8w T

IF(iNe ,LT,2) cabl SEISMAGL(FREQ,3000.,XR,XI,INS)

IFOINS,EQ.2) CALL SEISM7(FREQ,3000,:XRr,X1)
IFCINS,EQ.3) CALL SEISM3I(FREQ,3000,,XR,Xx17
TEMER = XReDATA(J) = X1#DATA(K)
TEMP] = XR#LATA(K) + XI#TATA(J)

TATA(UY = TEMPR
CATAC(R) = TEMPI
RETURN

END

SUBROUTINE VELRES(X,nF)
DIMENSION X(1
THIS 1S FREGUENCY DGMAIN EQUIVALENT OF TIME MOMAIN DIFFERENTIATION
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DOM = 6,2831853 # DF
o 10 I = 1,513

Xt =1 -1

FREQ = X1 = DOM

J oz 2 w1 -4
K:?#I

TEMER =2 « FREQ s X{K)
TEMPI 3 FREQ # Xtg!

¥{J) = TEMPR
X({K) = TEMP]
RETURN

EnDd

SURRCUTINE FOQUR(DATA,AN,ISIGN,DT,DF}

THE CGOLEY-TOUKEY FAST FOURIER TRANSFORM IN (ySAS! RASIC FORTRAN
TRANSFORM(O)) = SUMIDATACTI YeWaa((1-1)(U-1)), WHEHE | AND J RUN

FROM 4 TO Mn ANLE 4 % EXF(ISIGN@2#PI#SQRT(=1)/NN)v  DATA 1S A ONE-
ElvPNDXumAL COMFLEX ARRAY (1,E,, THE REAL AND IMAGINARY PARTS noF
PaTa ARE L0CATEL INVELIATELY ADJACENT 1N STORAGE, SUgk aS

FORTRAN 1V PLACES TREM! WHOSE LENGTH NN IS A POWER OF TWO, ISIGN
IS5 *1 ok -1, GIVING TRE SIGN OF THE TRANSFORM, TRANSFORM YALUES
ARE RETURNED IN ARRAY DATA, REPLACING THE INPUY DATA, THE TIME 1S
PROPORTIONAL TO NaLUGEUNY, RATHER THAN THE USUAL wN#«2

RMS RESOLUTION uRROA BEING BOUNMLED BY 6#SQRT(I)#LO0G2(NN)spae(=-R),
WHERE 8 1S THE KUMBER QF BI1TS I& THE FLOATING PCINT FRACTION.
PROGRAM. AUTOMATICALLY DIVIDES TRANSFORY BY NN FQOR INVERSE
THASFORM

DIMENSION TATA(L)

Nz 2 8 NN
IFtOTeECeU ) D=
IF(EF,EQ,U oy oF
TFCoT, NE, (NhaDF)
J s 1

RO 5 131.N,2
IFC1-d31,2,2
TEMPR = DATACJ)
TEM2] & DATAC(L+1)
DaTatdy = DTacly
DATA{J+L)=DATAC]+1)
CATA(I+1) = TEMPI

M s N/2

IF(J=-M) 5,5,4

J 3 Jewm

MOF M/2

JEJ+M

MMAX = 2 A
TF(MMAX=N)?,10,10
ISTEP= 2 eMMAX

s/ (NN®TF)
FIANNGETY
DF = 1,/tNNanT)

1
1.
)

X11-17
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THETA = 6,233185307/FL0AT(ISIGN#MMAX)
SINTH=SIN(THETA/2,)
W3TPR®=«2,#SINTH®SINTH
WSTPIsSIN({TRETA)
WQ:ioQ
WIzg,o
DG 9 Ms1,MMiX,2
DO & [#MaN,ISTEP
JEIHMMAX
TEMPRIWRBDATACS) =k #DATACU*L)
TEM2T=WRaDATA(J+1)+n]uDATA(S)
DaTatd)s0ATA(])Y-TEMFR
DaTatyed)=naTa(r+1)«TEMF
DATA(I?=DATA(I)+TEMPR
B DATA{[+1) = DATAL[+1)+TENMPT
TEMPR = WA
AR 3 NRSWOTPR=4I#WSTPI + WR
9 Wl & Al®WSTPR*TEMPR#WSTPT + WI
MMax = [STgP
52 19 4
17 CONTINUE
IFCISIGN.LT,0) g0 TC 1002
FREQUENCY To TIME DEMALA
ng 9491 [I[[:l,w
1001 DATACTIIII)=DATA({LITT)#DF
RETURN
1302 CINTINJE
» Ti4e TQ FRECUENCY DCMAIN
n) 1983 [111sd,n
1003 DATA(ITII)=CATA{I11)#DY
RETURN
EnD

2

SUSROYUTINE EXCITT(FACL,FAC2,FAC3,FAC4,FACS,FACK,FACT,FACR,FACY,
L PYL,PY2,PY3,PY4, IFUNC,SAZ,CAL, XR, X1, 1EGEX)
G0 TO (100,200, 1EQEX
103 coNTIVUE
S2A7 = 2,83A724CA7
CeA7 = CAZeCAZ = SAZagAyZ
GQ 710 1,2y, IFuNg
1 cONTInRUg :
XR % Pyl wllFaCce-Fac4?aC2aZ « (FAC2+FAC3YasS2A7 )
X1 = = PY? w({FACS*FACE)#CAZ * (FACE-FAC7)2SA7)
RETURN
2 CONTINUE
XR = PYLe((FACS*FAC2)4C2AZ ¥ (FAC4~FACL)eS2AZ) * FACY » PY4
Lov 2e58FACTepyy
XL = (PY3aPY2)u{(FACT-FACAH)aCAZ+(FACB+FACS)0SaZ)
RETULRN
200 CONTINUE
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GO TO (10,23),1FUNC
16 Xk = @

X[ = ¢

RETURN
29 XR =z PY4 - pY1

X] = ©

RETURY

END

SUBKOUTINE 3RCIN(53,51,TT,NPER,JSRE)
DIMENSTION swkiL),s1(1), 7T (L)
DIMENSTON Xn{50),X1(50),T7¢50)
IFCUSRa,.GT. Y g0 To 400
TA13 <FADS IN THE VALLES OF THE SOUKRCE SPECTRUM AT PERIODS T WHICH
ARE ALIGNEN IN ASCESDING ORDER, THE SOURCE VALUES CCRRESPONDING
T3 THE PERIGDS TT OF THE CSIGENFUNCTIONS ARE FOUAND QY
TTEZRPA_ATION
D 200 1 & 1,59
REpaen,2) Tehy,xael),xle¢ly
2 FURGAT(FL10,2,811,4,3%X,811,4)
IFGr O L, ) a0 1o 101
N o= ]
100 CONTINYE
104 CONTINUE
N =N -1
D0 $0J K = 1rNOER
PER = TT(K)
DO 218 1 = LN
IF(PER,GE,T(1),aANg ,PER.LE, T(l41)) GO TO 2690
210 conNTIpVe
260 SR(KY = XR{1)} + (XR{T+1) = XRCUMI/(T(I+1)~TCI)}Y»(PER-T(]))
SI(r) = XI{IY + (XI(I+1) = XICUII /€T I+ =TI )8 (PER-T(]))
300 CONTINUE
GO 10O 401
400 cONTINUE
HIS RzapS IN Thg SplSMI¢ MOMgNT, ASSUMES A STegP pISLOcaTION
AND COMPUTES THE SOURCE SPECTRUM
READ(60,10) XMom
11 FORHAT(E10.3)
DO 290 K = 1sNPER
SR(n) = 043
SI(RY = = YrMOM,TT(X)/6,2R831853
200 conTInVE
401 CONTINUE
WRITE(61,9)
3 FORMAT(1HD»4XsBRPERIOD 14X, 7THS(REAL) 113X THS(IMAG) )
WRITE(O1 o1 C(TTLI)sSROIIPSI(II) e 1=4 s NPER)
1 FORMAT(LH »F2e2+E1144+9%0E11+4)
RETURN
EiD

T3 03Ty Ty

[ TR |
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SURAOUTINE GAMMACATTEN,TT,NPER)
DIMENSION ATTEN{42,10),T7(50),ATEN(42,10),T(42)
1 FORHAT(8F1N,S5)
ng 19¢ 1 = 1,42
READCENIL) TCI)sCATEN(TJ) 2 J21010)
:Ftr(I}.L:.a) G¢ 12 144
..' = I
CONTINUE
CONTINUE
Nz N-1
DC €00 K = 1,NPER
PeR = TT(K)
no 21: i lsN
IF(PERGE T{I) ANDWPERLLECT(I#1)) GO T2 260
217 oMt INgE
260 DO 270 W = 1,17
270 ATTeNG, U = ATENCT, 0+ (ATENCI+1, ) =aTENCL, U0 Z2(T(Iv)-TI
1 » {PER - TiI))
200 COMTINUE
WRITE(6L,3)
3 FORVAT(LHU,SXaORPERLOL, 1 D(SXsSHGAMMA ) ) -
WrITE(s1,2y ((T7¢ly, (ATTENCL, d),Jd=1,100), =1, NPER)
2 FORATULH ,7942,10F10,5)
RETURYN
END

I
oo
o]

SUBROUTINE [NTER(TT,DATA,NPER,DF, I40DE, XRL, XIM, WVNUM, ATTEN, [FUNC,
1 R:IURUL;ELIPaTJ)
DIMENSTON NDaTAte, 1024y, %R0 (42,10,
1Y wyNUM(42,10), TTiS0) ELIP(%2,10)
P14 = 0,78539489

TLiw = TT(1)
THX = TT{NPE
DaTE{L1)
DaTate, 1)
ne 200 11
DATA‘I:I!
DATH(QUII
XK = 1 = 1

PER = {1/ (¥K*LF)

IngEﬁ,GT_TMx; G0 10 200

IFCPER,LT,TLW) g0 TE 200

202 DO «1u 1 = 1,NPER-1
IF(PER,GETT(I) ,AND,PERLE.TT(I*1)) GO TO 260
219 CONTINUE
THlg usEs FaCt tHAT IMOCE(1+1) IS LE 1o IMpOE(I)

PXIM(A2,10,, IMODE(SD,),ATTEN(42,10

[N E Y
..A
w

‘

f )

- o+« NIID D

CGCr - =

i WM oM RN

i

[ o

O

260 MODE = IMODEC]+1)
DO 270 o = {eMNCB
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X i XRLEL ;) + (xRL(T+4,d =XRL(T,JJ))/(TTCI#1)=TT(LI))#(PER-TT(1))
X1 XD, g) « X+, 0)=XIt1 )7 T 140771 ) (PER-TTC T ))
WVYND = WVYNUMOT, J)HOAVAUNCIYL, D) =WYNUMOT U2 ZLTTLI*4)-TT(]) ) #(PER-
1 TT(D))
TEN 5 ATTENCI U)+ (ATTENCT 12 JY~ATTENCL, )Y /ZLTT(LI+1)-TT{1) 18 {PER
1 - TT¢IN)
FACT = (6.P382185%3#70/PERY - WYND & R
G0 To (301,502),1FYng
301 FACT = FACT + P4
GO TO 305
302 GO TO (3I03,304),1L3L2
33 FaCt = FACT ~ pl4
G2 TO 3.5
304 FaCT = FACT - 2,3551945
ELLIF 2 ELIP fI,J) o (ELIP(I+1, I-ELIPLT, UM Z0TTL1+4)-TT(1) )0 (PER

[t

- TT(I)Y
365 CuNTINUE |
CF = CAS(FaACT)
SF =3 3InN(FACT)
FAZT = g0
ATH = ATE\%N
IFCATNLT+RULYY FACT = EXP(™ATN)
IF(IFyNg  en 2, a0ND TyRyZ,EQ,2) FACT = FaACT , ELLIP
IFCIFUNG, av.z.AuD.thbZ.Eu 1) FacT = ~ Fac?
DaTaf1,117 = DATACL,117 + FACTe(XRaCF - X1aSF)
DATA(é;lI) = DATA(Z2,11) * FACT #{XRaSF * XT#CF)

271 CUNT}NUE

20n CONylipe
RLET RN
EnD

SURROUTINE PNCH{X,NFY, DT, XMAX,PHI,R,Tg, INSTM)
DiveNSION Xt1),1%X¢{525),1Y(1025)
Den = RALLL,195
BACKAZ = 385, - PHI
THAX s(xPY=-u1anT
CPM = 4y./07
CPMI=300., /XHMAK
WAITE(43,6) [NSTM
WATTES42,0) INSTH
6 FIRAAT(IS,4x,141,4%,1h1,3%X,8H=1,4X%,1H2,4X1H2)
N%ITE<43aD)
WALTE(A242)
5 FORMAT(LH )
N\ITF<4S'3) RINEGIBACKAZsTQsDTCPMM
WiilTE(42,3) R,DEG,RaCKAZ,Tn,D1,CpMM
WR1TE (&3, 4>TMAX.CPM
WRITE(42,4) TMAY, CPM
3 FORMAT(LDX,5F10 3, 1PE10,3, 61 3000, )
4 FORHAT(RSX‘Fiu 21F1g.3)
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D) L0u 1 = L,WPY

1A01) 1-14

Iy (1) SOnpeX (1) /XNAX
100 conTINUR
NPYL = APY*L
IX(iPY1)==9999
LY (iiPY{)z2-9999
W TE(43,2) 0 0IX(1), 5Y (1)), 151, 8P Y1)
FORHMAT(1613)
WEITECAZ2, 2 (CCIX(TY, IYED) ), =1, NPYL)
RETLRN )
TN

oJd
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DATA

30,
35,

1040,

352,38
§54.93

346.7
244.9

345‘4
265.2
76.4
749 .6
262.9
B54,3

~500.
"'1!

145, 354,

¢.01
.01
L,005
v,.0007
W, pna?
U.o0dg

w,00008

UL.000Nn3
L.000%4a
U,g00nga

BES

.0 2
SLM

g.n 2
FLO

2.0 p
BLWV

0.0 2
HE QK

0.2 3
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Appendix A.

A, L. Levshin and Z. A, Yanson

Surface waves in vertically and radially inhomogeneous media.
Algorithms for the interpretation of seismic data. Computational
Seismology Series, Volume 5, pp 147-177, Moskva, 1971.

Translated by R. B. Herrmann, Saint Louis University, 1972.

INTRODUCTION

In recent years, the data from surface waves generated by earthquakes
and expilosions have been used for a detailed investigation of the
properties of the earth and of the source of the disturbance (for
example, to discern zones of reduced velocity or large velocity gradients,
to estimate the distribution of absorption with depth, to determine the
mechanism and time function of sources, ete.). In order to solve this
relatively difficult mathematical problem, simplifications are usually
made in the model of the medium (layered homogeneous medium) and of the
source (point source) (5,12,16-20); these simplifications can be shown
to be insufficient. In our work, based on results obtained in (2,4,15),
we will expound the basic elements of a more general theory of surface
waves, valid for very minimal restrictions on the model and source.

We will consider vertically (radially) inhomogeneous media with arbitrary
rules for the variation of the elastic constants and density with depth
(radius); to find the solution of the equation of motion in such a medium,
the spectral theory of operators will be used (6,9). The seismic sources
will be treated as fields of -yolume forces, localized spatially and
temporally; the only restrictions imposed on the properties of these
fields are those of physical existence, An exact solution is constructed
for such a source; asymptotic expansions are made at large distances

from the source where the field of the disturbance will separate into
propagating Love and Rayleigh waves. Then formulae are cobtained for

some elementary force fields.

(Some results of Saito's work {22) are used here, but that work is marked
by approaches to the final solution which seem quick to us. Hence, a
different treatment of the seismic source and the asymptotic expansion

is given).

1. Displacement £field in an elastic halfspace

“"Statement of the problem. We will consider an elastic halfspace with
coordinates z, r, ¢ (O<z<oo 0<r<w, 0<¢<2ﬂ) The equations of motion’
are (7):

9 1 a¢z g2z o, -
“ar TF arp + 5 az + =0 on Fa
‘6;;‘, 1 8rg orz ;;'-6\(;} 0%, J
i "5,."”' T 5(3) "L' Bz -+ r =P s —.Fr! (1'1)

AL )
3rq> i 6£pr Btpz 2re 8u, L
+5 T aq) az o= P2A Fo.



Here r%, rY, f$, ¢, ¢0, zz are components of the stress tensor; u
u_, u, are components of the displacement vector u(t, z, r, ¢) z

r M . +

in thg directions a_, a. a respectively; Fz, ¥ _, F, are components
of the vector volumeé force F(t,z,r,$) acting at {he source along the
same directionsy t is the time.

For the coumponents of stress we have the following relations:

~ (B8 du l T 4 de ‘Ou :
fz=}1(-;37z' +,Tf‘): W-‘-’P«(—,'-},—; : ‘a?;)z (1.2)
A F;] ‘ A Bu
A2t gp=1a 428 (Ze g,
~ Ou u i du ~ 4,
where A - dilatiom. 7
du 1 auw du ©w ‘ .
A=grtrg to+ 7 (1.3)

The Lamé constants A and y and the density p are piecewise continuous
positive functions of a single coordinate z; for z>Z,A,u,p are constant,

and the velocity of transverse waves b = Yiulo and of compressional
waves a = Y(A+21)/p are maximal (this is necessary since Z can be as
large as desired):

b(Z 4+ 0) = max b(z), a(Z' + 0) = max a(z)l.

The components of displacement and stress are continuous and bounded
everywhere in the region 0 < z<x; the surface z = 0 of stress, i.e.

=2z=0 1pu z=0, C(1.4)

=P

-~
T2 =

Initial conditions:

u= 2
B T]

=0 npx <0, (1.4a)

Source. The force field F(t,z, r, ¢) is described as a real source
localized in space and time. The following conditions are imposed on F:
1) F(t,z,r,0)} = O for t<0)
2) F(t,z,r,$) is absolutely integrable and satisfies the Dirichlet
conditions for all arguments. Then we are permitted the following
representations:



+oo =)

F(t z,r, Q) = ~ L S e‘P‘S[ 2 Z“ 19A “)]gdgdp, (1;5)

2n

Mazenpo {=1
where A“’ a¥, AD=a Tn1 kS (1.6)
m == dz r a’. + an 5," *
Yy . aY
(2 i 1 ,
An = a 8‘Pm T B é‘rm £ Y = eime], (5r).

Here J is a Bessel function of the first kind of order m. The system of
v?cgor ®functions Arg are fields and mutually orthogonal. The coefficients

(z,£, p) are found using the orthogonality relation

2 »
§ [A(,,? (M), A AP (yr)lrdgdr = 2n8;8,,; 6(.;/%2‘)

ot/'ag

("Si' is the Kronecker delta, 6(7—,“-.) is the Dirac delta functionl) and equal

2n

{ @ &) rdodrar.
[+]

m = -

CE Y]

- ——C0

Specifically for i = 1,2,3 we have:

+Q oo 2R
4 —_
fo = ox S e-mS S[FzYm(Er)]rdmdrdt,'
— 00
. oo @ g7 5 Z
@_ 16 oY ¥ 1 '
([ CE R F
-0 0 0
+to o 27 Y2 3N N I
g Lol o - 2 v
80 -

—C0

Yo =eimeg, (Er). .

For the force components of Fz, Fr’ F¢ we have been using (1.5), (1.6):

F ;_—..L-f-“eii’i“ S Wy ltded
=gy {3 mva]eao,
Fra-;—n'i'g‘”e{m §°[m~°° (]I»(ﬁ) —2 _f_fﬁ)%_i_)]dgdp' (18) .
—% g M=o : "
Pk e[ 3 (et - ) | e,
—ce 0 TROR ——O)

(1)

K(f) is complex conjugate of A7



Formulae for displacement. The solutions arising in non-stationary
problems of the theory of elasticity have the form

1
u(t, 5, Q) =gz | PUdp, (4.9)
where
aa-[—cn 3
Up,rr, @) =v. {SZ % V9 (3, 8, 5) AP dE
—cn f=]

with a solution similar to the stationary problem of elasticity theory,
which is derived in the same way with conditioms that V_,(z,E,p) be

square integrable on the interval z € (0,»). Here and 13ter ott, V.
indicates that the integration contour goes along the real axis,

and around the poles of the integrand with small semicircles above the
pole (for integration with £) and below the pole (with integration with p).
Hence for the components of displacement along the directions a »3_s 3

we obtain: z

=—1- T ipi v ¢ S 1)

u, o S [ V.S [ 2 V‘m Ym]§d§dpf
Yoo 0 m=s -0 )

iy = %J'Swgmz‘;_ ([ 3 (rofmy 22 2 )]dgdp, (1.10)
—0 o M= —00

Up == _+§° ezpf V S [ i ( V(a) 3Y V(":’;) a?:r ):[d%dp.
—0 =S =00

Placing (1.8), (1.10) in equation (1.1) and in the boundary condition
(1.4), and accepting the permissibility of moving the double differentation
under the integral sign, we obtain the following equations:

1. For v(l),v(z):

LR, V) = [( V“"]

- .udv(””‘ + VR (P —Ep) = — 7, (LAl
Lo, v = [ S gv“’]

with boundary conditions EW ____ﬂ +V(2) (PP — E2h — 28%) = — f(2)

2)
o,,_(k+2gx)———§hw,ﬁ =0, r,zsp%{:’l+§up'(,,{)=0
npn z=0, o (142)
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The functions Vél), Véz) Cpys and Trz are continuous and bounded for all =z.

z
2. For V(3)
m

B = (v d:z("i) )V -t =— 12 (143

with boundary condition

dvid

T p—g- =0 mpm z=0. (1.14)

V(3) and T¢ are continuous and bounded for all z. The left side of equation
(T.ll) and*%he boundary condition (1.12) define a self-adjoint operator L
in %?§ region of integration with the square integrable vector function

V..

o The left side of (1.13) and the boundary condition (1l.14)defines
V(2) a self-adjoint operator L, in the region of integration with the
n function vé3). If the veétor function fél) and the function

(2

f(3) are also square integrable on the interval zeTo,w), which follows

ffom the conditions imposed on the function F{t,z,r,$), then the following
relations between the functions Vél), v 2), V(3) and the eigenfunctions

of the above described operators are valld (2,%,10).

Expression of Vm in terms of eigenfunections. V;}) (i =1,2) can be

expressed in the following manner:

kR(E} bond . .
v = 3 TP+ AT 9 (t49)
Kl .. pg

Here,for the coefficients cim, ci we have!

R 1 .Dﬁm . cR e 'Di}}l (,1 16]
S L e—F Tw il IS A '
‘ o o) ~ ~
DR =\ (fO7 + /37Oy as, DR = gHVO 4137 d,
0 =

Here %ﬁl) and %(2), v(l) and v(Z) are the eigenfunctions of the operators

constituting the left-hand sides of (1.11) with the boundary conditioms
(1.12).



The first par& of the function corresponds to the discrete spectra of
eigenvalues p, ., (k = 1, 2,...k _(£)); €2V2 < P%R < p% > where vp 1s the
minimal velock@y of Rayleigh whves in a halfspace with constants equal
a(z), b(z), p(z) for some value of depth (1,2). The secgnd part
corresponds to the continuous spectra of eigenvalues B(p_ < B < =).

Here the wave number £ plays the role of a free parameter. Formula (1,16)
is obtained using the orthogonality relations:

S pIVIVY L VPPP1dz =0  upn iskj,

o [T BY (p%) + 7% (8) V¥ (p%)] ds = 8 (p* — B),

g

]

N :
where V(l) is the complex conjugate of $(l).
Similarly Vés) can be expressed as
kp (8 0
V9= 3 IO+ h@roepna, a4
k=1 pg
where :
P - i Dlt;m » oL = ‘Di’t .
T e~ T T BE -
o0 o0 -
Dk =\ 197Paz,  Dh={ fVous, (1.48)
0 ]

Lo =\ p(7¥)ds.
0

For this derivation the following orthogonality conditions were used:

VPP =0 upm sk,

p7'® (p%) VO (B dz = 8 (5 — B).

ot g S

Placing these expressions for V_ into (1.10), we obtain the complete
precise formulae for displacements.



00 o o0 Kpig) oo ,
w0 v.g[ S ( b cfmv%>+Sez(mvum):’m}gda p,
0 o Lm=—os \ =1 Pg '
) oo 00 o0 Kp(®) to
Up = L Seiz" v. R 2 2 Cim? Scm(B) Vidp aYm‘]‘"
25 5 Lm=—c0 k=1
—00 0 , p;ﬂ;
\ Kr(E)
+T(Z (a>+S (B)Via)dé) Hdg dp, (1.19)
L\ 2 _ \
. oo Epld) &
o o {3 5 (G-
—00 0 m=—00 k=1 - Pg
‘ oy K1) % - :
xa — 3 ekl @+ i@ v )T |dslap.
' : k=1 3 :
. Po

It can be shown that the derived solution for non-stationary problem
satisfies the null initial conditions (1.42). Thus for fixed £ the
functions of p in (1.19), multiplied by exp(ipt), are only the coefficients
c s ¢Q which are analytic everywhere except at a finiislnTmber of points
for Im p > 0, decreasing as p*> not slower than O(1 / p ). Changing

the order of integration among p and § taking the integration contour

with respect to p in the lower halfspace, we obtain the null condition

on u(t) and du/dt for t<O.

Asymptotic expressions for large r. At large distances r, which are
not commensurable with the length dimensions of the seismic source,

the main part of the disturbance given by formula (1.19) becomes

the Rayleigh and Love surface waves. Their contribution equals the sum
of residues of the poles in the integrand, contained in the sum KQ(E) .

z
k=1
Keeping only parts, decreasing not faster than r-l, we obtain the following
asymptotic formula for displacements at large r (3):




1 % exp i(pt—%)
ut (t!‘z’r! (p)= VZW RBS P X
. : .
Kp(p) a £
x > Usr (2, 9) Vi (p,3) —@——“—' exp (— i&rr) dP,
k_i °°e:\:pi(p —3—“')
. P
o Kg(p) ?(z) E';; ) )
1S Uke (2,97 (py2 %) gt oxP (— uer) [dp,  (1.20)

k=1

Fexpilpt+
Up (8, 2,7, ¢) = Va-:r ReS (p )X
b
Kr(p) £ -
S} st (0, 9 70 (0, 2) o exp (= itar) | d.

. k=1

Here for Q = R, L K _(p) is the maximum number of harmonics of Rayleigh (R)
and Love (L) waves 8h1ch exist for a given p.

Uk’ (p,9) = 2 Dhmexpzm(cp—l- ) (1.21)

M= —0a

EEQ is the wave number, a root of the equation p2 &) - pz = 0. The
phis

e and group velocities of the k'th harmonic vgq and CkQ are related to
ng by

P (5 = o). (1.22)

vk0= a:Q ’ qu=

P is the limiting frequency; oscillations with frequencies less than ¥
make up the quasi-static part of the disturbance and are not of interest
to us.

For the derivation of formula (1.20) the following asymptotic relations
were used:



{ g /T s,
xop{=iftor—(m—) ]}

v. OSO(D(E') dgz iy P Ex) % -
e PO

canf- s (n - 3£

The vertical u, and radial u_ components of displacement make up the
Rayleigh wave; the tangential component u @ makes up the Love wave.

dJ, m &r)

Expressions for Py by integrals of eigenfunctions. The calculus of
variation can be uged %g obtain formulae for ka and CkQ (2, 15, 23):

Piq = (EQGIK + 2863, +- Gsx)/fw : CKQ = (EGm -+ sz)/kaIkQ )
{1.23)

Q

where ij are the following integrals:

&m+mmWW+uW%ﬂm

0
o0 - ~—
7@ a7
65 =\ [nZlpp 2 T2 V@]w
0

3 d7Y 7@ \}
G§=S (?~+2u)( ) +p(——3-"z—)§,] dz, (1.24)
oL r
G = S B (7P)dz,
8
GEk =0,
> a7 \?
Ggg =S P-(—d;‘—) dz.
6.

Methods for calculating P’ Wél) and W( ) are described in (11,21), and the
methods for p, L, y(B) in (2,15).



SURFACE WAVES FROM ELEMENTARY SOURCES. We will consider what form equation

(1.20) takes for some elementary sources: axially symmetric vertical

and radial impacts, torsional impact, field of horizontal forces, dipoles,

center of compression. The fields of many more complex sources can bhe

obtained by adding the fields of these elementary sources with respective

constants of proportionality. Because the function U, . in equation (1.20)

is the only term which is affected by the source, it kg only necessary

to consider the expressions for UkQ for various impacts

1. Vertical axially symmetric impact. Let
F=F{{czr)a,.

In this case we get from (1.7):

| e N
PE L n= S e’{p’g F.,Jo(tr) rdrdt;
R )

W0 mpmm=k0; [P=fP=0;
D8 = {19 (5, 8m, 2) T8 (5,8em) s

L
Din=0 mpm m==0; Dim=0.

In summary,

(1.25)

.
2

. o] -
Ur =S 7 Pdzy, Uy =0
0

In particular, for an ideally concentrated vertical force at the point
= = _ h
z=h, r 0, F—ﬁ(zﬁh) £r) o(t)a, %

Usg =V (b, p) S (p) | (1.26

Here and later on S(p) = Jg(t)exp(-ipt)dt - the source time spectrum.
—C0
II. Radial axially symmetric impact. Let
.F = F,.»(t,Z, r)a.

In this case we obtain from (1.7):

% Translator's note: these concentrated forces are not normalized by

the factor 1/2w.
A-10



400 % -
O, S e"""S F.J ) rdrdt; f@=0 opu m=0;
-00 [

f(l) —_ f(S)

[++] .
DE = —S A7 Pz DR =0 opn m == 0; Din= 0.
8
Hence,

Uxr = ""S [PV Pdz, Uy =0. (1.27)
; .

In the ideal case of a radlal sourge concentrated at the point z = h,
£ 0 P2~ 2o (0)a,

Usg = —E&rV (4, p) S (p). (1.28)
IIT. Rotational impact. Let
F=F;(t,z0r)aY
From (1.7) we get

o o '
£ Se‘*P’SFq,J'L(gr) rdrdt; [ =0 mpr m<=0;

-0

o

R=fR=0, D=0, Df =\ /PVPdz;

Q‘!/'Bg

Din=0 npu m==0,
The final result is i

‘o0
U =0, Uk =S 17 Pdz, (1.29)
[}
In the case of a concentrated torque at z = h, r = 0 and

F=26(— By 20) o (1 ay
U =8P® (3,5 S (). - (1.30)

IV. Field of a horizontal force with fixed orientation. We will consider
only the particular case of this force field

F=FT(trz;r)aT1

% Translator's note: these concentrated forces are not normalized by
the factor 1/27

A~11



where aT is a horizontal unit vector of fixed orientation:

-'(a'-": az) = O: (aTrar) = C0s (6 - ‘p)f

Then, (ar, ay) =sin (8 — ).
F = Frlcos (6 — ?) a, -+ sin (§ — ¢) a,]

and from (1.7) we have

P=0 MD=fD=0 mpr meg44n
e—ib ~id
D=t M=—rm
, -t 8
=t = fn
+o0 o :
=\ e#t\ Fray @) rara,
—0 0

Summing over m, we obtain the following relation:

Ukp = icos (8 — cp)S feViPdz, » 1.31)
0

Use = — isin (5 — g) S $2¥ Odz.
¢

In the case of an ideal concentrated force acting at the point r = 0,
z = h,

P=8(—hDg@an

Ukn =icos (8 — ) Vi (b, 2) S (p), (1.32)

Ui = — isin (8 — ) 7§ (h, D) S (p)-
V. An arbitrarily oriented concentrated force. Let
F=8(z—h) 8 i’) {acos B-t+azsin Pl g(2)
Combining (1.25) and (1.32), we get
Urn = [cos BV (b, p) +isinBeos @ = TP 3, D1 S (1),  (1.33)

Ug, = —isinBsin (8 — @) ¥ (&, p) S (p).

VI. Dipole without moment.

The field of a dipole is made up of a pair
of forces without moment

Fi= 080z —h 2L ¢(t)[a,cosf + apsinp],

we obtain the result by using the following operatgi on UkQ IN (1.33)
(keeping only those parts decreasing slower than v )

[ cos B a%- + igkq cos (8 — @) sin B] .
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We obtain the results;:

1)

d Vi
Up = [cos’B dff (hy p) — Exr sin*Bcos? (8§ — g) i (h, p) +

‘ (1.34)
. {748
+ —21- sin 23 (cos (6 — ) &r V4§ (i, p) EZZ—' (he D) ) } §(p),
. d~(3) i
Uy = — ivsinBsin b—q) [cosB ;:‘ (h,p) +
+ iz, 008 (8 — @) sin BV (h, )] S (1),

VII. Dipole with moment. Let a pair of forces act in the same direction
as in VI, but allow the force to have a moment; the axis of the dipole,

i.e., the line associated with the points where the force acts, is
given by the vector a_, where

(an;a,) = €087, (a5, a,) == sinycos (@ — @);
(a,, a,) == sin ysin (& — @).-
The angles Y, §, B, o are not independent, and are related by the relation

ctgyctgh = - cos(8 - o). The displacement field of this dipole valid for
large distances r is obtained by using the following operator on U
(1.33):

_ kQ
[cos'r _gh" + 18xq c08 (& — @) sin ‘TJ .

in

Ugn = [cosq' cos Bg?,f‘—n- (h, p)—Lxr 5in B siny cos (8—q) cos (2 —@) X
XV (hy P) + ibxn siny cos Beos (= @) Vi (, P) + &
+ icosrsinﬁgoé 6 9) %g)_ (h, p)]>< S (p)s
a7

V{ .
Ugr= —isinBsin (§ — 9) [cos'r d}f (h, p)-+itxrsiny cos (@—p) X

<79 (b, 7)] % S (p).

VIII. Center of expansion. The center of expansion can be considered
to be equivalent to a source composed of three orthogonal dipoles without
moment. We will take one dipole to be vertical (B = 0), and the other

two horizontal (B = 7/2, 8§ = 09 and ©/2 ). The resultant field is
dV ’
Ukn =[ di): (k¢ P) —-§k5V§’)] XS (p), U =0. (1.35)

2. Displacement fields in an elastic sphete

Statement of the problem. We will consider an elastic sphere with
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coordinates R, 6, p (0 << R < Ry, 0 <O 1, 0 <9 << 2m).
motion in this coordinate system are (7):
1 ar {1 afR , aFR
- T m=me 9P +—rt

- (2HR — 60 — ¢ + R X

d%u
Xotg0) = p—mri- — Fg,

T 9 L STy 56 — g
+ 5 + T e T R+ H BB+ (-9 x

8 ..
Xotg 0] = p—gz—— For  (2.0)

- A~ O
4 -4,;— (3R 4- 20¢ctg 8] = p—-—a-t-;— — Fo.

Here OR, 00, ¢R, ¢4, RR are components of the stress tensor) u.,
ue,'u are components of the displacement vector u along the directions

a]é, g 5 3, 3 F_, FB’ F¢’ are components of the vector volume force acting
at the sou%ce a]iong the"same directions.

For the components of stress we have the following relations

A du, u, { Odup
0 = (5~ -+ )

R
=t 2 ( Ty ),

(2.2)
1 T LR N S 3 )
@’¢=1A+2%(un+u0°tge+ '_E'i}ﬂ"e_'“%;l)!
Bugv

RR=MA4-2p 2. )

Here the dilatation has the form

dug, Qup {1 du, 1 Ouy g :
A=gr+ 7 trwmvaw tEw tEoES 23

The Lamé conmstants A, Y and the density p are piecewise continuous posi-
tive functions of a single coordinate R; the components of displacement
and stress are continuous and bounded for all points in O, Ro . The
surface of the sphere is free from stress, i.e.

6R =¢R =RR =0 mpn R = R, (2.4)

A-14



The initial conditions are

w=2 0 mpx t<0. (2.4a)

The force field F(t,R,8,0) is described as a real source localized in
space and time. The following limitations are laid upon F:

1) F(ta R, 0, CP) = {) opn t<< 0;
2) F(¢, R, 8, @)

is absolutely integrable with respect to t and satisfies the
Dirichlet conditions for all arguments. Then we are permitted the
following representation:

+c0 o n 3 .
F= S e[ 3 3 3 AR, p) Amn|dp, (2.5)

S n=0) m=w—n {=1

where

1
Agm?n- = aRYmn ' : : -

oY, 1 9Y 1
@ _ mn mn | %
Amn = (a" 3 T sme e )N
oY 1 ) 4 1
@ _ n - mn |t .6t
Amn -_— (ag 37(; S'lne, acp ag ) N ) ‘ (2 6 )

Y (8, @) = €™ Py (c05 6),

N=Vrn+1).
p:(cos ) is the assoclated Legendre polynomial, defined by the following
formulae (B):

(L — g™t grtm(ge _ gyn 4
2™ nl dz™™ upa m >0,

P} (z) =

my — 1 pim|
PRe) = (— )" Gtk P mpr m<O.

The system of spherical vector functions A(;) are a field of a system of
vectors satisfying the following orthogonaTlty conditions on a unit sphere:

o8

¢ 1 ryti + l K i
(A%, A8 sin 0 d0)dp = 48,8 mBuy e )"l' T
0 .

1 Forn=0N =0, Ymn = const and (2.6) loses meaning, we will consider

that 4 =40 =0.
‘ A-15



Another system of vector functions was suggested for the solution of a
similar problem in elastic wave theory in the work ?f)G. I. Petrashin
(11}, which are linear combinations of the system A 7, In distinction
with (11) where the wave field in the sphere is givtt{alg-in the form of

a summation of potentials and solenoif§} fields, the analysis of the
wave fields according to the system A “permits a separate study of

the spheroidal and torsional oscillatIBns of a sphere (22)., All proofs
on the orthogonality and completen?ff of the system, studied in (11) '

are easily applied to the system Amn
The coefficients fé}:’l) making up the impact F in the system Atfnll‘) are
() 2n-+1 (n 3 e Y
—m : T \ o8
fmn (8, p) = T ‘ emipt S(F, A(m)n) sin 0d0dod:.
Lo 0e
Specifically for 1 = 1, 2, 3 we have:
9 { 40 ann
D= g;_”;g:% S emint SSFRYM sin 8 d6 dp dt,
—o» 00 .
) 400 mm . P —
@ _(n—m! 2n4-1 S HSS[ Y 1y 1 0,
fon = g ) €0 N P+ Fogmm o | %
e 00
X sin 0d0 deo dt,
AR

+eo anrw ey ——

(@ __ {(n—ml 2n4-1 S e'ipfS [F 4 9y, ~F oY,

mn = Tl Gl O5me g e am 4 X
0o

-

X sin 840 dgdt,
Youn (8, @) = &' py' (cos 0).

For the force components FR, FS’ F, we obtain from (2.5), {(2.6):

¢
L 00 oo n ‘
FR = OTY S eipt [2 2 f%gtymn] dp!
Ry Y n=_ Mm=m—n )
oo I~ n
1 1 8% n 1 .,
Fg:g S e‘l"[z v ( nzz?n a'g +f§73')nsin9 a9 - ) dp,(2.8\
o n=1 m=—n

-]

+eo n
_ 4 : 1 ((z) W a9 Wonn ):1
F*"ﬁ' S e [Ei“ﬁ‘ Zn f""‘sine 1) fnm b7 dp.

Formulae for displacements. We will seek displacements in the form

' oo -] n -3
u(t, R, 0, @)= -2%;}\7. S eint [2 P ZV‘,&A%] dp, (2.9)
—to n=0 m=—n i=1
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where Véil = V(l)(R,p) Hence for the projection of displacements along the
directions ap, dgs a¢ we obtain:

v, 6 [3 3 vBy]an
—00 n=0 m=—n
ue—Lv_Tezpt[E z (V(E) oY, V(a) 1 oY,
o o n=1 \" T Tae "sin@ an ) :I dp,

e | (2.10)
wmi L[S 3 (ks T e o

Placing (2.8), (2.10) into equation (2.1) a?d the boundary conditions,
we arrive at the following equation for V .

i. For V(l) (2) :

LV, v, =%[(x+2 ) d};‘" + 2y, M V‘,ﬁl,] +

' dV(mn

dve
+ N (3V(2) dB mn):l + png(l) = - 11}1?11;
| .11
d avi® 4% Ny )
lz ﬂ’i):lp (2))—‘1}{ [U.( ik - Rn + ;n) +

avil)

AN mn N )
+R (dR TE 7V “?V(’:“)+
—v® ZN‘V‘,,’;L) + PPV = — fin

i
-i-‘RT(
‘ﬁith the boundary conditions:

“avy
opa=(h 20 T 4+ 2yl My o,

avi®  vE o avy
mgu( on Ty R")=o mps R = Ry, (2.12)

V(mn— —-0 an R=0.

(L) y V(z) o and T are continuous and bounded

The functions V mn > PRR BR

n
everywhere on VA Ro .

2. For V(3)We. have
mn

o = [ (- T | + B T -

=Jn
— B (WL )V 4 PV = — fan (243)
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and the boundary condition:

avid v
Tq,H:'E}l(W———H—-)—O upr RFRO,
Ve =0 ops R=0. (2.14)
The functions V;i) . T¢R continuous and bounded everywhere on [0, Ro].

(1)

Expressions for V. in terms of eigenfunctions. V

(i = 1, 2) can be
expressed in the ¥ollow1ng manner:

gzzz = Ri. Z kmanm ] (215)

where for the coefficients cS we have:

kmn
5 1 kan
Cxmn = ——— 16
kmn P% S—Pz Ian 1 (21 )
Ry
DS = S KO TN o AT BrgR,
0
Ting = = S o R (TR + (P d
(1) 2 .
Here V 0 (R), 1 =1, 2 is the eigenfunction, Pius is the eigenvalue of
the operator consisting of the left hand side of (2.11) together

with the boundary conditions (2.12), for a given integer value of the
parameter n.

Similarly
1 L= -]
Vin=— Z Chmn? e 2.47)
. 0 =1
where .
C}z‘mn = 1 Diimn
Pf-nT—Pz I}mT !
' Ry ' .
D = \ fVR2 dR, (2.18)
[+ -
Tyar “-—-g pRY (PO 4R,
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where VCB) is the eigenfunction, a pinT is the eigenvalue of the operator

consisting of the left-hand side of (2.13) and the boundary conditions
(2.14).

To derive (2.15) -~ (2.18) these orthogonality conditions were used:

Ry
\ oRe (VT + PEPE) aR = 0,
o

Ry

\ o (PPN AR =0 mpa ke L,

[

Placing the expressions developed for Vél) (R,p} into (2.10) the following
formulae for displacements are obtained:

) -3 7 % ~
up=—v. { e[ 3 3 D ek () TER) Yoma dp,
nRy 9 D=0 M= Kool

+°° o n o0
- w1 S o7 %Y,
! = ipt )
1.59 2:11?3 v. S et [%‘1 N Z Z(Ckmn(P) )m(R) a’gﬂ

—_—0 m=—n k=1

+

' - ay.
+ o (7) PR (B gy 2z ) Lap, (2.4

1 e o i . e | 3y
v = v. S et [ kN (c$ N Y P ARAL T
® Znﬂg L9 n%l N Zn El kmn (D) Vien (R) sin@ a9

— c?t‘mn () ng (R) 01;%) :] dp.

The proof that this constructed solution (2.19) satisfies the initial

conditions (2.4a) proceeds analeogously with that of the plane case for
each term in the series 25

mn

Expression of displacements in the form of a sum of proper oscillations
of a gphere. In formula (2.19) only products of the type cgn exp (ipt)
depend on p. Thus calculation of integrals with respect to p reduces
to evaluating a number of integrals of the type

T et
o,

—<0o

By introducing the conditions on the source, P{p) can have singularities
for Im p > O and must be analytic in the lower halfspace. As piw,

Y (p)>0. Besides this ¢(-p) = y{p), Hence it is not difficult to
obtain
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v._-{"Sme‘P‘ MP) dp ZBe[ Se‘P‘-ag_%;dp]=
0

=22 Ro [ (@) eket-] +a ().
The function a(t) is associated with the particular source function fn(:;)

in the upper halfplane for p = O. Its form, either exponential decay
with time or static impact, is not of interest to us.

Placing this evaluation into (2.19) and ignoring a(t) we get

Up = Ra —5 Re 2 2 2 exp [" (Pimst - —)] kan TKD(R) ;’m,‘ ’

n=0 M=—n k=1

(-]
1! 1 : V@) oy,
uy = —Re 35 2; 2 {QXP[ (Pk st — —)] Dj; —k—n———Tm“
‘Rg' n=1 i Me=—n k=1 ® o pan"an 8 +
VOR) 8y,
Pinrlgnrsing  dp |7
(2.19a)

+ exp [ (Pim'rt - —-)] Dignn

a0

B S 3 3 foxn [t {punst ) Dl

n==],

V;‘SZU{) f’Ymn}_ exp[i(p .2 )] ot _Ya® 6Ymn}
IynsPrnssin b 09 \TEaTE 2 o L enTPinr 08 )

Thus we have expressed the displacements in the form of proper S
spheroidal and toroidal T oscillations of a sphere with discrete
frequencies p and p . The radial component u, Is composed only
of spheroidal oscillatlgns; the components Uy and u, are made up of
both spheroidal and torsional components. ¢

Asymptotic values of displacement for n sim 8>> |m|. We will follow
(13) for separating the propagating surface waves from the displacements
described in (2.19a). We will change the order of summation

to E_ ¥ ¥ )} and

n=o m=—n g =1 =1 M=~ [=0

we will change the summation with respect to n to an integration along
a contour L, enclosing positive part of the real axis in the plane of
the complex variable v, where n = Integer (Re V):

(i.e., change the sum b

f (%) P7 (cos (% — 0)) (—1)™ dv

WP (€05 8) = —
gof ( ) ) 2‘ cosn(v-i— é)

Expressing (cos w(v+1/2))—1 for Imv > 0 by the series

2 2( 1)! exp [L(2l+ 1) (v —i—i/o) xl, )
and for Im v < 0 the series

2 2‘ ”ZexP‘[_i (2l +1)(v+ Y n], fixing the contouy of integration

to the real axis and introducing a new variable p = ka(y) we have
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z faP7 (cos 9) 2 Z 1)“""[8 F(p) PV (cos{m — 0)) X
e = ' ’ 1 av
x sin [ (20 + 1) (v T —2.) 7] $-dp. -

"Excluding from consideration the low frequency part of the field with

p <7 and applying the asymptotlc expansion of the associated Legendre
polynomial for large values n sin 6>>|m| we arrive at

S BT (cost) = Y_E( 1) ivm-%f (») 5

- T
Ent[p)] sin £

R AT

’d

Ent (W) 'Vumn9,=0

E ‘ dpm (cos O _ 273 Z (—1 ‘§vm+‘/zf (p)
X Cos [(v-i— -;—) (t—8) —— +-—--]ps [(2l+1)(v-]- ) ]‘dp.

Using these formulas for transforming (2.19a), we can obtain the following
asymptotic expression for the displacements in surface waves, going

around the sphere 1 times and passing through the pole 6§ = 0 and the
antipodes 0 =7 , g times:

up (t, R, 0, 9) =—V—2T‘~4—_§;_mf{e§é—exp [f (pt -+ %(Zg — 1))] ®
yd
<[5 %00/ T en = s 4)7])
=s ToiiCrs kv (3 2
| (2.20)
w(t, B, 0, @) = m R%% [(pt—%(2g+3))_]x
P .
X {KS(F) Tis (@ l/v"s V& exp —-z(v + }d
o Ikvs s kv kS ) ] p:
Uy (¢, By'8, @) z=—]/2m;_—_—§—in—TR S"% exp [i(Pt — 7 (2 — 1))] X
D

KT(P)U (5, 3) .
§2 1Yy

x{ D T2 Vg oyl (wr +L)8]} p.

k=1 IvackT v expi: ¢ VT + 2/6] dp



Here for Q = S, T, K. (p) is the maximum number of harmonics in Rayleigh
waves (Q = S) and Loge waves (Q = T) for a given p;

Upq = 2 Vig' Dimnexplim (p + (—1)¥/2)1]  (2.20)

M=—o

where v, = is the analog of the wave number, a root of the equation

kQ 2

2
PkQ v) - p~ = 0.
The phase and group velocities of the k-th harmonic VkQ and ckQ along
the surface of the sphere are expressed through ka :
va= R Cig= Ry 2 (v = vyo), (2.22)
kQ VKQ+1!‘3, [ Q). .
The multiple passages of the waves through the poles 3(0 5.3 < )
are related to the coordinate of the cobservation point 8(0 < 8 < m)
0= (—1)¢8+2n(g —1).
The components u_, and u, form the Rayleigh wave; u the Love wave,

F 0 b’

Expressions for P in terms of integrals of the eigenfunctions.

kQ’ Q
The method of variational analysis can be used (25) for Q = S, T to
obtain

o N°GY, 1-2NGY, +- 62, c NG, + 68 593
» kQ = —p—— . .
e~ it [RVQ ° ROPkQIka ( )

, Q _Q
Here the integrals le G3k have the form

m—3u+2mm’) +p (V)1 4R,

Ro

65 = S [(PNR Vi _M/(a) dV§ ) (27~+3H)V§c}v(2):l

0

Gﬁk*g [+ 20 (S2) +u(’“’m) o+

( (z) v oy ) o =) 2}
. R,
| e 2.24)
R Gﬂ = (u@@ran, (
N o
- gL =0,

-~

=} e[ (2) - S - )
N

~ V5EED.
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. v(1)_pi o
Methods for calculation of %kv kaQ are given in (3, 4, 14).

SURFACE WAVES FROM ELEMENTARY SOURCES.

only the terms U in (2.20). We will consider expressions for UkQ
for several elemegtary impacts, noting that v >> ]m{ .

The source type influences

I, Radial axially symmetric force, Let

F= FR (t, R,e) ag.
From (2.7) we obtain:
+co T
@ = s+ 1) § ewt { Fop, (cos 6) sin 040 dt,
o

—00

=0 npﬁ m=0, fr=fm=0, (2.25)
UKS——Sfo Vil (R) B2 R,
Upr =0.

In particular, for an ideally concentrated radial force at the point
R=H, 8 =

F=8R—H) 2D oan

H?sin@
Uxs = Vi (H) < 8 (), (2.26)
~}-o0
where §(p) = ﬂ e-iftp (1) dt - time spectra of the source.
o0

II. Axially symmetric force directed along a meridian., Let

F=Fo(t, R, G)ao.
In this case we have from (2.7):

) R 3)_..0
1

=0 mpm m=k0;
¢ ap

) = S e-ipt gFa (eose) sin 640 dt;
0

-0

@.27)
—‘—S 1Y@ RaR;

Ugr =0.
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For an ideally concentrated meridianal source acting at R = H, 6 =0
: W{(R—-H® o
F =2 Ha?mz‘e"*’” o Uws=——22VE(H)S (). (2.28)

III. Rotational Impact. Let

F=F,(t R, 6)a,.

From (2.7) we obtain

M= =0, =0 upz m+0;
o k3 .
dp 0
== ewln, 2,00 sinodods;
- e 0
. Ry
Uis=0; Ugp=——o S fOPOR AR, (2.29)
A VsT i

In the special case of an ideally concentrated rotational impact acting
at the point R = H, 6 = 0

5(0
F = 25 (R — H) w};agggg g, 2.0
iv *
Upr = —EIT V& (H) S (p).

IV, Tangential force field with fixed azimuth. We will cdnsider
only a particular case of this force field:

F=FT (t! R, 9)ar,
>
where a is a unit horizontal vector of fixed azimuth:

T

(az'; ag) =0, (az, 8g) == o8 (6 - {P):
(ar, &) = sin (§ — g).

Then,

F = Fr[agcos (8 — ¢) +a,5in (8 — P}
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and we obtain from (2.7):

D .—n. 2
my = mzv""-"’ mv—o nps ms=-4-1;
" .
@ gy =y,
W EL) ETT
w_ y _
YT 2vivETy ! T TTET
; +§° e-imﬂF (dpi Pty
ro= § en (P (S5 4 2 ) sin0do s,
A

summing with respect to m,

Rs
Uis = "2 i cos (8 — o) S fTvV(z)R"dR
vis v
RO K
isin (8 — o) S VR 4R,

(2.31)

=1°
2

kT

Upr = —

In the case of a concentrated force at R = H, 8 = 0,
p_ SR=H)®) 9 ay
- Hsin g

Uss = (—1)¥ L cos (8 — @) VR (H) S (p),

Ur = — (—1)% isin (6 — ©) V& (&) S (p).
V - VIII. Other elementary sources. The formulas for the
remaining elementary sources counsidered in Section 1 can be obtained

(2.32)

fromgequat;;ns (1. 3i)‘(1'jz) u§?§)rzplgii?g Ykr ;{2?k5’b kL ngugT’%(Z)
SR 3(’3‘)’1(3 g Ek’r (g)"kr ’ y S y kv *
and V (-1)8

k\)'

Asymptotic formulae for (2.19) - (2.32) as pRo/b(Ro)—m . Let pRo/b(Ro)—m .
and let the quantity p(RO—R) /b(,RO) = pz/b(Ro) under these conditions.

Then it is not difficult to show that equations (2.19) - (2.32) tend
toward the corresponding formulas (1.19) - (1.32), if it is noted that

as pR_ /b(R )+ and
g=0,. [=0, H=Ro-—h"' RB—r,

W, Y,
Urp — —Upy; Uyo—> Ugr; _%ZQ_z ;? > Eyqs

VE(RYTE (Ry) — PP (2) P4 (2), o (2.33)
where 5, =Ry—R,, 2,=DR,—R,, i=14 2 3

PR RYVE (Ra) > — TP (2) T ().
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3, Some properties of the derived solutions

We will consider some properties of the derived equations (1.20) and (2.20),
which are essential for understanding the excitation and propagation

of surface waves, Let us consider that the force field F, describing the
seismic source, is localized in some zone, situated in the halfspace

near the iInitial coordinates z = O, r = 0, and for the sphere near the
pole R = Ro’ 0 = 0. We will locate a non-disturbing receiver at the
point z, r, ¢ (R, 0, ¢), which registers the ¢'th component of displace-
ment at this point (q = z, r, § in a halfspace and q = R, §,$ for a
sphere). The quantity r (or 6) has the meaning of epicentral distance,

¢ - azimuth at the epicenter to the station, z (or R) - depth of receiver,
measured from the free surface (or center of sphere).

The theoretical seismogram u (t) of the surface wave, recorded by such
a receiver, is described by gquations (1.20) or (2.20) for sufficiently
large r (or 8)}. The Rayleigh surface wave (index Q = R or 8) will

be recorded only for q = z, r, or R, 8: it is polarized in a vertical
plane (section of great circle), passing through the epicenter and
receiver. The Love surface wave (wave index Q@ = L or T) will be
recorded only for q = ¢: it is linearly polarized, the displacement
vector normal to the polarization plane of Rayleigh waves.

Each seismogram can be considered as a superposition of an infinite
number of harmonics (in other terminclogy - normal waves, overtones,

or modes): the index k (k = 1, 2, ...,) =} designates the number of the
harmonic. Let u, (t) be the contribution of the k'th harmonic to the
q'th component o%qthe seismogram. Then

g (£) = 2 iy (2). C(3.4)
' k=1
We will consider further not the seismogram itself, u (t) or ()

but their spectra, i.e., the Fourier transform with.rgspect to time

of the form J @(p)elptdt ; we designate these spectra as @q(pl and

o}
@kq(p) respectively. It is evident that

D=2 Oy, (3.2)
k=]
L
Ugq(f) = —Re S Dy q (p) €**'dp. (3.3)

i)

A-26



Surface wave spectra. The sgectral density ¢, differs from zero

only for p > P ¥ , where T is the limiting 9requency in the spectra
of the k'th harmonic of the™Q'th wave. The boundary frequencies are
related as

5k+1,Q> EKQ >§k—1,0 ... > D

In a halfspace p,L = p;R = 0, in a sphere pls >0, p,T > 0. However
since we are not interested in the low freqiiency par% of the spectra

of the disturbance with p < p, which is impossible to express in the
form of a propagating wave, it will be accepted that for surface waves
@kq = 0 forp < max(p, FkQ)'

The spectral density can be expressed in the form of a preduct

4
=[] B. (3.9

i=0

For the terms Bél) we have the following formulae:

a) in a halfspace (where Q = R for q = z,r; Q = L for q = ¢):

BY=Bo=) ZT,  (3.5)
“‘[mmm&umnumw (3.6)
exp{—qquQ(pn
(2) -
Bu="yrowm @)
B = U (P, 9}, ' (3.8).
Bl(c‘? = aqﬁgq) (p); jz =1, = 2! Jo = 3, (39)

a, =1, a,=—1i, do=1i; _

b) in a sphere (where Q = S for q = R, 6, Q =T for g = ¢):

B = B®) = ]/ Z ¢ T , (3.5a)

B3 = 1ora () Cra (P) Tl (3.68)
exp (=i (w0 + ) ¥~ 5 o]}

B = TENTETY) . (3.7a)

B = Usq (2, 9)s o (3.8)

’Bgcq—‘aq )(R) jR=11 79=2:i¢=39

ap = i, oy = i(-—-i)""]'_, oy = l'(-—-'.'.)g. (3.98)
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g is the number ol passages titrough the epicenter and anti-epicenter.

The multiplier B(l) depends only the properties of the medium (variation
of velocity and 5 nsity with depth or radius) and the type of waves
recorded. '

The multiplier B( ) describes the propagation effect of the waves: the
numerator definesithe phase delay of the oscillations for a given frequency,
the denominator-—-the Jdecrease of amplitude due to geometric spreading

along the path r (or 6). The additional phase contribution of w g/2

in a sphere arises on account of g-passages through the epicenter and
anti-epicenter.

The multiplier B( ) for a given wave depends only on the source mechanism,
and also on the aglmuth of the re%ogdlng station with respect to the source.

For an axially symmetric source Bk does not depend on $.

The multiplier B(é) depends on the depth of burial of the receiver and its
orientation (i.e.? for which component of displacement it is set up to
measure).

Polarization of Rayleigh waves. The ratio of spectral demsities ¢ /@

(J)

or ¢ke[¢ defines the polarization of Rayleigh waves. Since Bkr

kz

(1)
kz

=qB

(3) - (D) .
and BkR Bke for j < 4, then

. (Dkr Bfidr) ﬁg) (p,2) ] 3.0
iy ) (3:40)
@ (3} ) (B
K S i(—1)en _Vf_.(__)_] (3.40a)
Pyr B} Vi (R)
Thus the eigenfunctions V( 1 %(l) define the Rayleigh wave polarization

ellipse; the direction of rotation and ratio of the ellipse axes
depends on the depth of burial of the receiver; The apparent change in
the direction of rotation for a sphere for changes in g is assoclated
with the fixed choice of direction in designating ug (+ for motion
away from the epicenter).

Reciprocity principle. For simple sources of the concentrated force

type, it is easy to establish the principle of reciprocity-—-the in-
variance of spectral density ¢ for change in the placement of the source
and receiver with preservation of the source orientation with respect

to the receiver and vice versa. 1In fact for a simple vertical force at
depth we have according to (1.26):
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By =V(p, k) S (p),
) .
o= 11 BRSO @MW 2,9, 1 @A)

i=p

3
Ot 2) = [ I1 BE] S @)V (0, 1) (~) P (p, ).

For a simple horizontal force at depth h, oriented toward the receiver
according to (2.32) we have
BY =1 (p,n) S (p),
3 .
032 (b, 2) =[ 1 B2 S () TR (2, 2) T (2, ), (3.42)

i=0
2 .
e (b,2) = [ [] BE] S @)V (2, T (7, ).

=0

For a simple horizontal force at depth h perpendicular to the epicenter-
receiver direction, from (1.32)

BY =~V (p,n) S (p), | (3.13)
2 3 o~ p— .
O h,2) =[] BE] S (0 V9 (0. PP (3, 2).
i=0

From this the reciprocity relations follow:
chz'l (hr z) = Oy, ¥ (2, h),
CD;; (h, z) = q)kr» (za h)'
O (kD) = Dye™ (2, 1,7 (3.44)
th’r‘ (hi Z) = (Dkz-. (Z,h), |
Djz i(hv z) = — q)krl':(z;h)'

Similar relations for a sphere are not difficult to obtain.
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Additional force systems. These forces have been normalized to represent
unit forces of couples acting at the source. They are suitable for direct
substitution in to (1.20). The result. {1.20) agrees with the theoretical
equations of Saito and Tsai and Aki (197Q).

{a) Arbitrarily directed force. (8§, B). The force is represented as

= -~ >
% §£EE§%§£EL cos(5-¢)SiHBZr + sin(6—¢)sin85% + cosBaz s(t)
where & 1s the aximuth of the force f{rom north and 8 is the angle that
the force makes with the pozcitive z axis, whigh is taken to be downward.
Note that 0 < ¢§ < 27 and 0 < B < T . The a_ are the unit vectors
in the q'th direction. s(t) 1is the source tifle function, The UkQ become

UkR = [cosBVél) (h,p) - i sinBcos(6—¢)Vé?) (h,p)] . S(p)/2rw
Uy = - sin 8 sin(6-9) v\ (m,p) . sp)/am

where S(p) = J exp(~ipt)=(t) dt;

(b) Dipole without moment. (§,R).

1
Up = [cos g 4V ( ) (h,p) - kRsm Bcos (- d))V(z) (h,p)
3 (2)
+-% sin 2Bcos (S -9) (kRVél) (h,p) + %%k (h,P)] . S{p)/2m
(3) (3)
U, =i sinBsin(8-¢) [cos (h,p) + i k cos(ﬁ ¢)s1nBV (h, p)] . S(p)/2m

{e) Couple (§,B), (o,Y). The positive force in the direction
(8,B) is converted into a couple by the application of an operator to (a):

[cos Y.%E - ichos(a—¢)sin u] , Q=Lor R ;

graphically, the couple appears as

F(S /)

EYORR

£

This differs from section V by factor (ZTI)-l which is needed for

normalization to a unit force. A-31



The qu become

UkR = {cosYcosB%%él)(h,p) - kRsin B sin v COS(G—¢)COS(G—¢)V£2)(h,p)
(1) ‘

+ ikRsinYcosBcos(u-¢)Vk (h,p)

+ ik cosysindeos (8-$)dv? (,p)}. S(p)
dh 27

[oee]
fl

_isinBsin(6—¢)[ cosyg2£3)(h,p)
dh

+ ikLsinYcos(a—¢)Vé3)(h,p)] . S(p)/2m

kL

where (4,B) and (o,y) are related by the condition of perpendicularity
ctgyctg = — cos(8-u),
(d) Two perpendicular dipoles without moment of equal magnitude and opposite

sign (8,8), {(a,Y). TFor this set of dipoles, the angles define the directions
of the tensional T and compressional P axes by

(6,8) = T (a,y) = P.
Up = { (60828 - coszY)ggél) (h,p)

_kR [sin28c652(6—¢) - sinzYcosz(a“¢)] Véz)(h,p

+ i,[ sin2B cos(8-9) - sin2Ycos(a—¢)] .
2

Lt @ - @ w3 s
dh om
UkL = { -1 [sinZBsin(6—¢) - sinZYéin(a—¢)! gy§3) (h,p)
P ah
* %kLV£3)(h,p) [sinZBsin(26~2¢) - sinzysin(Za—2¢)] } s(p)

27

with the necessary perpendicularity relation
ctgyetgB = - cos(d-u).

(e) Double couple without moment (§,R), (o,Y). The angles are
defined as in (c).
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and

(£)

UkR = { 2 cosycosB %%él)(h,p) - ZkRVéZ}sinBsinYcos(6~¢)cos(a-¢)

+ 1] 1gv? (e +,§%§2)|(h,p>

. [sinycosBcos(a-¢) + sinBcosYcos(6—¢ﬂ}. sS(p)/2w

(3)

UkL = { -i,[sinBsin(6—¢)cosY + sinycosBsin(u-¢)]§yk (h,p)
dh

_kLVél)(h’p)singsinysin(a+6 - 20)} S(p)2rw

ctgyctgh = ~ cos(S-u)

Explosive source.

w1 me - v P e | s /o

dh

[ae
|
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(g) Double couple mechanism in terms of strike, dip, and slip of motion om
the fault plane. The orthogonality conditions on the couples or dipoles of
(d) or (e) imply that only three quantities are required to define motion
on the fault plane. These quantities are the fault plane dip d, the strike §,
and the slip s. These parameters are shown in Figure A.1. The dip is
measured from the horizontal in a downward direction and varies between

0° and 90°, The strike is measured clockwise from north and varies from O
through 360 The slip angle gives the direction of motion of the hanglng
wall with respect to the foot wall; the slip angle varies from 0° to 360°
and is measured counterclockwise from the strike.

With this convention, the UkQ become

Upr = Sgg) {sin s sin 2d ['gz(l) (h,p) + 1 ERR y(2) (h,p)]

+ (l) {h,p) [ - cos s sin d sin 2($-B)

Ser'k

- %—sin s sin 2d cos 2(¢—8)]

) (2)
+if gent e + w () |

[— cos d cos s cos{$-0)

+ cos 2d sin s sin(¢-6)] }

Uy = S(p) { -1 [ sin s cos 2d cos($-6)

+ cos s cos d sin(¢—9)]§§£3) (h,p)
dh

+ gkL iS) (h,p) [cos s sin @ cos 2(¢-8)

-1lsins sin 2d sin 2(4-8) | }

N

A revgrse fault striking nogth and dipping 45° to the east is given by
8 =0 = 45° , and s = 907, A rlght lateral vertlcal strxke slip fault

which strlkes north is given by 6 = 07, = 90° , and 8 = 180°.
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Fig. A. 1. Coordinate and fault plane geometry
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