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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. In 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
PLOT
FACTOR
SYMBOL
NUMBER

SCALE

AXIS
LINE

initiates plot tape
move pen
scales entire plot
plots character string and special symbols
plots decimal equivalent of a floating

point number
determines starting value and scale for an

array of data to be plotted on a graph
draws an annotated axis line for a graph
scales and plots a set of data points

defined by X and Y coordinate arrays.

~ii



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.
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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.

-5-5-5 5 5 5-6-6 6
-5-5-5 5 5-5-6-6 6
-5-5-5 5 5-5-5 6 6
-4-5 5 5-5-5 5 6 6
-4-5 5 5-5-5 5 5 5
-4 4 4-4-4 4 4 4 4
4 4-4-4 4 4 4 4 4
4-4-4 4 4 4 4 4 4

-4-4 4 4 4 4 4 4 4

C2

Cl

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
between Cl and C2 in incre­
ments of DC. This plot is
helpful in determining which
mode a particular solution of
the period equation belongs.
This is important because the
modes might lie very close
together and the parameter
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 also 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 = Tl + DT is
generated and the period equation is again evaluated at
phase velocity Cl. 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 crossing. The procedure
starts over again and searches for the next zero crossing
until KMAX zero crossings, or cutoffs, are found.

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~),
the cutoff phase velocity. The
routine brackets a phase velocity
and calls SUBROUTINE NEVILLE to
refine the value. This routine
also determines the group veloc­
ity, amplitude factors and Ray­
leigh wave ellipticity.

,
I

•
I

I I,

Cl - - - - -'- ~ -
• I I I

• I J ,. T
Tl T2 T3 T4

SUBROUTINE DISPER:

C

~MMAX

C

I

I.

I
------..T

T3 T2 T1

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 or the mode follow­
ing technique for DT negative, Cl
an overestimate, and DC negative.
Mode jumping may be a problem if
DC or DT are too large. This is
not a problem for DT and DC
positive, since the program has
been written to watch for this.
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SUBROUTINE NEVILLE: The desired root of the period equatiort
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 middle 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. ~ 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. !!:l, 11~34t
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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 ha1fspace,
Bull. Seism. Soc. Am. 60,161-166.
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INPUT DATA

Card
Sequence Column Name Format Explanation

A. 1-4 MMAX 14 LT.O end program

EQ.O use previously
inputted model
with new options

GT.O number of
layers in model
including
halfspace

5-8 MODE 14 Number of modes
for which
dispersion curves
are desired

B. Earth Model (MMAX cards)

1-10 D(I) FIO.4 Layer thickness
in km

11-20 A(I) F1O.4 P wave velocity
in km/sec

21-30 B(I) F10.4 S wave velocity
inkm/sec

31-40 RHO (I) FlO.4 Density in gm/sec
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C. Control Card

1-4

11-14

21-24

I GPHL

IGPHR

ICUT

14

14

14

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

LE.O skip Love plot

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

LE.O skip Rayleigh
plot

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

LE.O skip CUTOFF

31-34

41-44

IDISPL 14

ID1SPR 14

1-6

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

LE.O skip Love wave
dispersion determin­
ation

GT.O calls D1SPER
to determine phase
and group velocity,
ellipticity and
amplitude factor
for Rayleigh waves

LT.O skip Rayleigh
wave dispersion
determination



C. Control Card

51-54 IPUNCH 14 GE.1 output of
DISPER also on
cards

LT.l no card output
from DISPER

61-70 FACT

1-7

FlO.5 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.

b.

1-4

11-20

21-30

31-40

1-80

KK

C1

C2

DC

T(I)

14

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 0, SUBROUTINE CUTOFF is called which requires
the following data cards at this point

1-5

11-10

21-30

31-40

KMAX

Tl

DT

Cl

IS

F10.4

FlO.4

FlO.4

number of cutoff
periods to be found
for phase velocity
C1

initial period of
search

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

phase velocity for
which KMAX cutCl(fs
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

1-8

14 number of periods for
which phase velocity
is to be determined



F.
11-20

21-30

31-40

41-50

Tl

DT

Cl

DC

FI0.4

FI0.4

FI0.4

FI0.4

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) = Tl + (I - l)*DT.
(I) 1, }~.

period increment. Only
has meaning if Tl is positive.

initial phase velocity
guess. May not be less
than 0.8 B(l). For T(I)
increasing with I, C1 must
be an underestimate.

increment to phase velocity
for determining roots. If Cl
is an underestimate, DC must
be positive. Next guess is
C2 = C1 + DC. 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(I) 8FlO.0 I = 1. KMAX 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 returns to Point A to terminate program,
run other options, or to consider a new earth model.
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SURFALE PAGE 1

Ij M0 }CENStTYsTHtCK

c

I"'',.

c
c

c

P K'; 1.., Rt, M 'S lH F ACr::::

THIS PROGRAM ~ILL ACCEPT ONE LIQUID LAvER AT THE S~R~ACE,

PROGRAM DEVELGPlO gY ROEERT 8 HERRMANN SAINT LOUIS UNlVERStTy
NOV 71 IN W~ICH CAS~ ELLIPTICITY or RAY~EIG~ WAVE IS THAT AT THE T
TJ P 0F SI) LIe AR;-u\ Y • L 0 vE ;~ AVEe 0 M~-1 UN I GAT I or, S I GNOR ELI QUI D LAY ER
S' J ~j ,'I O~, iJ ( 10(; ) , A \ 1 GQ ) , d ( 1('1'.,) ) , RHCl ( 10 Ij ) , N~ II X, f"I ~l AX , I 0R0P , FA. CT , t PUN CH
Ci) :~ '. I 0 i\ T ( 1 'J to ) , r: (1 0 0 • :1. (I ) • L ( 1 0 C, it) ) , RAT I (') ( 1 0 0 , 1 0 ) , t~ 0Dt:

4 FJRMAT(l~ ;4QX,4Fln.4)
11 r JR ;ATcI4,J4,2l<,F1G.5)

5 FJR0AT(lH ,~nx,3Fl1,4)

44 FJ~MATC4Fl~:4)
12 ~ 2 F 0 Q i;A T ( [ 4 , 6 x , 4 F" 1 fl • 4 )

::>5 FJrl,~T'10X,3F1Q'~)
801 R~~J l~'~MAx'MOLE

C u~AX = ~UM1~R OF LAyERS TO b~ READ IN, !NCLlOI~G hALFSp~CE

~<j r'1 c = f, Utv' ;-, t: RJ F f.j C[1: S 1- CR ~': HIe I~ Ii (~P E= PSI U1\ cUP '~ F. S ARE =1 c: SIR F D
I F ( "H A XJ 7 7 1 , 7 r; , 7 7 C

778 PK I ,.T 2U
2; FJP,:AT(lyl;l,l\..j ,54X,13I--C;iUSTAL r~Of1El ,/lh)

Pin \T 21
21 F y~ i'i AT ( 1 H ,42 X , 'I J H

L;·'~.';AX-l

D = THIcK~~SS OF LAYER l~ KILOMETERS
A = COMPREssrC~~L WAVE VELOCITY IN KM/SEC
9 = TRA\SV~~SE ~AvE vELCCITY l~ KM/SEC
q~0 = D~'SIrY [~ GM/CC
Do .5 I=l,L
ReAu 44, rJ([i,A(I).8(!),KHO<Il

3 Pi-d"T 4, r:;(r),A(r).g(I),RHO(r)
READ 55, A(~MAX).B(M~AX).RHO'MMAX)

PRI~T 5, A(MMAX),8(~~AX).RHOCMMAX)

7 7 9 I F ( ; i MAX • EQ • C) v i< AX = f\ MAX
lCiD:il GT C CALLS LCVE hAVE DISPERSION PLOT
l~DHR GT 0 CALLS RAYLEIGh WAvE DISpERSIO~ PLOT
leur GT 0 CALL~ sEARCH FOR LOVE AND RAYLEIGH HIGHER ~ODE CUTOrF
I01SPL GT J LOVE WAvE nIspERSI~N CURvE
IUI~PR GT ~ RAYL ~AvE OISpERSION CURvE
IPU~CH .GE. 1 PU~C~EC CCTPUT OF DIsPERSION CURvES ALSO
FA~T = ~LM1~R ~F kAVELE~GHTS BELOW FIRST LAVER ~HERE ~HASE

VEL0cITy IS LESS THAN SWEAR VELOCITy THAT ~E MAY CONSIDER
TO 8~ ErFECTIVE ~ALFSPACE. SEE KNOPOFF SCHWAB-SURFACE WAVE
COMPuTATlnNS- ESSA ?p321-344 VOL 60 NO 2 APR 70

READ 12, IGPhL,IGPHR,ICUT,IDISPL.tDISPR,lPU~CH,FACT

12 FGRi' AT ( 6 ( I 4 • 6 X) , F' 1 0 , 5 )
IFCrACT)lUC'1UO'lCt

ion FACT = 4,0
1 Q1 CO r! TIN UE

f'.!r-i AX = MMA X
IFCIGPHL,GT:O,Ok,IGPHR.GT,,> CALL GPHOIS(IGPHL,IGPHR)
IFCICUT.GT,G) ~ALL CUTOFF

c

G
C
c
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SURFALt:; PAG::

I F ( I DIS I-' L ,~ T• <J , 'C R , I CIS P r; , GT • 0) CAL L DIS PER ( I DIS PL, I DIS PR)
GO TO 901

777 CU\TP,UE
E..-·JC

/tH'J)

S;J'~:(OUTINE GPHrlS( IGPI--L, IGPhRl
CiJ vr i 0 ;~ 0 ( 1 " ~, ) , A ( 1 0 J J , b ( 1 a[) ) , RHO ( 1 0., l • N~H. X • Mh AX, I DRep , F ACT , t PUN ('! H
COM~ON r(1~c).~tl0',10).L(1aO,lu).qATIn(10",10),MCrE
c I'~::~)S I J\ ,( A ((,'::)

r: I \,' .: :'.)5 I 0 \' '~_~ ( b 'i )

Trl[J ;:iU,j':<O'!1Ii\r: GRAPhIC"lLV DISPLAYS THE SIGN OF TH::: L.OVj= oq
RAYLEIGH WA~F PERIDe ~O~ATtON 1\ T~E C-T PLANE. ThE~DIsP~RSIO~
C0lvE [S T~~ LI\E OF ZEROES.
FCJ~"AT(16~-5.n)

GP~~IS REAn~ 1\ UP IP 59 DIFFERENT PERIODS TO FO~~ AaSC!SSA OF
Pl-CT
Tile ORjIf\;\L: Vt,hlcS FROtv Cl TO C2 If', I':CRE~ENTS OF DC
KK IS The ~uMdE~ OF A8SCISSA VALUES
Cl ~S u:SS fHi\\! C2
DC IS PCSITfVE
~~~u 9, KK,Cl,C2,DC
rJ11AT(I4,6~,3rlO.S)

R~~u 10' (T(! },I=l,KK)
IF(~K·GT·5~) KK = 5~

IF(uC'LT'u'i;) DC. = - CC
1FCCt.LT,C?J G0 TO 2000
DUH ;; C1
Cl ;; [;1-
C2 : J'II,Ai

200 C (;(;1\; TI j\;!Jf::

P~:I,,;'T '1990
999;< r:ORiiAT(lH1,-tOX.40hPi:RIOr: F'JR A8ScISS.A t')F FOLLOWING nqAPH

PH[~T 9~99,«I,T(I)},I~l'K~)
9 9 9 q F- (' :::" :.: A r ' ~ H ,. 'I '? ( I I , F 7 • " ) )

.I • \ , . \ ...., !- r.~ '...,.i t:..
n ') . 01 I r- U., - - ~,- \ C;, l,. 1 ; '..... .. J.' t::

IF"(.JC,E'J.tJ,,) G[.; TO 801
GJ TO (~11.112).IFU~C

All I;(IGrHL.L~.O) GO TC eOl
PidiT 7

7 rJ~rAT(l~l, 54X.25HPLOT OF LOVE FUNCTION/1Hv)
GO TO e.1..~

812 IFCIGPHR.L[~0) 00 TC 801
PR !:~T 8

3 FORnAT(lH.l., 54X.25HFLGT CF RAYLEIG~ r:UNCTIMJ/1HO)
81 3 CC :.: C2

100 4 ,00 lOlJ I=l.KK
IDRJP = 0
DE:L = "LTAR,CC,T(I),IFUt\C)
L = Mi1A.X
1_10 = i_/10

C
N

'.-
r:

1 "

'"'\,..
~-,.;

G..
\...,..
t'I
;~

r''I



1011

1012

tOL')
101n

l1JO

11]1

L = L - Ll~~1U

KI\(I) : IA:3S(L)
IFC.JEL)1011.1U12,1013

!< ::i ( 1.) :: 1H-
G'J TO lUl0
1< S ( () :: 1 H
GJ TO 1J 10
f< S ( I' : 1. H
CQ,i r r :f) f:
PR'~T 1100. SC, (CKSCl).KX(L)),L=l,K~)
FQP jAT~lH ~~7d.59{Al'I1»
c" ;; \,.,,-, _" ..
IF(~C - Cl) 8JlI1J04,1~a4

CG\! r I >j UE:
iL:TjR,'J

c...
"

S\j:1 i~ 0 U T ! ~: C c: UT:J i- F
CU':.i a\; J ( i)l ) • A , 1 J I) ) , d ClOU) I RHt] ( 1. 0 1'1 ) , NI.A AX , /vi ~-i AX I I ,j K0P , F ,A CT. t PUN ~ h
~ 0 q ,j Q;~ T( 1'" , ) ,e, 1 CO, 1 J , • !~ ( 1. " 0 I 1 (' ) I '7 AT I 0 , 1 :J r: , 1 0 ) , '1 0 DE.
K 'H X :: \ Ui",:< ': R :) ~ CUI 0 Fr ':::l Eq I 0 [j S T i) :l E r. cUNn F" 0P PH ASE V~ '- () CIT '( C1
T1 :: INITIAL P[~IOD I~ SEARCH
Dr = PERIGO I~C~E~E~T ~EGATIV~ IF STARTI\G AT HIGH PERIO~ AND

A\D 3JI~G TOWARD S~ORTER PERIOn
Cl :: PHASE VEL8GITY ~CR ~HICH K~AX CUTGFF"S ARE dEING FOU~D
THIS Ii 0 L T I " t: F T'" I) S 60 TH L0 VE A'1 G RAY LEI f3 H CUT Q FF S
q~AJ 200Q,K~AX,Tl,DT,Cl

2 I) (] 0 !=" 0R'i AT ( I 5 , C) .~. , J r 2.. i) • -1 }
p[-(I,n 996

996 ~ORKAT(lHi/lHO/lHU)

Phf.--T 998
9 9e ~ c, R"A T ( 1 H011 HJ , 'i 1 X I ;2 6 hHI GHF. R ~1 0) f. CUT 0 r ~ PER I 0 DS /1 H0 , 3 4 X,

1 10,i LOV~ .40X.10H RAYLEIGH 11HO,2(2aX,6HPERIOD,lQV,6HPY VEL
;.:: ;1// / )

Lt. ;: (;
TT ;; T1
D0 47 IfUN~ :: 1,2
i< :: 1
IJRuP = il
T1 :: TT

999 DELl :: DLT~;(C1,Tl,IFGNC)

80 T2 ;; 11 + nr
IORuP ;; 0
IF(r2)3Qoo.~nuo.3001

3000 J :: K + LL
T(J) :: C.O

30J 1 C: 0 ~n PW E
1 i f) EL;2 =DLT.\ R( c 1 , T 2, I FUN C)

IF(ABS (CEL2-UEL1)-ABS CCEL2+DEL1»Bl,81,54
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t<
'w

...
,...
~_J

r:...
'J...
"
(,
'J

("

r",
1000
1001...

I.J...
tl

C...
1_,

e...
'J

61 Tl ;; T2
UEL~. :: DEL 2
SCi TO 80

54 IFCA8S (11 ~ T7) - a,OCJ1) 120,12C,130
1 3 0 ~~'~ (T~ + ,T2) ;} 0,5 ,

~~Lj :: ~LTA"(C1,T3,lFL\C)

IF ( A3 S (D EL.5 - i~ ELU - A8 S (:J EL.3 + DEL 1> )1 0 1 , 1 2 0 , 1 I) 2
101 Tl :: T3

DeLl :: LEL3
SO TO 54

102 T2 ;; T3
DEL2 :: DEL3
G'j TO 54

120 TF :; crl + r(') ,~ o,?
J :: K + LL
Te... ) :: Tr
Ti :; iF + '; T
IF {1,-AM,\l()':;c" 4".46

7 '1 ,< :: K + 1
I L r.~ c; P = 0
Sw TO 999

4(, LL ;; :;0
47 r; G'" T I i;(J c

P ri I "J T 997, ( ( T( J , , Cit T ( J +~ n, , C1 , , J=1 , K~ AX)
9 97 FO~MATC1H '~4Xlrlu'1,6Y'F1Q'4124X'~10'4,6X'Fl0'4)

qE TUR i'~

Ei~D

SUfj K0 uTI NE \' I S Pi: R( I L. I SPL, I DIS PR)
CJ Hr,') i~ C( 1" ',t:.. II J Q ) , 6 ( lOu) • P Ii C( 1 f] C) , N~;\ x , MMAX, I 0~ O? , F ACT, I P l~ \J ~ H
CO! 1:1 !J :! T ( 1 {1 ;! ) , C,; 1 J 0 , 1 0 ) , U ( 1 (' n , 1 C) ) , R .6.. T 1r') ( 1 G() , 1 0 ) , MOD E
D1M~NSION r AX(~0}
DIM~~SION ARCiou,la>
Tr~ ROOT CETEhMINATION SECTION I~ ONE r')F INTERVAL HALVING ONCE A
ZcR i_: CR(; SSr \G I..j A S 3EH, FeU ~ j) •

TO FOLLO~ ~JDES T~E PROGRA~ INITIALLY rINOS THE PHASE VELOcITIES
OFT HE i'1 0D::: "-J U~.q! I: i~ CF ,~ erE 5 F" 0q PER I ("\ D T1 , THE 1\ I T F" I NDS THE
PHASE V~LJCITIE~ FO~ PERIOD T1 + DT USING PREVIOUS RESULTS T~ STAY
o,', THc;, 5 Atv1 F ~1 (j t; t: , I F" STAR TIN 3 AT SH0RT PER I 0 DS DC 1'1 UST 8 E s~ A1. L
;: f J :J uGh SO \1 J DEI 5 NeT J l. !'J PED, I TIS PRE FER A8l E TO h AII E DC Pns
SI~CE THE PROGRAM WILL FOLLOW A MODE UP TO ITS CUTOFF VALUE, FOR
DC ~EG THE PRUGRAM CA~NCT PICK UP ANY MOnES,
F,) R:1 A1 ( 1 4, 6x , 4FlO, 4 )
r .:.,. R'\ AT ( bF1 ry ; 0 )
Tl ; INITIAL STARTI~G PE~!OD

KiiA" :: r,Uf"'iqf:::R O~ FERroo S FOR WHIC~ PHASE VELOCITY IS TO BE
DET;;; R1'1 I :~ ED
IF T1 : 0 PROGPAM RfACS IN ARRAY OF" T(I) PERIODS INSTEAD OF
CO~1PUT I t\G THE~j

DT = PEHIOn INCREME~T~ ~EXT PERIOD T2 = T1 + DT
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MA~E SURE !T is OUTSIDE

IF GOING FROM LOWER TO HIGHER
c2 : C1 + DC

30'\

3tH

303
302

Cl ;: INITIA PHASE VELOCITY GUESS.
Jl:SIRCD Res LT
DC : PHASE ELOcITY I~CREMENT = pas

\EXT PhASE VELOCITY GUESS IS
R~AJ lGJ0'~~AX'Tl'DT'Cl'CC
IF ( T1 ) 30(1,3 L !') ~ 3 ,j 1
qlAu 1001,{T(~).J=1,K~AX)
GIl TO :h2
T(l) = 11
DG °0 3 r =?, KM.U
T{') ;: 1(1-1) ... Dr
cG\ T I i\;lI;:

CC ;: (.1
1"'!r; '9'''' IF, C 1 ~:. V ~"! ':J ':/ 1.- '" : _ , c-
r' L rn I < 1'1 " , I r I II' r

1 '-~ I,..L ',; , t' '.~ 1 , ~ r 'oJ \",.1"

1 ,~ TF ( r 0 1St;) L•Li- • ,,) GeT 0 'i "} 9 9
GU TO 3 i.)

2 : I r ( I II 1 SF P • L f: • ,j) GeT 0 1/; 9 9
30 C~)\)iI;iUf:

0. ::: '--'C
P,~I iT 1

1 F U< rl A r (1 H1 ,
Kii 0 L F = MC'"\ F
Dc ~~ :=t'lf"

2 ~~AA(I)=n .
CL ')9:;8 K:: :t"c,~.x
i 1 = T( ,)... t\ ..
nu ')9)7 Ie ; 1,~MC8t

I F ( r. - 1. ) t r: j , c 0 5 , '.; q '-1
599 H(ro - ?>!,(n,6,,1,6,,1
600 Cl ;: C(K-l,1) - O.~l * A8S (Del/DC

G,) T (1 6 U5'
601 IF(LC*CCtK_j ,1Q) - CCK,IC-1»)602,6C3,6J4
602 rl = cCK,rQ-ll + a.Ll*AES feC)/DC

GJ TO 6 G5
603 Cl ; C(K,[Q.l) + O.Cl*A6S (DCI/DC

Gu 10 6(j5
604 Cl = CCk-1;tQ)
6 c5 CU,rIt,Ul

liJRCP = ('I
9 99 Dr:: L 1 ;: i] L TA ~.' ( C1 , T1 , I r: L ~; C)

60 c2:c1+rc
ILJRGP = 0
r t: L2 :: iJ L T Ah ( C2 , T1 , I F'u ~,I c )
IF (SIGN(1.,DEL1).N~.SIG~(1.,DEL2)' GO rc 54

8j Cl=C2
Pt::Li =L:EL2

C C~ECK THAT C1 IS IN REGION OF SOLUTIONS
rF(C1-0.8*R(1»)~50,251,251

251 IF(Cl-C8(MMAX)+o.3»2 52.2 50,2 50

c
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c

252 CUi 0 At
54 CALL f'iEVIlL~(Tj ,Cl,C2,I;EL 1 ,lJEL 2, rFUNC,c N,

c: = ct\!
I F ( C1 - 8 ( ,A i'\ A" ) ) 1 2 1 • 12 1 , 2 5 0

121 CiK,IQ) = ~1

P = 0L Til R, C'I, ' Tt ... 0 . 1'1 U1. • rFL i,j G)
Q = DLTAR(Cl,Tj~O.001,rFL~C)
r< ; DL TAR( Cl+l,. \,Cll, T1, TFl.i~C)

5 : DLTAR(~1-0.L01,Tl,IFL~C)
reDT = -CP-Q)/Ch-S)
UO:.ILJ) = e1/(1. + Tl~f)CCT/C1)

GO TO (60C1.6002),!FUt\C
60C2 c:Hd P,j'JE

RATIO = RAYLEIGh hAVE ELLIPTICITY
RATIO(K,IQ) = ~LTAR(C1,Tl,3)

fA ;< :;; R,A YU: I c; H I.". I, VF.. AMP LIT U1"1 ERE':; P0 r: SE· ~; F. E: hAP K r~ ICE Ii r3 SSA '1 EC 7 G•
t,i;:;; (2.*U.C*IC)**(-1)
A~(~,l~) :;; ~8S lOLTAR(Cl,Tl,4)~r.C125f6J7/(Cl*Cl*Tl*(~-S»'
GG fO 60C3

C HEPi AR :;; LlVE hAVE A~PLITUDE RESP0~SE

6 0 C1 C,) '-iT [ :'1 Ut:
A~(K,IQ) :;; ~8S (DLTAR(Cl,Tl,5)~0.01256~37/(Cl*Cl*T~~(~-S»)

6 0 C3 CU~J T Ii') Uc
Cl ; Cl + J,Ol * ASSCCr)/OC
!'iAXCIQ) :;;,.;
GC TO 9997

2SC IF(~*IJ-l)~~6,?j6,?55
2 5 :5 p ,.;: !, T ?.J 8
258 FJRMATC1H ;4CH IMPROPER I~ITIAL VALLE iO ZERO FOUNU

GO TO 9999
9997 CON TI :, 'J E

G\) TO r:>;9d
25 5 K1\ 0 L E = I Q - 1

rF(~MaDc) Q996,~996,9~ge

':) 9 9 -3 Cu~,j TI ;\ Ut'
999~ 00 ~995 IQ = l,rCCE

J=t>;AX(!Q)
rF(J)99~5,~995,9994

9994 GOT 0 (7 Q() 1. 7 iJ 'J 2 ) , IF U~, C
7 a(j 1 P~ I :\ T 1.J-

105 FaRMAT(lHU;5~X,10~LCvE ~AvE /l H ,45X.3~H pERIOD PHASE vFL GROLP
LVEL ,7X,2HAL 11~ )

P i~ I ,\j T 1 U6 • C( T( I ) , C( I , I Q ) , IJ < I , rQ ) , AR ( I , I Q ) ) , I =1 , J )
10~ FJRMATC1H ;~5X,UPF7.3,lX,OPF1C.6,2x.opr8.4,4X,1PE12.5)

IFCIPUNCH,LT,l' GC TO 9995
FUNCH 110 6 , ('TCI),C(I,IQ)'U(I,IQ},AR(I'IQ)'IQ)'I~l'J)

110 6 F (J Ri'l AT ( 4 C1 PE14 ' 7 , 1 X) , 15 x, 31-1 L0 V' I 2 )
Go TO 9995

7002 P(~ 1ilj T 1 03
103 F J R11 AT ( 1 Ha,53 x, 14 h RAY LEI GH VJ AVEl Hi ,3 ax,

1-15



~31H PERIOD P~ASE ~EL GR0UP VEL ,6X,5HUR/~Z, 12X,2HAR/1H )
PHI ;·i T 104 , , ( T( I ) , C( r , rQ , • U( I , I Q ) , RAT ra( I , I Q ) , AR( I , I Q) ) , I =1 , J >

104 FJR~AT(1H;jOX,CPF7.3,lX,OPF10.6,2X,OP~8.4,4X,jPE12.5,4X,lPE12.5)
IF(IPUNCH,LT.l) GC TO 99q5
PUNCH 110 4 ; «T(I>,CC!,IQ),UC!,IQ),AQ(I,IQ),RATICCI,IQ),!Q),

1. l:l,J)
1104 FCRMATC5C1PE14.7'1X)'3~RAV'I2)
9 9 SJ '5 CL.H, T I ~j U1=
9 9 9 9 CJ 'I' T I :, Ut:

RlTuR:.;
EI', f)

1443

1444

131:
13~C

133:1
100?

c
c
c
s

SUPf-\ourI\t: ,\EvrLLE(T,C1,C2.DEL1,DEL2.IF"UNC,CC)
HYG~IJ METwCD ~OR REFINI\G HOOT ONCE IT HAS 8EE~ 8RAC~ETTED
8E:Ti(LI'o: c:l tor!S c2. Ii\rERVtd~ HALVI\G IS USED kt-JtRE OThER SCHe~1ES

~JGLD 1E 1~~FFICIENT. ['ICE SUITABLE R~GION IS FOU~D ~EVILlE S
I TI~ R ,t.. TL' '\ q i:: The !. I SUS EC T0 F H' L; R() GT •
TH~ °RnC~DJkE ALTER~ATES 8ETWEEN TH~ INTERVAL ~ALVING AND MEVILLE
TEe h \j i J u ES ,1 S I \! W ~~ HIe 11 E\j ER ISM () S T EFFIe I E: NT
C0' h 0 .j L ( 1 f'I ., ) , A \ 1 dO) , G( 1 r'I 0 ) • Ih; C' ( lOG ) , ~.j >1 AX • M~' AX , I DRep , rAe T • ! Ptl NCH

CO~hGN C1(1~C).~2(lJO'10).D3ClnO'10),D1(1CO'1C),MODE

QIMCNSlo' X(2G).Y(?u)
C3 ~ O.5*(rj T c2)
J t L -5 :: r LT~ :, ( c~ • T • IF U1\ C)
i'; l: \I ;;; 1 .
[r(el - C3 )l32'J,132L,13JO
!FcC2 - cJ , 1344'1344'100U
IF(C2 - C3) 1.;J(}:)d344.1344
513 ;;; JELl - DELJ
532 : DEL3 : jE~2

IF·(SIGN(1.;UEL3)~SIGNC1.,DEL1» 1441,1441,1443
c,~ ;;; C3
DELi ;;; eEL,
Gu TO 1444'·
c.L :: c3
D:: L ~ :: IJ C. L 3
Go TO 1444

~~~~~~U~Cl ~ c2 ) -n.ooOu001) 20,20,22
22 CONTINUE

IF(SIG~ Cl.,S13).~E.SIG~ (1.,532» NEV = 0
ssl=AbS(nEL1)
S1=U'1*SSl
SS2=ABScDEL2)
52=0.1*S52
IF(Sl.GT.SS2.0R~S2.GT.SS1) GO To 1344
IF(NEV,EQ.O) GO TO 1344
]F(~EV.EQ.2) GO TC 135C
,Ql) ;;; Cl
Y(l) = DELi
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X(2) ; C2
"(2;' ; DEL2
H ~ 1
GO TO 1355

134 4 C3 = C.5*(Cl + C2)
DEL~ ; DLTA~CC1.T.IFU~C)
~:c:-. V ;; 1
~. :: 1
GCI TO 1 J 1 U

135) X(~;i'U :: C3
y ( ~'1" 1) :; r.; EL ~

GO TO 1:55
135~ nG 1360 KK=l.~

J := M- K1\+1
I~ (A0S CY(M+1'-Y(w».LE.l.E-l0' GO TO 134 4
xeJ) ;(-Y(J)*X(w+ 1 ) + Y(~+l)*X(J»/eV(~+l)-YeJ»

13 6 Q CC> T Ir:Uf::
21 Cot\rI>ut:

C3 :: XCi>
nH. 3 :: L LT1\ h ( c:~ , T , I FUt\ r: )
~.r.;..\! -",',- - c
~, :: ~1 + 1
IF<~.GT.IL) M ; 10
GLi TO 131C

2C CU\T Ii';!JE
CL .: C:3
PETJRt­
UO

FU\CTIO~ DLTA~CCC.TT,~K)

CouMON U(1"G),A(10C)18(10D,IRHO(100)1~~AX,~MAX.IORCP,FACT,IPUNC~
COMMO~ TClrJ),r(lUO,lU),LC1GQ,1[),PATI~(10n,10),MUCE

C LAY;;:R n;';OPPl"iG I RCCE:DLRE--HALFSPAC~ DErINEC AS FACT WAVELE"'GTHS
C 8 E: LGW Rt GI'h ,~ Ht.. REel S U: SST l-t At\ g

IFCIOR0P)d99.d~~,9D5

8 9 9 C(., 1\ TI "W E
DMAX :: FACT * CC * TT
fA I ~ A" = h v, A '<
SU~~ ;; c
n(; S; [I l) 1 I 1: 1, ~'lf AX
IFCCC-PCII,)901.9UQ,9u r

901 S~M ;; SUM. nCIl)
rFCSUM - DMAX) jOO,9DD,~Q2

9 () 2 !'~ I'Li\ X : 1 I
GJ TO 9 04

900 CJ\!Tlr~UE

904 IORIJP : 1
IF(MMAX~LT~~) ~~AX ; 2

90:; CCi'H I r"UE
GO ra Cl,2;3.4,5),KK
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SLJRFA'JE :-:ACE 9

C LUVL hAVE Pf-RIOL EQl-AllO.
1 DlThR = DLTARICCC,TT,l)

C RAYLEIGh ~~vE Pc~IOC EQLATlUN
2 DLlAR = rLTAR4'CC,TT,1)

Rt TJRi'l
C RAY_EIGH AAVE ~LLIPTlCTTY

3 DLT 4 R = r,LTAR4'Gr.,TT.~'
~tTl.,q,;

c RI' Yl.. E I GH '<i; Ii E Af' PLIT UU: RES P0;\ 5 f::: erj ~" p 0 \1 E~ NT
4 DLT~R =LLTA~4(CC,lT.3)

RCTl) q ~,;

C I.. 0 Ve "A V E= ,~: P L TTUL: E Rt: SPO ,\ SEC 0 ["I PO I'T "n
5 OLT~R : CLT)Rl:LC,TT,2)

~: ;'i[

Fj'C.TIQ'J L:L_TAtlj Cr..T,MLP)
c HAS~ELL-TH1~PS~~ LaVE WAVE FORMULATIO\ FRO~ HALFSPACE TO sU~~Ar~

r J '} , ,a:\1 L (1; " ' -'I i 1 0 (' ) , 8 ( 1 0 0 ) , RHiJ ( 1. co) , ~,'~ .~ x, M;>'1 AX, ! DR0 P , F A. CT , I PU :~ GH
CJ0 0\ r1(lJO),~2(1u011G),D3(100,lJ),D4(100,lU"MOVE
WV\Q ; 6.2q~165J/'C.T)
C,., \1 (.; -_ C/ tl r v ..... ~ X"'- , • , . I' i

~ = RHa(~~A~)*~(N~AX)~B(MMAX,

Rb = SORT (~RS tCCVc**2-1'"
UT ;; 1
TT = 11 ~ R'i
~~:j\1i = i:~Ay - 1

Do 1340 K = 1,~~Ml

M = Mr!,~X - f,

IFC,,'i"i).EQ.c,.C) r;c To 1340
cCv = CI b 'y )
r~ l1 ; SC) f: T ' ~;'. RS (C CV6 ~HI 2 ... 1 • , )
H = RHOI~)Uh(0'*8(~)

7001 Q =-WVNc*Or 'ORe
IF(C-bC~»1~C9/1221.1231

1231 Sl~G = SI~CC)
y = SP.j(~/R~

Z = RU*S{f\]
CCS '->I = COS ( C' )
Gii 10 1242

1221 Y =-WVNG*DCM)
Z = 0
CJSlj = 1
Gu TO 1£42

120? EAQP = EXPCO)
EX (J I" = 1. IE :< QP
Y = (EXQP - EXQM)/(2.#RB)
Z = -R8~R8*y

CCS~ ; tEXO p + LXGM)/2.
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SUR FA CE ~. AGF. 1 J

1242 EUT = CCSU~LT - Y*TT/h
Ell = H~Z*UT • COSo.TT
UT ;: CUT
TT ;; t:TT

1 3 4J CCr; T I ~~ UE
GCJ TO (1,2~.~·IUD

1 DL-TkRl ;-~Tr

RL.: Tu R",
2 DL T, R1 :; li T

RC T"R,'.
F .ID

1

'"C.

7
'..:

4

lU0

2lJl
?-O?,.

c,

1u3

c

c
C
G
I'"
'-'

F:,;;-CTIOf\ PI._TA,\4(C,T,MLP)
MUP = 1 Li L LA i~ 4 = RAY U:: I r, H \', A\i E PEr< lOr LQl, .... T t 01\'
',uP = 2 CI..TA:-\4 = t:::f\VLEIGH h.tJ.VE ELI,IPTICITY
~u~ = 3 GLTAR4 = ~AYLEIGh ~AVE AMPLITUDE FACTOR
UF TO rj,E UQLL LAYEFi IS ALLCJi.JCD AT T:'lt: SURFACE
MU[IFiEL DJ .Kl\-T~RCWE; ALGORIT~M ~CR qAYLEIGH ~AVEi

C" • F' • .j. f..; 'j " K' r \; 8 SSA VOL 55 ~i 0 ? p p 33 t; - 3 5 8 APR 6:i
c.r. C. ~AlSC\ 8SSA ~Cl 60 NO 1 PP 161-166 rEp 70
C• F' • '). h\ ;< K HrL ER i:; SSIi \J QL 6 0 \ 0 6 PP t 9 3 7 ... 198 7 CEC 7"
HIGhER MO~~ CUT~FF ~OCIFICATIO~ pY R HERRMA~N

CU~' : :0 I', L ( 1 'j " ) , p ( 1 (J 'J ) • S ( 1 " C). Rl-i C'( 1 C(1 ) I "I ~i AX, tAMAX, I DP, 0 P, FA CT , 1PU'.1 CH
C(J 1; i', 0 \ C1 ( 1 dO) , i 2 ( 1, CO. 1 C ) , r 0 ( 1 (1 r; , 1 ,., , , D4 ( 1 0a•1 (1 ) • MGDE

9 9 ~; oJ:' () :: 6 • 2::):< : 8 ~ 3;. I ( C* T )
c:.>~~ = C~tC

Jd,'~"'=::'

t ~ ( Ufl • GT • 1 ) .,;} , p =2
1 C(j!') 8 1 _ ,).-..J

82 ;: u·e
Bj ;; J.G
84:; U.t:
85 ;; C.L
IFCJUMP - 2)1,2,3
Pi ;; 1,C
Gl.. TO 4
32 :: 1.0
J~ ra 4
8.: ;,; loG
GC TO 4
CC\J T I :" Ut:
;) (j j 0 ,~ ;: 1 , .\ H AX
d.!,. Gi~ :: 1. - CSQJ p ~ ~1 ) * *2
R jl ;; SQciT ( ;\:3 S ( A" GA ) )

IFCARGA)202'202'201
R,~ :; -R A
IFC S(M»lG1.103,101
LIQuID SURrACE LAYEH
P" =.i Vi\; 0 it RA.. D ( M)
IF(MUP.GT'1) G~ TC So



RIi) C:: 1\'-1 U ( j'l ) U CSJ
I r ( fi A ) 31 3 I 3.1 2 , 3L 4

31 2 S': "Y R = \oJ V"JCJ * U ( i' )

p,) I ,i P = O. 1
CCSi;J :: 1. U
GC TO 31';

31 3 S I ,;;) R = (c i. f-' ( P'l ) - E;< P ( - P IJ ) ) 1 ( 2 • * I~ A )
q ST·; P = - r\ A * 1:\ * S I t\ P ;::;
C0S~ = uAS*(CXP(P~)+~XP(-PM»

~. ~ - -ne, TO ,,1

314 Sl\r~ = SI~(PM)/RA

RSL;P :: QA {~ SL\(Pi~)

C<..·SF' :: COS (nil)
31 t5 C,,\, r I :\,uc.::

;11 = C;CS P
"21:: ;:"hO:*SIi'opi

::A..:i 1 0 • fJ
~ 4 ~ = o. 1
;n~;J. = 8.0
;~1;.' = o.r)
fl.2? :: O.f1
f• .s;::: O.G
,,"',:2 = O. '1
A13 :: 0.1
t23:: 0.1
I·d) :: O.!'!
.\14 = 0.:)
A24 = 0.0
A15 :: n.o
GU TO 1001

lei A~G~::1.-CSJ/S{~).*2

R~ ; SQRT(A0S(t~Gd')

IF(ARGBJ2U4 a 2 U4.203
203 RG :: -R:j
204 CCf.TL~U(

r;=?,. *S < f·;) **,1ICS",
G1::G-l.J
IfCM~AX-M)4a,52.40

4 Q q rl tl C=RHG( i"1 ) i~ CSQ
p(1 ~ ~VNa*R~oD(~)

Oft :: o'.V,\O .. R8 * D(~·)

rF<RA)213'212,214
212 RS I ',P :: O.;J

S1\ rJ R = ',.J V \1 0* D( ,i )

COSP :: 1.0
G) fa 215

213 R.:3 I :'~ p = - RA1) 0 • '5 ~ ( E~ P ( P tv: ) - EXt' ( - PM) )

SI~PR=-~SI~P/(RA~*2)

Cosp = o.~.(Exp,p~)+EXP(-PM»
GO TO 215
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214 RS T') P :: RA*SI \\1 ( ,:J ~ )

SINpR;RSINP/(RA*~2)
C~i SrJ : C() S ( pM)

215 JF(f(8)216;;d8,~1.7

21 6 ~ 3 r 1Q :: - R'h 0 • '5 * (EXP ( G"1 ) - ExP ( - Q11 ) )
Sl~JR=-kSINQ/(R8~~2)

CdSl:: J.5*t E XP(]I":H E XP (-:':J"1»
GO 1'0 219

21 7 lSI ,J Q :: R8* '1 I ~~ (~,~ )
SI~JR:RSI\J/(~go.2)
COS:~:: cnS(;)~)

GU TO 21 9
218 RSL,Q=O.11

S1\ ,~q :: WV\1,; ;} C( 1
COSJ = 1.i]

.\15.85
- A14*85
+.5*A13~8S

A12~85

Al1..*85

(;0 TO 219
R;~:,i\S I NP-ll-KS r '!Q

S ,::; :: S I ,'j P R*S ! '" Q~

cc:: COSP*COS,~
All :-?*G*Jl+(2.*GI*2-2.*G+l.).CC-~*.2*RR-Gl*o2*SS
~ 1 ;~ :: - ( 1 • !'{ f1 0C ) -ll- , RS I !~ P* C(j SQ. S ! NQ/{ I} COS P )
41;3 :: - ( ,!. • ;:~ r" !J C ) -\l ( ( { • *G-1 • ) * ( 1 • _ CC ) +rj 1 {} S S + G* 11 R )
A14 :: ( 1.n!R~Oc )o,SI~PR*COSQ+R~I~Q*C05P)

A15 ::'R~OC*o(-2».(2.*(1.-CC)+R~+SSl

'21 =k~JC.(Gl**2.ST'P~*COSQ+G**~*RSINQ*COSP)

,~22 :CC
A23 ::2.J*'~.RSI~Q.CaSP+Gl*S[~p~.COSG)

A2 4 :: S!.PKl' ,", S I :J G
lJl =R~CC*(L*Gl.(2•• G-1.)*(1.-CC'+G1.~3.SS+Go.3*R~)
A32 ;: ~l.SI\QR*COSP+G*RSI~P.COSQ

A33 :1:j+2.~*(?*G~Gl*(1.-CC)+~.*2*~R+Gl.*2.SS)

A41 =-qHOC*(G**2*RSl~P*COSQ+Gl*·2*~!NQR.COSP)
A42 ::RStNP*SI~OR

A~l :RHCC**~*«2 •• G.*2*Gl**2)*(1'-CC)+G1**4.SS+S*.4*RR)
C() \ T I i\U t
~ATRIX MULTIPLICATICN
J:VFECT UC" I ",AG P,ARV ELf~ENTS H!CLUf1ED
dol = Al108:l + ::..12.82 + A13.83 + A14*S4 +
'':1-) 2 :: ,A 21 • .3 i + t, 2 2* 8 2 + ,A 2 3 • R\~ + A? 4it 8 4
3,13 =A31*91 + A32*d2 + A33*83 -.5oA23*B4
gj4 = A41*81 + A42*B2 ~2.*.32.83 + A22.84
835 = A51*81 - A41*82 +2~*A31*83 - A21*B4 +
81 ;:: 681
8e: = 882
83 ;; b83
84 ;:: 8B4
85 ;: 885

51) CONTINUE
THE FOLLOWING EXPRESSIO~ IS VALID FOR RB = 0

52 Ail ::-2:*R8'(S(~)/P(M»**2+(CSQ*Gl**2)/(p(M)*.2*G*RA)

219

c

1001
C
C
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SURFACE PAGE 13

A12 :-( RhJ~M) ~PCM}*.2.G '00(-1)
A13 =- q 0 / \ q h 0 ( M) * P ( ~ ) {t P ( M) ) +Gil ( RHO ( M) *P ( M) .t P ( ~1) *G*RA )
A14 =R8/(G*hHC(~)*P(~)*P(M)*RA)

A15 =«~HG(r)*P(M),**2*CSQ~G) •• ,_1).(R8.1./RA)
~dl = Al1*q1 + )ldod2 + 2 •• A13*83 + A14*84 • A15.85
GJrO (501;5n2.~n3),~~D

SCi 8L T'.\R 4:-88t
RET~R;\J

SC2 IF(JUMP.EQ.~) Gi2 : 961
J u ~~ r' = J U1'1 P + j

IF(JUMP.~Q·~) GU Tn 1000
DLT~R4 = G.5*081/R1~
~cTURN

503 n~TAR4 = A8S(~8j)

IF(j(i).GT •. O) ~ETlR~

[i!\ :; C/PCl'
oAD = ~v\O ~ CCl) * SCPT(ABS(RA*RA - 1.»

T R· c~ ~LL. .~·4 = 1~;1::(h,,1 ~t C ;~(tiAD')
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DATA PAGE j,

5 2
1.0

,-
2.89 2.5., • 0

9.0 6,1 3,52 2,"1
10, 6.4 3.7 2.9
20. 6.7 3.87 3.0

b.1S 4.7 3,4
1 1 1 1 1 0 3.0

24 Z.6 4,1 0.1
2.0 3,0 4. a 5~O 6,e 7,0 8.0 9.0 10. 11. 12, 13. 14, 15. 16. 17
18, 19. 20. 22. 24~ 26. 2a~ 30.

4 18. -o.~ 4,7
19 2.0 1.e: 2.6 0,01

-1
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CRUSTAL MODE~

nnCK Ii' VEL. S VEl. DENSITV

1,0006 9,0000 2,8900 2,5000
9,0000 6,1000 3,5200 2,7000

10,0006 6,4000 3.7000 2,9000
20.0000 6,7000 3.8700 3.0000

S.1500 4,1000 3,4000
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P~OI or ~OV6 FUNCTION

4.700 5 5·5 5 5-5-5~5-5-5~5 5 5 5 5 5 5 5 5 5 5 5 5 5
4,600 ~ 5 5 5-5-5-5~5-5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
4.500-5-5 5 5-5-5-5-5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
4,400-5-5 5 5-5-5·5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ~

4.300-5-5 5-5-5-5-5 5 5 5 5 5 5 5 5 5 5 5 , 5 5 5 5 5
4,200 5 5 5-;-'-5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
4.100 ~ 5-5-5-5 , 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5.5~5

4~OOO-§ 5-5-5 , 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5·545~5~5

3.900 5-5.5 5 5 5 5 5 5 5 5 5 5 5 5 5 5-5·5-5-5~5-5'5

3.800.5 5 5 5 , 5 5 5 5 5 5 5 '.S.5.5i5-;-5-5-5f5-5'5
3,700 4 5 5 5 5 5 5 5-5-5:'-5-5*5-5-5:5.5-5-5-5.5-5 45
3.600 4 5 ~; 5 5-5·5-5-5-5~5-'-5·5-5-5-5-5-'-5-5~5-5~5

3.500 4 4-5·5-5-5-5-5-5-5:5-5-'~5-5-5-5-'-'-'-'·5~5-5
!.400-4-4-5-5-5-5-5-5-5-5-5-5-5*5-5-5-5-5.5-5-;~5-'~5

3.300-4-4-~)-5-5-5-5-;-5-5-5-5-5~5-5-5~5-'·'-'-'~'.5~5
3.200-4-4-4-5-5-5-5-5-5-5:5-5~5.5-5-5~5-5~5-5-5~5-5~5

J~100-3-4.4-5-5-5-5-5-5-5~5-5·5·5-5-5:5~5-5-5-5.5-5~5
3tOOO-3-4-4-5-5-5-5-5-5-5-5-5-5~5-5-5~5-5·5-5-5~5-5·5

2.900-3-4-4-5-5-5-5-5-5-5-5-5-5~5-5-5~5-5.5-5-5~5-5~5

2.aOO-3-4-4-5-5-5-5-5-5-5-5-5-5-5-5~5~5-5~5-5-5~5-5.5
2.700-3-4-4-5-5-5-5-5-5-5~5-5-5~5-5-5-5-5~5-5-5~5-5~5
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PL,OT OF' RAVl,.EIG~ FUNCTION

4,700 5 5-5 5 5 5-5-5-5-5:5-5-5~'3~5 5 '3 5 5 5 5 5 5 5
4.600 I) 5-5 5 5-5-5-5.5-5 5 5 5 '3 5 5 5 5 5 5 5 5 5 5
4.500-5-5 5, 5-5-S-S-5 5 5 S S 5 5 5 5 5 5 5 5 5 5 5 '3
4.400-5-5 :i-S-S-5'!!5 5 5 '3 5 5 =; 5 5 5 5 5 5 5 5 5 5 5.,
4.300 lJi-5 5;·5-5"'5 5 5 5 '3 5 5 '3 5 5 5 5 5 5 5 5 5 5 5
4.200 $ '3 ~)-5-5~5 5 5 '; 5 5 '3 5 '3 '3 '3 5 5 5 '3 '3 5 5 5
4,100 ..5 5-5·5-5 5 5 5 '3 '3 5 '3 5 5 '3 5 '3 5 5 5 5 '3 5 llJ
4.000-$ 5-~)-5 5 5 5 5 5 '3 5 c:: '3 5 5 5 '3 5 '3 '3 5 '3 5 '3""3,900 '-'3-~) '3 5 5 5 5 5 5 5 5 5 '3 5 5 '3 5 5 5 5 15 5-5
3.600 ... '-5 ,- 5 5 5 5 5 5 '3 5 5 5 '3 5 '3 5 5 '3 5 '3*'3~5¥5.,
3.700 4 5 1- 5 5 5 5 '3 5 '3 5 5 5 5 5 5 5 '3 5-5 ..5.5-5*5.,
3,600 4 5 15 5 5 5 5 5 5 5 5 '3 c:; 5 5 5 5-5-5-5"'5*5-5 A5
3.500 4 4 5 '3 5 5 5 5 '3 '3 5 '3 '3 5-5-5~5-'3·5-5"'5*5-5~5

3.400 4 4 5 5 5 5 '3 5 5 5-5-5-5~5-5-5~5-5.5-5-5*5-'3~'3

3.300 4 4 5 5 5 5"'5"5-5"'5~5-5 ..5·5-5-5-5-5·5-5 ..5~5-5~5
3.200 4 4 4-5-5-5-5"5-5-~-5·5-S~5·5 ...5~5-5-5-5-5·5-5 ... 5
J,100-3-4-4-5-5-5-5-5-5-5~5-5-5-S-5 ... 5~5-'3.S-5-5~'3-5·5
3.000-3-4-4-5-5-5-S-S-5-5~5-5-5·5-5-5~5-5-S-5-5~5-5.5
2.900-3-4-4·5-5-5-S-5-5-5~5-S-S~5-S-5~5-S-5-S-S~5-5~5
2t800-3-4-4-S-5-5-5-5-5-5-5-5-5·5-5-S~5~5-S-5-5·5-5~5

2,700 .. 3-4-4-5-5-5-S~S-S-5~5-5-5-5-S-S~5-S~5-5-S·5-5&9
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PERrOE

LOVE

PH vel.

~tG~ER MODE CUTOFF PERIODS

PeRIOD

RAVLEI~H

12,9806
6.557,
4.3681
3.2668

4,7000
4,100a
4,7000
4,1000

1-28

16.4834
7,4149
4,7535
3«4268

4~7000
4~7000
4~7000
4.7000



L.OVE ~AVEi

PERtOO PHASE VEL GROUP VEl.. .4L

2.000 3,407477 3.2085 7,38827E';'03
3.1300 3,480197 3.3257 3,895126·03
4.000 3,526a96 3.3721 2,681191:';'03
,.O/)O 3.563132 3.4016 2.015916':;'03
6.000 3.5~5662 3.4234 1,699636':;'03
7.000 ~L624460 3.4409 1.443386';'03
6.000 3,651184 3.4541 1,25884E""03
9.000 3,616586 3.4650 1,12094E"'03

10.000 3,701213 3.4725 1,01479E'::'03
11.000 3.72545t' 3.4776 9,30848E'::'04
12.000 3.749553 3.4811 8,62696E':'04
13.GOO 3,7136 85 ~L 4835 8,059735"'04
14.000 3,797935 3.4854 '.57680E ... 04
15.000 3,822342 3. 4872 1.15653E·04
16.000 3.846911 3.4893 6,7&389E';()4
17.000 3,871615 3.4920 6,44754&':;'04
18.0CO 3,896413 3.4955 6,13988E';oC14
19.000 3,921246 3.5001 5,85475E';;'04
20.000 ~.946051 3.5060 5,58787E';;'04

LOVE WAVE
PERIOD PHASE VEL GROUP VEl,. AL

2.000 3.706053 3.4703 C),98171E"04
J.OC!O 3.810e11 3.5588 6,44528E"'04
4.000 3,8~3335 3.6029 4,79195E;04
5.0~O 3.9'3622 3.5934 4.32769E':;'04
6.000 4.063835 3.5554 4.32677E';;'04
7.000 4,167551 3,5162 4.37390E';"04
8.000 4,2830 90 3.5002 4.272076';'04
9,000 4.404134 3. 5341 3.9i930E"04

10,000 4,519581 3.~480 3,27520E':'04
11.000 4,615236 3.6675 2,369076;04
1(,000 4,678198 4.2091 1,272486':'04
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aAYLEIG~ WAVE
PERICD PI-USE VEL GROUP VEl. UR/UZ AR

2.000 3.114265 3,0052 7~75331.E""1 6,653Q3E-03
3,000 3.151168 3,0684 8,OO347e"'01 4~06100E';'03
4JOOO 3.119362 3.0665 1.96662E"'01 3.04409E~03
5.000 3.210016 3.~588 ,.66Q04e.,.01 2~44811E';'OJ

6;000 3.242014 3,0607 1.75376e.. ot 2~02923E.. 03
7:000 3.273481 3,0722 7,66s64e"'01 1:71251E;'03
8~OOO 3,303160 3,0884 '.60712E"01 1~46"46E;03
9.000 3.330947 3.1049 '~56531E""Ot 1.2?642E-OJ

10;000 3.35'235 3,1182 1,?3191E""01 1.12696E~03
11,000 3.382662 3.1262 7.52007E"01 1~OO926E·03
12.000 3~407898 3.1287 1.50602E"'Ol 9,15566E-04
131000 3.433525 3,1260 '.4991ge"'01 8~39774E~C4
14,000 3,459986 3.1195 7.49199E"01 1.71146E';"C4
15.000 3,487566 3.1104 1,4a571E~01 1~24097E·C4
16.000 3.516395 3.1007 1.48024E-01 6~77879E;04

17.000 3.546462 3.092~ 7,47594E"01 6~36441E~04
18;000 3.977626 3.0865 ?41349E-Ol 5.98293E~04
19,000 3.609635 3,,,848 7.47373E-01 5~62368E;C4
20,000 3.642155 3.0884 7.47756E-01 5:2?983E-C4

RAYLEIGH WAVE
PERIOD PHASE VEL GROUP VEl. UR/UZ AR

2,000 3.1021,88 3,510 9 (l.22385E-Ol 2~04819E~04
3.1)00 3.791024 3,5610 6.16642E·01 1.52631e;04
4.000 3.869216 3,5827 5.86135E-01 L 40361E-C4
5iOOO 3.951656 3.5479 5,54225E-Oj, 1.50242E~C4
6,000 4.052316 3,4753 5.19288e-01 1~73:1.77E~C4
n 000 4.175212 3,4192 4.77813E-Ol 1~91032E;C4
a,ooo 4.309079 3.4664 4,30754E-01 1~81464E~C4
9,000 4.427521 3.6621 3,863,.74E"'Ol 1~41061E;'04

10,000 4.513492 3.9042 3.51858e"01 9~87~78E~05
11.000 4.572207 4,0913 3, 28~S16E"01 1~0954ae-05
12,000 4.614150 4.2182 3.13487E-Ol 5'~43318E';'05
13.000 4,645817 4.3102 3.06Q65E-"1 4,33073E;'05
14jOOO 4.670371 4,3906 3.0547~E-01 3~40924E~05
15:000 4,688310 4.4814 3.11537e"Ol 2~38601E-Q5
16~OuO 4,698593 4,6170 3,24455e"'01 8~a147ge~06

I-3D



II. REIGEN

PROGRAMMER: R. B. HERRMANN / DEC 1971

PURPOSE:

This program accepts the card output 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/OUTPUT

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
half space will be a positive quantity.

The system of differential equations to be solved is

d UZ 0
1 kA

0 UZdZ A+211 A+211

d TZ 2 0 0 k TZ
dz

-pw
=

d UR -k 0 0
1 UR-

dz jl

2
d TR

0
-kA 2+ 4k ll(A+].l) 0 TR

dz A+2jl -pw A+2jl
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where k = 2n/CT is the wavenumber, A and ~ are the Lame
constants, w = 2n/T is the natural frequency, and p is
the density. Now T, C, and the ellipticity e are avail-oable from SURFACE.

The boundary conditions to the above system are that
UZ = 1, UR = e , TZ = TR = 0 at z = 0 and that UZ and
DR tend to zer8 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 2L = w 1
0

- k 11 - 2kIZ - 13

where

I = fco p [UZ Z + URZ] dz
0

0,

fco [ (A+211)UR
2 2

11 = + llUZ ] dz
0

1Z
= fco [ UZ d UR A UR E:. UZ dzII dz dz

0

[(A+211) [~zUZJ 2
2

1
3

foo +
f1 [~zURJ ] dz=

0

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

[;~m] w,p,a = 2 P (3 r [k ] -2 [k ] ]mm l d~m p,A,w dAm p,~,w

[;~mL.p,s lac ]= 2 p a aI
m m m w,p,~

[;~mL,a,s = [;~mL,A,v + (,,2 _ 2S2) [ac ]
m m dAm w,p,~

+ (3Z
[;~mL.p'Am
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where

[;~mL,p'A
c

[;~mL ,p, A,k
= -

k

[;~ L'P,A,"

[;~mL,p,"
c

[;~mL,","'k
= -

k
faL ]ak
l W~P,l.l,A

[;~mL'A'"
c

[;;mL,",A,k
=

k

[;~ L'"'A'P
with

[aLl3k =
W,p,A,l.l

[;:]k'P,",A ·

+ ( 2d lZ d TIl + dill dill»)
dz dz dz dz dz



Zm+l

f ( k2 DR? _ 2kd 1E lR + d 1E dUl) dz
dz dz dz

z
m

z and Z + are the depths to the top and bottom of
l~yer m.m the group velocity U = U(ENER) can be defined
in terms of the energy integrals as

dw
U = - =dk

The amplitude factor of the Rayleigh wave ~ = ARE can
be defined in terms of the energy integrals as

1ARE = ----2 C U I O

The numerical integration performed in REIGEN uses a
fourth order Runge-Kutta technique. Since T and Care
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 p~ir are exact, then TZ and TR must equal
zero at the free surface. When the proper combination of
the two independent solutions 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
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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 I - No output written on FILE 01

Card
Sequence

A.

Column

1-4

11-14

Name

MHAX

ITAPE

Format

14

14

Explanation

LE 0 End program

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

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

B. Earth model (MMAX cards).

1-10

11-20

D(I)

A(I)

II-S

FIO.S

FIO.S

Layer thickness
in lan (Leave
blank for
halfspace,
e.g. I=MMAX)

P velocity of
layer in
lan/sec



Card
Sequence Column Name Format Explanation

21-30

31-40

C. Period data

B(l) F10.5

RHO (I) FlO.5

S velocity of layer
in km/sec

Density o~ layer
in gm/em •

1-14

·15-29

31-44

46-59

51-74

T

C

u

AR

RATIO

E14.7

E14.7

E14.7

E14.7

E14.7

T LT 0 read new
MMAX, ITAPE card
(Point A).

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

GT 0 Period in
seconds

Phase velocity
in kIn/sec

Group velocity
in kIn/sec

Rayleigh wave
amplitude
factor

Rayleigh wave
ellipticity

At this point the program will determine the eigenfunctions
corresponding to 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.O. The last data card is followed by the system end of
file card.

Case 2 - Output written on tape

A. 1-4 MMAX 14 LE 0 End program

GT a Number of
layers including
half space of the
earth model



Card
Sequence Column Name Format Explanation

11-14 ITAPE 14 LE 0 No tape output

EQ 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 kID

11-20 A(I) FlO.5 P velocity in
km/sec

21-30 B(I) FlO.5 S velocity in
km/sec

31-40 RHO (I) FlO.5 Densits of layer in
gm/cm .

C. Tape update

1-10 TMAX F10.5 Last eigenfunction
to be read when
adding information
to previously
written eigenfunc-
tion FILE.

11-15 KMODMX IS Number of earth
models written on
FILE to skip.
KMODMX = 0 when
writing new tape.
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G:ard
Sequence Column 1$lame Format Explanation

D. Period
Sequence

a. Header

1-4 IFUNC 14 LT a 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.

11-14 MODE 14 Number of modes
to be placed on
tape for a given
period.

22-25 AMODE(I) A4 Identification
27-20 code for indi-

vidual modes.

67-70

b. Period data (MODE cards)

1-14 T E14.7 Period in seconds

16-29 C E14.7 Phase velocity in
km/sec

31-44 U E14.7 Group velocity in
km/sec

46-59 AR E14.7 Rayleigh wave
amplitude factor

61-74 RATIO E14.7 Rayleigh wave
ellipticity

c. End period data

1-80 blank card
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At this point the program returns to Point D to read a new
IFUNC, MODE card. When the program finds an lFUNC.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 first,
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
~r~
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CREIGEN
C pROGRAM REIGEN .
C THE PROGRAM WIL~ ACCEPT UP TO ONE LIQUID ~AYERAT THE SURr.Ce IN
G WHICH CASE THE ELLIPTIc1TIES ARE THose AT THE TOP OF THE SO~ID

C LAYER ARR_V.
C THIS PROGRAM COMPUTES VALUES or DISPLACEMENT, STRESS AT M1D~OINT

C of EACH LAVER TOGETHER ~ITH VALUES OF DC/DB rOA THAT ~AYER •
C THE MET~OD IS BASED Oh A RUNGE-KUlrA INTEGRATION WITHIN EAC~ LAVER
C THE I~TEGRATION INTERVA~ IS DDZ=D(i)/12" GOOD RESU~TS WI~L BE
C ObTAI~ED WHEN DOZ IS LESS THAN C*T/2 PI, THUS, Del); ~ KM wt~L

C GIVE RESULTS TO 1 SEC PCR SEDIMENTARY LAYERS:
C THE PROGRAM ALSO YIELDS VALUES OF VARIATIONA~ INTEGRA~S.
C NUMERICAL ACCURACY IMPR~VEMENT BY CHIUN~-CHUAN CHENQ AUG 18

DOUBLE PRECISION YY1,YY2,YY3,YY4,¥Z1,YZ2,YZ3 1 YZ.,AUR1,AUZ1,
1 ATZ1,ATR1,AUR2,AUZ2,AT12,ATR2,AA;eB,pAUR1,ClUZ1,DATZ1,OAT~1,

1 DAUR2,DAU12,DATZ2,DATR2,EAUR1,EAUZ1,EATZ1,EA1R1,E4UR2,EAUZ2,
1 EATZ2,EATR2,SAUR1,SAUZ1,SATZ1,SATR1,SAUR2,SAUZ2,SATza,SATR2,XNORM
COMMO~ O(100),A(100),SctOO),RHO(1QO),OEPTHC100),AMPUR(100) .
COMMON AMPUZ(100),STRES~el00),STRESZ(~OO),nCOB(100)

COMHO~ C,U,T,FLAGR,SUMIO,SUMll,SU~12

COMMO~ SUMI3,UGR,WVNUM,~MR(5).DMZ{5),SMR(5),SMZ(5)

COMMON DMRSMZ,RATIO.DMZSMR,XLAM8(~OO),XMU(100)

COMMO~ AR,ARE.DCDA(100);DCDR(100)
COMMON WWT(4).WT(4)
COMMON YY1,YY2
COMMON AMODE(10)
DIMENSION VY1Cl00,S),YY2Cl00,S),Y¥3(10C,5),YV4(100,5)
DIMENSION YZ1(100,5),YZ2(100,S),YZ3(100,5),YZ4(100,5)
DIMENSION nMRSMZ(5).DMZ5~R(5)

11 FORMAT (2(t4,6X),10(lX,~4»

20 rORMAT C1Hl'
21 FORMAT (lHO~13X.2HM ,aX;7HOEPTH ;10X,lHD,12X.5~A~P~A.l1x,4~eET'~

1 l1X,3HRHO.13X,2HMU,11~,5HLAMDA/1H

23 FORMAT (1H .10X,I5,7(5X;rl0.4»
25 FORMAT (lH ~10X,15,30X,'(5X,P~OI4)

44 FORMAT (4F10.5)
5000 FORMAl C1H1.13X,10H T(SQC) = .r7.4,13~ C(KMISeC); ,r7.4)
50Cl FORMAT (lHO~13X.12H UCO;/DT) = ,F1.4,11~ UeVAR) = ,f7.4,3~,

1 6H E = .E11,4)
5002 FORMAT (1HO.13X,6H 10 = ,El1.4,3X.6~ 11 = .e11 ••• 3Xi6~ 12 =

1 El1.4)
5003 FORMAl (1H ,13X.6H 13 : ,E11.4.3X;6H ~ = ,Eii •• ,3X,6H K =

1 El1.4)
5004 FORMAT (1~O,3H M,5X,~H~EPTH,5X.2HUR,10X.2HUZ.l0X,2~TZ,10X,2HTR.

1 9X.4hDCDA,8X.4~OCDB,aX;4HDCDR,/1Ho)
5005 FORMAT (lH .I3,Fl0.2, 7'1X,El1.4).
500 7 fORMAT (1M ,13X,6H AR : ,El1.4,3X:6HARe s ,611.4)
6010 FORMAT (lH ,A4,3F10,5,5i11.4)
6011 FORMAT (lH ,7(4X,El1.4»
6012 FORMAT (lH ;2(I4,6X»
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6013 FORMAT (lH .I4,5X,7F10.4)
XXMIN = 1.0E-1S
WWT(l)=O,O
W~T(2)=O.5

WWT(3)=Q,5
WIoiT(4)=1.O
WT(1)=1./6,
I-IT(2)=1./3,
WT(3)=1./3.
WT(4)=1./6.

801 READ (60,12) MMAX,ITAPE;FACT
12 FORMAT (2(I4,6X),Fl0,O)

IF (FACT.LE.O.) FACT=4.
NMAX=MMAX
IF (MMAX) 777,777,778

773 WRITE (61,20)
WRITE (61,21)
BASE = 0,0
DO 22 I=1,MMAX
READ (60,44) D(l),ACI),i(I),R~O(I'

BASE = BASE + DCI)
DE:PTH( I) = BASE - DC 1)*0.5
XMUC!} = RHC(I)*B(I)*8C})
XLAMB(I) = RHO(I)*(A(I)IA(I)-2.*8(1)*B(I»
IF (I - MMA:O 26,24,24 .

26 WRITE (61,23) r.OEPTHCI),D(!).A(I',B(I),RHOCI).XMU(I),XLAM8C!)
:22 CONT I NUl::
24 WHITE (61,25) I,A(I),8(1),AHOCI),XMU(I),XLAMB(I)

DEPTH(MMAX) = BASE ~ D(~MAX)

IF (ITAPE.GT.O) CALL TAPEIN
IF (ITAPE,L~.1) GO TO 564
LMAX= MMAX+l
IF (B(1'.LE.O.O) LMAX = LMAX ~ 1
WRITE (01,6012) LMAX
DPTH = 0.0
IF (B(l).LE.O.O) DPTH = D(l)
DO = 0.0
K = 1
IF (B(l).LE.O.O) K = 2
I = K - 1
WHITE (01.6013) 1,DPTH,tD.A(K),i(K),RWO(K),XMU(K),X~AMB(K)

DO 200 I=l,MMAX
IF (8(1).LE.D.O) GO TO 200
WRITE (01.6013) I,DEPTHtl),D(l),A't)~e(I),R"O(I),XMU(I),X~AMe(t)

~~ 0 J CON TI 1\ UE
504 IF CITAPE,LE.O) GO TO 5.3

READ (60,11) IFUNC,MODE;(AMODe(1).1~1,1a)

wRITE (01,6012) IFUNC.M9DE
If C!FUNC,LT.O) GO TO 717
11K = 0

II-II
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500

I)

499

C
C
('
..-
ro
I.,

299

50~) CONTINUE
DO 500 J=ld'lMAX
DCDAeJ):O.o
0(;08(,.)=0.0
OCOR(J)=O.O
AMPUReJ)=O.O
AMPUZ(J)=O.O
STRESReJ)=O.o
STRESZeJ)=o.o
CONTINUE
READ (60,5) T,C,U,AR,RATIO
FORMAT (S(E14.7.1X})
IF (T> 801,504,499
CONTINUE
MMAX : NMAX

LAY~R DROPPING PROCEOURE--HALFSPACE OErINED AS PACT WAVELENGTHS
8ELOW REGION WH~RE C 15 LESS THAN 8.

DMAX = FACT*T*C
SUM = 0.0
nO 900 II=1.M MAX
MAX = I I
IF (C-8(11)' 901,900,906

901 SUM: SUM + DCII)
IF (SUM.LE.DMAX) GO TO 900
IF (II.EQ,MMAX) GO TO 902
IF (A(II+1)-A(II)} 902,903,902

903 IF (8(11+1)-8(11») 902,900,902
900 cONTI "-UE
902 MMAX : MAX

SUHIO : 0.0
SliMl1 = 0.0
SUMI2 = 0.0
SvM13 = 0.0
WVNO : 6.2831853072/(C~1)

WVNOSG=WVNO*WVNO
WVNUM = WYND
OMEGA = 6.2831853072/T
OMeGSQ = OMEGA*OMEGA
IF (B(l,.GT.O.O) GO TO 4000
RA = C/A(l)
RA ; WVNO * SQRT(RA*RA ~ 1.>
IF (RA) 4001,4001,4002

4001 SUMIO = RHO(1) * D(1)
SUM!1 = 0.0
SUM12 :: 0.0
SVM13 = 0.0
rlZ; 0.0
GO TO 4000
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4002 SlN2RA : SIN(2.~RA*D(1»)/(4.*RA'

COSRA = COS(RA*D(l»
COS2RM = 1./(COSRA*CoSRA)
FACl = (0.5*0(1) + SIN2~A) * COS2RM
FACJ = WVNO * ( 0.5 * 0~1) ~ SIN2~A) • COS2RM
FAC2 = WVNO * FAC3 I (R~*RA)

FAC4 : RA * RA * FACl
SUMIO = RHO(!) * (FAC1+~AC2)

SvMll = XLAMB(l) * FAC2
S~MI2 = XLAMB(1) * fAC3
SVMl3 = XLAMB(l) * FAC4
TIZ = - RHO(1) * OMEGSQ * SIN(RA~D(l»/(RA*COSRA)

4000 CONTINUE
COYA = C/A(t-lMAX)
Caya = C/8(MMAX)
GAM = 2./caVB**2
GAMMl = GA~ - 1,
RA = hVNO*SQRTcABSCCoVA**2-1.»
RS = WVNO*SQRTCABS(COV8~*2-1,»

DET = WVNOSQ • RA * RS
H = RhOCMMAX) * OMEGSQ
BRKT = - GAMM1~WVhO + GAM*RA*RB/WVNO

C ThE SUBSCRIPTS .1. AND 12. RErER 10 TWO INDEPENDENT SOLUTIONS
ITER = 0
AlJRl = 1.0 00
AlJZl = O.D 00
ATZl = -H*BRKT/UET
ATRl = .... H*RA/DET
MMMl : MMAX - 1
DO 13 46 MM=i,MMMl
M = MMAX - MM
IF <B(M),LE.O.O) GO TO i346

C CHOICE OF EFFICIENT VALcE OF DOZ SOR R-K tNT~GRATI0N. WVNO-OOZ
C SHOULC GIVE !NTeGRATION ERROR LESS THAN 0.01 PERceNT FOR ALL
c pERIODS.

X[iIV=:l..
NDIV = 1
DDZ = - oeM) I (4.*XOIV)
A12 = 1./(XLAMB(M)+2.*xMU(H»
A~3 = W.VNO • XLAM8(M> *A12
A21 = - OMEGsa * RHO(M)
A24 = WVNO
A31 = -wVNO
A34 = 1.1 XMU(M)
A42 = -A13
A43 = A21 + 4~*WVNOSQ.X~U(M).(XLAMe(M)+XMU(M»*A12

YV3(M,Sl - AUR1
YV1(M,S) = AUZ1
VV2(M,S) = ATZ1
YV4(M,S) = ATRi
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DO 1338 KK=2,5
K : 6 - KK

C RVNGE-KUTTA INTEGRATION
DO 1400 JJ:1,NOIV
EAURl = AUR1
EAUZl = AUZ1
EATZl = ATZi
EATRl = AHa
DAURl = O.
DAUZl = o.
OATZl = 0,
DATRl = O.
DO 1401 LL = 1,4

C CLASSIc RUNGE KUTTA
SAURl = AURl * ~WT(LL)~ODZ~DAURl

SAUZt = AUZ1 + ~WT(LL)~EDZoDAUZl

SArZi = ATZ{ + WWT(LL)~tDZ*DATZl
SATRl = ATRl + WWT(LL)otDZ~OATRl

DAU~l = A31~SAUZl + A34oSATR1
DAUZl = A12*SATZl + A1J*SAUR1
DATIl = A21*SAUZl + A2~*SATRl
OATRl = A42*5ATZ1 + A43oSAUR1
EAURl = EAUR1. WTCLL).DOZ*DAURl
EAUZl = EAUZl * WT(LL)*ODZ*DAUZl
EATZl = EATZ1 ~ WTCLL)*DDZ*DATZl
EATRl = EATRl + WTCLL)*ODZ*DATRl

1401 CONTINUE
AUR1 = EAUR1
AUZ1 = EAUZ'!
ATZl = EATZ1
ATRi = EATR1

1400 CONTINUE
YYl 0>1, K) = .lUZl
Y'T'2(M,K) = ATl1
YY3(M,K) = .lURl
YY4(MIIO = ATRi

1338 CONTINUE
1346 CONTINUE

IF (S(l).GT.O,O) GO TO t347
YY1(1,1) = YY1(2,1)
YY2(1,1) = YY2(2,1)
YY3(1.1) ; YY3(4,1)
YY4(1.1) = YY4(2.1)

1~;47 CONTINUE
4003 AUR2 :: 0,0 00

AUZ2 :: 1.0 00
ATZ2 :: .. HoRB/DET
ATR2 :: .. HoSRKT/DET
IF (ITER.EO.O) GO TO 40'4
AUR1 = 1.0 DO
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AUZl = O.D 00
ATZ1 = ~H*8~KT/DET

ATR1. = ...H*~AIDET
AVR2 = XNORM*AU~1 + AURa
AUZ2 = XNORM*AUZ1 + AUZ2
ATZ2 = XNORM*ATZl + Alza
ATR2 = XNORM*ATR1 • ATR2

4004 DO 2346 MM=1,MMM1
M = MI"'AX ... MM
IF (B(M).LE.O.O) GO TO 2346
DOZ = ~ D(M) I (4.*XDIV'
A12 = 1./(XLAM8(M)+2.*XMU(M»
A13 = WVNO ~ XLAM8(~' *A12
A21 = - OMEGSQ * RHO(M)
A24 = WVNO
A.31 = -WVNO
A.34 = 1.1 XMuon
A42 = -A13
A43 = A21 + 4.*WVNOSQ*XMU{M)*(XLA~eCM)+XMU(M')*A12

yZ3(M,5) = AUR2
yLl(M,5) = AUZ2
yZ2(M,5) = ATZ2
Y£4(M,5) = ATR2
DO 2338 KK=2,5
K = 6 - KK
DO 2400 JJ=1,NDIV
EAUR2 = AUR2
EAUZ2 = AUZ2
EATZ2 = ATZ2
EATR2 = ATR2
DAUR2 = O.
DAUZ2 = o.
DArZ2 = o.
DATR2 = O.
DO 2401 LL = 1,.
SAUR2 = AUR2 + WWT(LL)*tDZ*DAUR2
SAUZ2 = AUZ2 + WWT(LL).CnZ*DAUZ2
SATZ2 = ATZ2 + WWT(~L)*tDZ*DATZ2

SATR2 = ATR2 + WWT(LL)*CDZ*DATR2
DAUR2 = A3i*SAUZ2+ A3~*SATR2

DAuZ2 = A12*5A1Z2. A13*SAUR2
DATZ2 = A21*5AUZ2. A2~*SATR2
DATR2 = A42*SATZ2. A4~*SAUR2

EAUR2 = EAUR2 + WTCLL).ODZ*DAUR2
EAUZ2 = EAUZ2. WTCLL)tDD2*DAUZ2
EATZ2 = EATZ2. WT(LL)oODZ*04rZ2
EATR2 = EATR2. WTCLL).DDZ*OATR2

2401 CONTINue
AUR2 ;: EAUR2
AUZ2 ;: EAUZ2
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ATZ2 :; EATZ2
ATR2 = EATR2

2400 CON rr ~,u r=
yll(M,K) = AUZ?
yZ2(M,Kl = I~TL2

YZ301,K) : AUH?
yZ4(M,K) = ATR2

2338 CONTINUE
2346 CON'fI"UE

IF (B Cll,GT.O.D) GO TO 2341
y l iCl,l) = YZ1(2,1)
YZ2(1,1} = VZ2(2,1)
yZ3(1,11 = YZ3(2,1'
yL4(1,11 = VZ4(2,1)

2347 CO\lTlt'>.UE
AA = CYZ3(1.1) • HATIO*'ZlCl,l"
88 = (RATIO#YY1(1,1) • YV3(1,1»
Xi\;ORM = AA/B8
Bb = XNORM*YY1(1,1) + VZie1,1)

C ThESE PARAMETERS ARE SAWED FOR WSE AS A NUME~ICAL ANALYSIS
C DIAGNOSTIC

AMPUR(10C) = (XNOPM*YY3(1,1) + YZ3(1,1»/BB
AMPUZ(lJO) = (XNG~M*YY1(1,1) + YZ1Cl.t»/88
STRESL(lOO) = (XNGRM*YY2(1,1) + YZ2Cl,1»/8B
STRESk(100) : (XNORM*YY4(i,1) + YZ4(1,1»/88
ITER: ITER + 1
IF (I1ER,GT.l) GO TO 2011

C IF ROUNDOFF ERkOR IS SlGNIFICA'Tt MODIFV INITIAL CHOICE AT PASE
C OF LA~ERS OF ONE OF THE INDEPENDENT SOLUTIONS

xTEST = A8StAMPUR(1CO}/BATro-l.)
IF (XTEST.GEtO.OOOtl) GO TO 40n3

2011 DCOd(~9) ;; ITER
DCDA(lOO) ;; Otl')
DCDb(100) = OtlJ
DCDR(100) = O~:j

AMPUR(99) • YV~(1,1)

AMP~R(93) ;; YZ3(1,1)
AMPUZ(99) = YY1(1,1)
AMpUZ(9d) ;; Yll(l,l)
STRESZ(~9> = YY~(1,1)
sTRESZ(98) = Y22(1,i)
STRESR(~9) ;; YV4(1,1>
STRESR(98) = YZ4(1,1)
DCOdCC,8) ;; 813
DCDA(9S) = 0.0
DCDA(99) = O,U
DCOR(9a) = O.U
DCDR( 99) ;; O.

c
C COM8INATION OF TWO INDEPENDENT SOLUTIONS SU8JECT TO SURFAC~ Bt c~
C THA,T UR/UZ = RATIO (I)
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)/86
)/e8
)/88
)/88

c
DO 7000 M=l.MMAX
IF (B(M).~E.O.O) GO TO 1000
IF (M-MMAX) 7001,7002,7002

7001 nZ = C(M)/4.
DO 1339 KK=1.5
AUR = (XNORM~YY3(M.KK) + VZ3(M,KK)
AUZ = (XNORM~YV1(M,KK) + VZ1(M,KK)
ATZ = (XNORM~YY2(M,~K) + YZ2(M,KK)
ATR = (XNORM~YV4(M,KK) + YZ4(M,KK)
nURDZ = ATR/XMU(M> - WVKO~AUZ

OUZOZ = (ATZ + WVNOoXLA~8(M)*AUR)/(XLAMa(M).2.*XMU(M»

DMRCKK) = AUR*AUR
nMZeKK) = AUZ*AUZ
SMRCKK) = OURDZ*DURDZ
SMZ(KK) = DUZDZ*nUZDZ
nMRSML(KK) = AUR*DUZOZ
DMZSMR(KK) = AUZ*DURDZ
IF (KK • 3) 1339,1301,1339

C EIGENFUNCTIONS AT MIDP01NT or LAYER ARE SAVED
1301 AMPUR(M) = AUR

AMPUZ(M) = AUZ
STRESZCM) = ATZ
STRESK(M) = ATR

1339 CONTI~UE

C INTEGRATION 8Y BODE S R~LE

DMMR = (DZ/22.5)*(7.*(D~RC1)+OMR(3»+32,*(DMR(2)+DMR(4»+~2.

1 *OMR(3»
DMMZ = (DZ/22.5)*(7.*(D~Z(1)+OMZC5»+32,*(DMZ(2)+DMZ(4»+t2,

1 *OMZ(3»
SMMZ = (DZ/22.5)*(7.*(S~Z(1)+SMl(5)+32,*CSMZ(2)+SMZC.»+12,

1 *SMZ(3»
SMMR = (nZ/22.5)*(7,*(S~R(1)+SMR(5»+32.*(SMR(2)+SMRC4»+12t

1 *SMR(3»
DRSZ = (DZ/22.5)*(7.*(D~RSMZ(1).DMRSMZ(5»+J2.*(DMRSMZ(2)

1 +DMRSMZ(4»+12,*DMRSMZ~3»

OlSR = CDZ/22,5)*(7.*(D~ZSMR(1)+DMZSMR(5»+32.*(DMZSMR(2)

1 +DMZSMR(4»+12.*DMZSMRt3»
SUMIO = SUHIO + RHO(M)*~DMMR+OMMZ)
SVMll = (XLAMBCH)+2.*XMC(M»*OMMR+XMU(M)*DMMZ + SUMll
SUMI2 = XMU(M)*DZSR~ X~AMe(M)*DRSZ + SUM12
SUM13 = (XLAMBCM)+2.*XMOCM»*SMMZ + XMU(M).SMMR + SUM13
DLDL = ~WVNOSQ*OMMR + 21*WVNO.DRSZ .. SMMZ
D~DM = -WVNOSQ*(2.*DMMR'OMMZ) - 2.*WVNO*oZSR- (2,*SMMZ+!MMR)
OlOR = OMEGSQ*CDMMR+DMM2)
DCOB(M) = 2.*RHOCM)*S(M)*C * (DLD~~2 ••D~D~)/WVNO
OCDA(M) : 2~*RHO(M)*A(M)*C * DLDL/WVNO
DeDR(M) = (~/WVNO)*(D~DA.XLAMa(M)'OLO~/RHO(M)+XMU(M)*DLOM/RHO(M»
IF (A8S(AUZ)+A8S(AUR)~XXMIN) 7002.1002,7000

7000 CONTINUE
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C EXACT HALFSPACE CONTRIBbTION
7002 AMPUR(M) = AUR

AMPUZ(M) = AUZ
STRESRCM) = ATR
STRESlC~) = ATZ
A~ - -R~O(~)~(WVNO~AUR , RB*AUZ)/DET
8P : -RHO(M)*(-RA*AUR/WVNO - AUZ)/DET
Al = -WVNO*AP/R~O(M)

A2 = -WVNO*RB*8P/RHOC~)

A3 = RA*AP/RHOCM)
A4 = ~V~OSQ*8P/RHOC~)

IF (RS) 7005,7006,7005
7005 DMMR = Al*A1/C2,*RA)+2.*Al*A2/CRA+RB)+A2*A2/C2.*RB)

DMMZ = A3*AJ/(2t*RA)+2.~A3~A4/(RA+AB).A4*A4/(2iORB)

SMML = RA~A3*A3/2.+~.*RA*RB*A3*A41(RA+R8).RB~A4*A4/2.

SMHR = RA*Al*A1/2.+2.*RA*RB*Al*A2/(RA+R8)+RBoA2*A2/2.
QRSZ = -Al*A3/2.-(Al*A4*RB+A2oA3*RA)/(RA.R8)~A2*A4/2.

OlSR = -Al~A3/2t-(Al*A4*RA+A2*A3*RB)/'RA.RB)·A2*A4/2.

GO TO 7010
7006 UGR = 8CM)

FLAGR = o,n
SUHIO : RHCtM)*lO.**C25)
SWMll = XMUCM)*10.**C25)
SUMI2 = 0.0
SUMI3 = 0.0
ARE = 0.0
DCD8CM) = -2.*WVNO*10,**(25)
GO TO 531

7010 CONTINUE
SUMIO = SUHIO + RHOCM)otDMMR+DMMZ)
SUMI1 = (XLAMBCM)+2,*XMDCM»*DMMRtXMU(M}*DMMZ+ SUMIl
SUM12 = XMU(M)~DZSR - XlAMB<M)*DRSZ + SUM12
SUMI3 = CXLAMBCM)+2.*XMOCM»*SMMZ + XMU(M)*SMMR + SUM13
D~DR = OMEGSQ*COMMR+DMM2)
DLDM = -WVNOSQ~C2.~CMMR.DMMZ)~2.*WVNO~DZSR-'2,*SMMZ*SMMR)

DlDL : -WVNOSQ*OMMR + 2~*WVNO*DRSZ - 8M"Z
DCDAeM) : 2.*RHO(M)*A(M)*C*D~D~/WVNO

D~D8CM) = 2.*RHO(M)*B(M)*C*(DLDM-a~.DLDL)/WVNO
DCDRCM) = (C!WVNO)*(DLDR+XLAMB(M).n~DL!RHO(M).XMU<H)*D~DM/RHO(M»

7011 CONTI~UE

UGR = eWVNOoSUMll + SUM12)!(OMEGA*SUMIO)
rLAGR = OM~GSQ*SUMIO • ~VNOSQ*SUM11 - 2toWVNO*SUMI2 - SUM13
ARE = 1./(2.*C*UGRoSUMIO)

531 CONTINUE
501 CONTINUE

WRITE (61.5000) T,C
WRITE (61,5001)U,UGR,RATIO
WRITE (61,5002) SUMIO,SOMI1,SUMI2
WRITE (61,5003) SUM13.P~AGA,WVNUM

WRITE (61,5007) AR,ARE
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REIGEN PAGE 10

WRITE (61,5004)
AU = kATIO
At. = 1.0
TR = 0.0
TZ = 0.0
IF (B(l).~E.O.O) TZ=TlZ
DEPTH(100)=O.O
IF (8(1).~E.O.O) DEPTHCiOO)=O(l)
M = 0
DVMMl = 0.0
DUMI'12 = 0.0
DUMM3 = 0.0
WRITE (61,5005) M,DEPTHt100),AU,AZ,TZ,TR,OUMM1,DUMM2,CUMM3
N = 1
IF (B(ll.LE.O.D) N : 2
DO 5010 M = N,MMAX
DLDK = ~2.~(WVNUM * SUM!1 + SUMI2)
DCDRCM) = DCDR(M)/DLDK
DCDA(M) = nCDACM)/DLDK

5009 DCD8CM) = ncDBCM)/DLDK
5010 WRITE C61,5005) M,DEPTH~M),AMPURCH,.AMPUZ(M),STRESZ(M),STRESR(M);

1 DCDA(M),DCnBCM),DCDR(M)
WRITE (61,19)

19 FORMAT (lHO)
M = 100
WRITE (61,5005) M,DEPTHlM),AMPUR(M),AMPUZ(~),STRESZ(M),STRESR(M';

1 DCDA(M),DCD8(M),DCDR(M)
WkITE C61.19)
M ;: 98
WRITE (61,5005) M,DEPTHtM),AMPUR(M),AMPUZeM),STRESZ(M),STRESRCM);

1 DCDA(M),DCnBCM),LCDRCM)
M = 99
WRITE (61,5005) M,DEPTHtM),AMPURCM),AMPUZCM),STRESZ(Ml,STRES~CM);

1 DCDA(M),DCDBCM),DCORCM)
If (ITAPE.LE.O) GO TO 5G3
Mi"IAX ;; NMAX
K = 11K +1
WRITE (01,6010) AMODE(K),T,C,U,SUHtO.wvNUM,AR,RATIO,D~HM1

WRITE (Q1,6011) AU,AZ,r2,TR,DUMM1.nUMM2,DUMM3
N = 1
IF (8(1).~E.O.O) N = ~

DO 6002 M= N,MMAX
WRITE (01,6011) AMPUR(M),AMPUZ(M)~STRESZCM),STReSR(M).DCDA(M),

1 PCDB(M),DCDR(M)
6002 CONTINUE

IlK = IIK+ 1
GO TO 503

777 CONTlt'>UE
STOP
END

II-19



REIGEN PAGe 11

SUBROUTINE TAPEIN
READ (60,1) TMAX,KMODMX

1 FORMAT(Fl0.5,15)
KMODEL,. = 0

3002 CONTI~UE

IF (KMODEL.EO.KHODMX) RiTURN
READ (01,6012) MMAX

6012 FORMAT (lH ,2(I4,6X»
DO 200 I = 1,MM~X

200 READ <01,60i3) anUM
6013 FORMAT (lH ,I4,5X,7Fl0.4)
2000 R~AD <01,6012) IFUNC,Mote

IF (!FUNC.LT.O) GO TO 3000
DO 29~9 1M = 1,MODE
R~AD (01,6010) InUM,T

601) FORMAT C1H .A4,3F10.5,5El1.4)
DO 2100 IN = 1,MMAX

2100 READ (01,6011) xnUM
6011 FORMAT (lH ,7(4X.El1.4»)
2999 CONTINUE

IF (T.GE.TMAX) RETURN
GO TO 2000

300J KMODE~ = KMODEL + 1
GO TO 3002
E~'D
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DATA I;lAGe 1

31 a
1.0 ~.OO 2,8' a.'
1.0 6,~ ;'.52 2.'
1.0 6.1 3.52 2.1.
1.0 0.1 3,~? 2,1
1.0 6.1 3.!J~ 2.'
1.0 6.1 :s,!~ 2.1
1.0 6.1 3,52 2.7
1.0 6.1 J.52 2.7
1.0 6.1 ;5.52 2.'
t.O 6.1 ;3.'2 2.1
1.0 () ... 3.1 2.9
1.0 6 •• 3.7 2,9
1.0 6.4 3.7 2.9
1.0 6.4 ~.7 2.9
1.0 6.4 a.7 2.9
1.0 6.4 3.7 2.9
1.0 6.4 3.7 2.9
1.0 6 •• 3.1 2.9
1.0 6.4 3.7 2~9
1.0 6.4 J.7 2.9
2.0 6.7 :).87 3.0
a.o 6.1 J.87 3.0
2.0 6.7 3.'7 J.O
2.0 6.7 3.8? J.D
2.0 6.1 ;'.81 3.0
a.o 6.1 3.87 3,0
2.0 6.1 J.81 3.0
2.0 6.7 J.S' 3.0
2.0 6.1 3.87 3.0
2.0 6.7 3.81 3.0

8.15 4.7 3.4

2 J rUNe 1 Sf 2 ND
2.0000000E 00 :5.114~6511 00 J .• 00'255$1:1 01 6,6'19809S ... 03 7.7!J:$30'1e;Ol
~.oooooooe 00 3.'021885' 00 3. fU09269! 00 2.04$7942E"'04 6.22384601';'01-
a.oooooooe 00 3.86524861 00 3.609061~S! oe 1,.O'4941E-04 5.66;S~5481",Ol

2 3 rUNO 1 51 2 NO
2.5000000e 00 3.1358173& CO J,Q52 369'! 00 4,99333tlE"'03 7.939840.e;'01
~. soootlOOE 00 3.7487'1471 00 3.'41494JE 00 1.6791463E ... 04 6.~641a?9~;~1
2.5000C1ooe 00 3.92244J21 00 3.669564'1 00 8.66$6953E-05 5.640!5590S .. 01, J rUND 1 5J 2 ND
:$.OOooClooe 00 3.1'11676' 00 3.0684696E 0' 4,Q6696?Oe.03 8,OO346S1e;;'01
:J.OOOO(looe 00 3.1910240. 00 3.'61024'~ 00 1,'~6321eE"04 6.166~94"E.01
3.00000ooe 00 3.'830012' 00 3.60,6'3i! 08 9,"'19t41E"'05 5.4424362e;'01

2 3 rUNO 1 sr 2 ND
;1.5000 IJOOE 00 3.1650'15' 00 3.0103,1.! 08 3.4,.,680,e"'03 •• OO1?772SlOO01
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DATA PAGE;5

~ 2 P'UND 1 IT 2 ND
1.500001JOE 01 3.4875658i 00 3.110420i! O. 7,24088,8E-04 7.48'70'5E~01
1.500001)QE 01 4.6883101i 00 4 ...814298e 0" 2,3859815E"'05 3.11'361~e~01

2 2 FUND 1 S, 2 NO
1.6000Qt)OE 01 3,5163"01 00 3.l001019. 01 6,7187876E"04 7.480?3.S,!·01.
1.60000()oe 01 4~6ge!j934. 00 4.'16977'1 00 8,87~7948e"06 3.344S50Ie-Os.

2 1 VUNC 1 SJ 2 ND
1.70000 100e 01 3.54646191 00 3.09249711 00 6,36~42'9E"'Q4 7.41594306 ... 01

2 1 rUND 1 S,T 2 ND
1.80000 100e Os. 3.5776256' 00 3~ae6525ee 01 5,9129302e"04 7 •• ,349171';01

2 1. I7UND 1 S, 2 ND
1.9000000E 01 3.6096355. 00 3.0e"221E 01 5,6235467E·04. 7,47~732'S!!!!01

2 " ;UND 1 SJ 2 NO
2.0000000E 01 3.6421553. 00 3.08e316se 0'1 S,27~8860E"'04 7.47'5627E~01

2 1 rUND 1 SJ 2 NO
2.2000000E 01 3.70713411 00 3.~146'4t1! 00 4.62!$43086-04 '.4"17901";'01

2 S, 'UNO 1 Sl 2 NO
a.4000000e 01 3.769;l5731 00 3.:l.65626,e 00 4,01481286 ... 04 7.54~7168e;01

2 1 ,UND 1 SJ 2 ND
2.6000000E 01 3.8262323. 00 3.~36394,e oe 3,4616044E"'04 1~608451.e:'01

2 1 IrUND 1 Sl 2 ND
2.8000000e 01 3.8763158; 00 3~:S19056e! O' 2,"94579E"04 7.6928231e ... 01

2 1 'UND 1 SJ 2 Nt!
;,.OOOOOOOE 01 ::5. 9192900. CO 3.404201ge 00 2,"21341e"04 7.19008'7'(:':'01

2 1 rUNO 1 s:r 2 ND
:3.5000000E 01 3.999.231. 00 3.59181141! 00 1,84S94,ge,,04 8.0S1593.e~01

2 1 ;UNc 1 S;T 2 ND
4.0000000E 01 •• Ol5134:211 00 3.'.1435a! O' 1,40"'43e-04 a.a'0760'!~Ol

2 :1. Ii'UNC 1 $'- 2 ND
4.5000000E 01 4.0861130' 00 3,842775'1 O. 1 ~.!3229 D96"'04 8.48216'~i!~01

2 1 ;UND 1 s:r 2 NP
I.oooooooe 01 4~110'6291 00 3,913028i! 0' 9.41$01D3E';'OS 8,623SS9.i::S01

2 1 ,UNf) 1 51 2 ND
6.0000000E 01 4.142".9' 00 3,,9,,00,e 01 7,2337643E.. OS e,?866213i!':01
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DATA PAGE 4

2 1 'UND 1 sr 2 NO
1. OOOOO~IOE 01 4.16298'71 00 4.0415750& 00 5,9053,,2e-Q5 8.e405416E';;'oi

2 1. rUND 1 s, 2 NC
8.00000CIOE 01 4.1776894. 00 4.071322'1! 00 5,O216~926"'O5 8.8319131e~01.

2 1 ,UNC 1 5J 2 ND
9.00000(IOE 01 4.189144111 00 4.Q99082,e 00 4,38486336-05 8.189021156;01

2 1. rUND 1 $' 2 ND
1,00000e1OE 02 4.19853841 00 4.1.14276$E 00 3,89'6830e·05 8.72e3818E~Ol

2 1 rUND 1 Sl 2 NC
1,~OOOOCIOE 02 4.2297!5a51 DO 4,l626366e O. 2,5~109"5e"'05 8,381440IlE~a1

2 1 rUND 1 5J 2 ND
2,00000(IOE 02 4.24182172& 00 4,18960711E 00 1,87629221;"05 8.102654.e';'01

.. 2 1 rUND
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III. 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

d
dz

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

k = 2n/(CT) where C is the phase velocity and T is the
period. p is the density and ~ is the Lame constant
~ = pS2, where S is the shear velocity in the layer.
The other restriction on the solution is that V(z) + 0
as z + 00 •

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 = w2IO - k2 II - 12 '

where

f
oo

o p
2V dz, 11 Joo 2

~ V dz, and 1 2o

111-1

foo dV2
A ~ ddz z.



The group velocity U can be defined in terms of the
energy integrals as

The amplitude factor of Harkrider is defined as

1

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:

Pt ]p,w = 2 P 13 p~m ]P,wm m

( ~~m ) S,w
( ~c) + 13; ( dC

) P,w
=

d)lPm )l,W m
where

3
z

[ ~~mL,w
m 2- c f= V (z) dz21

1 zm-l

[ ~~m] p,w
z

{ k2V2(z) + (dV/dz)2} dzc fm=
2k21

1 zm-l

where zm~l and z are the lower and upper depth limits
of the m'th ~ayer (note that z increases downwardl.

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 A. parameters'
determined by SURFACE are very reliab~e.
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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 differentiat~on 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 = O. This contains the
values of UT (V) and TT (~ dV/dz) as computed at the
free surface. If there is no numerical error, TT = O.

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 half space.

PROGRAM DESCRIPTION

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

SUBROUTINE TAPEIN : This subroutine makes it possible
to add more eigenfunctions at different periods 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 dnd is not
written on FILE 01.

Case 1 - No output written on FILE 01.
Card

Sequence Column Name Format Explanation

A. 1-4 MMAX 14 LE 0 END
program

GT 0 Ntimber
of layers in­
cluding half­
space in the
model.



Card
Sequence

A. Column

1-4

11-14

Name

MMAX

ITAPE

Format

14

14

Explanation

LE 0 End program

GT 0 Number of
layers including
halfspace in the
model

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

B. Earth model (MMAX cards)

1-10

11-20

21-30

31-40

C. Period data

D(I) FlO.S

A(I) FlO.S

B(I) FlO.S

RHO (I) F10.S

Layer thickness
in km.

P velocity of
layer in km/sec

S velocity of
layer in km/sec

Density o~ layer
in gm/cm .

1-14

16-29

31-44

46-59

T

c

u

AL

E14.7

E14.7

E14.7

E14.7

III-4

LT 0 read new
MMAX, ITAPE
card (Point A)

EQ 0 does nothing
in this case

GT 0 Period in
seconds

Phase velocity in
k.rn/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. o. The last system card is an end of
file.

Case 2 - Output written on FILE 01

Card
Sequence

A.

Column

1-4

11-14

Name

MMAX

ITAPE

Format

14

14

Explanation

LE 0 End program

GT 0 Number of
layers including
half space con­
tained in the
model

LE 0 No tape out­
put

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

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

B. Earth model (MMAX cards)

1-10

11-20

21-30

31-40

D(I) F10.5

ACI) FlO.5

B(I) FlO.5

RHOCI) FlO.5

Layer thickness
in kIn

P velocity of
layer in kIn/sec

S velocity of
layer in kIn/sec

Density of
layer

3
in

gm/cm



Card
Sequence Col1..1I9-n Name :Format Explanation

C. Tape update

l~lO H1AX FIO.S Skip model
already on
tape and
read through
the eigen.,..,
functions
with T ;:::

TMAX. Tape
now ready to
write after
T ;::: TMAX.

11-15 KMODMX 15 Number of earth
models to skip.
KMODMX ;::: 0 if
tape is new and
has nothing
written on it.
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Card
Sequence Column Name Format Explanation

D. Period sequence

a. Header

1-4 IFUNC 14 LT a Signifies
end of eigen-
function written
on FILE. This
is essential
when reading
the FILE.

EQ 1 Otherwise,
IFUNC=l. This
identifies the
FILE as contain-
ing Love wave
eigenfunctions.
See program
REIGEN where
IFUNC=2 indi-
cates Rayleigh
wave e,igenfunc-
tions.

11-14 HaDE 14 Number of modes
to be placed
on tape for
given period.

22-25 AMODE(I) A4 Identification
26-30 code for mode

66-70

b. Period data (MODE cards)

1-14 T E14.7 Period in sec-
onds

16-29 C E14.7 Phase velocity
in lan/sec

31-34 U E14.7 Group velocity
in lan/sec

46-59 AL E14.7 Amplitude
factor
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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, Le.,
short periods first; within each period set, the modes
are listed in increas'ing order, FUND first, lIST second,
etc.



c
c
c
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~

c
c
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c

PAGE 1

THIS PROGRAM C~~PLTES VALUES OF DISPLACEMENTS, STRESS AT THE
MIDPOINT OF EACH LAYER TOGETHER WITH THE VALUE OF DC/DB FOR THAT
LAYER. THE METHOC IS BASED ON THE HASKELL M~TRIX WITh SPEcIAL
CONSIDERATION GIVEN TO THE HIGH FREQUENCIES. THE PROGRAM ALSO
GIVES THE VARIOUS VALUES or THE INTEGRALS ~AK!NG UP T~E

LAGRANGIAN.
MMAX : MINUS OR ZERO: END PROGRAM, = PLUS = NUMBER OF LAYERS
D = LAYER THICK~ESS, A= P VEL, B = S VEL, RHO = DENSITY
oEPTi = nEPTH TOt'! CPO I i\ T OF LA YER XMU, xLAM B = LA1'1 E S CONS TANT S
T = p~RrOD C = PhASE VELOCITY U = GRQUP VELOCITY (DC/OT DERIVED)
THE PRO~RA~ READS !~ ONE sET or T,C,U,AL OBSERVATIONS AT A TIME
T = NEG REAJ IN NEW MODEL
T = ZERO CHECK To SEE WHETHER TO ENTER NEW PARAMETERS FOR
H.PE H< ITE

C A. OhE LAYE,~ OCEANIC MODEL ~qLL BE ACCEoTED, IN ~HICH CASE THE
C LIQuID LAY~R IS IG~CRED

DIM~NSICN D(100),A(100),8(100),DEPT~Cl~O),AMP(100),STRESs(100)

DIM~NSION nCDd(lOO),OCDR(lCO),DMM(~),SMMC5),RHOC100)

DI"':':;t\lSION AiOOE(10)
DI~~NSICN X~U(100),XLAM8(lCO)

XXMIN=l.fJt-?O
5 FOR ,~ AT( 4 CE14 • 7 , .1 X) )

11 FORMATC2(1~,6x),10C1X,A4»

2 ~ F0 ~ I'i ATe 1H1 )
21 FORMATC1HO,13X,~HM ,8X,7 HDE PTH ,lCX,l HD ,12X,5HALPHA,11X,4 H8ETA,

1 11 X,JHRHO,13 X,2HMU,11 X,6HLAM80A /lH
23 FORii~TC1H ,H1X,r5,7'5x,FtLJ.4»
25 FORMATC1H ,lOx,r5,3Gx,5(5X,Fl0.4»
44 FORMAT(4Fln.5)

5 000 FORMAT(lHl:1 6 X'l(lnh T(SEC): ,F7.2'13H C(KM/SEC) = ,F7'?'lX»
~OOl FORMATC1HO,16X,lCl~h wcOC/DT) = ,F7.4,11 H UCENER) = ,F7.4,2X»
5002 FOR MATC1HO,16 X,1(8Y Ie = ,El1,4,7H 11 = ,El1,4,2 X»
5003 FORMATC1H ,16x,lC8H 12 = ,El1.4,7H L = ,El1.4,2X»
500~ FORnAT(~HU,3H M,8X,5hDEPTH,lC6X,4HOISP,8X,6HSTRESS,8X,5HDC/D8,BX,

:.5 i1 DC/LJR )/iHO)
500 5 FORMATC1H '1 3 , F13.2,4(2X,Ell.4»
5006 FORMATC1 H ,16X,1(SH WVNC = ,El1.4,20X)/1 H )
5007 FOR~AT(1H ,i6 X,1(8H AL = ,E11.4,7H ALE: ,E11.4,2 X»
6010 ~ORMAT(lH ,a4,3Fl0.5,5El1.4)
6011 FORMATC1H ,7(4X,E11.4»
6012 FORMAT(lH ,2C!4,6X»
6013 FORI1AT(l H ,I4,5X,7 Fl0.4)

12 F uR nATCI4,6 X,I4,6)(,F10.4)
801 REAO(60,12) MMAX,ITAPE,ANY

NMAX = /'1MAX
IF(M~AX)777,777,778

778 WRITE(61,20)
WRITE(61,2U
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BASE=O,lJ
DO 22 I=l,,'~MAX
READ(60,44) OCI>,A(l),BCI),RHOCI)
8ASE:=8ASE+L'(!)
DcPTH(I)=8ASE - D(I)~O,5

XMU(I) = RHO(I)~8(!)*8(I)

XlAM8(!> = RHO(I)*(A(1)*ACI)-2,*8C!)*8CI»
IFCI-MMAX)26,24,24

26 WRITEC61,23)I,DEpT~(I),CCI),A(I),8CI),RHOCI),X~U(I),X~AM8(t)

22 CONTI~UE

24 WRITE(61,25)I,A(I),B(I),RHOCI),XMUCI),X~AM8(1)

DEPTHCMMAX) = B~SE - C(V~AX)
IFCITAPE.GT,O) CALL TAPEIN
IFClTAPE,LE,l) So TC 504
L,''1A ,\ = :~ ~} AX + 1
IFCc:(U,EQ.O.(;) LMAx = L!"'AX - 1
wRITE(Cl,6~12) L~AX
9PTH = O,u
IF(SC1)·EQ·v·Q) DPT~ = C(l)
DO = 0 • ..;
K = 1
IFCGC~).EQ.O.O) K = 2
I = K - 1
WRITECC1,6J13) I,CPTH,DC,ACK),8CK),RHO(K),XMO(K),XLAM8(K)
o0 2 00 1=1 , :"1 MAX
IF(J(l).lE·u·O) GO TO 290
WRITEC01,6013) 1,cEPTHCI),DCI),ACI)'8(!),RHCCI),XMUCI),XLAHSCI)

201 CONTp,Uc:
504 IF(lTAP~.LE,O) GO TL 503

READC60,11) IFU~C,MCDE,(AMODECI),I:1,10)

WRITE(Ol,tn12) IFLN~'MOCE

IF(lFuNc.Lr.O) GO TC 777
I I K = 0

503 CONTINU;:
DO 50~ J = 1,10U
A1-1 P (,j) :: (J. 0
ST::1ESS(J) :: 0.0
DCDK(J) =';,0

500 DCDb(J) = 0.0
READ(60,5) T,C,U,Al
IF(T) 801,5J4,499

499 CONTINU~
MMAX :: I\MAX

C LAY~R DROPPING PRUCEOLRE--HALFSPACF. DEFINED AS ANY WAvELENGTHS
G BELOW R~GION ~HcRE C IS LESS THAN B
C UNLESS OTHERWISE SPECIFIED, ANV=7.0
C

IF (AhY.LE.G) A~Y=7.0

DMAX=ANY*C*T

IlT,..·10



PAbE :3

899 S\.JM :: 0
DO 'IOU Il::l. Mr1 AX
HAX :: II
IF(C - 8(11» 901.9QO,900

901 SUM:: SUM ~ 0(11)
IF(SU~ .. DMAX) 900,~OO,902

901'1 CONTINUE
9 () 2 "'1 MA X :: MAX

WV~J :: ~.i~Sl~53/(C*T)
1,01 V\) Y1 :: ',J V '! :)

It) V;'h) S Q:: ,.; \j \,!') ;# WV~J C
OMEGSQ =(b.283ib53/T)~02
COV~ :: C/8Ci /:MAX)
~ :: RHO(MMAX)*8(MM6 X)*8(uMAX)
R8 :: hVNO~SJRTCABS(COV8**2 • 1.»
UT :: 1
TT -; .. i4 * .-( 8
Ai'1P(f1rv1AX) :: UT
STR~SS(M~AX) :: TT
IFCR8)10Ql'100Q,lGOl

lOG~ DM :: 1.0 E25
5:1 :: 0
GO TO 10('2

1001 OM :: O.5/ Rg
SI"! .: C. ')*RP

1002 CONTINUE
D~DR :: CMEGSQ * D~

DLON :: -(~V\OSQRD~ + SM)
D(; D(3 ( 11:"\ A X) :: 2. <I R~ (I'M MAX ) * 8 ( f'H1 AX ) * C*DL 0 MI h V1\; a
DCD~CMMAX) :: (C/WVNC)oCCLDR + 8CMMAX)98(MMAX)*DLDM)
MMMl :: MMAX .. 1
SUMIO :: RH1CMMAX) ~ DM
SU'q 1 :: H * DM
5 U"'" I 2 :: H * S1"1
DO 1340 K=1.1'-111'11
~1 :: t1 t1 AX - '\
I F ( u ( ~I ) • EQ • Q• Q) GeT a 13 40
COVJ :: C/i;3Ch)
R8 :: WV~O*SQRT(A8S(COV8**2 - 1.»
~::RHO{M)*8(M)*8CM)

Dl :: DCM)/4.
D~iM(1) :: UT * UT
SMM(1) :: (TT/H)o02
DO 1339 KK::2,5
XKK=KK-l
Q=R8oCZ~XKK

IF(C-8(M»1~07'1221'1231
1231 SlNQ : SIN(Q)

Y=SINQ/R8
Z=-k8*SI~Q

III-II
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CQSQ = COS((])

GO TO 1242
122l Y=Dl*XKK

Z;O.O
caSQ=l'Q
GO TO 1242

1207 EXQP ;: ~XP(~)

EXQ!'l =1 • I EX l P
Y;(2X~P-EXQM)/C2.oR8)

Z;Rl.,*K8oY
COS]=(EXQP+~XQM)/2,

1242 EuT ;: CGSQoLT - Y*TT/h
ElT ;: -HoL.LT + COSGoTT
D~M(KK) ;: ~uT*cWT

S~M(KK) ;: ~~TTa~TT)/(~*~)
IFC~K.3)lJ19,1301,l~39

1301 AMP(M) ;: EJT
STRt.: sSCI~) ;: ETT

133 9 Co~rI\JUE
ur ;: EUT
TT ;: cTT
DM=(DZ/22'5)*(7Io(n~M(1)+JMM(5»+32.*CDMM(2)+DMMC4»+12. o DMM(3»

SM=(DZ/22.S)*(7.*(S~MC1)+SMM(5»+32,*(SM~(2)+SMM(4»+12.*SMM(3»

Ol.D:-l;: -(W'),,,OSQ_DM .. SM)
DLDR ;: OMtGSQ * D~

O~DbCM) = 2.*RHG(M).8(M)*C*DLDH/Wv~o
oeD t\ ( ;,1) ;: (C I \-; Vi., a ) * , lJ LDi1 +8 ( H) *R( t-J ) *0L0fv1 )

SUMlo ;: SUMlo + RHO(M).CM
S~Mll ;: SU~Il + H*D~

SuM12 ;: SL~I2 + H*S~
134C CONT I t,UE

Ai"lP(100) ;: 1.0
STR~SS(100) = TT/LT
DCDHC10:J) :: 0,1
DCDl-dlOQ) = 0.0
DEPTH(100) ;: O.U
IFCcl(l).EQ.Q,u) DEPTH(100) ;: D(l)
Dl.DK ;: -2'~hVNO~SLMll

DO 1500 L:t,MMAX
IF(p(L),EG.J,O) GO TO 1500
AMPCL) ; AMPCL)/UT
STRESSCl.) = STRESSC~)jUT

DCDbCL) : ~CDB(L)/DLDK

DGDRCl.) = JCDR(L)/r~DK
C EXCLUSION OF l.Ow AMPLITlDEs FROM FINAL OUTPUT

IF(8(L) - RCMMAX»1506,15 07,1507
15 07 CONTINUE

IF(~8S(AMP(L»-XXMI~) 1501,1502,1502
1501 AMP(L) = 0.0

STRcSS(L.> = 0.0

11L-12
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DCD8CL) = C.O
DCDKCL) = "".G
GO TO 1500

:L502 CONTINUE
1506 CONTINUE
1500 CONTltWE

SUMIO = SuvIO/CUT*UT)
SUMI1 = SU M ll/(LT*UT)
SUMI2 = SG~I2 I(UT*LT)
UGR = SUMI1/CC*SU~IO)

FLAGR=OMEGSQ*SUMIO-~V~05Q~SUMll-SUMI2

ALE = 1./(2.*C*UGR.SU~IO)
501 CCJNTINI.'F.

WRITE(61,5~QO) r,c
WRITE(61,5'Jl) 0'LG~
WRITE(61,50Q2) sU~!J,SU~ll

WRITE(61,5~u3) SUMI2,FLAGR
WRITE(61,5 nU7) AL,ALE
WRITE(61,~au6) ~V~UM

WidT~(61,5'Ju4)
~1 = t1
DpH = DEPn~(10;)

UT = 1.0
TT ;; D.J
ncg = 0.0
DC~ = C.O
WHITE(61,Slu5) ~,CP~,LT,TT,DC8,OCR

~J : 1
IF(8Cl).EQ.Q.O) N = 2
OQ ~010 M = N,MhAX .

5010 Wkl 'E(61,5Ju5)~,DEPTH(M),AMP(M),STR~SS(K),DCD8CM),DCDR(M)
WilITE(61,45)

45 FJRhATC1HU)
M : 0
WRIT[(61'S005) ~'CEFT~(100"AMP(10a)'STRESS(100),DCD8(100),DCDR(10

10)
IFCITAPl,L[.O) GO Te 503
MMA X = rd..A AX
DUMhl=O.O
DUMi12=O.O
DIJHn 3 =O.1)
K = 11K + 1
WRITE(Jl,6~lO) AMODE(K',T,C,U,SUMIo,WVNUM'AL,DUMM1,DU~M2
WHITE(Ol,6ryl1)UT,TT.DUM~1,DUMM2,DUMM3,OC8,DCR

DO b002 M = N,MMAX
WRITEC 01 ,6011)AMP(M),STRESS(M),DUMM1,DUMM2,DUMM3,DCDB(M),DCDR(M)

6002 CONTINUE
11K = 11K + 1
GO TO 503

777 cON T! i'l UE
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S0BROUT I NE rAPF 1N
READ(60,1) TMAX,K~OCMX

1 FOR~AT(Fl0.~,15)

KMODEL : 0
~002 CONTINUE

IF(KMODEL,EG.KMOD~X) RETURN
3001 R~ADCU1,6012) MMAX
6012 FOPMAT(lH ,2(14,6X»

DO 200 I = 1,MMAX
200 R~AD(Ol,601 ) IDUM

6013 FORMAf(l H ,T4,5X,7 Fl0.4)
200,1 REAO(dl,6U12) UUf\C,I'ACDE

IF(lFlNC.LT.OJ GO TC 300n
DO ~999 1M : 1,~OLE

REAUC01,6010) ILUM'T
6010 FCRMATClH IA4,3Fl0.5,5El1.4)
6011 FOR~ATC1H ,7(4X,El1.4')

DO 21CQ 1~ ; 1,MMAX
2100 REAUC01,6011) XCUM
2999 COf'''T I ~Ut:

IFCT.tQ.TMAX) R~TLR~

GO TO 2000
3000 KMODEL = K~ODEL + 1

GO TO 3QC2
E~D
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DATA PA\..iE 1

31 2
1.0 ~.OO 2.89 2.5
1 r' 6.1 ~L 52 2.7• v

1 • C e.l 3.52 2.7
1.0 e.l 3.52 2.7
l.C 0.1 3.52 2.7
1. C 6.1 ..3. 52 2. 7
.1.0 t • 1 '::;.52 2.7
1.e Q .1 ,3, 52 2.7
loU 0.1 J.52 2.7
1.0 t .1 3.52 2.7
1.0 b • 4 3.7 2.9
1.0 6.4 3.7 2.9
1.0 c • 4 J.7 2.9
1.0 0.4 3 . 7 2.9
.1 • G 6.4 3 • 7 2.9
1 . 0 t .4 3.7 2.9
1.e b • 4 J.7 2.9
1. () C.4 '3.7 2.9
1.0 6.4 .3 • 7 2.9
1.0 {).4 ~3. 7 2.9
2. C 6 • 7 ..L 87 3.C
2.0 6.7 3.87 3.0
2 • 0 b.7 3.87 3.0
2.0 6.7 J.87 3. Q
2. U 0.7 :';'87 3.0
2.0 (:) • 7 3.87 3.0
2.0 6. 7 3.87 3.0
2.0 6.7 ~L 87 3.0
2. ( b • l ~L 87 3.U
2 n 6 • ., 3.87 3.0• \J

6.15 4.7 3.4

1 .3 FUf\D 1 51 2 ND
2.0J·=iQvOOE 00 3.4074768E 00 3.2084552E 00 7,3882933E"03
2.CJJOvOOE 1)0 3.7060527E 00 3.4703516[; 00 9.9816568E"'04
2.0CCC00iJE 00 3~8'74009E CO 3.5638103E 00 5.3670618E-04

1 3 FUf\!1 1 5T 2 ND
2.50i:OI,;OiJE 00 3.4501979E 00 3.2832408E 00 5.10t4991E"'03
2.50l"OC:OOE 00 3.7627710E 00 3.521 4 8671: 00 7,9472S11E"'04
2.50L.iOUQ(,JE 00 3.92382786 00 3.6557350E 00 3.6684530E-04

1 3 FU~.D 1 51 2 ND
3.0C~;Oi,JOOE 00 3.4807968E 00 3.3257429E 00 3,8951203E-03
3.0QCOIJOIJE 00 3.8108110E 00 3.5587629E 00 6 1 4451305E-04
3.00i,JOlOOE 00 3.9836"l80E 00 3.627610~E 00 3,4717436E-04

1 3 FUf\D 1 51 2 ND
3.50I,/OWOUE 00 3.5055192E 00 3.3529931E 00 3.1705755E"'03
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DATA PAGE 2

3.~000:,,;OtlE 00 3.853S1745 00 3.5874673E 00 5,4247159E-04
3.50COCQOE 00 4.0572187E 00 3.5507559E 00 4,01347646-04

1 3 FUND 1 5T 2 ND
4.CQ\-IO LJ OOE 00 3.526ij961E 00 3.37272361: DO 2,6871940E-03
4.C~00vO.jE 00 3.8933147E 00 3.6028673E 00 4,79199a3E-Q4
4.C1UOGQOE 00 4.14925896 00 3.4714303E CO 4.5483497E"'04

1 3 FIJt\D 1 5T 2 NO
5.UJCQ";JUE 00 3.5637321E 00 3.4015544F.: 00 2,075 9147E-03
5.QQ:;OuOvE 00 3.9736222E 00 3.5934040E 00 4,3275715E-04
5.0J,;OC00E OJ 4.38301J53E 00 3.387459SE 00 4.8021588E-04

1 3 FUI\D 1 51 2 ND
6 • l)).; 0 to 'J uE 00 3.5956625E 00 3. 42342~nE 00 1.6996357E-03
6.0:hiOGOUE Ou 4.063cl349E 00 3.5553564E 00 4,3267716E-04
6.CJ':Oi.OWE 00 4.6303347E 00 3.6631601E 00 3,2393162E-04

<\ 2 FUI\D 1 5T 2 ND...
7.C]\.,O",OUE 00 3.6244"02E 00 3.4409496E 00 1,4433825E-03
I.OJL:\l<)OOE 00 4.1675513E UO 3.516236f3E ~O 4,3739184E-04

1 2 FUt\D 1 5T 2 ND
8.C1i)CCdIJE 00 3.651183aEi 011 3.4547122E 00 1,2588173E-03
5 • II '} i: 0 (. 0UE 00 4.283u896E OQ 3.5001658E 00 4,2720734E-04

1. ~ FUf\D 1 ST 2 r\iD
9.u}';O(:QCE 00 3.6765'157E 00 3.4650219F. '10 1,1209179E-03
9.00i;00~uE 00 4.4041642E oi) 3.53407731; 00 3,9193020E-04

1 2 FUND 1 51 2 ND
1.00,:;()00uE 01 3.7 iJ12129E 00 3.4724826E 00 1,0147778E-03
1.0QuOi,;QGE 01 4.51958076 00 3.6479562F. 00 3,2751996E-Q4

1 2 FUND 1 5T 2 ND
1.1Qt;000uE 01 3.7254500E 00 3.4776014E 110 9,3083309E-04
1.1QC0000E 01 4.6152J58E 00 3.8675161E 00 2.36CJ0678E-04

1 2 FUI\D 1 ST 2 NO
1.20\~OU00E 01 1.74955351: 00 3.4810791E 00 8,6269161E-04
1.2Cl)O~iO\JE 01 4.6781983E 00 4.20909511; 00 1,272 4813E-Q4

1 1 FlJ~D 1 51 2 ND
1.30QOlJG~E 01 3.773b849E 00 3.4834946E 00 a.0597303E"'04

1 1 rur--.n 1 5T 2 NO
1.4QWQ000E 01 3.797'1346E 00 3.4853S8SE 00 7,5768043E-04

1 1 FLJt\O 1 5T 2 ND
1.50,,iOl,dJOE 01 3.82234246 00 3.4872Q92E 00 7,1565338E·04
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1 1 FUt\D 1 8T 2 ND
1.6"'COCCCE 01 3.8469107E 00 3.4893358E 00 6,7B38894E-04

1 1 FUND 1 Sf 2 NO
1.7JCOUOGE 01 3.87161.51E 00 3.4919915E 00 6,4476916E-04

1 1 FUt\D 1 5T 2 NO
1.8G;,IOG!)OE 01 3.81164126E CO 3.4955367E 00 6,1398530E-04

1 1 FIJI\ D 1 S1 2 ND
1.91l,JOCO'JE 01 3.9212464E 00 3.5001182E 00 5,8547207E-04

1 J. FUr..O 1 ST 2 hO
2.C"JOvCluE 01 3.94605081: CO 3.5059884E 00 5,5878564E-Q4

1 1 FIJt\D 1 81 2 NO
2.2l,;O\;QOE 01 3.9952857E 00 3.5217619E 00 5.0968754E-u4

1 1 FUt\D 1 51 2 ND
2.~~JvOIjOOE 01 4.04353J6E 00 3.5433432E 00 4.6502086E-04

~ 1 FUt-;D 1 sr 2 ND~

2.6JJO\,iOGF. 01 4.0902402E 00 3.5708577E 00 4,23~3653E-04

1 1 FUt--O 1 51 2 NO
2.8 1 uO\..QUE 01 4.1;549?eS!: Or) 3.6036696E CO 3.8603595E-04

1 1 FUt\D 1 ST 2 ND
3.0'J',:OGOliE 01 4.1772286E 00 3.6409709E 00 3,5111261E"04

1 1 FUt\D 1 S.T 2 ND
3.5'h;OlOfJE 01 4.2711602& UO 3.7460lJ45E 00 2,7625661E-04

1 1 FUt\O 1 51 2 ND
4.1,Hr:OI.I)WE OJ. 4.347S094E 00 3.8616224E 00 2,1787531E-Q4

~ 1 FUt\D 1 ST 2 NO~

4.5~\,iOvO[jE 01 4.4080597E 00 3.9699:l.29E 00 1,7342323E-Q4

1 1 FU~D 1 Sl 2 ND
5.0:)l;OUOQE 01 4.4570596E 00 4.0673089E 00 1,3987656E-04

1 1 FU~D 1 5T 2 ND
6.0aQO~;00E 01 4.52546511:: 00 4.2225180E 00 9~508495aE-05

1 1 FUND 1 51 2 NO
7.0JQOi.lOOE 01 4.5695616E 00 4.3327979E 00 6,e241050E-05

1 1 FUf\O 1 51 2 NO
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8.0nUOuOOE 01 4.5991852E 00 4.4111944E 00 5~1209016E-05

1 1 FUND 1 ST 2 NO
9.00'"OvOOE 01 4.6198Q20E UO 4.4660420E 00 3,98t3745E-QS

1 1 FU~.O 1 5T 2 ND
1. OOuOvOOE 02 4.6348776E 00 4.5099175E ry~ 3,1839386E-os

1 1 rUf\!J 1 5T 2 ND
1 • 5 0(: 0 ~ 0 [j E 02 4.67!1b521F. 00 4.6136025E 00 1,3670287E-05

1 1 FiJ i\ 0 1 5T 2 NO
2.0 OJ 0 \. 0 J E 02 4.603~724E 00 4.6510571E 10 7,5841452E-06

-1 1 F I.J 1\ D
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IV. SUBROUTINE 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 CO}illON.
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?AGE 1

.....
~ .

Su8R00TINE ~!GC\(ITAPE,TT,T)

CO~MONIONE)AY(1LO,4),CY(100.4),\,DEPTH(100).OC100)

C0 '·1 ,"1 0 ~; 11 \~ aIL AY;:: ,\ ( 1 DJ ) • A( 1 0 0 ) , 3 C1 00 } , RHa(1 Q0 ) , x!'"\ l,; C1('i U) , XlAM 8 C1 0a)
COU~ON/THRE[/~\!~J~(10),~VN~(10),ELrpC1n},ABSORP(10),DENOM(10)

C\)" ,e 0:" IF 0 R~ 11') U \' [ P r , Po AA( 1 5 ) , p YY1 ( 1 5 , to) , p y y 2 ( 1 5 , 1 (1 ) , p y y3 ( t 5, 10 ) ,
lPYY1(15.1ul. IFu~C

DlYEN2>ICl\ r:>yR('.l)

;;: 0 i) ~ PeA L CIT APE: , '}, TFUt\ C , MOD E
1 FtJR,!ATC1H ,;,cI4.6X»

~'/, AX'( :; ~: * I F l.. ~.', L
I F ( [F U\j C• LT· 1) TT = - TT
IFc1FCNC.Lr:o) GQ TC 99~9
DO ,.s9't9 t ,"1 ::; 1, ,.JeE
Rc. A'J ( i T 1:.. PE , :J )'" ~. ;) c ~ ( I tv. ) , T, C• U• SUM I r) , Wv": :'1 C I "'1 ) , A L• ELI P ( 1M) ,

lA3S~iRPClM)

~ FO~1ATC1H ;A4,~F1J.~,5E11.4)
THE SpECTRa ARc CCMPlJTFC AT A DISTA\CE OF 1000 KILOMETE~S

DE~J~(IM' : S~QT(~V\C(I~)*0.3q89423.1.CE.20
D::: ~; J '-I ( I ,-1) ; Dr.: \ U1 ( I I" ) I~. I_

T) L \: ..... M( I t~) -:: D': \,: '1 ( 1 jY) ~ ~. 2 b 3 1 8:; 3 l$ :3 1 . 6 2 2 7 7 6

c,..
'-,
c
c
c,..
'-,

c
c

c'100
6

2200

2300

DO 2. 1 u0 I j--~: 1. I ;',~

Rt: ll.. ::) ( I TAP E, I ) ,\ Y ( I t\ , 1 ) • AY ( 1,\: , 2 ) , AY ( Ti\; , 3 ) , AY ( IN, 4 ) , C~ 0 A, DC D8 , DC0Q
F"OR:IATC1H ,'7(4X.El1.4»
IF(TT.NE.T) GO TO 2999
WV\J2 = ~v~J(rV)~*2

GO TO (~4U1,?~O~)'IFU~C

RAYLEiGH h"'jE:';
r~rTTALLY AY(I~,l) = LR. AVCIN.2) :;: UZ, AY(IN.3) = TZ.

AY CI ': , 4) :; TR
\O~ AyeIN. ~} ;;; U~, AY(r~,2) = UZ, AY(IN.3) ;;; D~RCZ,

AY, IN' 'l} ;;; I, 'J ZDL
Ai"D CY(1\:':\') ;;; LLJRDZ, CY(I\,2) :: DU2l')Z, CY(IN'~) :; 021.RDZ2,

'.. ~.

CYCIN,4) ;;; L2LZCZ2.
D0 ~3UJ TN :;: 1"

H ;;; R~JCI\l*CoC~~V\O~

XL 2:'1 ;;; XL p., '.' j ( I'!) + 2. * XI' L ( I f\! )
CYCINd);;; .. kV')CCPtl)*AY(IN,i2) + AYnN'4)/X~U(IN)

Cy ( 1N, 2) = (y' V\! CCI tv1 ) *XL A~ 8 CIN) {t AV ( I ~; , 1 , + AY ( IN, 3 ) ) I XL 2M
CY(IN,3) :; (-~/AML(IN) + WVN02*C3.*XL2M-2.*XMU(IN)}/XL2M)*AYCI~,1)

1 -WVNO(IM)*{1 •• XLA~8(IN)/X~U(IN»*AYCIN3)/XL2M
CY ( I ~..!, 4) = C- ( Ht WVi\~ C2* Y.. LAM 8 C IN) ) * AY ( IN, 2)+ WVN0 ( 1M) * (1 , + XLAM 8 ( I 'J ) I

1. X~~u(P!»*~Y(1~"4»/XL2ti

AYC nJ,3):: :;Y(!i,1)

AY( IN, 4) :: GY( {., 2 )
CON TH~Uc

GO TO 2501
LOVE: WAVES
INITIALLY AY(I~.l) :: LT. AYCIN,2) = TT
NO~ AYCIN.1} :: LT, AY(I~.2) = DUTDZ
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FlOE\]

24 C,J

250Q
2501

2551.

2552

2555
2999

999)

".A GF 2

A\~ CY(IN,i) :: LUTnZ, CY(I\,2) = D2UTDl2
DG d 5 0 0 Ji\ : 1 , ;,
CY(1~,1) = ~Y(I\,2)/X~U(IN)

C'( ( IN, 2) = .' V>J <:. * (Xt" U( I r-. ) - C*C*t~ H0 ( IN) ) *AY( IN, 1 ) I XMU( IN)
AY(lN,2) : ~Y(I~'l)

CO~'..:Tlj\iUE
("" 0 \; r ! ,,~ I J--
'-' ",. t:

DQ 2555 18 ;;: 1,':U1"DFT
;\A = A.ft,Ac!n)
.! Pcf( ;;: 1':'
!FC~A'LT,ul AA - u.~

CAL L \. J:, p,~ D l AA" AXY, p y!~ )
GO TO{2S51;;Sj2),lrL~c
CO\: T I ;-:Ij[

p y Y1 ( h, PER , r ~) ~ WV\! C( I 1" ) -It P YR ( 1 ) I DP CM( ! !': )

p y y~: ( \; D t q '! ,) :: p y q C2 ) I r: F. Nn i'l ( I ~" )
GO TO 2:;,S:5
COrTIi\U c
p y y .l. ( 1'; P l: q, I ,.) :: .oJ V\: C( I ~~ ) *PYt\ ( 1 , / DE \! 0 M( r',: )
p y y~' ( i" P i:: R ,r ) :: ..,J V'Ii C ( I r~ ) jl P YR ( 2) I ~ E: 'J C"'l ( ! f'" )
PYY.;(i,P=R,T,,):: p(R(3)/Cr-NN1(!~j)

p y V<. ( ;~ P I;'~ , !,) :: P y ~ ( 4 ) j Cr- hi C;V, ( 1M)

CUi\Tp.;UE
CO\T!(\UE
IF(TT.\i::.l\ r,C ii} 2GOu
CJ\"i !:\Ui::'
t~ ET (.! R.,
Er\!c
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v. SUBROUTINE MODEL

PROGRAMMER : R. B. HERRMANN I 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.
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SUi-hOUTI~;E t-~OLE (IT~\PE)

C0 tH1 0 rJ I LJ !': E/ ,i. Y (t 0, 4 ) , CY( 10 1) • 4 ) , N• 0EPTH( 1 00 ) , D ( 1 0 0 )
r>J ~ 11 o;~ I T ~ 0 I LAY!: (1 Qu ) • A( lOa J , 8 ( 10 0 ) , RHO' 100 ) , XMUC100 ) , XlAM 8 ( 100 )
RcAUCITAPE,1) \!

:!. FJR:iATC1H ,;~(I4.6X»

c RiAG I~ MC1FL
DO lOG I~l,;\

100 REAJ(ITAPE,<) L~YER(I),[EPTH(I),D(y),A(I),8(I),RHO(I),XMU(I),

lXL,I\,lR<I)
? r J R>; AT ( J. ~ , r 4 , '5 A , 7r: 1 0 • 4 )

R':::i ,;Ri\

E,H}

Y~2



VI. SUBROUTINE NONPRP

PROGRAMMER : R. B. HERro~ I 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.
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\·;ONPRf:J

SUg~OUTINE ~n~p~p(A.MAYY,PYR)

CJ V11 0N/0 NE/ A Y ( H a, 4 ) , c y ( 10(' , 4 ) , N, DE PTH ( 100 ) , 0 ( 1 00 )
DI'~~NSION PYR(4)
DOlO 0 I =1, :\
IFOcA = I
Jl=uEPTHCl )·0.5*D(I)
'2=DEpT~(I).o.~§D(!)

IF(~.GE.Dl~ANG.h.LE.D2) GO TO 1Ul
lOC CdNTlf\;tjE
101 DO ilL JJ = 1,uAXY

AA :; AY(IFOCA,J.;)
CC ; CYCIFnCA'JJ)
AA :; A~ - cc J,~ wEPTi-(IFCCA)

l1C Ptq(JJ) :; ~[ + (eGA
P~T0qi,
f: ;.; D
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VII. SUBROUTINE ExeIT

PROGRAllliER: 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 explosive source.

INPUT/OUTPUT

All information needed for the functioning of the
subroutine is taken from the argument of the subroutine.
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EXC IT ,-JAGE 1

Su3ROJTl\E ~XCITCFAC1.FAC2,FAC3.FAC4,FAC5,FAC6,FAC7,FAC8,FAC9,

1 p Yl,p Y2,PY j ,P Y4,IFLNC,SAZ,CAZ,AMP,IEQEX,
GO TO (lnO,~r.0l. rEQEX

lon CONTP,UE
S2AZ = 2.*5AZDC~Z

CiA.:. = CAZ*CAZ - SAZ*SA2
GO TO C1,2),IFil:'C

1 CGi\ T T 1\' Uf=

;l~ ~ P~l *(FAC1-FAC4)*C2AZ + (FAC2~FA~3'*S2AZ )
XIM = - PY~ o((FAC5+FACS'*CAZ + (F~C6-FAC7'.SAZ)

A: ~ P = SUR T ( ;.. RL 'of XRL + X I M I} X Y~-' )

::: CC"J T I i\<U~

XRL = py1*«(FA~~·FAC2)*C2AZ ~ (FAC4-FAC1)*S2AZ) + ~A~9 • PY4
1 + ,,)·5*F~Cq.PY1

xl~ : (PY3+~Y2)*«(~AC7-FAC6)*CAL+(FA~8+rAC5)*SAZ)
A~c : S~RT(~QL • XRL + XtM * XIM ) .

lOA ;'.1 P = 0
PC-TURN

20 A~P = PY4 - PYt
REL.;R:\
E:i\lD

VII-2



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 Sew) = 1 , which corresponds to the
delta-response of the system, and Sew) = l/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 90 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
tension 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 61. 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 plotted. 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. It 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 FlO.5 CALCOMP reduction
factor between
0.0 and LO .

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

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

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

31-40 GAM FlO.S The angle the P
axis makes with
the downward
vertical axis

c. 1-10 AA FlO.S .LT. - 10 read in
new mechanism param-
eters

.GT. - 10 and .LT. 0
end program

.GT. o focal depth in
k.m
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Card
Sequence

D.

Column

1-10

Name

PHI

Format Explanation

F10.5 .LT.O read new AA
.GE.O receiver
azimuth

11-20

21-30

31-40

RAD

VER

SRC

F10.5

F10.5

FIO.5

.GT.O plot radial
spectra of Rayleigh
wave

.LT.O no radial plot

.GT.O plot vertical
spectra of Ray­
leigh wave

.LE.O no vertical
plot

.GT.O spectra for
l/iw source-step
response

.LE.O spectra for
1.0 source-
impulse response
(when using the LOVE
tape VER and RAn have
no meaning)

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

The example given on the following page is for the case DEL =
45 , BET = 90. , 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.

VIII-3



SRF~V~LT PAGE 1

c

c

c

,..
',",

PROGRA~ SRr~VPLi

THIS FROGRAM ACCEPTS AN~ AP81TRARY ORIENTATION FOR A tOUBlE COUPLE
FOCAL MECHANISM. THE I~PUT IS THE ORIENTATION UF THE PRESSURE AND
TE~! SION AXES. THE PRO GRAM PL (1 TS H~ E0RET I GA~ LavE 0R RAY L WAVE
SPEcTRA AT A DISTA~CE OF 9 DEGREES OR 1000 KILOMETERS ON A
STANnARD 3 x 3 LOG-LOG SCALE. THERE Is AN OPTION FOR RADIAL AND
oR VERTICAL DISPLACEMENT Sp~CTRUM FOR RAV~EIGH WAVES. USING THE
EIGENFU~CTloN TAPE FOR LOVE WAvES WILL GIVE THE LOVE ~AVE SPECTRA.
COMMON/ONE/AY(lQO,4),cV(lCO,4),~,DEPTH(100),D(lo.0),

1 LAyER(lOQ),A(lUO),8(1CC),RHO(100),XMU(10Q),XLAM8(100),
1 ISUF(1026), ElIP

DI r-< ENS reN A;'j 0DE ( 10 ) , WvNCr 10 ) , EI. I P ( 60 , 10 ) , ABSO RP ( 1ll ) ,DE NO ,"'1 ( 10 )
DI ~ c.: NSI 0 ~ l. A 8EL(3 >, l. AEl LE ( 4 ) , xx(6 0 ) , YY1 ( 6 0 , 1 0 ) , ~J PEII M( 1 0 ) , yY2 , 6 0 , 1 0 )
DIM~NS!QN L~BE(7),LA8(3}
DIMEN~!ON X(62"y(6~),PYR(4),PVI(4)

DIM~NS!ON PY Y1(60'10),PYY2(60'10),PYY3(60'10),pyy4(60. 1 0)
Dl"f::NSlo~; TT<6Ci
CHAKACTr::R LA8,lA8E,LA8FL,LA,8 LE
CALL PLbTs(r8LF,1026,10)
CALL PLCT(C.C,-11.~,-3}

C~LL PLQT(0.0,2.0,-j)
RtPC(tJ O,4) ::-ILr=.
SIZE = RFDUCTIO~ FACTUR USED I~ CALL FACTOR Of CALCOMP LIBRARY
IF ~IZE = 1.0 PLOT IS 3 CYCLE LOG-LOG, 2.5 INChES PEK CYCLE
HERE sIZE ~uST 8E LE. 1,0
IF(SIZE.LE.0.0R,SIZE.GT.1.n) SIZE: 1.0
CALL FACTOPcSIZE)
LAS(1) : 6\.1 UZ
LA8(2) .; 6\1 UFo:
L,A8(3) : 6'-1 UT
LA8E(l) = 6HDElT
LAg~(2) = 6H 8ETA
L~8E(3) = 6H AL
LA8E(4) = 6HPH
LA81::: (5' : 6r-:GAM
LA8EL(1) = 6HPERICD
LABEL(2) = 6H (SEC)
LABLE (1) = 6 H
LASLE(2) = 6HAMP (C
LA8LE(3) ; oHM-SEC)

1 FORMA1(lH ,2(I4,6X»
2 rGRMAT(~H 'I4,5x,7F1Q.4)
4 FQRMAT(CFlj.5)
5 F" 0 Rr; AT(lH , II 4 , 3 FlO • 5 , 5 E11 • 4 )
6 FO RMAT(1H ,7(4X,E11,4»

DEGRAD ; 0.017452329
4321 READ(60,4) DEL,bET,ALP,GAM

C DEL IS THE AZIM~Th OF T~E TAXIS
BET IS THE ANGLE THE T AXIS MAKES WITH THE DOWNWARD VERTICA~

ALP IS THE ~XIM~Th GF T~E P AXIS

r
c
c
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S!-:FwVPL T PAGE ;2

GAM IS THE ~NGLE THE P AXIS MAKES WITH THE DOWNWARD VERTICA~

WRITE(61,7) DEL,8ET,ALP,GAH
7 FORMAT(lHO, 4F1U,3)

CALL SYM80L<1.35,5.5,O.14'lHT,O,O'1)
CALL SYM90LC3.59,5.5,O.14,l Hp,O.O,1)
CALL SYM8 0LCQ.56,5.0,O,14,LA8E,Q.O,28)
CAL L :'~ IJ ~1 8 ER C!) , 5 6 , 4 • 7 , 0 • 1 4 , DEL , C• 0 , - 1 ,
CALL NUM8ER(1.6B,4.7,O.14,BET,O.~,-1)

CALL NUM9EQ(2.8 Q,4.7,O.14,ALP,O,O,-1)
CALL IjlIH8t:r~(3.9~,4.7,u'14,GAM,.,.O'-1'

DlL = n~GRA~ ~ GEL
g~T = DEG~AJ ~ seT
ALP = DEGRAD * ALP
GAM = DEGR~C * GAM
FACTi : (COS(8ET)**~) - CCOSCGAM)**2)
FACT2: (SII\(bEn)iHI2
FACT3 = CSJ~CGAM')*~2

FACT4 : SI\c2.ouET'
FACTS : SI~(2.*GAM)

CALL NOOPL(~EL.JET,ALP,GAM'

CALL PLOT(9.r'o'o'-~)
2001 REAUe 6 0,4) AA

IF(AA.Lc.-1G.' Go TC 4321
IFCAA.LT.O) GO TO 9998
DO 37 1=1,5;.,.
00;)7 J=ld;.;
PYY1(I,J) ~ 0
Fyy2Cl,J) = 0
PYY3eI'J) : 0

37 PYY4(I,J) : 0
REAJ.)C01,lP,1
REALi IN MOnE.l
DO 100 J=1,\

100 REAUC01,2) LAVER(I),CEPTH(I),D(I),A(I"B(I),R~O(I),X~UCI),XLAM8(I

1 )
NPEi~ :; f,)

Do 1313 I = 1110
1313 NPERM(!) ; 0
2000 REAO(Ol,l) IF~NC, MCD~

MAXY :; 2 * IFLiNC
IFCIFUNC.LT.O) GO TC 9999
IF(NPER.EQ.c) MODEMX = ~orE

IFCNP~R.EQ.G) IFU~ ; IF~~C

Do 1314 IL ; 1.MOCE
1314 NPEKM,IZ) :: ~JPERM(IZ) ... 1

~J PER :; ~ P i:: R ... 1
DO 2999 1M = 1,MOCE
REA DC 01 .5) AM 0 DE ( U'1) , T, C, u, SUM I Q , WVN0 ( 1M) , AI.. , EL I P ( NPER, 1M) , AS 50RP(

J. 1M)
XXCNPER) = T
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210 J

'"v
'",.,
!'".
r'
~.

,'"-,..
\j

t'"
-

A220 "

2552
I DENOM<IM)
I DE'~OM ( 1M)

WVNCCIM) * PYR(1)
WV~OCl1'1) * PYR(2)
PYR(3)/CENOMCIM)
PyR(4)/CENOMCI~)

TT(~PEP) = T
THE SP~CTR~ ARE COMPUTED AT A DISTANCE OF 1000 KI~OMETERS

D~\OM(IM) = SORT CWVNCCIM»~O.3989423*1.0E+20
DENOMCIM) : DE~OMCIM)/AL

D~NOM(IM) = DENOM(!M) * 6.2631853 * 31. 622 776
DO 2100 IN=l,N
R~AD(Ol,6) Ay(I~,1)'Ay(IN,2)'AV(lN,3)'AYClN,4),DCDA,DCDB,OCDR
WV~02 : WV~UCI~)**2

GO TO C;?4v'j,220[j).IFU~\C

RAVLI:IGH WAVES
INITIALLY AYCIN,l) = ~R, AYCIN,2) = UZ, AVCIN,3) = TZ

AY(INq) : TR
NOW AYCIN'~) = UR, AYCIN,2) = UZ, AYCI~'3) = DURDZ,

AYCIt\,4J ; DUZDl
Mi 0 CY( IN, 1) = CUf' DZ, CY C It'.) , 2) = DUZDZ, Cy ( 1N, 3) = D2 l PDZ2 ,

~YCIN,4) ; C2LZCZ2.
D!J 2 ... 00 Ii\; = i'i\

n = RHOCI\)*C*C*hV\O~

X~2M = XLA4u{r~) + 2.*xMU(IN)
CYCIN,i) = -WV NG CIM)oA Y(IN,2) + AYCIN,4)/X~LCI~)
CYCIN,2> = CWV\UCIM)*XLA~8(IN)*AYCIN,l}+AV(IN,3»/XL2~

CY(lN,3) = l-H/~ML(rN) + ~VN02*(3.*XL2Y-2.*XMUCIN»/XL2M)*AY(I~,1)
1 - !,~ VNO ( 1M) l~ ( 1 • *' XL A~1 b CIN' I XMU( I~' I ) ) c· AY( IN. 3 ) I); L 2M

Cy ( IN, 4) = (- ( y +WV~, C2*XLA M8 ( I f\) ) * AIf ( IN, 2 ) + WVN0 C11'1) * (1 , + ;< LAtv! 8 CI ~) ) /
.1 X,'I!,;(IN»*A'!'(IN,4»/XL2M

AYCIN,3) = :Y(l~,~)

AYCIN,4) = cv<r~,2)

CO~',Tlr"UE

GO TO 2~Ol
LOVt: ,H.,VES
INITIALLY AYC IN,l) = LT, A'r'(IN,2) = TT
NOW AYCIN,l) = UT, AYCIN,2) = DUTDZ
AND CY(IN,1) = LUTOl, CYCIN,2) : D?UTDZ2
DU ~50C IN=1tf'\i
CYCIN,1) = AYC1i\,2)/XI"UcIN)
CY(lN,2) = ~VN02*(X~UCIN)- C*C*RHO(IN»*AY(IN,1)/X~UCIN)
AyCI~,2) = CY(I~,l) .
CO\lTINUt:
CO'JT I NUE
CAL~ NJ~PRDtA~,MAXy,PYR)

GO TO(?'~l,2552), I Fl..NC
PY V1(NPbR'IM) = WVNCCIM)*PVR(l)/DENOMCIM)
PYYi(NPE~,!M) = PyR(2) I DENOM(IM)
GO TO 2555
CONTINUE
PiY.lCNPERdi") =
PY Y2(NDER'lrf\} =
PYYj(NPER,IM) =
PYIf 4 ( NPE RII '-i) =
CONTINUE~555

230:'

2400

2500
2501.

"..'.,

."t

"...



SRFWVPLT ~AGE 4

f'v
....
'.;

I~

("
-'

2999

9999

116
115

9997

CO\rli'~UE

GO ro 2000
Cl)!\IT I NlJE:
Rl:)j PW 1
00 3160 I = 1,NPER
XX(!) = ALa~10(XXCI)

X:~AX = XXPJpER)
L,'1AX = XMAX
IF(XMAX ~ L~AX) 115,115,11S
U'!,AX = LMAX + 1
CON Tlf\IJE
LMI.~ = ,-MAX - 3
Xl :: VqN
CO'd 1:~Ui:

REAuCb0,4) PH[,RAD,VE~,SRC

IF(~HI'LT,') GO TO 2001
PH! = AZIMUTH AT WHIC~ SPECTRA !s tES!REO
RAO I~T j PLOT f:,AC!AL SPECTRA OF RAYLEIGI-l WAVE

-. ~E ~ NO RACIAL SFECTRA PLOT
V~R -. GT 1 PLOT VERTICAL SPECTRA OF R'VLEIGH WAVe

-. LF. 0 ~o vERTlCAL SPECTRA PLOT
C~H~N USI~G LOVE TAPE, RAD AND VER HAVE NO MEANING)
SRC -. GT Q SPECTRA MULTIPLIED 8Y SOURCE SPECTRUM S(C~EGA) =

l·G/CMEGA
E.G, STEP R~SPONSE OF SYSTEM SEISMIc MOMENT = 1.0
DY:\E-Crv

LE 0 SPECTRA MULTIPLIED e Y SOuRCE SPECTRUM SCCMEGA' = l,a
E.G. IMPULSE qESPONSE OF SYSTEM

PHIR = 0EGqAD * PH!
SI\A = SI~(ALP - PHIR)
COSA = GOSCALP - PHIR)
SIND = SIN(LeL - P~IR)

COS] = CQS(DEL - PHIR)
SI\0P : SlN(2,*(DEL-PHIR»
51N~P :: S!~'2t*(ALP.PhIR»

IVUIiC :: IFIJ:~

Yf·1.~XR :: 1 t JC-38
vrL~ A V = 1 ~ 'J ~ - 3 8
DO ~99~ J=1.MUD~MX
i\l P :: N? E: RM( J )
Do 9995 I=1.NP
PYR(l) :: PYY1(I,J)
PyR(2) :: PYY2(!,J)
PyR(3) :: Pyy3(I,J)
PYR<4) :: pVY4(!,J)
GO TO (271r,272U)dFUt\C
CO~; TI NUE
XREAL = O,S ~ pyRe!) *(FACT26sINDp - FACT3*SINAP)
XIMAG = -O,5*pyR(2)*(FAC T4*SIND - fACTS6SINA)
GO TO 2730
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272j

2730

9989
9988

9995

')993

111
110

G0\rINUE:
XRF.hL : FACT1*PYR'4~ -PVR(l)*(FACT?*COSD*COSD - FACT3*COSA*COSA)
XIMAG = O,So(PYRC2).PYRC3»*(FACT4.COSD-FACTS*COSA)
CO~n! NUE
XREAL = 1.0E 25 * XKEAL
XIMAG = 1,JE 2S * XIMAG
nU"1 = SQRTexREAL,**2 + XI~AG**2)

nUM = 1.0~~25 * DL u

IFCSRC.GT.1J DUM = ~UM * TTC!) I 6.2831853
rF ( J UM• EQ.') DUl'~ = 1. 0F- 3 8
IFCIFUNC,E1,l) GO Te 9988
IFC~AD.LE,~) GO re ~9a9

YY?(I,J) = JUM * ABS(ELlp(l,J»
IFCYY2CI,J' .GT,YMAX R) YMAX R = YY2(I,J)
YY2 t r,J) = ALOG10 CYY2 CI,J»
IF(VER.LE.'l GO TO ~995

YY1(I,J) = CUM
iF(YY1(I,J' ·GT.YMAXV) YMAXV = YY1(I'J)
YY1C I ,J) = ALOG 10CYY1(I,J»
CUN i UdE
Y~A~V : ALJGI0fyMAXV)
VM\XR = ALO u l0CYMAXR)
Du '1 996 Ie: l' 1FU ~,! C
IFCIFUNC.E1,l) GO rc 9993
IFCIC.EQ.l,ANc.VER.LE,O) GO TO 9996
IF(rc.~Q.2,ANL.RAC.LE,O} GO TO 9996
CGNTI'\UE:
I~CIC,EQ.l) YMAX = YMAXV
IV(IC.EQ,2} YMAX = YMAXR
IF(lFu~C·El.l) LABlEC1' ;; LA8(3)
r~(IFuNc.EQ,2.A~n.I(.EQ,1) LA9 lE (1) = LAB(l)
IF(I~0NC.E).?,A~D,IC,EQ.2) LAGLE(l) = LA8(2)
XAXL=,~ = 7. 53 5
YAXl..E'\j ;; 7.,07
DELTAX ;; 3./7.535
DELrAy = 3,/7.507
Sc P = 0.03 6 YAXLE~
L1'1 AX = YI~ AX
I F CYMA)( - L ;'1 AX) 11 0 , 11 0 , 111
U-1AX = i_MA~ + 1
C0 ~n I i\ Ul:
U·j Ii'! = U-1 A\(- 3
Vl ;; U11~:

CALL ALOGA)(ESCXAXLE~,YAXLEN,3,3,LA9EL,LABLE,12,18,X1,Vl,DELTAX,

J. lJ=LTAY)
DO 31 71 1M z 1.MOCE~X
NP ;; I,/PERM (I M)
DO 31 72 IZ ~ l'~P
x(1Z) = XX(IZ)
GO TO (3168,316 9 ),yC
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SRF~VPLT FAGE 6

999n

9993

3300

Y(Il> = YYUIL,IM)
GO TO 3170
Y(IZ) = YY2(yL,lM)
CONTli\UE
IF(Y(IZ),LT.Yl) Y(IZ) = Yi
CONTINUE
X(NP+l)=Xl
X(NP+2) :: DF:LTAX
Y(\!P+l) :: Vl
V(I\!P+2) :: DELTAY
CALL Lli\Q(X,Y,NP,IM)
CO NT I~; UE
CALL SYMBOL( d,6 ,yAXLEN+O.l,SCP,4HH = ,0,0,4)
CALL NUM9EP{ 4.1 ,YAXLEN+U.l,SC P ,AA,O,O,l)
CALL SVM80LC 2.1,YAxLEN + Q.6,SCp,4HPHI='o.o,4)
CALL ~UM8~q(4.3S,yAALEN+O,6,SCP,PHI,O,o,1)
~n'j '1 = MUD EH>( - 1
DO ~3CO 1M: 1,MMM
FPI\;:: I~~

IT :; 1M + 1
XQ :: XAl\L[;;') - 1,
yy :; YAXLE~ - 1. - (FPN - 1,) ~ 0,3
CALL SYM8CL(XQ,Y'f+O,1,C·2'IT'C,Q'-1)
CALL SYMgOL(XQ+J.3,YY,O.2,1 H=,O,C,1)
CALL NUM8E ReXG+u.6,YY,a.2,FPN,O.C,-1)
CALL PLOT(11.0,O.O,-3)
CALL FAC TOQc1,1J)
CALL PLOT(Q.O,-11.Q,-3)
CALL PLCT(O,O,2.0,-J)
CALL FACTORCs1ZE)
CONTINUE
Gu TO 9'197
CONTli\;UE:
CALL PLOT(lv.5,u.U,999)
STOP
EhD

SUBROUTINE NONPRP(A,MAXY,PVR)
CO~HON/ONE/AY(100,4),CY(lUO,4),N,DEPTH(lOO),O(100),

1 LAYEP(10a),AJ'100),8(100),RHO(10n),X~U(100)/XLA~8(100),

1 IB~F,1G2o), ELIPC6U,10)
DIME:.NSION PYR(4)
DO 100 l=l,t"
IFOCA = I
01 = DEPTHC!) - O.5~D(I)

IF(A.GE.Dl.AND,A.LE,D2) GO iO 101
10~ CONTINUE
101 DO l1Q JJ : 1,~AXY

AA ~ ~Y<IFOCA,JJ)

3168

3169
3170

.:5181
3171
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CC : CY(IFCCA,J.,J)
AA = AA - CC * LEPTh(IFCCA)

11~ PYR(JJ) = fA • CCoA
REH;RN
END

SU8HOUTINE ALOGAXES(XAX~EN,YAXLEN,NOCX,NOCy,TTLX,TT~Y,MTX,MTY,Xl,

lV 1 ,DELTA X,rELTAY)
CHARACT~R TTLX, TlLY
OIMENSIO~ TTLX(10),TTLY(10,
SLT;;'02~,(AXLEN

SST=.Ol*YAXLEN

SSP;;SP+SS-.G6
TTLP=-.lloYAXLE~-.l

STTL=,035*YAXLEN
X;~Ur'1 = 1
yL = Yi
YU : Yl+ f'.(lCY
IFCA8S(YL) ,GE. 10 •• OR, A8S(YU) .GE, 10.> XNUM = XNU~ + 1
IFCAS SCYL).GE.1UO •• oR, AaSCYU'tGE.1CO.> ~NlM = X~UM + 1.
IF( Yl .LT. 0 > Xf\Ui" = Xf\UM + 1.C
CALL PLOT(-SLT,O.U,2)

yPO:Y1

Ai~ 0 i,.; X=~~ 0CX
FACTX=XAXLEN/ANOCX

CALL SYM80L(-,6*SS,SP,SS,2Hl0,O,O,2>
CALL NUM8ERC9S9., SSp,O.5*SS,X1,D,O,-1)

CALL P~OT(O.O,O.O,3'
OJ 3 J=l,f\;CCX

DO 2 1=1,10

IF(l'~Q'l)GO TO 2
CALL PLOTCX,O.O,2)

CALL PLO TCX,_SST,2)
2 CALL PLOT(~,O.O,3)

CALL PLOT(X,-SLT L2)
CALL SYMBOL(X~.6*SS.Sp,SS,2H1Q,Q.Q,~)
XPO::XP(')+l t C

CALL ~U~BER(9991' SSP,O,5*SS,XPO,O.O,-1)
3 CALL PLC T(X.O.O,3)

XTL=(XAXLEN~XTL*STTL)/2.0

CALL SYM80L<XTL.TTLP.STTL,TTLX,Q.O,MTX)
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GO TO 6
4 CALL AXIS(O,OfO,O.TTLX.~~TX.XAXLEN,O.O,X1.DELTAX)
6 CALL PLOT(O,O,Q.O,3)

IFC~OCY,EQIO)GO TQ 10
ANOCV=~OCV

SP = SP ~ ~XNUM - 1.5) ~ 0,5 ~ S5
TTLP = TTLP - (XNLM -1)tO,5~SS

FACTV=YAXLF~/A~CCY

CALL SYH80LeSP-.4,-.50SS,5S,2Hl0,O,O,2)
CAL L. NU~1 8 EP ( 999 , , • 5 ~ SS- • C6 , , 5 *SS , Y1 , 0 • lJ , -1 )

CALL PLOT(O,O,O,O,3)
Dj 9 J:.1.,i'l)CY

Y=1

IF'I,£~.1)G~ TO 8
CALL PLOT(r,o,Y,2)

~ CALL PLOT(G.O.y,3)
CALL PLOTC-SLT,V,2)

CALL SYM80L(SP-.4,Y •• 5~SS,SS,2Hl0,O.O,2)
YPO::YPO+i.i"

CALL ~U~8ER(999,.y+.5*Ss-,06,,5*SS,YPO,Q.G,-1)

9 CALL PLOT<r'0'Y,3)
YTL:jIITY

YTL=eVAXLEN-YTL*STTL)/2.0
CALL SVMROL(TTLP-,2.YTL,STTL,TTLV,90.,~TV)

RETURN
10 CALL AXIS<O,O,O,O,TTLV,jIITY,YAXLEN,90.,Yl,DELTAY)

Rc:TuRN
END

SUBROUTIN~ LI~D(X,Y,NP,I~)

DrMENSIO~ X(l),Y(l)
Xl ;: XP,P+l)
Yl = YCl\iP+1.)
DELTAX:: x(,'IIP+2)
DeLIAY: YC\'P+2)
DJ 100 I=l,i\P
XX = (XCI> - Xi >iDELTAX
yy = (yiI) - Y1}/CELTAY
IFe r,F-Q,l ) GO TO ~6

IFe YY ,LE. 0 ) GO TO 95
IFc 1M .EQ. 1 ) CALL PLCTeXX,YV,2)
IFe 1M ,EQ, 1 ) GO TO 100
CALL SVM80L(XX,YV.C.14.1~,O.O,~2)
GO TO 100

95 IF(VCI-l) .LE, Yi ) GO TO 105
XXX = X(J) - (XCI) • XCI-l»/(VCI)-YCI-l»*V(I)

- IFexxx ,LT, X(! .. l) ,OR, XXX ,GT. X(I» XXX = o.5*eX(I)+X(!.1,»
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xxx = (XXX-X1>/CELTAX
CALL PLUTeXXX,a.O,2)

10, CONTINUE
CALL PLOT<XX,O,2)
IFe I,E~,NP ) GO TO 100

102 IFCYC I +l) .LE, Y1 ) GO TO 100
xx ; XC!> - (X(I)-X(!+l)/(Y(I)-V(I+l»*Y(I)
IF(XX .LT. XC!) .CR. XX.GT. XCI+l»XX = O.5*(X(I'+X(!+1»
xx : (XX-Xl)/OELTAX
CALL PLOT(XX,Q.Q'2)
GO TO 1UO

96 IFCYy .1...'=, j,J) GO TO 97
IFC IM.~Q, 1 ) CALL PLOTeXX,YY,3)
IF(rM .~Q, 1 ) GO TO 100
CALL SY~80L(XX,yy,O.14,!~,O,O.-1)

GO TO lda
97 CALL PLUT(XX,U,J)

GO TO 102
1uO CGlq!f\UE

RtTUR~

END

Su8R0UTINe OIPDD(X,Y,Z,PHI,OELTA)
TAPI = 6.28,31053
CCOr, = 57,29C:;78
VNORM = SGRT(X*X+Y*Y+L*Z)
IF(Z.GT.O) GO TO 10
X = -x
y :: -y

Z = -z
10 IF(A8SeX)'lE.u,Q001.A~D,A8S<V).LT·O,001) GO TO 20

DELIA =ARS1N (Z/V~ORM)

1FeABSeX).LT.O.u001) GO TO 21
PHI :: ATAi~ ey/ X)
IF(X.LT,O) ?~1 = PHI + TWPI/2.
IFCPHI.LT.0) PHI:: PHI + TWPI
GO TO 30

21 IF(Y.~T.O) pHI : -T~pI/4, • TWPI
IF(Y.GT.O} PHI = TWPI/4
GO TO 30

20 DELTA: TWPI/4.
PH I : 0

30 PHI = PHI -It CCOf\
DtLTA = OE~TA~CCO~
DELTA: 90. - DELTA
RET\JRN

SU8ROUTINE ~aDPL(CEL,8ET,ALP,GAM)
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"..
J

DrM~NSloN X(365),YC365),DELTA(2),GAMMA(2)
CALL SVM80LC2,5,3,25,O.1,lHN,O.O,1)
CALL PLOT(2,5.3,13,3)
CALL PLCT(2. 5 ,2,9J,2)
CAL. PLOT(2.5'1.13,3)
CALL PLOT(2. 5 ,Q.93,2>
CALL PLOT(1.4,2.03,3)
CALL PLO T(1.6,2.03,2)
CALL PLGT(3.4,2.03,3)
CALL PLOT(3.6,2,OJ,2)
CALL SY 1"180l(2,5,2.Q3,U,1,3,O,O, ...1)
DcGkAD ; u'U1 745 232 S
DO 11.1 1=1,361
ANGI = DEGqAU * C I - 1
x<r) = 2.5 • COS(ANGI'

111 Yet) = ~.03 + SIN(A~GI)

X(3 62) : o·iJ
Y(362) = 0.0
X(363) ; 1.J
V(363) = 1.0
CALL LI~E(X,Y,361,1,O,o)

PLOT p, T SyMBOLS
S.jTi-.,R = 1.41421.4
R = SGThR ~ SIN(GAM/2.)
Xl: 2.5 + R * SIN(ALP) ~ 0,03
Y1: 2.0~ + K * COS(ALP) - 0.05
CALL SYMBOL(Xl,Yl,O.1.1rp,O.O,1)
R : SQTNR ~ SIN(BET/2.'
Xl: 2,5 + R ~ SIN(DEL) - 0.03
Yi: 2,03 + R * COS(CEL) - 0.05
CALL SYMgOLeXl,Yl,O.l,l r T,O.O,l)
TWp! = 6,2831853
DING = 1-
NP = 179
Xl = SI~(d~T)*COS(DEL)

Vi ; SI~(6ET) * SIN(OEL)
Zl :.: COSCliET>
X2 ~ SINCGAM)*CUS(ALP)
Y2 ; 5r~(GAM)*SlN(ALP)
Z2 :; cas (GAl~ )

CALL DIPDDiX 1+x 2 ,yl t y2,Z1+Z2,GAMMA(1),DELTAC1»
CALL DIPDD(X1-X2'Y1-Y2,21-Z2,GAMMA(2),nELTA(2»
WRITE(61'1) «GAMMACL),CELTACL»,L=1,2)

1 FORMATC1H '4rl~.3)
DO 2 I : 1,2
GAMMA<I) : GAMMA(!) - lEO!
IF(GAMMAC!).LT.O) GAMMA'r) : GAMMACt) + 360,

2 CO\JTINUE
DO 100 K : 1,2
!FCOELTA(K'.GE·l') GO TO 50
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NPOINT = [o.;P .. 2
D0 40 I =1 , \! POl NT
THETA =(GAMMAC~)-90.+(I-1)oDINC)*DEGRAD

IFCTHETA.~T.Q) THETA = THETA + TWPI
IFCTHETA.GT.TwPI) TrETA = THETA-TWPI
XC!) = SIN(THETA) + 2,5
Yet) : COS(TH~TA) + 2.03

.:10 CONTINUE
GO TO 90

50 rF(A8S(G~LTA(K)~90.).GE.l.) GO TO 70
I~P O! NT :: 2
::'0 00 1=1,:?,
Trl~TA =(GA~~A(K)-90.+(I-1)*180.)oDEGRAO
IF(TYETA.LT.O) THETA :: TH~TA + TWpI
IFCTHETA.GT.TWPl) TbETA = THETA - TWPI
XCI) = SI~(THET~) + 2,5
Ye!> : COS(THETA) + 2,03

6C CJ\TII\UE
r, L f 0 ?J

7:J Tri F. TA ;: CG~ t·; ~ ACl\ ) - 9 0 .) * 0EGRA(1

JF(THET4.LT.O) THETA : T~ETA + TWPI
X( 1) :: S I j', ~ THE Tl\) + 2. 5
Y« > = CCSCTHETA) + 2,03
TrlETA=CGAMMACK)+9U.) * CEGRAD
IFCTHETA.CT.TWPI) T~ETA : THETA - T~PI

XCNP+2) : SINCThETA) + 2.5
YCNP.2) = C~SCThEjA) + 2.03
NPOINT : ,~P + 2
ANG :: ()O.-JELTA(K» * CEGPAD
TA\I = SI~(ANG' I CCS(A~G)
00 SO r;1,\:r:c
THE TA = GAM ;.; A00 - 9 0, • I *DIN C
rF{rHET~.LT,O) fHETA = ThETA + 360.
IF(THETA,GT,~60.) T~ETA = THETA - ~60·

ALpHA = (T~E~A-GAMMA(K» 0 DEGRAD ~
XJ = ATAN(TANI/COSCALPHA»
R = SQT~R ~ SI~{XJ/2.)
X(!+1, = R*~I~(THETA*DEGRAD) + 2,5
Y(!+1) = R~COS(THETA*CEG~AD) + 2'03

so CONTINUE
90 c0\)TINUE.

XCNPOINT+l) = 0.0
YCNPO!NT+l) = 0.0
X(NPOINT.2) = 1.0
YC~POINT+2) = 1.0
CALL LINE(X.Y,NPOINT,l,O,O)

100 CUNTINUE
RETURN
END
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0.6
45, 90~ 13~. 90.
9.
o. 0 ~.O 1.e 1.0
-1,0
...1,0

45.000
89t9~5

90,000
89.993

135.000
179.995
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DELT
45

T

BETA
90

N

ALPH
135

p

GAM
90
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0.0
9.0

CL
2:
IT

10-27

~ = 1
+ = 2

10 -28-+-----.,.--,.~.,..,....,..,..,..,...-__r____r__l~_rrr_r____r__.,___r__r_,_,_,1'""T'1

10 0 10 1 10 2 10 3

PERIOD (SEC)
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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 ane1astic attenuation co­
efficients are determined.

INPUT/OUTPUT

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

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 Sand 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. 95% 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 Y vs A values.

SUBROUTINE NONPRP: This performs linear interpolation of
the eigenfunctions with respect to depth.

IX-1



SUBROUTINE FISHER,; This. determines the values o~ the
Student lit" coeffi.cient at a 95% confidence level.

REFERENCES'

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

Herrmann, R. B. and B. J. Mitchell (1975). Statistical
analysis and interpretation of surface-wave ane1as­
tic attenuation data for the stable interior of
North America, Bull. Setsro. Soc. Am. ~, 1115-1128.
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INPUT DATA

Card
Sequence

A.

Column

1-10

Name Format

D1STMX FlO.S

Explanation

Only data at dis­
tances less than
D1STMX are used
to determine S
and g

B.

11-20

2-S

l2-lS

EQEX

NUMSRC

NUMDPT

FlO.S

14

14

.EQ.O Earthquake
data

.NE.O Explos.ion
data

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

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

C. Focal mechanism parameters (NUMSRC cards)

1-10

11-20

21-30

31-40

XDEL

XBET

XALP

XGAM

FlO.S

FlO.S

FlO.S

FlO.S

Azimuth of Taxis
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
downward vertical
axis

D. Focal depth (NUMDPT cards)

E. Data header

1-10

AA,A,

TT

IX-3

FlO.S Focal depth

FlO.S Period of data



Card
Sequence Column Name Format Explanation

Data header (cont'd)

11-15

16-20

21-25

30-40

MODAL IS

NUMSTA IS

IURUZ IS

ATTEN El1.4

Mode of data
Fund = 1, l'st = 2
etc.

dummy set to 0
or blank

1 UZ data
2 UR data
(has no meaning
for Love wave
data)

LT 0 search through
admissible region
then do least
squares

EQ 0 Do least
squares only

GT 0 Obtain source
spectrum for given
known attenuation
value

F. Spectral amplitude data

2-5

11-20

21-30

31-40

41-51

61-70

ISTA A4

AZ FlO.S

DIST FlO.S

WEIGHT FlO.S

AMPL Ell.4

Gl?V

Station identifier

Station azimuth
from source

Station distance
from source in km

Observational
weight to data

Amplitude spectrum
value normalized
for geometrical
spreading to
1000 km

Group velocity of
amplitude arrival



The program now returns to Point F to read another amplitude
observation. vJhen 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 TT 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, so these values can be read to zero.
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f"',.,

c

c

c
c
c
c
C

1
2
4
I)

6
7
8
9

10

("l

''''
C

25

26

PROGRAM SRFwVSRC
THIS PROGRAM CO~PUTES TEO~ETICA~ SURFACE WAVE TRANSMISSION
FACTORS FOR RAYlEIGH OR LOVE WAVES AT A DISTANCE OF 1000
KILOMETERS, OBSERVED SPECTRA NORMALIZED TO A DISTANCE OF 1000
KILOMETEqS ARE ~EAD IN. A ~INEAR LEAST SQUARES FIT IS MADE TO THE
DATA TO OBTAIN THE SOURCE SPECTRUM AND ATTENUATION FACTO~S

SIMULTA~EOUSLY, CO~PLTATIONS CAN ALSO BE PERFoRMED FOR SOURCE
SPECTRUM C~ILY WhEt, ATTEt\l,;ATION IS INPUTTED.
RAYLEIG~ EIGENFvNCTION TAPE ENA8LES USF. OF WZ OR UR
LOVE EIGENF~NCTIO~ TAPE ENEASLES USE or UT
THE PROGRA~1 WILL ALSO DETERMINE THE SOURCE SPECTRuM A~D THE
GAMMA COEFFrCIE~TS fOR EXPLOSION DATA IN ~HICH CASE THE cEL,SET,
ALP,GAH PARAMETERS hAVE ~o MEANING AND MAY ALL BE SET TO Z;RO
COM~ON ~Y(1JO,4),Cy(100,4),N,DEPTH(100',D(100)

COM~JN ~AYER(100),A(100),B(100),RHn(100),XMUC100),XLAM9(100)
CO~i10>J ELIo
DIM=~SIJ~ AMOGE(10),WVNC(10),ELIP(10), A8S0Rp(10),nENOM(10>
DIM~NSION XDEL(lO),X8ET(10),XALPC1C),XGAM(tO),FACT1(10),FACT2(tO)
DIMeNSION ~ACT3(10),FACT4(10),FACT5(lQ),AAAC10),ISTAC50),AZ(50)
DIMENSION DISTC,O),AM PL(:O),WEIGHT C50),YY(50)
DIMcN~ION PyR(4),PYI(4 1
rIME~SION PyY1C10,10),PYY2C1D,10),PYY3C10,jO),PYY4C10,10>
DIMENSION GPV(5C)
DIM~\lSIOt\! U0(10)
IHAi..T = 4HH~LT '
FOR '1 AT( .1. H , 2 ( I 4 , 6 X ) )
FOR1ATC1H ,14,5X,7Fl0~4)

FORr1·~ TC8Fl'). 5)
FOR~AT(lH .A4,3Fl0.5,5El1.4)
FORMATC1 H ,7(4X,El1.4»
FORMATCF10,5,315,4X,El1,4)
FORMAT C1Hl,20x,5HFCCAL,11X,4HDEL ,6x,4HBET ,6X,4HALP ,6X,4HGAM
FORMAT(lH ,iOX,15,5X,4(4X,F6.1»
FORMAT(lX,A4,5X,3F10.5,E11·4,9X,Fl0,5)
DEGRAJ ; 0.017452329

READ(6G,4) DISTMX, EQEX
EQEx ,~Q. 0.0 EARTHQUAKE DATA
EJEX ,NE. u,O EXPLOSIC~ DATA
REAOe60,1) ~UMS~C,N~MDPT

DO 25 ! = 1,NU~SRC
R~AJ(60'4) xD~L(I),X8ET(I)'XALP(I)'XGAM(I)

WRITE(61,e)
DO 26 I = 1,NWMSRC
WRI1E(61,9) I,XCE LCI),XEET(I),XALP(I),XGAM(I)
DO 27 I = 1,NU~SRC
XDE~(I) = DEGRAD * xDELCI)
XdETCI) = DcGRAO * X8~T(I)

XALPCl) : DEGRAD * XALPCI)
XGAMCI) = DEGRAO * XGAMCI)
FACTleI) = cCOSeX8ETCI»**2) - (COSeXGAMCI»**2)
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S?F~VSRC rAGE 2

,.,
........'
c
c,.,

FACT2(I, = (SlN(X8ETCI»)*~2

~ACT3(1) = CSIN(XGAMCI»)*~2

~ACT4(1) = SIN(2r~XaET(1»

27 ~ACT5(I> = SINC2.*XGAM(I»
QO ~8 I : 1.NUMCPT

28 REAJ(oC,4) AAAC I )
TT = PERI01 OF LATA
~ODAL : MO~E O~ DATA F = 1. 1ST = 2, ETC
NU~'STA: I.H;MMY
IUq~Z 1 = lZ DATA 2; LR DATA
ATTEN IT Q S~ARCH

~G j LI~EAR LEAST SQUARES ~NLY

GT J 08TAI~ SCURCE FOR GIV~N ATTEN
XXMAX : 0,'1
Rc:ALl(60,7) TT,'1 COAL,NUHSTA,lURUZ,ATTEN
IF(TT.LE.O' GO TO 9~99
DO 29 ! = 1,100
NU"'STA = I
REAL(60,10) ISTA(Il,AZeI),DIST(I),WEIGYTCI),AMPL(I),GPVC{)
IFClSTA'!).iQ.lhALT) GO TO 291
IF(AMPL(I).uT.XXMAXJ XX~AX : AMPL(I)

2 9 CQi\iTIN'.JE
GO TO 29?

291 NU~STA : N~rSTA - 1
292 COr-.. TI i. UE

DELETIO~ O~ AMP~IT~CES ~EAR NODES DF R~CIATION PATTER~

XLIM : C.2 * XXMAX
J : 1
DO 4COC I = 1'~0~STA
IFCAMPLCI).LT.XlIM) GO TO 4000
IF' tJ 1S Te I }•GT ~ DLSTMX) GC TO 40 CQ CHA1\ GE :1 AQE :1 ERE
ISTAej) = ISTA'I)
AleJ) = Ale1>
DISTeJ) = ~lST(I)

WEIGHTeJ) = WEIGHTC!)
A~PL(J) : AMPLCI)
GPV(J) : GPVCI)
J : J .. 1

400(1 CONTI!~Ul

NU~STA = J - 1
DO ;;'7 I = 1.10
DO ,:;7 J = L,10
PYYl<I,.,j' :: a
Pyyl:'I,J> : 0
PYY3(!,J) :: 0

".!J7 PYV4<l,J) : 0
READ (uJ., 1 Pi
READ IN M01tL
DO .1,00 I=l,N

1 () Q REA D( 01. 2 ) LAY cR( ! ) , CEPTH( 1) , n( I ) , A( I ) , 8 ( ! ) , RHO ( I , • )( f'J. UCt ) , xLA'16 ( I
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sr~FWV:JRC FAGE 3

r:
C

c

c

,..
'.~.

1)

2000 R~A~C0111> IFU~C, ~CDE
MAXi = 2 .. IF'LNC
IFCIFUNC.LT.O> GO Te 9999
DO ~999 1M :: 1,MOCE
READCQ1,5) AMODE(I~),T,C,U.SUMIO,WVNO(IM),A~,ELIP(IM),A8S0RP(I~)

UUCIM) :# U
THE SPECTRA ARE COMPUTED AT A DISTANCE OF 1000 KILOMETERS
DE~aM(IM) = SQRT (WVNO(IM»).O,3989423
DE:'J(lf.1(!I"I) :: Dc\IOM(!1")/AL
DE\u~(IM) = DE~aMCI~) * 6.2831853 * 31.622776
DO 21 0V 1 r~ :: 1 , N

2100 READC01,6) AY(I~,1}JAY(I~,2),AY(!N,3),AYCIN'4),DCDA,DC08,DCDR

IFtTT.N~.T' GO TO 2999
~! Vr.l G2 :: WV~: Q ( P1 ) it *2
rFclFU~C-2~~4v~J22f)0,2200
RAYL.EIG\1 WlIVES
I l\l I r I ALL YAY ( IN, 1) :: UR f AY ( I r~ , 2) = IJ Z, AY( IN, 3) :: TZ,

~Y(I'~I4): TR
NO~ AY(l~'l} :: uRI AY(I~,2) :: UZ, AYCI~'3} :: DURDl,

Ay(Irv,4} :: DUZOZ
C A~D CY(IN,~) = LURDl, CY(IN.2) = DUZOZ, CY(IN,3) = D2~RDl2,

~ ,~YCI,.,4) :: L:2LJZCZ2.
2?Oo no ~~oo I~ :: l,N

H ::; RHO ( I '., ) *C*C*\oj VN02
XL2~ = XLA~~CIN) +2.*X~U(IN)
CYC IN,1) = ~WV~OCIM)*AY(IN,2) + AYCIN,4)/XMUCIN)
CYCIN,?) = (WVNOCIM)*XLAMBCIN)*AY(!N.ll+AYCIN,3»/XL2M
CY(I~,3) : (-h/XMLCIN) + WVN02*(3~*XL2M-2,*XMU(IN»/XL2M)*AY(IN,1)

L -~v~aCr~}*(1t+XLAM8(lN)/XMU(IN»*AYCIN'3)/XL2M
cy ( I .~ , 4) = (- (H,.. Wv ~j C2*Xl,. AM8 ( IN) ) *AY ( IN, 2 ) + WVN0 ( 1M) * (1 , + xLAM 8 ( I 'J ) I

1 XMWCIN»*AY(1~,4»/XL2M
AY(lN,3) :: GY(I~,l)

AY(lNI 4 ) = CYCIN,2)
2300 CO~HPJUt:

Go TO 2:'01
LOV' w~VES

INITIALLY AY(I~,l) ~ ~T. AY(IN,2) : TT
~, 0 \<; AY ( IN, 1) = vTI AY( I r-. , 2' :: DlJ T0Z

CAN r cy(1~' , 1) = DUTDZ, CYCIN, 2) : 0 2UTO Z2
2400 Do c5G~ 1~=1'N

CYC I ~J , 1) = ,,\ Y( Ii~ f 2 ) I XMUC IN)
c Y(rN,2) = ~v~02*(X~U(I~)- C*C*RHOCIN»*A YCIN,1)/XMU(IN)
AYCIN,2):: CY(I~,l)

250 a CON T! NIJ E
25 01 CON TI f'4 UE

DU 2555 ID = 1,~UMDPT
AA : AAAClD)
~JPErl = 10
IF(AA.LT.O) AA ; 0.0
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2551

2552

2555
2999

2998

2631

2632

CALL GO~PRP'AA,MAXy,PYR)

GO TO<2551,.25'2)dr~NC
PY Y1(NPER,!M) : WVNCCIM}*PYRC1'/DENQMCIM)
pyy2C~PER,I~) : PYR(2) / DENOMC[M)
GO TO 2555
CO\) T! i'l Uc:
PY Y1(NPER,!M) = WVNOCIM) * PYRC1> I DeNOM<lM)
pYY2(~PER,IM) = WVNCCIM) ~ pYR(2) I DE~OM(JM)

Py y .3 C~.; PER, I ,,:) :: PYR( 3 ) ICE N0 tH 1M)
PVY~(~P~R'IM) = PYR(4)/CENOM(IM)
CGl\TI~Ul
C0 ~J TI i\i Uf:::

IFCTT.NE.T) GO TO 2uOO
C0 ~\ TI I\l} E
IF ( f"; (l L AL • L F • (1 • OF~ • Moe AL • GT .110 0E) GOT 0 2997
RAD :: J
vcR : 0
I F ( I FUi.j C• E: C) • 1) GOT C 2633
IF(lU hUZ-2)2631,2632,2632
VER :: 1
GO TO 2033
RAJ: = 1.

2633 COi\Tli\UE
DO ~occ ! :: l~~UMCPT

Do ~OGl J :: l'~~MSRC
WR I lFl61,11) AAAcI"J,TT,UUCMODAL),AMODECMODAL)

11 FORMAT(/1~ .10 X,8hDEpTH = ,Fl0,3,10 X,9HSOURCE: • 13.10 X,4HT ::
1 F10.2,lnX,4HU:: ,Fl0.5,10X,A4/)

DEL:; XDEL/J)
ALP:: XALP(,j)
8l::T = XLET(J)
GA~ = XGAM(J)
DO 30u2 K : l'NLMSTA
PyR(1) :; Pvv1CI,MCOAL)
pYp(2) = pYY2CI~MC~AL)

PYR(3) = PYy3(!,MODAL)
PYR(4) :: pvy4(!,MCDAL)
IFCcQEX.NE.Q.O> GO iO 27 25
pHI~ = AZ(K) ~ GEGRAD
SI~A :; SINCALP PHIR)
COSh:; COS(ALP - PHIR)
SI~D :: SIN(OEL - PHIR)
COSD :; ~OS(DEL - PH1R)
SIN UP = SPi( 2 •* (DEL - PHI R) )
SPi AP :: S I '.I ( 2 , * (ALP _pH! R) }
IF(IFUNC-2)2710,272C,~720

2710 C()~T H,UE
XREAL : 0,5 * pvR(l) *CFACT2(J)~SINDP-FACT3(J)*SINAP>

XI~AG :; -O.5*PYR(2)*(FACT4(J)*SIND-FACT5(J)*SINA)
Go TO 2730
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272 U CO 1\ 1 I Nt! t:
XREAL=FACT1(J)*PYR(4)-PYR(1)~eFACT2(J)~COSDoCOSD-FACT3eJ)*COSA*COS

1 A)
XIMAG = o,5*epVR(2)+PYR(3»~(FACT4(J)~COSD-FACT5eJ)*caSA)

2730 CONTI~~UE
GO TO 2731

2725 XREAL = PYR(4) - PYR(l)
XIl"IAG = 0,0
IFelFUNC,EQ,l) xREAL = 0,0

2731 COl\;T I NUE
DUM = SGRT(XREAL**2 + XI~AG**2)

IFeuUM,EQ'C) ~EIGHT(K) : 0-0
1FcIFUNC,EQ,l) GO TO 9988
IFCRAD.LE.C> GO TC 9989
yyC~) : OU~ * AJS(ELIPCMODAL»

9989 IF(VER.LE,C) GO TC ~995
9988 YY Ci\) : DU>v'
9995 C0 ~~ TIt, UE
,,002 CONTIi~UE

CAL~ ~!~LSQCNUMSTA,~EIG~T,DIST,YY,AMPL,AZ,IstA,ATTEN,GPV,TT)
3001 CON Tlt~ Uto:
3000 CONTINUE

XXMAX = a,!"
2997 R~AGC6C,7) TT,~CDAL.N~MSTA,IURUZ,ATTEN

IFCTT'LE'J) GO TO 9~99
DO 01 I = 1,100
NUf.-:STA = I
QEACC6C,10) ISTACl),AZ(I),r.ISTCl),~EIGYTCl',AMPLCI),GFVCl)

IF(IST,A(I),cQ,lh ALT) Go TO 311
IFCAMPLeI),GT,XXMAX) XX~AX : AMPL(!)

31 CONTIr--L1E
GO TO 3:\.2

311 Ni,i~,;STA = NUtSTA - 1
312 CO~: TIM:' f;

DELETIC~ or A~PLITUCES ~EAR ~ODES OF RADIATION PATTER~

XLIM ; 0,2 * XXrAX
J : 1
DO SOUO I : 1,N~MSTA

IFCAMPLeI),LT,XlIM) GC TO 5000
IF(DIST(I)'GT'DlST~X) GC TO 5000
IST~CJ) = ISlAel)
AZ(,J) : AleZ)
DlST(J) = DISTel)
WEIGHT(J) : WEIGHTC!)
~MPLCJ) = AMPL(I)
GPV(J) = GPvCI)
J : J ... 1

5000 CONTINUE
NU~STA = J - 1
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,..

,..
~..,

IFCTT.EG,T) GO TO 2998
G() 10 2CQO

9999 C01\T I NL.IE
REWIND 1
STOP
ENr

SJ8HOUTINE ~I~LSQ(N,W,XX,YV,A,AZ,ISTA,ATEN.GpV,TT)

THIs SU8ROUTINE SEARChES FOR MINIMUM OF STATISTIC SHOhN AND GIVES
95 PERCENT CONFlnENCE LEVELS
DI ~j f: NSIC N ~: ( 1 ) , A X( 1 ) , yY( 1 ) I A( 1 , , AZ ( 1 ) , 1ST A( 1 ) , Y( 5 2 , , X( 5 2 ) , FRR( 52 ,
DIM~NS!CN TSIG~(2)

DI~ENSICN IASTejO)
DIMlNSIO~ GPV(1),RAC<52)
Dl~l::NSIGN 0(52)
151U1(1) : 4H +-
ISIlIN«(l) = <i H XI

2 0C FGRI i AT ( j, H ,"I H~ : , E11 • 4 , A4 , E11 • 4 , 1 nX I 4HK= , E11 • 4 , 4H + - , E11 • 4
1,10~,bH5IG~A = .El1.4,10 X,4HR = ,Fil.4)

201 FOR~iATClh ,A4,5X,F1U.~,5X,Fl0.2,4e4X,El1.4),2FlC,4,4X,El1.4)
202 FGRr;ATclH ,4H STA,11X,4 r AZ ,9X,6HDIST ,4:<,

~ l1 n RAD PATTEkN,4X,11h CBSERVED ,4X~11H PREDICTED ,4X,2X,A4,
2 jh~EV ,4X,6H~EIGHT ,4X,6HGP VE~ ,3X,12HCORR 085 RAD I)

20 3 FGRtATC1HO,dH~U0STA ='I5,5X'18HESTI~ATED MOMENT ='EllI4,5X,7~RCRIT

1 = ,Ell'4/)
ATTt:.N = ATGI\;
I,v1P = C
JU~~P :: i
IFCATTEN,tQ.O) wO TO 5CCQ
IF<ATTE~.LT.O) ~UMP = 2
IFCATTE~.LT.O) ATTE\ = -O.nO~04

5001 CO!\TP~UE

GO 10 (3al,3a2,~Ol),J~MP

30?' IMP = IMP + 1
ATT[~ :: AlTEN + 0,00004
I F ( 1MP , c:; Q • 2 7) J l, MP : 1
IF(IMP.~Q.27) GO TC 5000

301 CONTINUE
WoeA SoY:**2; ~ * CA- S*VY*EXPC-ATTEN*XX)'**2 = MI~
SU~l :: G
SU M;2 :: Q
IsIG :: 1
DO 10 I = 1.N
VCIJ ~ YVC!) * EXPC-ATTEN*XX(I)
SUMl :: SUMl + wei) ~ ACl) * vCr)

10 SUM2 :: SUM2 + W<I) * Vel) * Vcr)
S = SUM1/SUM2
sur-I,; = 0
SUMl :: a
SuM2 :: 0
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nO ~o I = 1.~
SUMu = SUMO + W~I)

SLJMl = SUMl + W(!) ~ YCI)
SUM~ ;; SUM2 + W(I)~Y(I)~Y(r)

YO) : :; ~ y(l)
ERRC!' = ACT) - Yet)

2J S0~j ;; SUM~'+ ~(l)"i ERR(!) ~ ERR(!)
T = 1.960

~ TO PREVE~T LIVISICN BY ZERO
IF(\.LQ.l) ~. = iOO
SIG~A = SG~T(SUM3/(~-1»

IF(~.~Q.la0) N ;; 1
uS ~ T * SIGMA ~(SQRT(SLHO/A8S(SUMn~SUM2-SUM1~SYM1»)

DS=0S*1.GE2n
SLOPE: ATH:\!
DSLiJP c = (). 'j

IF(JUMo.~Q.l) GO TO 6GOG
SS=S*'I • JE2)
WRIT~~61,2~o)ss,Is!GN(ISIG"Ds,SLOPE.DS~OPE,SIGMA

81 :;; - SLCPf:;
80 :;; ALOG(S)

5000 SUMl = i)
SLiiV2 :;; D
SUi"J = 0
S u\r 't :;; I,)

5tH') :;; \<

SV~t.. :;; U
, ,~ ".'.r N'.C W * (ALuG(A/YY) - 8u - 81*XX) ** 2 :;; ,',

DO .LOD I = ,l.,i''I

OCI> :;; ALOGeA(Il/YYCI»
Su~l ;; 51J1"11 + W(!) * XX(!) * xxe!>
SU~~ : SUM2 + weI> * XX(!)
SUMS = SU M3 + we!)
SU~4 = SU M4 + weI) * G(I)
SUMj = SUi'15 + wen ~ GCl> .. XX(!>

100 SUM6 :;; SUt'l,6 + 1,.1(1) .. Q(!) .. Qcr)
DET :;; SUM3 • SUMl - SLM2 * SUM2
ISle; :;; 2
Go TO (401,4n2.402),Ju~P

401 CONTINUE
88 = (SUM4 * SUMl - SUM2 * SUM5>/DET
81 = (-SUM4~SuM2 + SUM3 * SUM5)/OET

402 Co~n INUE
c TO PREV~~T cIvIsION BY zERO

IFCN.LE.2) N = 200
SIGMA2 : (SUM6 - 80~SUM4 - Bl~SUM5>/(N-2)

1FCN.EQ.200) N = 2
T = 100.
IFCN.GT.2) CALL FIS~ERC~-2,T)
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T;,: = T * T
Xc ; lOOnO''),
IFC n ,GT,2) Xc = T2/(N-2)
RCRIT = SQRTCXC}/~QRT(l.+XC)

S = E"PCSU)
SIGMA: SQRTCA85(SIGMA2»
S~Bw = T * SQRT(A8S(SU M1*SIGMA2/DET»
D:'; :: EXpCSEbO)
GO TO C5nt,)02,502),J~MP

? 0 1 CiJ~: TPJUE
DO 101 I = 1,1\
E~R(I) : EXPCQCI)-SO-81*XX(I»

101 ycl) ; yycl loS.~XP(bl*XX(I,)
5G2 C(jf'.;flf\l'E

S~81 ; T * 3aRT'A8S(S~M3.SIGMA2/DET»

SLOPE = - Ci1
DSLuPE = Sr:i:l

() (1 0 0 cu~, 1 I h I.) E
CALL RCGEFC~,~,Y,A,RCCEFF>

S::;=:;ol, llE2ri
WkIiE(61,20C)SS , ISIGNCISIG),DS,SLCPE,DSLOPE,SIGMA,RCOEFF
IFC~UMP,EQ,2) GC TO 5001
IFC~UMP·EQ'2,CR.J~MP,EQ·3) ISIG = 1
E: :31 i i CH i =SS * 6, 2 8'<1 e5 "{ ITT
WR 1rEc61,2'3) N,E~i~o~,RCR1T
WRy rE(61,2";:2> I~IG'H rSIG)
Du ") 9 9 9 I = 1, \]

5999 RArer> = A(l) * YYCI) I V(I)

C 8ECAUSE OF THE ~ORMILIZATION USED YYCI) A~D RADel) ARE
1.r~20 TOO ~AKGE

D(j b (l Q1 I = 1, t\!

6001 wRITE(61,201) I~TA(I),AZ(I).xXeI),YY(I),A(I),Y(!),ERR(I),W(I),
1 ;.. P" ( 1) RA l"\ ( I ) ... U i ',,",,:,.1

IF(~LOPE.~T.O,OR.SLCPE.GT.0.01)ATTEN = 0,0
IF(~LOPE'LT·O·OR·SLUPE·GT.O·Ol)JUMP = 3
IF{SLOPE.LT,O.OR,SLCPE,GT,O.Ol) GO TO 5001
RET .jRr~

Ei'JD

SlJ8r<OUT 1Nr: ~\COEF (f\;, W, y, A, RCOEFF")
DIM t NS I ON :' ( 1 ) , y ( 1 ) , A( 1 )
IF(~,EO,l) RCOEFF : 1,0
rF(N.~Q,lJ RETUGN
SU~i[J = Q

SUMl ;; U
SU M2 = Q
SU H.3 = I)
SUM.4 : 0
SU~15 = 0
DO b01 I = 1,N
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SU'4w :; sU'''1'' + \>1 , I )

SliM :1. = SU i1 1 + w( I ) .. y(1)
SU~2 = ~UM2 + W( I ) .. YCI) ~ Y (t>
SU"1~ = SUM3 + W(!) .. A( I )
SUM4 = SUM4 + \.in) it A(l) * An)

6Cl SUM5 = SUM5 + WeI) .. YeI) it ACT)
RcOE:FF = ( SuMO*SUt~5 - SL~1*SUH3)/snRT«SUMQ*SU~2 - SU M1*SU M1).

-l.
( SUr-;4 .. SuMO - SU/"3 .. sut~J»

RETuRi',
Et'ID

SU8ROliTl\E NO~PRP(A,MAXY,PYR)

COMMON AY(10C,4),C YC100,4),N,DEPTH(lOO),D(10Q)
C[) :-H'1O ~i LAY ER( 10(1 ) , ~.; <l CO) , 8 ( 100 ) , RHO ( 1 fJ 0 ) , XMU( 100 ) , XL AH8 ( 100 )
CU~~ON 18UF(1020)
COM~ON ELIPC 5 0'10)
DP'1l:~SIUN pyRe'f}
DU l.C0 1=1,1';
!FJCA :: I
Dl ~ LEPTh( I> - O.5*OC r)
D2 ~ DEPTH{!> + 0.5*D(I)
IF(A.GE.Dl.AND.A·LE.02) GO TO lUi

100 CJ~HlfWE

101 DC 110 JJ :: 1,MAXY
AA :: AY(IFOCA,JJ)
cc = CY(IFOCA,J~>

AA ; AA - ~c .. DEPT~(lFCCA)

110 PYR(JJ) = AA + CC*A
RETuRN
E: I'J D

SU8ROUTI NE F1SHERPJ,T)
lJIMi:NS!ON F"T(34)
F Te1) = 123706
FT( 2 ) - 4. () 3-
F T( 3) = 3'1 82
FT ( 4 ) = 2.776
FT(5 ) = 2,571
FT(I) ) - 2.447-
FT(7) - 2.365-FT( 3 ) ;: 2.30 6
FT(9) ;: 2'262
FT(10) = 2.228
FT(11) - 2.201-FT(12) = 2.179
FT(13) ;: 2.160
FT(1 4 ) = 2.1 45
FT(1 5 ) ;: 2'131
FT(16) : 2.120
FTC1]> = 2.110
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FT(18) : 2.101
FT(19) = 2.093
I="T(20) = 2.086
FTC~1) .. 2.080..
FT(22) .. 2.0 74..
FT(23) = 2.(.)69
F"TC~4) = 2.LJ64
FT(25) = 2.060
FT(26) : 2.US6
FT(2 7 ) .. 2.()52..
~

r TC28) = 2,048
FT(29) : 2.045
I='T(30) .. 2.042..
F1(31) : 2.U21
FT(.52) = 2.000
FT(33) = 1,980
FT(34) = 1,960
I : N - 2
IFCLLE.O> ! = 1
!FC!.r;r,30) GO TO 100
T .. FT(I)-
RETuR~

100 IFCI,GT,30,AND.l.LE.40) T =
IFCl,GT·~O,AND·!·LE.60) T :

IFCl.GT.60.AND.l.LE.120) T:
IFCI.GT.120) T : FT(34)
RETIJRN
E~D

(!-30)*(FTC 31)-FT(30»/10,·FT(30)
CI~40)*(FTC32)-fT(31»/20t+ FT(3t)
CI-60)*(FT(33>-FTC32»/60, + FT(32)
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3500. U• 0
1 1

181. ;'2. 272. 89.
12.
16. 1 0 1
SLMT 3.2 335.3 1.0 6.4891E-04 3.3969 16.
LHCT 3.6 1425.30 1.0 6.8459E-04 3.480< 16.
AAMT J6.2 941.4 1.0 5.1925E-03 3.42'76 16.
BLOT 40.3 526.4 1.0 4.4153E-03 3.4484 16.
OTTT 44,4 1650. 1.0 4,9422E-D3 3.4836 16.
MNTT '17.2 1793. 1.0 4.5981E-03 3,4910 16.
CLET 47.4 1014.30 1.0 4.4Cl0E-03 3.3878 16.
STJT ~5.1 3;'>74.1 1.0 4.~669E-03 3.4486 16.
WEST '9.8 1615.0 1.0 5.1962E-03 3.4810 16.
BLAT 76.0 917.1 1.0 2.3';41E-03 3.5017 16.
ATLT 111.6 612.0 1.0 3.4088E-03 3.4991 16.
LUST 201.1 1U69.7 1.0 2.9f195E-03 3.2037 16.
TUCT ~64.6 ~916.8 1.0 1.6224E-03 3.2604 16.
ALQT 271.7 1455.8 1.0 1.9990E-03 3.3494 i6~
DUGT 291. 2 2024.7 1.0 3.2214E-03 3.3583 16,
NEWT 303.7 2489.9 1.0 5.5?36E-03 3.2151 16.
LONT :505.1 2881.8 1.0 3.31,48E-03 3.3513 16.
MSOT 309.7 2316.3 1.0 5.3376E-03 3,3697 16.
PNTT 3ll, 8 2&13.9 1.U 5.7971E-03 3.3968 {6:
EDMT 324.7 2651.9 1.0 7.79B3E-03 3,3830 16.
FFeT 34 0,9 2307.3 1.0 2.4308E-03 3.4910 16,
MBCT 3::0.2 4l58.~ 1.0 1.7778E-03 3.4853 16.
HALT
-1.
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X. RADPAT

PROGR,k.'1MER: R. B. HERRMANN I Hay 1973

PURPOSE:

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-em.

The amplitude apectra used by the program are values
at a reference distance of 90

•

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

(1,1)

(2,1)

(3,1)

(1,2)

(2,2)

(3,2)

(1,3)

(2,3)

(3,3)

To plot more than nine patterns, or to plot another
page, just make the next II 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 01. 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.
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INPUT DATA

Card
Sequence Column Name Format Explanation

A.

13-72 (IFOPJ1(I) , l5A4 Format for spec-
I=1,15) tral amplitude

data input

B. 1-10 XDEL F10.5 Azimuth of Taxis
measured clock-
wise from North

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

21-30 XALP F10.5 Azimuth of P axis
measured clock-
wise from North

31-40 XGA..T\f. F10.5 The angle the P
axis makes with
the downward
vertical z-axis

C.

1-10 AAA(l) F10.5 Focal depth in km

D. Data header

1-10 TT F10.5 .LE.O end program
.GT.O period in
seconds

11-15 HODAL IS MODAL Mode of sur-
face wave data

16-20 IDUl1P IS Dummy variable-not
used-leave blank

21-25 IURUZ IS .EQ. 1 UZ for Rayl
.EQ. 2 IR fpr Rayl
(bas meanihg only
for Rayleigh wave
data)
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B. Data header (cont'd)

Card
Sequence

E.

Column

30-40

2-5

Name

ATTEN

SRC

II

Format

E11.4

Ell.4

IS

Explanation

Ane1astic attenua­
tion coefficient
for surface waYr
in units of km

Source spectrum
at period TT in
units of dyne-em

Coordinates of
radiation pattern
positioning

F. 12-15 JJ IS " "

IFORH - FOJ:Illat read
in from first data
card above

ISTA

AZ

DIST

WEIGHT

AMPL

GP-V

X-3

Station code

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

Distance from
source to sta­
tion in kilom­
eters

Heighting factor
on data, not
used by this
program

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

Group velocity
of this arrival.
at period TT-­
informative on1y­
not used by this
program.



The program returns to Point F to read in more !STA~ AZ, DIST,
WEIGHT, AMPL, GfV data until it finds one with ISTA = HALT.
The HALT indicates the end of a data s"et. The radiation
pattern is nowplotted~ 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.

,~****

*****

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
written on the tape.
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P:~CbRA'1 RACPAT
TrllS PROGRA~ ACCEPTS C8SERV~D AMPLITUDES O~ LOVE OR RAYLEIGH WAVES
A~D USING SOU~CE SPECTRLM A~D ATTENUATION or A GIVEN PERrOn YIELDS
A PLOT 0F THr: 0 L: SCR\i ED A~ 0 THE 0 RETI CAL ;1 ADI ATI 01\ PAT TERN.
TrlE PROGRAM YIELDS AMPLITUDES AT A DISTANCE OF 1000 KILOMETERS
CJM~O~/UNE/AY(1(aI4),CY(10a.4),~.DEPTH(100),D(100)

c:] ~ i': aI"~ I T \oJ CJ L A~. E.... ( 10 j; ) • A( 1 0 0 ) , B ( 1 no) • RH:; ( 1 0 0 ) • XMU( 1 {) 0 ) ! XLAM 8 ( 1 0 I)')
CC\! i 0 f.J J THfi EE/ A',- GD1: ( i 0 ) • ~ \I () 0 ( 1 0 ) • ELI P (1 " ) • A8S0RP ( 10 ) , 0 t: NOM ( 1 0 )
CJv~,ON/FORc/~U~LPT.AAA(15).PYY1(15,1n),PYY2(15,la),FyY3(15,10),

lPYY4(15.1C).IF,i"'C .
DI~~NSION I~TAtlOU).AZ(10a),~IST(1~n).~~IGHT(100).AMPL(100',GPV(10

J. 0 ) , I 8 ur (1 [) I' C )

DIMeNSION SlNAZi361J,CC3AZ(361)
'] I \. t:.: \j S I G~, y C: ( 1 0 , ) • V CC1 0 iJ ) • XT(36,~ ) • y r (3" :5 ) , SAC 361 , , CA( 361 ) , SD( 36:1. )
Dl~E~S!O' CC(J61).S[P(361).S~P(361)

DlvdJ3IO~ ~yF(4)

nl~t~SIO~ !rC~~(15)

CAL~ PLCTS(!8UF~100C.1C)

CALL PLOT(~.O'-ll.0,-3)

CALL PLCT(~~O/1.0,-j)

n~G~AD ; 0.~174j2329

Iii!.LT = 4HH ...;lT
1 FJRM'T(1H .2CI4,6X»
4 F.jR:'AT(c~1.'.5)

1~ ~JRMAT(lH ,;(~11.4.4X,E11.4,9X»
16 FOR rl ATC1H .jCEli.4,~X).2F1n.l,215)

1 7 F '" R;', .6.. i ( Flu • ') , j I ::; • 4 X' t: 11 • 4 , 9 ,< • E11 • 4 )
13 FOR ,H T ( i 2 X• 10 Mi )
1 9 F t) ~ ,'1 A, T ( 1 HJ )
20 FGPMAT(lH .~4.5X.7HCEPT~ = , F1Q.2)

CALL i'10D~L(,.. 1)
REAJ(6Q.18, clFCRMCI),1=1.1J)
\,.!iq TE C61 , 10 ) ( I F'L qM( 1) , y~ t , 1 ,} )
RcAu(60,4) XDtL.XBET.XALP.XSAM
WkITE(61,4, XCEL,X9ET,XALP,XGAM
XJEL = rEGPAD * XrEL
XSET = DEGQAD * X8ET
XGAM = DEGqAD D XGA~

XALP = DEGQAC * XALP
FACTi : CC~SCX8ET)*o2) ~ (COSCXGAM).~2'

FArT2 = (S[\(XQET»~*2

F~CT3 = CS!~(XGAM»**2
FACT4 ; S!\,2.*X8ET)
FA CT5 = SI '.' ( 2 • {. XGAM)
~O 4004 ~ = 1'301
XJ = K - 1
ANG = DEGRAr * XJ
SACK) = SI~(XALP-ANG)

CACK) = COS(XALP-ANG)
SOCK) : SI~(XCEL-ANG)
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QADPAT

C
,"; 4 C1 'I

299Cl

COeK) = COS(XDEL-ANG)
SJP<K) : ~I\(2 •• (Xr~L-A~G»)
SAP(~) = s,~e2.*'XALO-A~G»

Sl\AZeK) = st\(~NG'

4004 CO~AZ(K) = COS(~NG)

~JU~,:J?T = 1

T = 0
R~A~(60,4) ~AA(l)

elF ,; E q ISh r0 Tt\ 1< t AVFR,\ GE 0 Vl: P. FAUL T PL A~; E USE FaLL CW! NG•
SHA:...L EFrECT
hj\\ i..-P T ;; 9

r;f.EP = AA~'l)
DO 4010 I ~ 1.\~MCPT

XJ ;; I - ?
Tf1 I.;) t; AS FA l LT r LA '< LEX TEi'; 'J I N G r P0 ~1 AAA( 1) + - 2 ,B K~i
tAh{ I) = n~~p + n.7 * x~ .
CJ\Tli~~Jt.:

CO' T! ~i!Jt

hiITE(61,10l
R::,t. [j eb'l • 1 7; TT, [.0 CAL, I DL1'J? • 1URUZ, AT TE;! , SRC
IF(TT·LE.u' GO 10 9g99
\~ r~ I TE ( 6 1 , 1 7 l r T• MCDPo L, leu ~~ P,! Uq LJ Z• ,\ TTE \~ I SRC
PC:A:Hu".1) lI'JJ
CALL POSIT(l!'J~'XX.YY)

081"&\X = n,~

Du ;~ 9 r :: i. 1 'J :'1

~~U"1,)TA = 1
R~AD'6J.IF~~~) ISTA'I),'Z'I),9rST(1),~EIGHT'I).AMPL'I).GPV(I)

rF(ISTA(I),~Q,fHALT) GO TO ~Ql

.,29 CU\Trr\!Jt
GO TO 292

291 NU~STA ; NU STA - 1
29 2 CU\ T I f, Ul

r: cu" ;~ ECT 1 !') '\ FCk .\ ~l cLp. STIC ATTE,\j UAT I 0 i,j
no 300 I :: 1,\'J,STA
PHI = DEGf~ 'U *\Z ( r )
DU0 = AMPL(T) * ExpeATTE~*DISTCI»

,to ;.; P L ( I) = :; U ~1

Y0 ( I) : DU \! {lo CCS ( p ~ I )
X[) ( 1) : CU\~ .r,. S 1 'J ( D ... I )
IF(JUM.GT.Q~MAX) 08~AX ; DUM
WRrT~(61,I~C~M' ISTA(l),AZ(!),DISTCI),WeIGHT(I),AMPL(I),GPV(!)

30 Q CO!\ TI ~! LJ E
IF(T.fO,TT) GU TO 2961
CALL EIGE NeJl,TT,T)

'2961 CO"TINUE
SJMl = 0
SUtv'2 = 0
SU:'13 = 0
SU M4 = (.J
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RADP,\ T

271 ';

272~

DO ~OGO r ; 1.~~Mcpr

SUMl ;; SUM1 + pYY1CI,MOC~L)

50 M2 ;; SUM~ + PYY2C!,MO:4L)
SUMS;; SUM3 + PYY3(r,~O:6L)

SU~"i ;; SU,'14 + p YV4 ( r , tv) 0 c,~ L)
(~ .j ~' r I :. UE
TH~}hX ;; 0.:1
PYR( 1) :: S ~ j,,: 1 I NV\,1 CPT
P YR ( 2) ;; S') t': 2 ! NU!'1 t P T
r YQ ( 3) ;; SI! 3 / N\.J " L p T
PlR(4) ;; S~ 4 / NL~LPT

QU 30G2,1{ :: l,,)61
:'l!\A = ~A(;<)

COS ,\ ;; C/\ ( k: ,
S I c.) ~~ = SC( ~< )
r:JSLi ;; CC(,<)
SP<lP:: Sf.P(K)
S I \ " p :: S Ar) ( K)
GJ TO (2711.212ul'I~U~C

CJ\TI'\UE
X\E~L :: a.s * ~YR(1) *(FACT2*SI\DP - FACT3*SINAP)
XI" i, G ;; - u• :1 l~ PV ,~ ( 2 ) * (F ACT 4* SIN D - F" ACT '5 *S I ~! A)
G,) TO 27"30
C:),\JTINUE:.
X~~hL ;; FAC11*P'R(4~ -pyq(1)*C~ACT?*COSD*COSD - FACT3*COSA.cnSA)
XrM~G = n'SQ(PVRC2).PYR(3»~(FACT4*COSD-FACT5*COSA)

c: Y"T I I'j!j i::
T~E OuTPUT Cr ~IGEN IS l' C8S UNITS THIS STEP IS TAKE~ SO THAT
Trl ECR[ TI CAL AM~:~ IT uCES ARE "j 0 T TOO S "'1 ALL F0 ~ MA, CHI NE • LT. 1. E-1 9
XREAL = SR~ • XnEAL
XI~AG = SR~ • XIMAG
DUM = SQ~Tr~REA~**2 + XI~AG**2)

I F ( I FU~~ C• c: '1 ~ 2 .A ,,0 • I l RUZ • GE • ..;) DUM ;; DUM * A8S ( FLIP 0101: AL ) )
XT(d = [":,.;\1 * SI\IAZno
YT(~) = DuM * COSAZC~)
IP(0Url.GT.r~MAX) T~~AX : DU~

(':')~. 11 r~ UE
R~DIATrON r~TTc~~S APE GIVE~ ~rTHI~ A 1 INCH RADIUS CIRCLE
V1\ L :'1<\ X : 0 [1 ;.~tl. X
IF(THMAX·GT·08~~X) VALMAX : THMAX
DO 35 01 K = 1'301
YTCK) ;(YT(~) ! VAL~AX)+ yy
XT(~) :(XTC~) / VAL~AX)+ XX
C:J\;r I ~jUE
:Jr~ITE(61,2:]} ~"1CIJECiJOCAL),AAA(U ,. .
W~ITE(61,15) XT(1),YT(1),XT(46),YTC46),~T(91),YT(91).XT(136),YT(13

J. 6 )
XT(,562) :n.o
yTC,;62) = ":0
XT(~63) : t~C
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YT(063) = 1.:C
CAl.L L.I\E(xT,YT,361,l,l,t)
r; J ..) 501 I ~~ :; 1, '\ Ui" S r A
X :(XO(I~)/VAL~hX)+ XX
v =(VO(I~) I VALMAX)+ VV
CAl~ SYM 30L(X,V,O.OJ5,O,O.O,-1)

3501 CJi\, T I :\'.!r::
Z = ALOG1C(~A~V~X)
\: ;'j :: Z
FT ,;; L - j'i\'

FT:::; lO'**;'i
xxx = 1./F T

rr ( " XX • GT • 1 .) 'J' :: ,v M - 1
I F « XI. , ~ T • 1 .) y;: X :: )( XX I 1).
r.- T :;.; "-:~'

WHITE(61,lA; V~L~AX'OB~A~,Th~AX,XXX'FT,XX,YV,II,JJ

r' ,', L L.. SY ,', RUL ( Xx - ~ • J? ~ , V"" +1 • 8 , 0 • 1 C , 1 I-I ,', , 0 , C, 1 )
CALL PLC T(VX,YY+O.05,3)
CAL~ PLCT(~\,YY+O.82,2)
CAL '- Sv ~. 8 0 L. ( XX , I Y , ') • 0 3 , 3 , a• I,) , -1 )
CALL PLCT(X\+XX~,YY-1.?O,3'

C}.\ i .. ~ PL DT ( 'X, 1... A X. ,\ , YY-1 • 3 G, 2 )
CALL PLOTC~1+AYf,YY-1.25,2)

CAL. L F L J T ( >: " - I.. X;\ , Yy -1 • ? '; , 2 )
CALL PLUTll~-Xy~,yY-l.?O,3,

CALL PLaT(X~-~X\'Y~-1.3J,2)

C I~ L ,_ :;; Y,''''I RJ i_ ( X.'< - I,: • 3 5 , y y -1. ' 1 5 , 0 , 1 c: , 4w;2 X '0. 0 , 4 )
CALL.. SV~80L(XX~~.J5,YY-l,15,O,ln,2~10,G.O,2'

C!, L 1_ '\ Ij '-'\ ;~ E'J CX.< + ,,; • 26 • YY... 1 • 0 7 • ') • Q7 , FT, 0 .1 , -1 )
r ;.., L L Svi-i 80!_ ( XX- ..> • 4 , YY-1 , 5 a, () , 10 , 4HT = , C, • (l , 4 )
C;:. L L. !', UIi 9 t .~ ( x,< , YY- 1 • 5 0 , t1 • 1 [') , T T , Q• 0 , 1 )
G.J TO 2{)99

9999 CO~·!rI\lUE

°U; 1ND (11
C~LL PLCTCtS.C,u,O,999)
STOf'
E>-jD

SUGkOUTINE POSrT(I,~,XX,YY)

DIMlNSIU~ Y(3},Y(~}

x( :1. J :: 1, S
xc?) :: 4,2'1
xc:;) :: 7'00
Y(l) - 7,2S
Y(2l :: 4.50
Y(3i = 1.75
IF(r.GT.o,A~O'JIGT.J) GO TO lOry
CALI_ PLor(13.0, ... ,J.-3}
CAL~ PLOT(J,O,-11.0,-3}
CALL PLOT(J'0'1'Q,-3)
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:: I Af3tJ(1 ,
J = IAPSCJ)

to'l CuNl'Ii\UE
Xi'. ~ XU)
yy : YO)
RE T:JR:'i
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DATA PAGe 1

(lX,A4,5X,3.10.2;a11.4,9X,rl0.4)
181, 5 27~. 89~2.
12,
16. 1 0 1 1.4QOoe"04 2,2918e 2~

2 1
SLMT 3.2 33; • .3 a,4a91E .. O~ 3,3989 16,
LHCT ~.6 1445.30 6.13459E"04 3.480~ 16.
AAMi ~6,2 9 4 ~ • <4 5.19256 ... 03 3.42'6 16,
BLOT 40~3 52C.4 4.4153E",03 3.4484 16.
OTTT 44.4 16'0. 4.9422E"03 3.4836 16~
~lNTT 47,2 1793. 4.5981E .. 03 3,4910 16.
CLE1' 47.4 1014,30 4.403.0E",03 3.3818 16.
sTJT 55,1 3374.1 4.~669E.. 03 3,44e6 16.
WEST 59,8 181~.U 5,1962E-03 3,4810 16,
BLAT 76.0 917.1 2,3541E .. 03 3,5011 16.
A TL T 111.6 612.0 3.4088E-03 3.499t 16.
LUST 261.1 106~.7 2.91'1956"03 3.2037 16~
TueT 264.6 1916.8 1.6224E .. 03 3.2604 16.
ALQT 271,7 1455,8 1,9990E-03 3.3494 16.
DUG,. 2 91.2 2024.7 3.2214E ... 03 3.35$33 16.
NEWT 303.7 2489.9 5.52366 ... 03 3.2151 16,
LONT 305,1 2881,8 3.314eE"'03 3.3513 16.
t"lSOi 309,7 2.316.3 5.3376E-03 3,3697 16~
PNTT 311, 8 281),9 5.7Q71E-03 3.3968 16,
EDMT 3"4,7 265,1. 9 7,7983E"'03 3.3830 16,
FFCT 340,9 2301.3 2,4308E"03 3.4970 16.
MBCT 350.2 4758,5 1,1778E"OJ 3.4853 16~
HALf
-1,
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XI. QUESTION

PROGRAMl1ER: R. B. HERRMANN I May 1973

PURPOSE:

This program accepts observed 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 observations.
SeW) = M /iw •

o

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 var6 0nly
over 180°, 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 1800

• The slip varies oyer 1800

instead of 3600 since the amplitudes only are used. The
choice of the proper strike (or strike + 180°) 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.
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RES-RAYL - Sum of square residuals between obs.erved and
theoretical Rayleigh wave amplitude spectra
using the average seismic moment estimate

R-LOVE 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*(ratio 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:

DIP 300
(15

0
) 900

SLIP 900 (200
) 700

STRIKE 00 (200
) 1600

DEPTH 5 (5) 20 kIn
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QThe spectra 01; SLIJ' = -90 equals the spectra for SLIP
= + 90.

0
• Likewise STRIKE ::: 0

0
and 180

0
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. Dissertation,
Saint Louis University.
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Card
Sequence

A.

B.

Column

1-10

2-5

Name Format

DISTMX F10.5

NUMDPT 14

Explanation

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

Number of focal
depths to be con­
sidered

C. Focal depth cards (NUMDPT cards)

D.

E.

F.

1-10

1-5

11-20

21-30

1-5

11-20

21-30

1-5

11-20

21-30

MACI)

ND

DI

DINC

NS

SI

SINC

NF

FI

FINC

F10.5

15

FIO.S

FIO.S

IS

FIO.5

FIO.5

IS

FlO.5

FIO.5

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

(Love wave data first t arranged in order of increasing period.)

G. 1-10 TT FlO.S .LT.O end of Love
wave data

.GT.O period in
seconds

11-15

16-20

MODAL IS

NUMSTA 15

XI..;.4

Mode of Love wave
data at period TT

Dummy variable-not
used



G. (cont'd)

Card
Sequence Column Name Format

21-25 IURUZ 15

30-40 ATTEN Ell.4

H. 2-5

11-20

21-30

31-40

41-51

61-70

ISTA

AZ

DIST

DillU

AMP

DUM2

A4

F10.5

F10.5

F10.5

Ell. 4

F10.5

Explanation

Not used for Love
waves

Ane1astic attenua­
tion ~£efficient

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 ane1astic attenuation and
returns to Point H to read another ISTA set. When it finds ISTA
= HALT, the program then goes to Point G to read another TT
header and corresponding ISTA data. All the Love wave data is
read in until a TT = -1.0 (negative) is found. (lhis signifies
the end of the Love wave data).

(The Rayleigh wave data is now read, arranged in order of increas­
ing period.)
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Card
Sequence Column Name Format E.x~lanation

1. 1-10 TT FlO.5 .LT.O end of Rayleigh
wave data

.GT.O period in sec-
onds

11--15 MODAL IS Mode of Rayleigh
wave data
Fundamental--
HODAL = 1

16-20 NUMSTA IS Dummy variable-not
used

21-25 IURUZ IS .EQ.l Vertical com-
ponent spectra
used

.EQ.2 Radial compo-
nent. Rayleigh
wave spectra
used

30-40 ATTEN Ell.4 Anelastic attenua-
tion ~~efficient

in km for
Rayleigh waves of
period
TT and mode MODAL

J. 2-5 ISTA A4 Station identifica-
tion code

11-20 AZ FlO.5 Azimuth from source
to station in
degrees,measured
clockwise, from N

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

31-40 DUMI FlO.5 Dummy variable-
not used by
program

41-51 AMP Ell.4 Spectral amplitude
in em-sec

61-70 DUM2 FlO.5 Dummy variable - not
used by program
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The program corrects the spectral amplitude tor anelasti.c
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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0UESTION PAGE 1

C PROGRAM ~UESTION

Co TrlIs PROGRAM ACCEPTS RAYLEIGH AND LOVE SPECTRAL VALWES FaR VARIOUs
c P~RIOJS AND MOD~S A~D CO~PUTES SEISMIC MOMENT ASSUMING
C i./OMEGA SOURCE. THE GOODNESS OF FIT AND THE MOMENT ARE
C DET~RMINED FOR ANY FOCAL MECHANISM

COMMON/ONE/AY(10a,4),Cy(100,4),N,DEPTH(100),D(100)
CO'~MON/TwO/LAYER(lOQ),A(lCO),8(100',RHn(10Q),XMU(100),XLAMA(10Q)

caHMON/T~HEE/AMODE(10),hVNO(10),ELIPCln),A8S0RP(10),OENOM(10)

COMMON/FOHE/NUMUPT,AAA(lS),PVY1(15,lO),PYY2(15,10),Pyy3(15,10),
.l.Pyy 4 (15,10) , 1FU\e
DIM~NSICN STRK(15),CST(15),SST(15),S2ST(15),C2STC15)
DIMENSION nIr(15),st(15),cn(15),e2n(15),SLIP(1~),SS(15),CS(15)
DIM~~SION SIPJAZ(2,550),COSAZ(2,550),XL(550),XRc 55 0),YL(550),YR(550

1),PvllCl n ,3J),pvL2Cln,30),PYR1Cl0,30),PYR2(10,30),PYR3(10,30)
DIMENSION PyR4(10,30)JN~UMl(30),NNUMR(30)
DIMt:NS10r- 13(0), IC(6), IP(6 1 , 18E5T(6)
DIMENSION X8EST(6)
"11 = It~,~

"12 = 4H **
Id EST(l) = ~H ~R
IJEST(2) = 4 H ~L

18F.ST(3) = 4H ~SS

IdEST(4) = 4HRESR
IBEST(S) = 4HRESl
18EST(6) = 4HaE~T

1 FORMAT(lH '2(14.6X»
2 FOR MAT C1 (1 x, ? H N;~ = , I '5 , lOX , 5 H ~A = , I 5
3 FOR;l AT(1HJ, , 6HDI :;JT MX = , FlO. 21)
4 FOR~AT(8Fl1.5)
7 FORMAT(F10.5,3r5,4x,El1.4)

10 FORMAT(lX,A4,5X,3F1Q.5,E11. 4 ,9X,Fl0,5)
11 FORMATrI5,5x,2F10.5)
~2 FORMAT(lHO,lX,5HDEPTH,2X,4HSLIP,3X,3HDIP,6H STRK,2X,8H MOMENT.

1 4X,8~1 R_RAYL,qX,Bh RES_RAVL,4X,BH R_LOVE,4X,8HRES-LOVE,4X,
2 8HriES--L+R,4X,dHMO~E~T-l,4X,8~MOMENT-R )

13 FORMAT(lH ,JH***,A4,3(F5.0,lX),1X,El0.3)
1 4 FORMAT(lH ,4F6.1,8(lX,Eln.3'1X),4X,A4)

C LOGIC UNIT 01 = LOVE TAPE
C LOGIC UNIT 02 : RAYL TAPE

CALL. MOOEL(ul)
CAL L r1 0DEL ( 02 )
RE AD(bO,4) DISTMX
WRITf(61,~) nlSTMX
READ(6C.l~ NUMDPT
DO ~8 I = 1.NUMDPT

28 READC60.4) AAA(!)
1HALT = 411HALT
XLOW = 1.0E-30
DEGRAO = 0.017452329

C ND : ~UMbER DIPS C1 = INITIAL nIP DINe = DIP INCREMENT
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QUESTION PAGE

READC60.11) ~O, 01, DINe
C NS = ~U~dER SLIPS 51 = INITIAL SLIP SINC = S~IP INCRE~ENT

REAQ(60,11) NS,SI, SI~C

C NF :: ~uMaER ~TRIKES FI = INITIAL STRIKE FINe = STRIKE INCREMENT
R~AC(6C'11) NF, Fl. FINe
Do 4001 J = 1,~[
XJ :: J
DIP(J) :: (DI + <XJ-l.>*CINC)
RUIP = OEGRAD * DIP(J)
Su(J) = SI~CRD!P)

CCCJ) :: COSCRCIP>
C2DCJ) ;; COS(2.*RCIP)

4001 CO~'TI\\UE

DO 4002 K :: 1,~;S

XJ :: K
SLIP(~) :: (51 + (XJ-l.) .. SINe'
RSLIP :: D~G~AG * SLIP(K>
SS(K) = Sl\CRSLIP)
CSCK) = COSCRSLIP>

4002 COt\Tl~UE

DO 4003 L = 1,NF
XJ ;; L
STRr«L' ;; (FI + (XJ-l,) .. FINe'
R5T1K :: D~GKAD * STK~(L)

eSTel) = CQSCRSTRK)
SST(l) :: SIN(KSTRK)
S2ST(l) :: SINC2'*RSTRK)
CZSTCL) :: COS(?,*RSTRK)

4003 CO\JTP'iUE
G SOUKC~ SP~CTRUM IS ASSU~ED TO 8E l,/OMEGA
C TT :: PERIOl OF LATA
C MODAL:: MOOE OF DATA 1 = FUND, 2 = 1ST, ETC
C NUMSTA :: DUMMY
C IUR~Z 1 = uz DATA , 2 = UR DATA
C ATTEN : APPROxIMATE VALUE OF ATTENUATION COEFFICIENT GAMMA

T = a
NL ;; iJ

C LOV~ JAV E DATA
DO 293 J = 1,30
REAJ(6Q.7) TT'MODAL'NL~STA'IURUZ,ATTEN

IrCTT,LT.Q) Go TO 7997
NJMSTA ; 0
DO 29 I : 1. lOu
REAJ(60,lU) ISTA,AZ.DIST,DUH1,AMP,DUM2
IFCJIST,GE,UISTMX) GO TO 29
NJMSTA :: ~UMSTA + 1
IFCISTA,r:~.IHALT) Go TO 291
NL = Nl + 1
IFCNL,GT.5S0) Go TO 9999
XL(NL)=AMP~cXP(ATTE~*OIST)



CWESTIOrlj PAGE :5

A..l ~ DEJRAn * .Ai.
SIN~Z(l,N~) = SIN(Al)
COSAZ(1,N~) = COSCAZ)

29 CONTINUE
GO TO 292

291 NUM~TA = NUMSTA - 1
29:2 CO"H I NUE

N~UrlL(J) = ~UMSTA

~ACT = TT/6.2831853
IFCT.~Q.Tr, GJ TQ 296
CALL EIGEN(wl,TT,T)

296 DO ~97 r1 : 1,N~MLPT

PYL1(lZ,J) = PYY1(Ii,MOCAL) * FACT
297 PYL2CIZ'J) = PYY2CIZ'~OCAL) * FACT
293 cOf'H I t'jUE

GV TO 79R7
7997 J = J - 1.
7987 JLMX = J

T = I)

\lR : ;J
C RAYLEIGH WAVE DATA

DO 013 J = 1,.50
REAJCoQ,7) TT'MCDAL'NUMSTA'IURuZ,ATTEN
1F<rLLT.O) GO TO 8998
t'JUMST A = a
DO;,) 1 I = j J 1 (; 'J
READC60,lG) ISTA,AZ,DIST,DUM1,AMP,OUM2
IF(uIST,Gc.cISTMX) GO TO 31
NUM3TA = NUMSTA + 1
IFC1STA,EQ,lHALT) GC TO 3:1.1
NR = ;~ R + 1
IFCNR.GT.55J) Go TO 9999
XRCNR)=AMP*EXPCATTE~*CIST)

AZ = CEGRAD * AI.
SINAZ(2,~R) = SlN(AZ)
COSAZ(2'~K' = COSCA,)

3 :\. Ca~ TI ;" Ui:
Go TO 312

311 NUMSTA = NUKSTA - 1
312 CONTp"UE

N~~MR(J) = ~UMSTA

~ACT = TT/6~2631853

IF(T·cQ.TT~ GO TO ~15

CAL~ EIGEN(02,TT,Tj
315 CQNT!~JUE

IF(lURUZ.EQ,2) FACT = FACT ~ ABS(ELIP(MODAL)J
316 DO 317 IZ = 1,NUMCPT

PYR1(IZ.J) : PYY1(!Z,MOCAL) ~ FACT
PYR2(IZ,J) : PYY2C t Z,MOCAL) * rACT
pYR3(lZ,J) ; pYY3CIZ,MOCAL) * rAcT

XI-IO



OUESTIOi\, PAGF. 4

317 PYR4(IZ,J) : PYY4<IZ,MOCAL) * fACT
313 CONTINUE

GO TO 8988
<-3998 J = J - j
8988 JRMX :; J

WRITE(61,2) NR,NL
DO 3000 I : l'N~MCPT
WRITE<61'12)
SK ESR=1.0/XL.OW
SRESL~1.0/XLO\-;

SRES =1.0/ Xi..Ov..
GRR::O.0
GRL:;O.C
PMRR :: U.O
o0 3 0 C1 J :: 1, '! iJ
SING:; ~Dl",!)

casu:: c:rlJ)
COS2D :: C2D,J)
ro .;,002 K '= 1,NS
sIN;:) :: SS(K')
coss :: CS(K)
DO -SOld l :: ld:F
cOSST :: eSTell
SIt-iST :: SS'f(L)
SIN~ST :; S2ST<L)
COSdST :: C?ST(L)
FACl :; sINn*COS~*COS2ST
FAC2 :: SIND*CoS3*SI~2ST
FAC3 :; -SI~D*COSD*SINS~COS2ST

FAC4 :: -Sl~D*COSD*SINS*StN2ST

FAC~ :: COS20*SI~S*CCSST

FACo :: COS2D*SI~S~SlNST

FAC7 :: -cuSC*COSS*CCSST
FACb :: -COSD*CO~S*SINST

FAC~ :: 2.oSINDoCOSDuSINS
ML :: 0
DO 30L8 KL :; 1,JL~X

C THE OlJTPUT OF' f:IGEN IS H: CGS UNITS THIS STEP IS TAKE" SO THAT
C THEORETICAL AMPLIT~CFS ARE NOT TOO SMALL FOR MACHINE .LT. lE-19

pyl = PYL1C!,KlJ*l,UE20
PY2 = PYL2<I'Kl)*1'OE20
~J UM = i\J t\ Ut1 L ( KL )
DO 3006 M = l'N~M
ML : ~lL + 1
SAZ = SINAl(l,ML)
CAZ = COSA7(1,~L)
CALL EXCIT!FAC1,FAC2,FAC3,rAC4,rAC5,FAC6,FAC7,F'AC8,FAC9,

1 PY1,PY2,P V3,PY4,1,SAZ,CAZ,AMP,1)
3006 YL(ML) = AMp
300 R CuNT H~UE
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MR :: W
DO 3009 KR : ltJRMX

C THE OUTPUT OF EIGE~ IS I~ CGS UNITS THIs STEP IS TAKEN sO THAT
C THEORETICAL AMPLITUCES ARE NOT TOO S~ALL FOR MACHINE .LT, 1E-19

Pyl ;: 0YR1(I,KR)*l,CE20
PY2 = PYR2eI,KR)*1.0E20
PY3 = PYRJeI,KR)*1.CE20
pY4 = pYR4(I,KR)*l,~E20
NU'"' = N~,UM~ (KR)
DO 3007 M = 1,N~M

i"1R :: ~1R + 1
SAZ = SI~A7(2,MR)
CAZ = COSAZ(2,M~)

CALL EXCIT(FAC1.FAC2,FAC3,FAC4,FAc~,FAr6,FAC7,FAC8,FAC9,
1 PY1,~Y2,PY3,PY4,~,SAZ,CAZ,AMP,1)

3007 YR(MR) ;: A~P

30C 9 CONTIi"UE
CAL~ RR~SS(\L,~A,XL,Xh,YL,VR,RL,RR,S,RESL,nESR,RES,SL,SR)

C THE OUTpUT CF EIGE~,; IS l~ CGS U~ITS THIS STEp IS TAKE~ SO THP.T
G THEORETICAL AMPLITULES ARE NOT T00 SMALL FOR MACHINE .LT, lE-19

S ;: S it 1.r;t:2u
SL ;: SL it 1.0E'2U
SR ;: sri~l. 0,:20
ICROAK :: Ml
IF(~L,LT,O.CR.qR.LT.O) GO 10 4?1
SLD~R :: SllSR
IFC~L[SR,GT.O.6.A~n.SLDsR.LT.l.7' ICROAK = M2
WRITE(61,14) AAACI),SLIPCK),DIPCJ),STRKCL),S,RR,RESR,HL,RESL,RFS

1 ,SL,S~,IC~OAK

rF(SLDS~.GT,1) SLDSA ;: 1./SLDSR
PROD = RR 6 RL ~ SLCSR
IFCRR.L~·GRR) GO TO 402
GHR::RR
I~'l);:K

IU(1)=J
Ip(l)=L

402 IF(RL,LE.GRl) Gc TO 403
GRL=RL
IS(2);K
IC(2)=J
IP(2)=L

403 IF(kES.GE.S~ES) GO TO 404
SRES=REs
IS(3):;:K
IDej)=J
IP(3)::L

404 1Fcr<ESR,GE.SRESR) GO TO 405
Sf'ESR=RESR
IS(4)=K
Iu(4)=J

XI"",12



,')LJESTION PAGE 6

IP(<+)=L
405 IF(RESL.GE.SRES~) GO TO 410

SRESL=RESL
IS(5)=K
IDCS)=J
IP(5)=L

410 IFCPROD.LE.~MRR) GO TO 411
PMRH=PPOD
IS(6)=K
IlJ(6)=J
IP ( 6)=L

411 C0 ~n Ui UE:
421 CU~! 1 I 1'1 Lit:

j (1 03 C0 ~~ T Ii'.,1,; E
.5 002 Con I f\; UE
3 0Ole on If\; UE:

xb EST ( 1) ~ L, RR
Xrj EST ( 2) :: :.1 RL
XU E;.;T(3) = :"RES
XEJEST(4) = ::iRE:SR
XE.·E'~T(5) = -pt"-'"

'oJ ~, ;:,\..

XBEST(6) = PMRR
~Q 'i2C 1\' : 1.6
:< K: I S( i\ N)
J J : I 0 ( r-.: t\ )
LL=rp(W'~)

42C WRITE(61.13) IPlST(~N),SLIr{KK"DIP(JJ),STRKi~L),X8EST(NN)

300C CONTINUE
9999 CONTI [\JUl:::

WRITE(61,2) NR,~L

REWlND 1
REWIND 2
END

SUBROUTINE ~RESS(~L,NR,XL,XR,YL,YR,RL,RR,SfRESL,R~SR,RESfSL,SR)

DrM~NSION XL(1),XR(1>,YL(1},YR C1)
SU~LO = 0
SU~~l = 0
SU~l-2 = 0
SUML3 = 0
SUMl4 : 0
SUl-'L5 = 0
SU~1RO = 0
SU~R1 = n
SUMR2 = Q
SUf'JR3 = 0
SU MR4 : 0
SU MR5 = I)
DO 601 1 = 1,NL
SU~LO = SUMLO + 1.
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SUML1 = SU MLl + XLCI)
SU~L2 = SU ML2 + XL(l) ~ XL(I)
SUML3 = SU~L3 + YLCI)
SUML4 = SUML4 + YLCI) * YUI)

601 SUML5 = SUML5 + XLCl) * YLCI)
DO 002 r = 1,i\;R
SUMRO = SUMRO + 1.
S~MR1 = SuvKl + XRCI)
SLJ Mr< 2 = Sl; '-1 R2 + XRC1) .~ XR( I )
sUt-H~ 3 = SU~'1 k 3 + YRCI )
SUMR4 = SUMR4 + YRCI) oYRCf)

6 02 SU~.~ Ii 5 = SU~ 1f~ 5 + XR C!) .. YR ( I )
RL = (SuMLa*suML5~S~ML1*SUML3)1 SQRT(CSUM~O"SUML2-SUM~1*SUM~1) *

i (SUMLO*SUM~4-SUML3*SUML3»
RR : (SUMR'*SUMk5-SWMR1*SU~R3)/SQRTccSUMRO*SUMR2-SUMR1*SUMR1) *

1 (SUMR~*SUMh4-SUMR3*SUMM3»

SL = SUML5/SU~iL4
Sf~ = SU~I; R5 I SU~1 R4
S = CSUMLu * SL + S~MRO 0 SR)/CSUMLo + SU~RO)

RESL : SUMl2 - ~.*SoSLML5 + SoSoSUML4
PESR : SUM~2 - 2.*S.SUMR5 + S*S*SU~R4

RES = SQRTCA8SCRESL + RESR»
RETliR!\i
END
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DATA PAGe ~

3500.
3,.

10,
15.

3 45. 15.
6 .. 90. 30,
6 0.0 :SO.

6.0 1 0 1 6.0000E·O~ O.8'94E 2~

BLAT 76.0 911.1 2.79916"'03 3,.~29 6.
MBCT 3'0.2 4151.5 4,e066E"'04 3.4203 6 ,
~AL.T

1.0 1 0 1 5.0000E s O. 1.0027111 2~
JAMT ;'6.2 941.4 3.f33?E .. 03 3.3160 ,,
BLOT ~O,3 :;26.' 2.29326"'03 3.1493 "MNTT 47.2 1193. 8.9092E"04 3.'101 " .
CLE' 47~4 1Q14.3Q 2.'3t1E~03 3.3261 ,,
WE~T '9.8 1815.0 1.3n02E~03 3.3263 ,.
BLAT 76.0 917.1 2.~604e;"03 3.4752 ,.
,.BCT 3'0.2 4158.' 9.1541E 4 0it 3.428e 1 •
..,Alo.T
1.0 1 Q ~ 4.0000e-o, 1.145ge 23
AAMT ~6.2 941.' 3.06'46-03 3.2810 8.
ILOT 40,3 526.' 2 ••165e ... 03 3.2615 8.
MNTT 4,.? 1193. 1.8601E-03 3.4800 e,
CLeT 47,4 1014,30 3.1731E ... 03 3.3321 e.
weST ;9,8 1815.0 1.'485E"03 3.3680 8 •
BLAT 76.0 911.1 ji.4649E ... 03 3.44', 8.
Aflo. T 111,6 612.0 1.6026E ... 03 3,5968 a.
MBCT 3'0.2 415,,5 1,'448S'-03 3.4338 8,
rCCl 35!5. 2 a!591.60 4.6'41E;"O~ 3.44'2 8 •
~AL.T
•• 0 1 0 1 3.0000e·Ofl 1,2892e 2:$
$LMT 3~2 ;53'.3 9,05'5E"'04 3.2824 ,,
AAMT ~6.2 '41 •• 3. f)42.26~03 3.336{5 9.
Bl.OT ~O.3 '26 •• 3.~10eE:-03 3.~O'3 ,.
MNTT ·',2 "'3. 2.191;96 ... 03 3.4834 ~,

CLEf 41.4 1014.30 4,3481e~03 3.0390 9.
STJT '5.1 3314.1 2,36796 ... 03 3.3829 ••WEST '9,8 181,.0 2.1190e~03 3.3'4' 9.
BLAT 76.0 917.1 2."'6E"03 3.4169 f.
ATL T 111.6 61a.O '2.1249810.03 3.'34' ~.
~SOT 309.1 2316.:3 1,86678'-03 3.235' t.
~aCT 3'0.2 4"'.1 '2. Q61'S li 03 3,~42S t.
veeT ~5~5. 2 2"1.60 ,.1'-'9& .. O~ 3.4412 9.
WAl..T

10.0 1 0 1 2.oooOe-o, 1.4324E 23
aLMT 3,2 335.,J 9.'33'I.:o;Q~ 3.3480 10.
~HCT ~.6 142'.30 6.4216E-04 3.4'28 10,
AAM" :36.2 941.' 3,449"·03 3.3931 10.
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aLOT 40.~ 526.' ~.68Z1Ei;"03 3.4260 10.
OTTT 4,4. .. 1~!J0, 2.t226E;;'03 3.4413 10,
MNTT 47,~ 1"3, 3.~18te~a3 3,4861 10.
C;LET 4' •• .1014,30 4,t~2'E~03 3.3486 io.
$lJT '5.1 331'," 3.e20.8~03 3.393~ io.
WEST '9,8 1815.0 2.1;5006;..03 3,4300 10,
BLAT 76.0 917.1 2.88186;"03 :5. 4291 io.
ATI..1 111,~ 612.0 3.14416,\03 3.5396 10.
LONT 30'.1 2881,8 1.10066·03 3.2420 10.
MSOT 309,1 2J16.3 3.25048,,03 3,269' 10.
flNTT 311.8 2e1;J.9 1,62186-03 3.3011 10.
EDMT 3,4,1 2651.; 6,9380E"'03 3.2265 io,
MBCT 350,2 4"8.1 2.5056e~03 3.4462 10.
rccT ~55,2 2591.6Q 6,2e15e ..o~ 3,4~44 10.
HALT

1.8aOOE-O'12,0 1 a 1 1,118ge 2~

SLMT 3.2 335.3 8.1e32E .. O~ 3,4162 tat
LHC1 ~L6 14~5,30 6.1490e-04 3,505' 12.
'AM1 36.2 941.' 4,6993E-:-03 3.4152 i2.
BLOT 40.3 626.' 4.7110E"'03 3.3814 12.
orTT 44,4 1650. 3.5122E-03 3,4431 12.
CLeT 41,4 1014,3Q 4.e991E-03 3,38'-1 12,
MNTT 47.2 1"3, 4.,241E-03 3.4800 12.
STJT ~5,1 3374.1 4.6618E ... 03 3.40~1 12.
WEST ~9.e 161'.0 4.1602E"03 3.4512 12.
SLAT 16,0 917.1 2.3993e';'03 3.4426 12.
4TI..1 111.6 612.Q 3.3696e ... O~ 3.5092 12.
L.UBT 261.1 1069.7 3.'~37E-03 3.0814 t2.
4LQT 21,-.7 145',8 1.6S"E..03 3,3038 12,
DUGT 291,i 2024.' 2.2743E-03 3.2426 12.
NEWT 303,1 24e9.' 3.3136Ei;.Q3 3.1914 12,
LONT 30'.1 ;Z881.8 2.%395E Iit OJ 3.2"1 12.
MSOT 309,1 a31 •• 3 3.9906&,,03 3.30'" 12.
PNT1 :U1.8 2613.9 2.1071&"'03 3.4174 12.
EDMT 324.' 26!S1.~ 7.11525"03 3.3050 12.
f'F'CT 340.' 2301.3 7,D!S49E""04 3.5590 12.
MBCT 350,2 4758.' 2 ••532e"'O:5 3.4663 12.
reCT ~55.~ 2!S91,6Q ·6.516's-a. 3.443' 12.
\liALT
14, 1 a 1 1.6Dooe",o4 2,OO54E 23
SLMT 3.2 ;33!L a 1,2S'8E.. 04 3.4603 14,
\..HCT ~.6 14a5.3Q 8,40~1e... 04 3.421' 14,
JAMT ~6.2 941.· 5.14151: ... 03 3.4339 14,
BLOT 40,~ !i26.' 4.80986;;03 3.4204 14.
CTTT 44,4 1650, 4.~'65!"O3 3,4'21 14,
MNTT .,,2 1193, 4.82166;;'OJ 3,48al 14.
aLE,. 47 •• 1014.30 4,8599E"'03 3.3934 14,
STJT ~5,1 3314.1 4,53'9&~O3 3.4224 14.
WEST ~9,8 1815.0 ',16eOE i 03 3.4644 i •.
BLAT 76,0 917.1 .2.2099&"'03 3.~29' i •.
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•n. T 1~1,6 612.0 3.1714E·03 :5.489~ i •.
~uaT 261,1 1069.7 :s ... .,4~E ... 03 3.1281 i4,
TueT 26.,6 1916,S 2.012,1S"'03 3.2:584 i •.
ALQT 271~7 1455,8 1.20165-03 3.3'1;' i4.
burH 291.2 2024.7 3.02256"'03 3.3143 104.
NEWT 303.1 2.89~9 4.9861S"03 3.2213 14.
L.ONT ~O,,1 28S1,S 3 •• 397&-03 3.318' i4.
MsgT 30~,1 2316.:5 4.1667E-03 3.3599 14,
PNTT 311.e 2813.' 4.2'S36E~03 3.3'06 14.
eDMT 3<4.' 2651.9 7.8316E"03 3.361' 14.
fF"CT 340.9 230?~ 1.14'1E"'03 3,483$ 14,
M8CT 350.2 4758.5 2.0222E"'03 3.4,e9 ~4.
rCCT 355,2 2591.60 4.1994S .. 04 3.4"5 i4.
HALT
16, 1 0 1 1.400aE·o. 2,291aE 23
$LMT 3.2 335.3 e.4S91E"04 3.3'89 16.
L.HCT a.6 14,9.30 6,e459E"04 3.48C2 16 •
AAMT ~6.2 941,' 5.1~i5e-03 3.4276 16.
fiLOT 40.3 526.4 4.41'35 .. 03 3.4484 16,
OTTT 44.4 165O. 4,9422e"03 3.4836 16,
MNTT .7,2 1193. 4.5~e1E""03 3.49'0 16.
CLET 41,4 1014.30 4.4010e"'03 3.381' i6.
STJT '5,1 3:51",~ 4.e669S .. 03 3•• 4S6 16,
WEST ~~.8 181'.0 '.1962e"'03 3.4810 16.
SL.AT 76.0 917.1 2.~541e"'03 3.5011 16,
AT\.T 111.6 612.0 3.4088&';"03 3.~9'1 i6.
L.UST 2~1,1 1069.1 2,9095;';'03 3.~O:!1 t 6 •TueT 26•• 6 1916.8 1.62245;"03 3.2604 i6.
,L.QT '71,7 1455.8 1.9990&';"03 3.3494 16.
DUGT 291.~ 2024.1 3,2214&"03 3.3'83 16.
NEWT 303.1 24eC)~9 5,5236E"'03 3.2~'1 16.
LoONT ~O!5,2. ~$81.8 3,;3146e"03 3.3'13 -i6 ~
MSOT 30'.1 2316.3 5.33166;"03 3.3697 ~6.
",NTT 311,8 2e1~., 5.2911e ... 03 3.3968 16.
EDMT 3~4.' 2651.' 1.19'35 ... 03 3,3830 16.
,reT 340,9 2307.~ ~ ... 308E ... 03 3.4910 16.
MBCT 3,o.2 4"'.' 1.17185·03 3.485:5 16.
~AI.T

i8, 1 0 1 'l.2000E-O' e.5783E 23
SLMT 3.2 33'.3 9.0e23E;"O~ 3.3'64 il.
L.HC;T ;J.6 14~5.3a 8.19785""0. 3.4908 18,
AAMT 36,2 94l.4 5.2242e ... 03 3.4623 18.
'LOT ~O,3 526 •• 3.~'7?e.. 03 3 ... 826 18.
OTT' 44.4 1610. 4."606403 3.4984 18.
MNTT 41.2 1"3. 4.2965E.. 03 3.,o04 ie.
CI.ET 47.4 1014.3D 3,912.1e"'03 3,4163 1S.
STJT '5,1 33'4.l 4.5650e"OJ 3 ••6., ie.wesT 59.8 1&15.0 5,1315&,:,03 3.4921 18~
BLAT 76,0 911.1 2•• ,Q8e ... 03 3,5253 18.
ATL. T 1~1,6 612.0 '~. 2956e-03 3.534' i8.
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I.UST 261.1 1009.7 2.173!e ... o~ 3.1941 i8.
TUeT 26.,~ 1916.8 1.490SE'03 3.2480 ie.
AL.QT 2'~t7 14",8 2.r499E~03 3.301S ,ia,
DUGT 291,2 202'.7 3.~214Ei';'03 3.380' 1a,
NEWT 303." 2.89.9 5.51'1&';'03 3.23"0 18.
L.ONT ~01.1 28'1.8 3,314"e:"03 3.36'0 1e.
MSOT 309," 2316.3 •• 'e~1e';;'03 3.3820 i8,
'NTT 311.8 2613.9 5.lIH388E·03 3.41'4 18 ,
SOMT 324,' 26'1.' 7t1691&~O! 3.4096 18,
rr:CT 340.9 2307.~ 2 •• 461E:...03 3,,016 18.
MBCT 350.2 475'.' 1.83126 .. 03 3.480a 18.
~AI.T
20, 1 0 1 1.o000e ... of 2.8648E 23
SLMT 3.2 335.3 9,138,e"'04 3.4603 20.
L.Her ~.6 1425.30 1.0844e,;.03 3.4444 ~O.
'AMT ~6.2 941.4 ,.09966:.003 3.4655 20.
BLOT 40.3 526.4 3,e283E';;'03 3.4169 20.
OTT1 44,4 1650. 4.92746~O3 3.5021 20.
MNTT ~'.2 1193, 4.9911E-03 3.5012 20.
CL.Ef 4'.4 1014.30 4.0533e ... 03 3.4395 io.
STJT 5'.1 331•• 1 4.8'426-03 3.4"0 '20.
WEST ~9.8 1815.0 4.84876"'03 3.'19' 20,
ilL.AT 76.0 917.1 2.~3"e~03 3.4984 20.
AfL! 111.6 612.0 3.01895 ... 03 3,5602 30.
LUBT 261,1 1069,7 3.0-4'41: ... 03 3.1911 ao.
TUCT 26'.6 1916.8 1.4t'91!"'Q3 3.~'25 20,
iLQT '71,7 14'5,8 3.0171&';'03 3.3094 20.
DUGT 291.2 2024.7 3.5706S"'O:5 3.39~O 20.
NEWT 303.1 2.89.9 5.18626;"03 3.2592 20.
~ONT ~o,.s. ~e81,8 3.51356"03 3.3788 ao.
MSOT 309,1 2a16.:1 4.3631E~03 3.4043 20.
"NTT 311,1 2813.9 5.435213--03 3.4i!1 20.
EOMT 324,7 2651,9 6.'4'o1E';'03 3.424' ao.
FFeT 340,9 2301.3 2.'4~3e"'03 3.4996 20.
MecT 3'0,2 41'8.1 1.$751E';'03 3.4904 20.
rCCT ~5',2 2591.60 2.63101e'\"04 3.3416 20.
HALT
22. 1 0 1 0.8000e"of :5 ,1!513E 2~
SL.MT 3.2 335.3 9.011'&i40~ 3.4964 2i'I.HCl' ;5.6 ,,425,30 1.1'41E"'OJ 3.4074 2 ,
AAMT ~6.2 941.4 .. ,f)990E;"03 3.4310 22.
BLOT 40.3 526,' 3,e602e~03 3.4093- 22.
MNTT 47.2 1193, 3.8188!':"03 3.5101 22.
CLET 41.4 1014,30 3.85116""03 3.4a21 22.
STJT '5,1 33'4.1 '.2060!:"O3 3.4160 a2,
WEST '9.8 181'.0 4.4698&-03 3.538' a3.
BLAT 76.0 917.1 2,3462&;03 3.4118 22.
ATLT 111.6 612,0 2.e630e~o~ 3.'706 22,
L,UeT 261.1 1069.1 2.3160e'-"03 3.1681 22~
fueT 26',6 1916.8 1.~224e·03 3.3~68 22,
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AL.QT '71.7 14f,~.e ~.e~856·03 3,3411 22.
DUGT 291.2 2024:7 3,~112E+tO~ 3.~O92 22.
NEWT 303,' 248;.,9 4,1496E~0~ 3.2?5~ 22~
L.ONT 301.1 .2881.8 3."306';'03 3.4108 aa.
MSOT 309.1 2316.:1 ~.oe'86;o;03 3.424' 22.
PNTT ~11,8 2613.9 '.3097E ... 03 3.440'- 22.
EDMT 324.' 2651.9 '.9631E·03· 3.4355 22,
PreT 340.9 2307.;1 2.4430E~03 3.5049 32.
M8CT 3'0,2 4?58.1 1.6628E;"03 3.':1.10 22.
'CCT 355,2 2591.60 2,5214&"'04 3.3666 22.
"fAl,.T
24, 1 0 1 o.eoooe·o~ 3.4317E 23
SLMT 3,2 33'.J e.9556E ... O~ 3."19 24.
L.HCT ~.6 142'.30 1.1334E ... 03 3.4114 24.
AAMT 36,2 941.' 4,8281E"03 3.4433 24,
SLOT 40.3 526." 3,84'2E ... 03 3.387. ~4,
OTTT 44.~ 1650, 4,6535E"03 3.5321 a4.
MNTT 47,2 119~. 3,4910E-03 3."59 a4.
CLEf 47,4 1014,3Q 3,2497&-03 :3. 4163 i4,
STJT 55.1 3314,1 5,ee23E"03 :L 4710 24.
WEST ~9.e 1811,0 4.Z839E .. 03 3,'422 24.
Sl.AT 76,0 917.1 2,a883£;"'03 3.'011 24.
ATLT 111.~ 612,0 2.8225E-03 3.!5"" 2~.
LUST 261.1 1069.1 1.6999Eii-03 3.1241 2~t
TueT <6'~6 19.16,8 1,1884E"'03 3,~32' 2~.

ALQT 271.1 1455,8 2,54456"'03 3.366' ~4,

CUQT 291.2 2024.' 3.303eE\.:.03 3,4440 24,
NEWT 303,' 2'89.9 •• ,242E ... Q3 3.2861 2~.
I.ONT :505.1 ~e81,a 3.481'6 ... 03 3.44'5 24.
MSOT 309.1 2J16.J 4.10106"'03 3•• 474 24.
~NTT 311.e 2a13.9 5.Q4~3e-03 3.4". 24.
eoMT 324." 2651.; '.11176"'03 3,4490 a4,
FF'eT 340.9 2301.J 2,3631E-03 3.5016 24.
MeeT 35.0,2 4758.' 1,40036;';'03 3.5280 24.
'CCT 355,a ~~t1. 6Q 2.5512E ... 0.. 3.2"~O 24.
HAl..f
26. 1 0 1 C,eQOO!f!fOf 3.1242E 23
SLMT 3.2 :S35.;S 9,12216",,04 3.628. 26.
L.HCT ~., 1429.30 9,6413e ..04 3,4951 26.
4AMT 36.2 941.4 !5,39~1e"'03 3,6014 26.
BLOT 40.3 '26 •• 3.628ee;;;'03 3.4S,49 26,
011T 44,4 1650. 4.4'1?E~O~ 3.5~'3 36,
MNTT 47,2 "'93. 3,15298,,03 3,6060 26.
CLET 47,_ 101~.3Q 3.11"o6"'03 3,560a ;6,
STJT ~!5.1 3314.1 6.0512e"'03 3.4842 36.
WEST 59.a 181'.0 4,9293&"'03 3.'61:$ ~6.
BLAT 76.0 917.1 2,2262&"03 3.5423 26.
ATLT 111,~ 612.0 ~.%30'&~O3 3."" ~6,L.U8T 261,1 10".' 1,99481:':'03 3,1151 .6,
TUCT 264.6 1916,8 1.t183&"'03 3.4ee' 26.
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AL.QT 2'1~7 14!i5.8 2.21496/;403 3.382. 16.
DUGT 291,2 2024.1 3.D513S .. 03 3.461' 26~
NEWT 303,1 2489.9 4.39"6"03 3.3025 ~6,

LiONT :10',1 28'1,8 ~,.27?E·03 3.4'2' '16,
!'tSQr 309.1 2:11' •~ 4.2"7EtoOJ 3.".'. 26~
PNTT 311,8 2813.f 4.64078 .. 03 3•• '6' 26.
80HT 324,1 26!U .9 5.%2eOe~03 3,.,1, 26,
PrCT 340,9 2301.3 2.2307e"03 3.5183 26.
MecT 3'0.2 4758.' 1.21,,!P03 3.5398 26,
~AI/f'
28, 1 0 1 O.eOOOE ..of 4.01016 2~

SLMT 3,2 335.3 1,02006,,03 3••09a 2e,
LHCT ;S.6 1425,30 8.39686":"~~ 3.5606 28.
4AM" 36,2 9.1 •• 6. 0410e ... 3 3.8362 '~e •
.,LOT 4l0.3 526.4 3,4B63E"03 3.4428 ~e.
OTT1 44.4 1650. 4.291315-03 3.5664 28, ,
MNTT 47,2 1'93, 2.9387e"'03 3.6169 a8,
5TJT '5,1 3374.1 ,5.23755,,03 3.5427 as.
WEST ;9,8 1M15.CI 3.!1795~03 3.6055 ae,
IlAT 76.0 911.1 2.1691e",o~ 3.5944 28.
ATL.T 12.1.6 612.0 2.60;5E~83 3.6074 28.
LUST 261,1 1069.1 ~.24 65 ... J 3.:515. 2e.
TueT 264.6 1916.8 1.12816;:'03 3.40e. 2S,
ALaT 271.7 _1~'5,8 1.9144e·03 3.3610 28,
CUGT 291.2 2024.7 3,0604E':'03 3.461' 28,
NEWT 3\13.' 2'89.9 4.~622E"'OJ 3.3312 as.
LONT ~OJ,1 2881.8 3,32'36"'03 3,4978 28.
MsoT 309.1 231',J 4.40545"'03 3,4063 ie.
IPNTT 31.1.8 2e1:1.9 4.1101E:..03 3.502' ae,
EOMT 344.' 2651.' 5.4612e·03 3.4961 2S.
'reT 340.9 230 i • J 2,0361E':"03 3.5535 a8,
MeeT 3'0.2 4"1.' 1,0819'.. 03 3.5623 ie,
reeT 355,~ 2591,60 6.8163&,,04 3.4541 ae.
~Al".T

30. 1 0 1 a.soooe-o. -4,2912E 23
,",Her ~,6 1425,3Q 8.00gee';'0-4- 3,5606 :10.
!AMT 36.2 941.4 6.4815S"'03 3.8998 30.
SLOT 40.3 526.' 3.31!,e"03 3,4484 30.
OTTT 44,4 1650. 4,23'11::;03 3.5e5S 30,
MNTT 4',2 119:5, 2.ee'2Ei..03 3.6023 ~O.

STJT '5.1 331•• 1 4,3225&-03 3.6011 30.
WEST '9,8 181'.0 3,'0656"'03 3.643' :SO·
BLAT 76.0 917.1 '2.06'56 ... 03 3.6~35 ;SO.
• TL. T 111,6 612.0 2.413,86;"03 3.6'" ~o.
LUST 261.1 106'.' 4,5324E i4 0a 3.3283 30.
TUCT ~6.,6 ,1916,8 1."~6e;;'Q3 3.4'0, ;JO.
DUGT 291.2 2024.1 :5 •• '0es,,:, 03, 3.446' 30.
NEWT 303.1 248'.' 3.62096':;'03 3.3661 JO.
LONT ;501~1 2881,8 3.e181e ..03 3.5110 ~o.

MSOT 309,1 2316.3 4.361eS io oa 3.'021 :JO.
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'NTT 311.8 283.~ •• ~.8042e"03 3.5444 30,
IDMT 324,' 2651.9 4.7444&--03 3••9'0 30.
J'FCT 340.9 2307.3 1.$617S"'03 3.6063 30.
MBCT 3'0.2 4'5'.' 9.~,e1e.;..o .. 3.'959 30.
"AI.T

9.0134E~5. 1 0 1 0.6000E .. 0. 23
""Hcr ;5.6 1425.30 9.16~9.B~0~ :5.6411 35 '.
'AMT 36.2 941.' ?P043E4i.03 4.1444 3'.
BLOT 40.3 !526.' 2.78325';'03 3.6902 35.
orTT 44.4 16'0. 4. 25!548 ... 03 3.1191 '5,
MNTT 41,2 1193. 2.86'86 ... 03 3,6~32 'J' •
STJT ~5.1 3;3'4,1 3,71716""03 3.1021 J5.
WEST ~9.8 lS1'.O 2,I168e-03 3.6860 :I'.BLAT 76,0 '17.1 1.7751e ... g3 3.1525 35.
ATLT 111.6 612.0 1 ••8826·03 3.9006 3'.L.UST 261.t 1069,1 4,69878"'03 3.602 9 35,
fueT ~6',6 1916.8 1.08'58&.. 03 3,5986 J5.
DUGT 291.2 202'.7 2.1073E"03 3.5960 3',
NEWT 303.1 2489.9 2.94236~03 3.363$ 35 •.
LONT ~01,1 2881.8 2,9365E,;,i03 3.5386 35.
MSOT 309.1 2J16.3 3,le67E"03 3,4346 J',
PNTT 311,8 2813.9 3.2986E".O~ 3.6525 3'.f:DMT 324,1 2651.9 2.5629E"'03 3.5222 J'.
!freT 340.9 2J07.~ 1.11606 ... 03 3.1311 :55.
HAL.T
'0, 1 0 1 0.6QOoe·Od 5.1296E 2~
OTT1 44.~ 165O. 3,9915&;"03 3,6111 '0.
MNTT 41.2 1193. 2.6219Ei,,03 3.1Q21 .0.
STJT ~'.1 3314.1 3.9163e;;'03 3.e06' ~6.
WEST ~9.a 161'.0 .~ .~1"'E.. 03 3.1919 '0.
ilL.AT 76.0 917.1 1.43a5&';'03 3.1991 _0.
ATl.T 111,6 612.0 1,50Q15 ... 03 4.01" 4O.
Tuel ~6'.6 1916.8 1.1~936-03 3.~2'O .0.
DUGT 291.2 2024.' 2.'2'8&-03 3.603~ .0.
NEWT 303.' 2489.9 1.'112ii~03 3.3612 ~o,
LONT ~O!S.1 ~8'1.8 2.6314;'03 3.5604 '0.
'NTT 3~1.a 2813,' 2.5364E~03 3.1201 .0.
rn:T 340.9 2307.;' 1, .. 313E<j03 3.1621 .0.
MAl. T
45. 1 0 1 0.6000e-04 6,4458e 23
OTTT 4••• 16'0. :$,962ef;;tlo03 3.1066 "'.MNTT 47.2 11'3, 2.1168& ... 03 3,eOOI .'.ITJT '5,1 3~1•• 1 3.592.6E"03 3,8966· .,.
WEST 59.8 11,.5.0 1.802'Eii03 3.8'49 ~,.

ATLT 111.6 612.0 1,14'3Sioi03 4.3281 "'.L.ONT ~O,.1 2881.8 2.2098e;'03 3.116' 4!.
PNTT 311.8 :H313 ., 1,%006& ... 03 3,89'~ .,.
,reT 340.9 2:"07·3 ,1,232'e"03 3,1831 '!.
HAI..T

1.1620E50. 1 Q 1 0.6000E-O. 23
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SLM% :s.:!! 331.3 4.32,,6,,01 :5.107' ••l..HCZ ;;S.6 1425.30 2.0393&,,03 :5. 1066 9.
'AMZ ~6.2 941,' ~.e213e"'03 3.0353 9.
BLOZ 40.3 '26.4 a,.6020E ... 03 3.0210 9.
OTT% '4.4 1650. 1.0104Ei~03 3.14e2 9.
MNTZ 47.2 1'93. 1.0225E .. O~ 3.i2!53 9,
CLEA 47. 4 1014.30 1.0802E:"03 2.992' 9,
$TJ% ~5,1 3:314.2- 1.6511&"'03 3.0496 "IlIES1 ~9.8 181'.0 1.64088"03 3.0205 ,.
BLAZ 76.0 911.1 1.83'6E"'03 3.1418 ,.
ATLZ 111.6 611 •• 3.242.0Ei~0:5 3.1319 9.
L,UBZ 261,1 1069.7 2.o061e"03 2.!66'1 ,.
Tuez ,6•• 6 1'16.8 1.J115E~03 2.806' 9.
ALQZ '71,7 1455,8 8.13496-04 3.00S' 9.
MSOZ 309.' 2316.3 2.00646"03 2.9398 9.
EDMZ 3'4.1 26'1.' 1.49046'::'03 2.1)097 9.
ROL% 3~4,2 28'.2 2.1'41E"'03 3.0543 '..,.rez 340,9 2301.~ 6.85'4E-04 3.1508 9.
MBCZ 3~0.2 4758.5 2.'412E"03 3.0954 9.
recz ~5',2 2591.60 1.9ae1Ei-03 ~L 139~ 9.
~AL.T

10.0 1 0 1 2.0000e .. o~ 1.4a24! 23
SLMZ :s.i ;33;.;J 3.5582E;,;;03 3.0932 io.
L.HC% ~.6 1425.30 2.13'5E~03 3.1066 10.
AAMZ ;56,2 941 •• 2,88aee"'03 3.0175 10.
aLOZ 40.3 526.4 2.3525E",03 3.0210 10.
OTTZ 4I4.~ 16,°, 1.393~e;;'03 3,1422 10"
MNTZ 41.2 1193, l,1206E~03 3.1t4.,~ io.
CLf:II' 41.4 1014,30 1.4:H2e';'03 2,992' io.
STJZ ~5,1 331t4.1 2.!226E;'03 3.0538 ~o.
WES1 59.8 1615,0 1.a62ee;';'03 3.0458 ~o.,
BLAZ 76,0 ~11.1 1.'904~E!"03 3.1418 to,
AT~Z 111.6 611.1 2,92'05"'03 3.1:J60 ~o.
LoUBZ 261.1 1069.7 2."7.116-03 2.810' 10,
TueI '64.6 1916.8 1,1871E"'03 2.8048 ~o,
ALQ% 211.1 1455,8 1.1165'S-03 3.0131 10.
L.ON% :S05.1 2881,8 1~2889E·03 2,9'12 iO.
MSOZ 309.1 2;316.:1 2.0~30E·03 2.'662 io,
IOMZ 3'4,1 2651.' 1,81tge~03 2.'331 io~
RO~Z 334.2 284.2 2,19'2E':'O;5 3.0at' !o.
,FCZ 340.9 2:s01~~ 8,84926':'04 3.1"2 to.
rcez ~55,2 2591,60 1.85'26-03 3.1~88 10.
IoU I. T

12t O 1 0 1 1.8000e.. Of 1,1189E 23
Sl.,MZ 3,2 33'.3 2.13196-03 3.1220 12,
LoHCZ at' 1425.30 1,92,4S;<tOi 3.1168 12,
AAMZ ;36,2 941.4 2.2893E,,03 3.0699 12.
eLOZ 40.3 '26.' 1.13118;"'03 3.01e3 ~2.
OTT% 4~,4 161O, 1.98611:"·03 3.103. ~~.
MNTZ 41,2 1'93, 1.~5?2a';;;03 3.1280 12.
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eLEA "'.4 101.4.30 1.31606;;;'03 2.99'~ 12.
5TJ! 55.1 331•• 1 2.'0866-03 3.0565. 1.~.
WES1 '9.8 1'15.0 2.36766 ... 03 3.0561 1.~.
aLAZ 76.0 911,1 2.23'26';'03 3.0811 12.
ATL.% 111.6 611.2 2.4221E iio 03 3.180e 12.
fuez '6 •• 6 1916.8 9,1!176ij;,C4 2.964a 12.
ALGl 271,7 145'.8 2.14Q1E"03 2.9401 i2.
DUGZ 291.2 202'.7 2.198815-03 2.9136 12.
1..0NZ ~O!S.1 ~e81,8 8.fJ948E·04t 3.042Q 12.
I'\SO% 309." 2316.3 2.Q729E~03 :5. 0021 12.
eOMZ 324.1 2651.' 1.90016-03 3,0036 ~2.
~OlZ 334.2 284.2 2.:3061E'-'03 3.1214 12.
F'FCZ 340.9 2307.3 1.24136... 03 3.1"~ 12.
MBCZ 3'0,2 4'58.5 3.43'66"'03 3.0863 12.,eez ~55.a 2'91. 6D 1,1?91E"'03 3.1"30 i2.
IolAL,T
14, 1 0 1 1.600QE"04 2.b054E 23
SLMZ 3.2 335,3 2.60'06;;;'03 3.151;$ 14.
l.HCZ ~.6 1425.30 1.869264.003 3.1100 i~.
AAMZ 36,2 941.' 1.9191e';;03 3.0329 i ••
BLOZ 40.3 626 •• 1.63196'-03 3.0667 14,
OTTZ 44.4 1650. 1.e514E .. 03 3.0 720 14.
MNTZ 47.2 #,"3. 1.443,66-03 3,1a26 14.
CLEA 41.4 1014.30 7.oe80e~04 3,0196 14 ,
STJ% 55.1 3374.1 2,18436~O3 3.0469 i4.
WES1 '9.8 l'1f,. 0 a.ooeelH03 3.043~ 14.
BLAZ 76.0 911,1 1,ge2~E·O! 3,0811 1'.
ATLZ 111.6 611.2 1.441476.. 03 3.0 729 14,
L.UBZ 261.1 10 69.7 5.49;,86"04 3.140~ 14.
fuez ~6'.6 1916.S ',14~6S"04 3,O~ge 14,
ALGI 271.7 145S,S 2.;S197e~03 2.9416 14,
DUGZ 291.2 2024,7 2.1392e~03 2.9692 i4.
L,ON% ~O!L1 ~881,8 5,40136';;'04 3.016~ S,4,
MSOZ 309,1 2J16.~ 2.eO.2E,i.O~ 2.9969 14.
EDMZ 3,4.1 2651.9 2.1220&;03 2.9918 14.
AOI..Z 334.2 284,2 2.126,e"03 3.081' i4,
'teZ 340,9 2~O?a 1,31"'3E"'03 3.097' i 4 ,
MBC% 3~O.2 4'58.5 2.8'636"03 3.061' 14.
~AI.T
16, 1 Q 1 114000e"04 2,29181 2~

16.Sl.MZ 3.2 335.3 2.05866i.iOa 3,1662
I..HC% 3.,6 1425.30 i,a304e;o~ 3.05e3 i6.
AAMZ ~6,2 V41.~ 2.11946'03 3.0600 16.
SlO% 40.~ 526.' 1,10426"03 3.00" 16 ,
OTTZ 44.4 1650, 1,6'90&:':'03 3.0692 16•
MNTZ 41.2 1793. 1.16966,,03 3.0535 ~6,
CLfaR 47,4 1014.30 9,665se-O. 3.0514 16.
STJ% ~',1 33'14,1 ".14"E 403 3,0211 i,.
WES1 '9.8 181',0 1.11,se.. Oa 3.061a 16.
IiLAI 76.0 917.1 1.151191;'·03 3.0811 16.
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ATI,.! 111,6 611.2 1.1358E"'0:5 3.1603 16,
L.uaZ 2~1,1 1069.7 4.4?81e.i40~ 3.2400 16,.
'fuez '64.6 S,916.8 4.19926 4 04 3.0467 16.
'LQ~ '71,7 1455,8 1,l883E~03 2.9446 16.
DUGZ 291,2 2024.7 2.0440!:"O~ 2.9390 16,
I.0NZ 305.1 .2881.8 7.92'1a~04 2.9'74- 16.
MSOZ 309.' 2~16.J 1.e~02e.. 03 2.9892 16,
fPNTZ 311,8 2813.' 4 ••592E 4 04 2.9 514 16.
EDMZ 3'4.' 2651.i 2.1366E ... 03 3.0002 16•
ROI,.Z 3~4.2 ~a •. 2 1.88346"'03 3.037' i6,
rFCZ 340,9 2307.3 1.4200E~03 3.0752 16.
HAI,.T
18. 1 Q 1 1.2000e .. o. 2.5183E 23
SUil 3.2 335.J 1.39146"'03 3.0440 18.
I.HCZ 3.6 1435.30 1.414BE~a3 3.0.el ie.
"AMZ 36.2 941.4 1. 9852E-03 3,0901 18.
BLOZ 40.3 526.4 1.4003e-03 3.0~22 ie.
OTTZ 44.4 ~650. 1.15126-03 3.0'" te,
MNTZ 47.2 "'93. 1.30026"03 3.0581 le.
CLE~ 47.4 1014.30 1.90396"03 3.1

'
(11 i~.

STJZ ~5.1 3374.i 1.5,e2e~03 3.02'0 18.
WES1 59.8 1$15.0 1.25906;;,;03 3.062' 18.
IjIL,AZ 76.0 917.1 1.12386 4 03 3.0428 ie,
AT~Z 111,6 611.i 9.,oe5e~04 3.239' 18.
TUCZ <:64.6 1916.8 2,a667e~041 3.0576 18.
ALGZ 271,7 1455,8 1,2206E;.>03 2.9268 is,
DUGZ 291.2 2024,7 1.2611E"'03 2.9~37 ie.
MSOZ 30,."1 2316.3 1.Z215e~03 2.979' 18.
PNT% 311,8 2813.9 6.t3Qle~04 2.9654 18,
!DMZ 324.' 2651.9 2.22 5 9E"io03 3.0070 lS.
ROl..Z 3~4.2 284.c 1,68476'::'03 3.191' 1e.
,FCZ 340,9 2307.3 1 ••"'6;"'03 3.(')528 i8,
MBCZ 350.2 475S,' 2.00'7&",03 3.026' ie.,eez ~55.' ,591.60 1,33936 ... 03 3.071~ i8.
~AI.T

20, 1 0 1 1;0000e"'04 2,8648e 2:3
$LMZ 3.2 33'.3 1.31986-03 2.9831 ao,
L.HC% 3.6 1425.30 1.36~4e'::'03 3.0599 20.
AAMZ 36.2 941.' 1.Z744e~03 3.0926 20.
SLOI 40.3 526.' 1.16786"'03 3,0"45 20·
OTT% 44,4 16ao I 1.~36ee;;'03 3.0353 ~o.
MNTZ 47.2 1793. ~,5036i... 03 3.06:59 20,
STJ% ~5.1 3314d. 1,18326"'03 3.0662 20·
WES1 '9.8 1B15.0 9,15851& ... 04 :5.001? 10.
1a1.AZ 76,0 911.1 9.15811 ... 0'- 2.959\5 'ao.
ATL.Z 1~1.6 611.2 6.'9296""0" 3.3281 20·
Tuez 26 •• 6 1916.8 2dH!36e .. 04 3.0'30 20.
Al.Q% ~?",7 ,.415,8 8,4961Fi"O~ 2.'006 ,0.
DUG% 291.2 2024.7 7,26~3e4.0~ 2.9221 10.
MSOl 309.' 2316.3 1,!!I100&~OJ 2.9950 '20.

XI-25



DATA PAGe 1~

PNTZ
EDM%
ROLZ
rr:cz
MBCI
'CCZ
rlAl.T
22,
SLMZ
I.HCI
AAMI
~LOZ
OTTZ
MNTI
5TJI
WES1
iilLAZ
fUCZ
ALQZ
",soz
'NTZ
SOH!
ROL.Z
'rez
M8CZ
,eeZ
lolA L. T
24.
L,.HCZ
iAM%
OTTZ
MNT!
STJZ
WES1
BLAZ
I.UBZ
TueZ
ALQZ
MSOZ
!INTI
eOMZ
ROI,.Z
,FCZ
MBCZ,eez
lolA I. T
26.
L.HC%
AAMZ
OTTZ

311.8
3'4,1
3\54.2
340.9
3!50.2

;'55,;;

1
:s,<

3.6
36,2
40,3
444,4
41,2
55,1
~9.e

76,0
26.,6
~ 71,7

309,7
311.8
3'4.7
3~4.2

3flO.9
3'0,2

35!L<

1
~.6
36.2
44.4
41,2
55.1
!59.e
76,0

2(l1.1
264.6
211,7

309,7
311,e
324.1
3~4,2
34 0,9
350.2
355.4

1
~.6
36.2
44 ••

2813.;
2651.9

284.2
2:107.3
4758.'
,'91,60

o 1
335.J
14:;;5,30
941.4
526.11
1650.
1793.

3:S1~.1
1815.0

911.1
1916,8
1455.8

2316.3
2e1~.9

2651.'
~8 •• a

2307.3
4'5e.~

45i1.60

Q 1
1425,30
941 ••
1650,
1'93.

337•• 1
101'.0

917.1
1069.1

1916,6
1455,8

2316.3
2813.'
2651,9
a84.;

2~07.3

41".'
~591.6Q

o 1
1~25,30
941,4
1650,

7.9996&':;'04
1.9t93E.;;.o3
1. '2311:';'03
1.14186 to 03
1.'975E.. 03
1.328SE,,03

O.8000E~O. 3,1'13E
1.1~436~03

1 •• 1266;;'03
1,5003e"03
8.91606"04
1.04'56..03
1,4~61e~03
2.1183E~03
7,95665 .. 04
e.~200e,,;04

3.6588e .. 04
6.0200E ..O.
1.3027e':'03
8,2203E"04
1.".55"'03
1.16671i ... 0~
9,91616':"04
1.33986';;'03
1.230011"03

o.eoooe~Q~ 3.4377E
1.48.21 .. 03
1,2350E~03

9.64ae6"'o~

1,""2E"03
1.!6166"'03
8.1929E;'O~

9,36951! ... O"
4,09916,,0'­
6.1"'6 4 044
4."'136":'O~
1,22e6E':'03
7.02616 .... 04
1,2166&';"03
1,o908e;'Oi
1,05~36"03
9.:l179E~04
1,11481;'03

KI-26

2.9811
2.9861
3.2186
3,o56e
3.042'
3.06"

23
3 •• 425
3.0948
3.0575
2.963~

3,0465
3.0850
3.10~e

3.0306
2.9475
3,0262
2.8991
3.0263
3.0018
2.9150
3.1128
3,0'93
3.01'3
3.0943

23
3.1617
3.04'6
3.1155
3.1390
3.2031
3.1792
3,0221
3.1611
3.0516
2.9298
3,1095
3.0342
3,0644
2.97••
3,15!!11
3,1312
3.1555

.'",~f'l

!~
~f'l

1;)"
20

­.......
...
'! -.

~ ..:..

......
,1'1.4.
~~... ..



DATA PAGE 1:$

MNTl 47.2 1193. 1.,'63E;,;Oa 3.183' - -

STJZ :>5.1 3J7•• ~ 1 •. 11'86';;'03 3,2889
~

WES1 59.8 1515.D 8~'."~9E';'04 3.2'04 - .

SLAZ 76.0 911.1 1.07996'03 3,091' -
-

ATl.% 111.6 61~,2 ',looee"'04 3,640:$ -..
I.UB% 261,1 1069,7 '.2211E 4Io 04 ~L 2Q1~

- -..
fUCZ ~6 .. ,6 1916.8 7,3327S':"O~ 3.1021 -.
ALQZ "1.7 1455.8 4.;5560e':"04 3.0320 "-

DUGl 291.2 2024.7 6.Z091E;'04 ~!.1118
~

MSOZ 309.1 2316.3 1.1163E"03 3.2064
.

PNTZ 311.8 2£'13. t 5,1329E"'04 3.0606 ~ -.,-
EDMZ 3'4.1 2651.9 1.1945E.. 03 3.1106 -..
ROl.Z 334,2 284.2 1.23996';"03 2.9900 -

'F'C% 340.9 2301.3 1.09'85';'03 3.2144
~M8C! 3'0.2 4758.' 8.~?32e,,04 3.2200 -~

rccz 355.2 2591.60 1,2869E-03 ~L21?:!
- -
'---

t-lALi
28, 1 0 1 o.eoooe ... o~ 4,0107E 23
\"I-IC% ~., 1425.30 1.~OO9E"03 3.21"0 - ,

OTT! 44.4 1650. 1,9199E ... O~ 3.212'
MNTZ 41.2 1"93, 1.5658E-03 3.2381 '--

5TJI 55,1 3314.1 ?,Q186E~04 3.2910
WESl '9.e 1815.0 1.9624E':"04 3.2650

--;;-

liLAZ 76.0 911.1 1.22436"'0:5 3,1~3S .-
• TL.Z 111. 6 611.3 1,94836"'04 3.4212
,-UBZ 261,1 1069.7 6.9404e ... O. 3.2'4'

:;--

TUC~ ~6•• 6 1916.8 6.a3e7E~O~ 3.1992
ALQZ 211.7 1455,8 4,99146"'04 3.189' ";" ,-
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XII. WIGGLE

PRO:;RAMMER: 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 are
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 M , S(w) = M /iw.

o 0

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.

THEORY

See Herrmann (1974) or Herrmann and Nutt1i (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 01.
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 SEISMAGI : 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
6823-13.

Response of LRSM LP system with filter

SUBROUTINE 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
routine.

This is the fast Fourier transform

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 Sew) =
M /iw •

o

SUBROUTINE GAMMA
coefficients.

This reads in the medium attenuation

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 Louis University.

Herrmann, R. B. and O. W. Nuttli (1975a). Ground motion
modeling at regional distances for earthquakes in a
continental interior, I. Theory and observations,
Int. J. Earthq.Engr. and Struc.Dyn. !, 49-58.
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Herrmann, R. B. and O. 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. Dyu., !, 59-72.

INPUT DATA

Card
Sequence

A.

Column

1-5

Name Format Explanation

IEQEX IS .EQ.l Earthquake
.EQ.2 Explosion

B.

6-10

11-20

1-10

11-20

21-30

JSRC

DT

DIP

SLIP

STRK

IS

FlO.S

FlO.3

FlO.3

FlO.3

.LE.O read in
source spectrum

.GT.O read in seis­
mic moment

Digitizing interval
of seismogram

Dip of one nodal
plane measured
from horizontal
toward downward
pointing positive
z-axis

Direction of slip
vector on npdal
plane measured
counterclockwise
from the horizon­
tal pointing in
strike direction.

Strike of fault
plane measured
clockwise from
north

C. 1-10 AA F10.3 .GE.O focal depth
in kIn

.LE.-l0 go to
Point B•

•GT.~~Q .and. LT.O
D. Source spectrum data end program

1. If JSRC.LE.~ read source spectrum (up to 49 periods)

1-10 T

XII-3

FlO.2 Period of source
spectrum value



Card
Sequence Column Name Format Explanation

D. (cont'd) 11-21 XR Ell.4 Real part of
source spectrum

31-41 XI E11.4 Imaginary part of
source spectrum

2. If JSRC

(The source spectrum values are read in
until a card is reached for which
T.LE 0)

.GT.O read seismic moment (one card)

1-10 XMOM E10.3 Seismic moment
in dyne-em

E. Ane1astic 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 8FlO.S format)

ATEN(I,J), J = 1, 10 attenuation
values in km-1 • J = 1
corresponds to fundamental
mode.

1-10

11-20

71-80
1-10

11-20
21-30

F. 1-10

12-15

T(I)

PHI

STA

F10.S

F10.S

A4

Period in seconds
.LE.O end of
gamma values

Azimuth of receiver
from source
.LT.-400 go
to Point C for AA

Station identification

G. 1-10

11-20

21-2S

R

TO

ID(l)

XII-4

F10.3

F10.3

IS

.GT.O epicentra1
distance in kIn

.LE.O go to Point
F for new PHI

Time seismogram
begins

Ground Disp
LE 0 skip
LE 2 seismogram
GE 2 spectra



Card
Sequence Column Name Format Explanation

G. (cont'd) 26-30 ID(2) 15 Ground Vel
LE 0 skip
LE 2 seismogram
GE 2 spectra

31-35 ID(3) 15 Ground Accl
LE 0 skip
LE 2 seismogram
GE 2 spectra

36-40 ID(4) 15 WWSSN Disp
LE 0 skip
LE 2 seismogram
GE 2 spectra

41-45 ID(5) 15 WWSSN Vel
LE 0 skip
LE 2 seismogram
GE 2 spectra

46-50 ID(6) 15 WWSSN Accl
LE 0 skip
LE 2 seismogram
GE 2 spectra

51-55 IURUZ 15 .EQ.l Vertical
component of
Rayleigh wave

.EQ.2 Radial
component of
Rayleigh wave

56-60 NPt 15 Number of time
steps to plot
on seismograms.
NPY.LE.l020. If
NPY.LE.O, NPY =
1020

61-70 YAXLEN FlO.3 Length of time
axis in inches
LE 9• If YAXLEN
•LE.O, YAXLEN =
5.12
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Card
Sequence Column Name Format Explanation

G. (cont'd) 71-75 INS 15 Instrument re-
sponse
o 15-100 WWSSN

Resp
1 30-100 WWSSN

Resp
2 LRSM 6824-13
Resp

3 LRSM 6824-2
Resp

76-80 IPNCH GT.O 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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WIGGLt: PAGE 1

C PROGRAM WIGGLE
C THIS PROGRAM READS EIGEN~UNCTION TAPES AND CALCULATES SVNTHETte
C SURFACE WAVE TIME HISTORIES
C GROUND MOTION CONVE~TION US VERT· = UP
C RADIAL. : AWAY fROM SOURCE
C TRANS + = CLOCKHISE FROM SOURce

COMMON/ONE/ELIP(42,10),WVNUMC42,10)
COMMON/ TWO /IMODE(50),N
COMMONITHREEITT(50),ZIP(1050>
DIMENSION PYY1(42,10),PVY2(42,10),PYY3(42,10),PYY4(42,10)
DIMENSION SR(50),SI(50),ATTEN(42'10),XRL(42'10),X4M(42'10)
DIMENSION DATA(2~10~4)
DIMENSION ISUF(800),ID(6),X(1024),V(1024)
DIMENSION OATM(204S)
EQUIVALENCE (DATA(1,1),DATM(1»
EQUtVALENCE(OATM(1),X(1»,(DATM(102 S)'Y(1»
EQUIVALENCE (ZIp(1),SR(1»,(ZIp(51),SIC1»,CZIPC101),XRL(1»,

1 (ZIP(521),XIM(1»
CHARACTER IDATE(3), ITyP(2), IEX(2', 1ST, leOM, IA
CHARACTER STA
IEX(l) : 4HEQ
IEX(2) : 4HEXPL
ITYP(l) = 4HLOVE
ITYP(2) = 4HRAVl..
CALL pLoTSCIsUF,eOO,10)
CAL~ PLOT(O,O,-11.0,-3)
CALL PLOT(O~O,1tO,~3)
DEGRAD : 0,01 745232 9
NWRITE ;I 1

3 FQRMAr(l H ,SE15,S)
4 rORMAT(8F10~3)
5 FORMAT(2Fl0.3,8IS,rl0.3,2I5)
6 FORMAT(2I5,F10.5)
7 FORMAT(10X,4HMAX ,A4,2H =.E11.4)
8 FORMATCF10.S,lX,A4)

11 FORMAT(l H1,A4,6X,4 HC T =,r10.3)
12 fO RMAT(lHO,7 X,3HOIP,6 X,4HSLIP,4 X,6HS1RIKE)
13 FORMAT(lHO,7HDEPTH : ,F10.3)
14 FORMATC1HO,6HPHI: ,F10,3 ,lX,A4)
15 FORMAT(lH ,A4)

C IEOEX = 1 EARTHQUAKE = 2 EXPLOSION AND DtP S~IP STRK HAVE NO
C MEANING
C JSRC ,GT, 0 READ IN SEISMIC MOMENT IN SRclN AND NOT SOURCE
C SPECTRUM
C DT = DIGITIZING INTERVA~ rOR RESULTANT SEISMOGRAM

REAO(60.6) lEQEX,JSRC,DT
WRITE(61,11) IEX(lEQEX),DT
DO 500 K = 1,4
DO 501 I = 1,2
DO SO~ J = 1,1024
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WIGGLE: PAGE 2

501

502

C

504

505

506

500

4321

C
c
c

DATACI,J) :I 0,0
DATA C1,2) :I 1,/(4,oCT)
DATA(1,3) = 1,/e2,oCT)
DATA(1,4) s l,/e4,~DT)

CALL fOURCOATA,1024,-1,DT,DF)
INS = K - 1
CALL ReSP(DATA,DF,I~S)

DO 502 I = 513,1024
J = 1026 - I
DATA(l,I) :I DATA(l,J)
DATA(2,I)=-DATA(2,J)
DATAe2,513) = 0,0
CALL FOU RCDATA,1024,+1,Cr,DF)
SPECIAl STepS ARE TAKEN BECAUSe OF EQUIVALENCED ARRAYS
DO 504-1 = 1,1020
J = 2* I - 1
OATH(l) = DATMCJ)
DO 505 I : 1,1020
Vel) = DATMCl)
DO 506 I = 1,1020
XCI) ;: P-l)*Dr
CALL SCALECV,1.0,1020,1)
CALL SCALEeX,5.10,1020,l)
CALL AXIS<O.25,O,O,4HSEC ,-4,5.tO,90.0,X(1021),X(1022»
CALL AXlS(O.O,-O.25,4HI~ST,4,l.0,180.0,Y(1021),Yel022»

Y(t022) = - V(1022)
CALL LINECY,X,1020,1,O.O)
CALL PLO T(3.0,O,O.-3)
CONTINUE
DF : 1./(1024,*DT)
CONTINUE
REAOe60,4) DIP,SLIP,STRK
WRITE(61,12)
WRITE(61,4, DIP,SLIP,STRK
DIP DIP OF fAULT PLANE MEASUREO FROM HORIZONTAL CLOCKWISE

Z DOWN
SLIP DIRECTION OF SLIP VECTOR MEASURED ceL FROM HORIZONTAL
STRK STRIKE OF FAULT PLANE MEASURED FROM ~OR.TH

XDIP = DEGRAD * DIP
XSLP ;: DEG~AD * SLIP
XSTR : DEGRAD * STRK
SIND = SINexDIP)
COSD = COSexDIP)
COS2D : COS(2~*XDIP)
sINS;: SIN(XSLP)
cess: CoSeXSLP)
caSST = COS(XSTR)
SINST = SINeXSTR)
SIN2ST ;: SIN(2.*XSTR)
COS2ST ; cose2.*XSTR)
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WIGGLE PAGE 3

1001

2112

2001

1000
3113

C

FACl = SIND~COSS~COS2ST

~AC2 : SIND~COSSoSI~2ST

FAC3 = ~SINDoCOSO*SINS*COS2ST

~AC4 = -SIND*COSD*SINS*SIN2ST
FAC5 : COS2DoSINS*CCSSl
FAC6 = COS2DoSI~S6SINST

FAC7 = -COSD*COSS*CCSST
FAC8 = -COSD*CQSS*SINST
FAC9 = 2•• SIND*COSD*SINS
READ(60,4) AA
WRITE(61d3) AA
IF(AA,L~'-10.) GO TO 4321
IF(AA,LT.O) GO TO 9998
CALL EIGE~F(PYY1,PYV2,PYY3,PYY4,IFUNC,AA,NPER)
W~ITE(61,1~) ITyP(IFU~C)
DO 1J01 I : 1,1050
ZIP,I) : 0'0
CALL SRCINCSR,SI,TT,NPER,JSRC)
CALL GAMHA(ATTE~,TT,NPE~)
CALL SYM80LCO,O,2.0.0,14,ITYP(IFUNC',9n.O,4)
CALL SYM80L(O.O,4,O,O,14,4HH = ,9n.o,4)
CALL NUHBEQCO'Q'4,S'O'14,AA,90·Q,1)
CALL PLOT(3.0,O.O,-3)
COI\JTINUE
READ(60,a) PHl.STA
PHI STATION AZIMWTH ~~ASURED FROM NORTH
IF(PHI.LT.-4QU., GO TO 2001
WRITE(61,1 4 ) PHI,STA
SAZ = Sr'(DEGRAD * FHI)
CAZ = COS(~EGRAD # PHI)
DO 1000 I = l'NPER
MODE = IMonl::(I)'
o0 1 0 0 0 J = l' ~1C DE
PYl = PYYltI,J)
PY2 = PYY2(I,J)
PY3 = PYV3(I,J)
py4 = Pyy4(I,J)
CALL EXCITTCFAC1,FAC2,FAC3,FAC4,FAC5,FAC6,FAC7,FAC8,FAC9,Py1,

1 PY2,PY3,PY4, l~·uNC,SAl,CAZ,XR,XI, IEQEX)
XRL(I,J) = SR(I)oXR - SICI)oXI
XI~(I,J) = SR(I)*XI + SI(I)~XR­

CONTINUE
CONTI NUE
READ IN EPICENTkAL DISTANCE AND STARTING TIME OF SEISMOGRAM TRACE
READ(60,5) R,T~,ID(1),tC(2),ID(3),tD(4),ID(5),ID(6),IURUZ

l'NPy,YAxLEN,INS,IPNCH
IFCR.LE.O) GO TO 2112
IF(NPY'LE,O) ~PY = 1020
IF(YAXLEN,L~.O) YAX~EN = 5.12
YAXL,.E=YAXl,.EN

c
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,~ I GGLl= PAGE 4

NQT;YAXL~N

WRITEC61,5)R, TO,IC(1),ICC2),IOC3),YD(4),ID(5),tO(6),IvRUZ
1,r~PY,YAXLE'I,INS, IPNCH

C R EPICE~TRAL DlSTA~CE I~ KILOMETERS
C TO TIME SE!SMOG~AH 8EGI~S

C ID CONTRO~S THE OUTPUT CPTIONS
C ID(l) GROUND DISP LE 0 SKIP LE 2 SEISMOGRAM GE 2 SPECTRA
C 10(2) GROUND VEL LE 0 SKIP LE 2 SEISMOGRAM GE 2 SPECTQA
C 10(3) GROUND Acel L~ 0 SKIp LE 2 SEISMoGRAM GE 2 SpECTRA
C 10(4) sEISMO cIsp LE 0 SKIp ~E 2 SEISMOGRAM GE 2 SPECTRA
C ID(~) SEISMQ VEL LE 0 SKIP LE 2 SEISMOG~AM GE 2 SPECTRA
C 10(6) SEISMO AceL LE 0 SKIP LE 2 SEISMOGRAM GE 2 SPECTRA
C IUR0Z EO ~ YEkTICAL COMP Or RAYL EO 2 RADIAL COMPO~ENT or RAYL
C NPY = NUM8ER O~ TIME STEPS TO PLOT FOR SeISMOGRAM NPY.LE,1 024
~ YAXL~N = L~~GT~ OF TIME AXIS IN INCHES
C INS = 0 15-100 ~WSS~ RESP
C = 1 30-100 wWSS~ REsp
C = 2 LRS G 68~4-1j RESP
C = 3 LRSM 68~4-2 RESP
C IPNCH GT 0 CARD O~TPUT cr SEISMOGRAM

CALL SYMgOL(O,O,O.O,O.14,4HOIST,90.0,4)
CALL NU0gE~(a'c'o.7'O'14'R,90'D'-1)
Ct·LL. SVti80L<O'O,2'0'O,1 4 ,4H PHI,90'Q,4)
CAL L NU1'1 '1 E: Rto' 0 ' 2 • 7 , 0 ' 1 4 , PHI , 90 •0 ' -1 )
CA'- L SYi18 0 L ( 0 , I") , 3 ,5 , 0 • 1 4 , STA, <; ry • 0 , 4 )
CALL PLUTC1.5,O.J,-3) .
CALL INTERCTT,n~TA,~PER,CF,IMODE,XqL,XtM,WVNUM,ATTEN,IrUNC,

1 ~,IURUZ,ELIP,Tj)

Wf~ITE(54,~) CC~T~(t),I;1,1026)

Ii t: '.~ I Nl..) 5 4
DO ~OOD I\K = 1,6
IFCLD(If\K)'LE'Ql GO TO 5000
RfAJC54,3) (DAr~cI),I=1,lQ26)
qt:~; 1ND :,4
GU TO (00Q1,5001,5001,5002,5002,50Q2),I~K

500~ C~LL REsPcnATl,G~,!~S)

5001 CONTINUE
GO TO(5011,S012,501J,5011,5012,5013),INK

501 3 CALL VELREScDAT4,CF)
5012 CALL VELRES(DATA,C r )
5 011 CON r I ,~U E

IF(ro CINK).LT,2) GO TO 4115
1ST = 4HSY\;T
ICO:·1 : 1HHt:;TI
IUATE(l) = 4HC ~E

IUATE(2) = 4H1 Sro
IDA Te'3> = 4HGqAM
CALL T~PEWR(DATA,12c,~WRITE,IST,ICOM,R,PHI,O.O,TO,DT,IDATE,~024)

41.15 CONTINUE
IF(ID(I~K).GT.2> GO TO 510e
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:.>500

57ul

5702

5703
5704

5100
50 a'l

9998

r'ALE 5

DO j5JO r = 513,1024
J = 1.026 - 1
DATA(l, r) = DATA(l,J)
DAT~(2,I) : - DATA(2,J)
D~TA(2,513) = Q.O
CALL FOUR(DATA,1024,+l,CT,DF)
FAce = SQRT(lGOO./R)
DO ~60C I : 1,1~24

J = 2 * r - 1
DATHCr) ~ nATM(J' ~ FAce
Y~l) .: Tn
DO 57 00 I = 2'102 4
Y([) = VCI-i) + DT
Go TO C~701,5702,5703,5701,5702,5703),I~K
IA :.: 4H ...IlI -jP L
GO fO 5704
IA ;: 4HvEL
GU TO 5704
1;\ ':; 4H;\ eeL
co~ rr NUE
CAL~ SCALE(x,l.G,~py,l)

CALL SCALECY,YAXLEN,NPY,1)
CAL~ AXISCn.25,~·o,4HSEC ,-4,YAXLE,9 0 ' O'YCNPY+1),YCNPY+2»
CALL AXIS(O.O,-L.2S, IA,4,l.0,180,O,X(NOY+1),XCNPY+2»
NF' Y2 = i'.PY+~
X(~FY2) = - XCNPY2)
CALL LI~E(X,Y,NFY,1,O,O)
CALL PLOT(~.O,C.O,-3)

XIH.X = 0
DU ?8QO I : 1,NPY
IF(XMAX.LT.~RS(X(I») X~AX = ABS(X(I»
GO~H UJUc;
w~tTE(61,7' IA,xMAX
IF(INK.LT.4) INSTM = 6
IF{IN~,GT,3.A~D,I~S.EQ.O) INSTM = 1
IF(INK.GT.3.AND.I~S.GT.O' INSTM = 2
IFC!PNCH.GT,Q) CALL P~CH(X,NPY,OT'XMAX.PHl,R,TO,INSTM)

CONTINUE
CUNTINUE:
GO TO 3113
co~n I NUE
CALL PLOT(10.0,~.U,999)

STOP
E!'~D

SJ R:( OUT I ~Eel Gt:; ;'; F , PYy1 , PYY2 , P YY-3 , PYY4 , I FUN C, AfA , t\ PER )
COMMON/ONE/ELIP'42,10),WVNUM(42,10)
COM 11 aNIT ~~ 0 .I ! 1'1 0 ~ t ( 5 0 ) , ~

CUMMON/TYREE/TT(50),ZlP(1Q50)
D!MENSIO~ AtC 7j,4),cy(7a,4),DEPTH(70),DC 70)
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,.; I GGl.l f-' AGE 6

210J
,..
,.,J

c,..
'.,

f"
"-
r'"...,.,
'.',..
:..

2200

DIM[N~IU~ A(70),8(70"R~C(7U"XMUC70',~LAMB(70'

DIM~NSION ~YY1(42.10),PYY2t42,10),PYY3(42,10),PYY4(42,10)

Dr "'1i:~!S I uN PyR (4)
1 FO~~AT(lH ,2(!4,6X»
2 ~G~MAT(lH ,r 4 ,5x,7rln. 4 )
5 FU~MAT(lH 'A4,3f10.S,5El1~4)
to F II Rji AT( 1H , 1 ( 4 X, F.11 • 4 ) )

JG .s7 I :: 1,42
r;1) D~ < I) :: 1
DO 37 J=ldu
r:LIP<r,J) = 0
jJVNU~1(!,J) ;; O.\,)
PYY1(I,.J) :: I"
PYY2(I,j) ::: 0
PYY3(I,j) ::: 0

37 P YY'I CI , J) :: 0
REAiJ(Q1,1)'\j

t:; i1 E: A:J I N ~ () ,) ;.: L
1] 0 .1 0 G I:: 1 • '\j

lOJ REAO(Ol,2) LAYEH,CEPTHCI"D(I),ACI),R(I),RHOCI),XMUCI),XLAM8CI)
\IPER ;; 0

2000 READ(01,1) tFuNC, MODE
IFC~PER.EQ.0) IFUN :: IF~NC
MAXy :: 2 ~ ZFUNG
IF(!FUNC.LT,O, GO TC 9999
~'J PER ;; !\ PER + 1
IMouECNPER) :: McnE
DO 299 9 1M ;; 1,MOCE
REAOCC1,5) AMOCE,T,c,~,SUMIO,WVNUM{NPER,IM)'AL,ELIP(NPER,IM)'A~SOR
TT ( ,'< PER) :: T

C THE SPECTRA ARE CCMPuTEC AT A DISTANCE OF 1000 KILOMETERS
WVNO = WVNUM(NPER.I~)

DENOM = SQ~T(WV~O)*o,3ge9423*1,oE+20

~E~GM = DE~aM * 6,2U31853 * 31,622776 I AL
nO 2100 tN::~~,f\
REAU(D1,6) AY(I~,1).AyCIN,2),AY(IN,3),Ay(IN,4),DCDA,DCD8,DCDR
~VNa2 :: WV~J Q hVNO
RAYLEIGH W~'/ES

INITIALLY AYCI~,l) = ~R. AVCIN,2) = UZ, AYCIN,3) :: TZ,
AYCIN'4) :l TR

NOw Ayc1N,1) :: LR, AYCIN,2) :: UZ, AYClN,3) :: DURDZ,
AYCIN,4) :: LU 2DZ

AND CY(I~,l) :: DURDZ, CYCIN,2} = DUZDZ, CYCIN,3) :: D2URDZ2,
CYCIN,4) :: 02 uzcz2

GO TO (240~'220W)'IFUNC
DO 2300 IN :: l,N

H = RHO(lN)*C*C*WVN 02
XL2M :: XLAM8(IN) + 2.*XMU CIN'
CYCIN,l) = -WVNO *AY(IN,2) + AY(lN,4)/XMU(1~)

CY(I~'2) = CWVNO *XLAM8(IN)*AYCIN'1)+AY(lN'3»/X~2M
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9999

2552

2300

103
101

CY(lN,3) = (-H/XMUCIN) + WVN02~(3,~XL2M-2,~XMU(lN»/X~2M'~AY(IN,1)

1 -WVNO ~Cl.+ALAM8(IN)/XMU(IN»*AY(IN,3)/XL2M
CYCIN,4) = C-CH.WVNC2oXLAM8(IN»oAYCIN,2)+WVNO *(l,+XLAMB(IN)/

1 X~u(IN»*AYCIN.4»/XL2M
AYCIN,3) = CY(I~'l)

AYCIN'4) = CYCIN'2)
CO\TINUE
GO TO 2501
LOVE f~l\VES

INITIAL~Y AYC1~,1) : LT, AYCIN,2) = TT
NO~ AY(lN,1 J ; ~T. AY{I~,2) : DuraZ
AND CY(IN,l} = CUTDZ, CYCIN,2) = ~2UTDZ2
DO 2500 11\;:1'1"1
CYCIN,l) = AYCIN,2)/X MUC IN )
CYCIN,2) = ~VN02*(XMU'I~)- C*C~RHOCIN»*AY(!N,1)/)MU(!N)

AYCIN / 2) = CY(r~,l'
CCH; TIt,: UE
CONTrAJE
no :I. 0 :5 I = .1, f\
IFOCA = I
Cl=JEPTH(1 )-0.':;*0(1)
D2=JEPTHCI,.O.5*D(I)
IFCAA.GE.Dl.AND.AA.~E.D2) GO TO 101
C(.H,TIi~UE

DO 110 JJ : 1,~AXY

~AA = Ay(rrOCA'~J)

CC = CVCIFQCA'JJ)
AAA = AAA - CC * DEPTH(IFOCA)
PYR(JJ) = AAA + CC * AA
GO TO(2551~~552),IF~NC
PY V1(NPER,!) = WvNO ~PVR(l'/DENOM

PYY2(NPER,!M' ; PYR(2) I DENOM
GO TO 2555
CONfII\Ut.:
PYY1(NPER,!M) : WVNC ~ PYR(l) I DE~OM

PYY~C~PEQ'IM) = WVNC ~ PYR(2) / DE~OM

PYYj(NP~R,rM) = PYR(3)/CENOM
PYY4(~P~R,tM} = PyR(4)/teNOM
CO\Tli'<US
CONTIi\UE
GO TO 2000
CO~!TINI.JE

I FU,'~C : I F~I;'j

REWl\JD 1
RE rlJRf~

END

SG8ROUTINE TAPEwR{X,M,N~RITE,IST,ICOM,DIST,DEG,8ACKAZ,TO,DT,

1 IDATl:,NPTS)
DIMENSION X(1),lDATE(3)

2555
2999

2500
2501

110

2551

C
240:)

c
c,.
',.,>
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khl1E(D3,31G) ~,NPTS,IST,lCO~1,DIST,DEG,8ACKAZ,TO,DT,

l IDATE(1),IDATE(2),lDATE(3)
310 ~UR~AT(215,A4f1X,A4,lx,5Fl0,2,3A4)

DU 312 I = 1,~1

K ;: I * 8
J = K - 7

312 WRITE(03,311) \~RITE'(X(L)'L=J'K)

311 FOR~AT(15,8El',o)
~j h~ ITt ; (,)1 ii: I TE + 1
ReT UR1~

Ei~ C

SU8ROUTINE sEISMAG1(FREC,pEAK,XR,XI,INS)
I~S EQ C 1S-1nu ~WSSN

P~AK MAG~IrrCATIO~S ARE 350,7QO,1400,2AOO,5600
I I" SEQ 1 3 0 -1 u0 \oj wSSN
W(=t.2831b53*FQEO
l~rEX=(PEAK+l)/375

HClNS.GT,f') GO TC 200
lOi] c0 1'dli\!l'E

(,0 TO'l,2,2.3,3,3,3,4,4,4,4,4,4,4,4,5),INDEx
1 Frv:~(j=27G.

SlG~;A::O.C03

GU TO 6
2 FMAw:556.0

Srr; j" A=0 • G1 ~

GO TO 6
3 Ft~AG::ll10 I

SIGhA=O.047
GO TO 6

4 PI ~ G:: 21 '" f1 •
S!GMA::O.2U4
(',0 TO 6

5 ri'1AG::395t').
S I G)':I :: 0 • 8 () 5

6 ZC:,,=li.9'3
7r:'!',,1-1
~"- I f-t - •

\--i :\1 ;: • 4 : e8 7 9
\.J i\ll :: • 11 6 2 fl31;:.i 5 3
GC 10 300

200 GU~irI~JU[

GO TO(lQ,2a.?O,30,30,30,30,40,40,40,40,40,40,40,40,50).lNDEX
10 nlf,G :: ~:;1. 0

SInhA = 0.003
GO TO 60

20 F11AG = ';)03,1
SIGMA = 0,1)12
(10 TO 60

3C1 rhAG :: 1001.5
SICH1A = 0,044
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GO TO 6u
40 F~AG ; 1941.9

SIGHA = 0,195
GO fO 60

5~ FHAG = 2241.8
SIGMA = ,7f:,7

60 Zf;:TA : 1.5
ZETAl = 1.0
1-: t j ::; • 2 (j 9 4 3 9 5
Wr,l :: ,062831li53

30~ cc~: r I NUt::
Ak= (~E*WE-~N*W~)*C~E*WE-WN14W~1)-4,*ZETA*ZETA1*WN*WN1*<t •• SIGMA)

1 *~, E*yl E
Al;2.*W~*(?ETA1*W~1~(WN*wN-WE*WE)+ZETA*wN*(WN1*wNl-wE*WE»

FACT 0k :::. F i~ II G'~ I..J E* ~ E*WEI CA. I *A I + AR*AR )
XR :::'-AI * C:-"lcTnH
Xl ;-FACTO~ '"' Ar~

R~. TuR i'J
Ei,D

su9 f~ 0 UTI ~ t ::.l E I Srn CFr-~ Et.: , pEA K, XR, XI )
C L.i-\Sii RESPO~:SE FOR LP SYSTEM WITH FILTER 6824-2
C PH A;j E Rf: SPOI', S~ 03 TAl NED FRO M HI L 8 ERT TRAN SF 0 RM 0F AMP l" IT U0 E
C ~ESP0NSE, GAIN NORMALIZED TO 1,0 AT 25 SECONDS,

DiMENSION FRE(2S),PC 2S),PHIC 2S)
DATA FR~/'n01' "G02' '00 3 "00 4 , '00 5 , '00 6 , '007'~008"009t"01' '02' "U3.

1 , (; 4 • , C; 5. , 0 6 , , 0 7 , , 0 8 , , (j 9 • , 1 , , 2, , 3 , , 4 , • 5. , 6 , • 7 , • 8, , 9 , 1 , I
D~Tf, P~I/263,9,257.9.251.9,245.6,239.3,233,1,227,1,221,l.214.6.
i?Ce.3,134.9,73.~,15,3,-33.2,-71.2,-100.1,-122.4,~140,0,-153.8,-213

~.1,-232,b.-242.o,-~49.2,-2S3.0,-256.9,-259.3.-261.2,- 262,91

[1/., Til F/,OLl!J05, .v0040, .00135, ,00321, ,00625, ,01077, .01706, ,02546,
l • (I 3 6 31. , 0 ~ i'hi 6, , 3 4 11 7 , • 7 3 9 0 4 , 1 I 0 0 0 0 , , 9 7 6 :3 3, , 7 9 8 0 7 , , 6 14 1 7 , , 4 61 0 5 ,
2.34464, ,2b3:t5, .1;3583, .01097, .00468, ,00240, ,00139, .C0087, .onosa,
;S.QQ~4G, .OOO~91

t"i = 26
r~GRAr : O,0174~329

IF(FREQ.GT.O.5) FREG ; 0,5
IFCFREQ,LT.a,005) FHEQ = 0,005
DO 2CC I : 1,i1
IFCfRE:Q.GEoFRECl),AI\D,FREQ.LE.Fi1E<I+1» GO TO 1QO

200 C(1\T!~;IJE

160 PF: PHICI)+(pHl{I+l)-PHICI»/CrRECI+1)-FREcl»*(FREQ-rREcI»
ph = pCI) + (PCl+l) - P(I>'/(FRE(l+l)-FRE(t»*(FREQ-F~E(!»

PF = PF iJ DEGRAD
XR ; COSCPF) * PH ~ P~AK

XI = SI~CP~) * PH * PEAK
RETURN
Ei\;O

SuBROUTINE SEISM7(rREQ,pEAK,XR,X!)
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c

LRS~ R;SPONSE FeR LP SYSTEM WITH FI~TER 6824-13
PriA~E ~ESPO~SE OBTAINED FROM Hl~8ERT T~ANSFORM OF AMP~ITUDE

RESPONSE. GAIN NOR~ALIZED TO 1.0 AT 25 SECONDS.
Dr~ENSION rHE(28),p(2S),PHI(28)
DATA FRE/'r'lGl, 'uo c"0L,i3, '00 4 , '00 5 , '00 6 , '00 7 , '00 8 , '00 9 , 'Q1' '02, '03,

1,04,.05, ,06, ,07, .08, ,09, .1, .2, .3, .4, ,5, .6, .7,,8, ,9d,.1
DAT-\ PI. 0 0 QQ15 , , 0 0 ('1 :3 91 , , 0 iJ 131, , 003 :1.. 0 , • 00 6 0 9 , ", 01 06 8 , , 0 1. 713, , Q2 55 6 ,

1,03618, .D4848, ,28iJ3C"67553,1.,,,1.09443,1.0044, ,86 969,.74511, ,6355
d.7, .54818, ,12153, ,04630, .02741, ,01827, .Cl1328, ,01017, ,OQ8052, ,006545
-S, ,CD54041

[ATA PHI/265,U,259.1,253,4,248.1,242,8,236,9,230.3,223,4,216,4,
1209.7,153.4,102,0,54,6,14,4,-16.8,-40.4,-58.2,-73,3,-85,4,-146,4,
~-153.9,-155,3,-156,4,-157,7,-159.2,-16~,6,-162,3,-163.81

h = 28
CEGkAD = 0,01745329
IFCFR~Q.GT,U.5) FREG = 0.5
IFCFRE::Q,LT ,U,(;Ct 5) !="hEG = 0,005
['0 ~oC; I = 1,M
IF(FRtQ.GE.FRtcI),A~D.FREG,LE.FRE(t+l" GO TO 160

200 CO\,Tli\UE
16C PF= PHICI)+(Phr,I+1>-FHICI)'/(FRECI+1)-FREC!})*(FHEQ-FRECI»

PH = PCI) + (pel+ 1 ) - P(I)'/(FRE(l+l)-FRE(I»~(FREQ-FRE(I»
PF :: PF * DlGEAG
XR ; P~*PE~K*CCS(PF)

XI ; PH*PEAK*SI~CP!=")

RETI..IRt\J
END

SU8MOLTI\E HESP(DATA,CF,INS)
DI~ENSIO~ DATA (1)
DAr..dl~=O.'j

DATA(2) = 0.0
DO 10 I = 2.513
XI = I - J.
Fj-.(EJ = XI * OF
J :: 2 * 1-1
K = 2 \lo I
IF(lN~.LT.?) CA~L SEIsMAG1CFREQ,30QO.,XR,XI,INS)
Ir(!N~,EQ.2) CALL SEISM7(r~EQ,3000.,XR,XI'
IFlIN5,EG,3) CALL SEISM3(FREQ,3000.,XR,XI)
TEMPR = XH*rATAeJ) • XI*CATACK)
TEMPI = XR~LATA(K) + xy*tArA(J)
CATA(J) = rtt,1PR

10 DAT~CK) :: fEMPI
R[TLRf\I
Ei~D

SUBROUTINE vELRESex,nF)
DIMENSION X(l)

C THIS I S FREQUc: ~~ c Y nct1/\ I 1\ EQUI VALE NT 0F TIM E nOM AI N 01FFER ENTI ATI 0N
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DOM = 6.2831853 * Of
DO 10 I = 1.513
Xl ;:: I - l.
FREQ ;:: XI * DOM
J : 2 * I - 1
~ : ? .jjo I
TEMpR = - ~REQ ~ X(K)
TEMPI = ~REQ ~ X(JJ
X{J) = TEMPr~

10 X~K) : TEMPI
ReTURN
E:\JD

SU8ROUTINE FOUR(DATA,~N,ISIGN,DT,D~)

C THE eGeLEY-TOUKEY FAST FOURIER TRA~srORM IN uS,SI BASIC FORTRAN
C TRA,~s FOR MLn : :J U1'1 ( CAT A( 1> .. W-It.jjo , <I -1 )( J -1 », WHEli E I At\ D J PU~J

C FI", 0 i~:i 1 TO '-1 j\ ;~ NL ',.J :: EX F ( I SI GN" 2*P I *SQRT ( -1 ) / NN) • DATA I SAO 1\1 E-
C DiMENSIuNAl COMPLEX ARqAV ct.E. , T~E REAL AND IMAGINARy PARTS 0F
C CAT A ARE LOCATED IMMEDIATELY ADJACENT I~ STORAGE, SUCH AS
C FORTRAN IV PLACES ThEM) WHOSE LENGTH NN IS A POWER OF TWO. ISIGN
S IS +1 OR -1, Glvl~G T~E SIGN OF THE TRANSFORM, TRANSFORM VALUES
C ARE RETUR~ED IN ARRAY DATA, REPLACING THE INPUT DATA. T~E rIME IS
C PkOPORTIONAL TO N*LCG2(~" RATHER THAN THE USUAL N**2
C RMS RESOLUTIO~ tPRO~ BEI~G BOUNDED BY 6*SQRTCI)*LOG2(NN)*2**(-8J,
~ ~HE~E 8 IS THE ~U~8ER OF BITS 1\ THE FLOATING POINT FRACTION.
~ PROsRA~. AUTOMATICALLY DIVIOES TRANSrORY BY NN ~OR INVERSE
C Tr,;A SFCRM

DI~[NSIJN CATA(1)
\1 = 2 * ~i\

IFCJT,EQ·U·O) DT:l'/(~N*rF)

IF(DF.E~.O.v) DF=l./(~N*LT)
I F ( [.; T• ~J E • ( \J I j *DF » DF = 1. I ( N~I *nT)
J : 1
DO ~ 1:1,1\,;:;
IF(1-J)1,(!,2

1 TE~PR = DATA(J)
TEM~I : D~TA(J+l)

DAT~(J) = DATAC!)
D~TA'J+l)=1ATA(I+l)

DAT.'I(1) = 1'i::MPR
OATA(I+l) : TEMPI

2 M :: N/2
3 IF(J-~';) 5,5,4
4 J : J"'M

"1 ;:: t"1/~

IFp1-t.:!)5,3,3
5 J=J+M

M:-1AX = 2
6 IF(MMAX.N)7,10,10
7 ISTE:P= 2 oMMAX
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3

=1

1')

t"
~

1001

1002
'"'....

10 0 3

TH[TA : 6,263185307IrLOATCISIGN*MMAX)
SINTH=SINCT~ETA/2"
WSTPR=-2,*SINTH*SlNTH
WSTPI:SI~CTHETA)

toJ R: l' Q
wI::,j,O
Ol) 9 i'1=1,Mi'1~X,2

DJ t l=M,r;,rsTEP
J .: I 1-i"1 MAX
T~M?~:WR*DArACJ)-~I*DATA(J·l)

T~~PI:WR*D~TACJ~1)+~I*DATA(J)

D~TACJ):DATA(I)-TEMFR
DATA(J+l):DATA(I+l)~TEMPr

OAT~(I):DATA(I)+TEMPR

DALdr+t) = r:AT~(I+.l)+TEMPI

Ti::"'!iJR :: WK
\~ t~ ;: .~ R... \.J STPR... 1,~ I *~ STPI'" .(oj R
WI • ~I*WSTPR+T~MPR*WSTPI + WI
M;'1 ~( : r STEP
GJ TO 6
C'J'\T INUE
Ir(rSIGN,~T,O) GO TO 1002
F~EJUENCY TO TIME DCMAI~
DO :;.0\)11111:1,,\1
DA TA( I r r I ) =DA TA( 1 I I I ) *DF
Rt:TURN
CJ \i T r:~ 'J E
TI~~ TO FREQUENCY DeMAIN
DJ 1~03 IIII:l,~

DATACIIII)=CATA(IIII>*DT
RETuRN
ErJD

SU8RO~JTINE EXCITT(rAC1,FAC2,FAC3,FAC4,~AC5,FAC6,FAC7,FAC8,FAC9,

: pYl,pY2,pY3,PY4,IFUNC,SAZ,CAZ,XR,XI,IEGEX)
GO TO Cl00,200),IEQEX

100 CO\lTI~UE
52.2 : 2.*SAZ*CAZ
C?-AZ = CAZ*CAZ - SAZ*S~Z
Go TO (.1.,2).IFuNC

1 Cul'{i I !\ UE
xR : ?Y1 *'(F~Cl-~AC4)~C2AZ + (FAC2+FAC3)*S2AZ )
XI = - PY2 *«FAC~·FAce)*CAZ + (FAC6-FAC7)*SAZ)
RETuRN

2 co;~ r I i~UE
XR : ~yl*«FAC3+FAC2,*C2AZ + (FAC4~FAC1)*S2AZ) + FAC9 * PY4

:1. ... ~'5*FAC9"PYl
xl : (PV3+PV2)*«FAC7~FAC6)*CAZ+(FAce+FAC5)*SAZ)
RETl,iRN

200 CONTINUE
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210
260

300

400
,..
..J

C

in

c

c

GO TO (In,2Q).IFU~C

10 XR = u
XI ;; C
RETJRi'J

20 XR ;; PV4 - PYl
XI :: 0
RETuR,\'i
E.\)1:

Su3 ,W J TI ': E SReI I. (SR. S 1 , TT, NPER, J SRC)
Di~ENSION SK(l).SI(l),TT(l)
DrMENSIO~ XR(50),XI(50),T(5Q)
IFCJS~c.GT.C) GO TO 400
T~I3 ~EADS IN THE VALLES OF THE SOURCE SPECTRU~ AT PERIODS T WHICH
A~E A~IGN~~ IN ASCE~DING ORDER, THE SOURCE VALUES cORReSPONDING
T) TH~ ~E~!CDS TT OF THE EIGENFU'CTIONS ARE FOU~D 8Y
1'1 T:;; R1.1 'J :... AT! :J N
DJ .:.011 I :: 1.5,1
RLA:J(6'j.2) TCI),XR(1),X1C I )

:? F CJ R;i Ar(FlO, 2 , E11 , 4 , ; x, !: 11 • 4 )
IF(r(l),LE,J) GO TO lU1
N :: I

100 CDNTI\lUE
101 CONrI'~UE

N :: N - 1
DO JOJ ~ :: l'~PER
PER = TTe K)
o0 21 t) I = .1.' iii
IF(PER,GE,T(I).ANc.PER,LE. T(I+1» GO TO 260
cc:\TI~.:UE
SRCK) :: XR(I) + (XR(I+1) - XRe{»/CTCI+l)·TCI»*(PER-T(I»
SICK) :: XI(!) + (XI(I+1) - XI(!»/(TCI.l)·T(I»*(PER-TC!»
co~~ T! ~UE
Go TO 401
CO~"TIrJUE

THIs REAOS IN ThE SEISMIC MOME~T, ASSUMES A STEP oISLOCATION
AND CO~PUTE5 THE SOURCE SPECTRUM
Rt:ADC60,10) XMO/v,
FORrIAT(r::l0,3)
DO 200 K = i,NPER
SR(r\) = 0.0
Sl(K) = ~ YMQM*TT(K)/b.2831853

200 CON T Ii'~Ut:

401 COf\iTlNUE
WRITE~61,J)

3 FORMAT(lHO,4X,6hPERIOD,4X,?HSCREA~)'13x,7HS(!MAG)
WRITE{61·1)«TT(!),SR(1),Sl(!»,I=1· NPER)

1 FOR t1 AT(1H 'F 9 , 2 , E11 •4•9X, E11 • 4 )
RETuRN
E;~D
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202

210
C
C

260

sun~OUTINc GA~MACATTE~.TT,NPER)

DIMtNSION ArTE~(42110),TT\50),ATEN(42,10),TC42'
1 FOR !IA T ( 8 F 1 n•5 )

QU 100 I = 1,42
REAuC6n,1) TCl),(ATEN(!,J),J=1'10)
IFcrCL>.LE. J ) GO TO 101
!\ = 1

100 CO~<TINlJc

101 Cu\ T I i\; l.! E
N : N - 1
DC ~OC K = 1,~P~R

PeR = TTeK)
DO ~lG 1 = 1'(\
IF(PE~.GE,T{I).ANO.PER.LF..T(I+l» GO TO 260

210 r:u~Thuc:

26~ Do 270 J = 1,10
270 ATTbNCK.J) = ATLNCY,J) + (.TE~(I+l,J)-ATEN(I,J»/cT(I.l)_T(I»

]. 'It \P~':R - r(y»
20 0 CD~: THj LI E

~~hITE(6l,3,

3 r:OR;AT(lHiJ,jXt6hPf;;R10C'10C5X,?HGAM~q» ,_
WR 11E (61,2) ('TJcl),(ATTEN(I,J),J=1,10»,I=1.,~P~R)

2 r:O R!IAlC1H ,f9.2,lQF10.5)

END

SU9~OUTl~E INTER(TT,DATA,NPER,OF,I~ODE,XR~,XIM,WVNUM,ATTEN,IFUNC,

l K,lURUL,cLIP,TJ)
DI~ENSION~JATAC2,10~4)IXRL(42,10),XIM(42,10),I~ODE(50),ATTEN(4?,10

1),WVNUM(4~,lO),TTl5W),ELIPC42,1Q)

P14 = O.78li39<.i2
TLlN = TT(l)
H,X = TT (~Pt:R)

DATJdl'1) :0: 0'0
DI, T t> ( 2. , 1) : O. 0
D0 200 II = 2,513
DATI, ( 1. , I I ) : ::1 , ()
DALd2,xI)=U,O
XK = I I ~ 1-
PER = 11/<>~K"DF')
IF(~ER.GT,TMX) GO TO 200
I F ( ;' ER• LT. TLW) GOT 0 200
DO ~lQ 1 = l,NPER-l
IFCPER,GE,TTCI).AND,PER,LE,TTCI+l» GO TO 260
CONTINUE
THIs usEs FACT THAT IMOCE(I+l) Is LE TO IMOOE(I)

MODE = IMODE(I+l)
DO 270 ~ = 1,MaCe

XII-20



~.j I GGLE: PAGE 15

XH :; XRL(I,J) + exRLeI+l,J'·XRLC!,J»/CTTCI+l)-TTCI»*(PER-TTCI»
XI :; XIM(r,J) + (XI~(I+l,J)-XI~(I,J»/(TTCI+l)-TT(I»*(?ER-TT(I»
WVNO = WVNUM(1,J)+(~V~U~(1+1,J)-WV~UM(I,J»/(TT(I+1)-TT(1»*(PER-

l TT(1»
ATE I~ ;; AT TEl\i ( I , J ) + ( AT TE1\ ( I +1 , J ) - ATTEN ( t , J ) ) IC TT( I +1 ) - TT( I ) ) * (PF. R

1 - TT(1»
FACT ;; C6.2B31B~3*TC/pER) - WVNO * R
GU fa (301,.502),IFUi\C

301 F~CT = FACT + PI4
GO TO 305

302 GO TO (303,30 4 ),ILRLZ
303 FACT = FACT - P14

GO TO 3\15
3U 4 FACT = FACT - 2,3561945

ELLIP : ELIPCI,J) + (ELIP(I+1,J)-ELIPCI,J»/CTT(I+1)-TT(I)'*(P~R

1 - TT( I ) )
3 G5 C:) NTL'I J r;

Cf·-:: C0S(F!\(,;T)
SF :; 31\;(FAC T )

F'~\:r = JoO
An = ATE~*ii
IF(AT~'LT,AGoO) FACT ;; E~P(-AT~)

Ir([Fu~cot~.2.A00.I~R~Z,EQ.2) FACT = FACT * ELLlp
IF(IFUNC.El.2,AhD.I~RLZ,EQ.1) FACT = - FACT
DATi<\(l,lI) = DATA(l.II) + FACT*(XR .. CF - XI.Sf>
D~T~(2,lI) ;; DATA(2,II) + FACT *(XR*SF + XI*CF)

27(; cun PWE
2 0 f\ C() 1\ r I ;, UE

RLTdRh
E~H)

SUBROUTINE PNCH(X,NPY,DT,XMAX,PHI,R,TQ,INSTM)
DIM~N3ION X'1>,lX(\Q25>,I Y(102S)
D~G = R/1J.1.19C;
8AC~AZ ; 36,;. - Ph!
TMAX =CNPY.:l*DT
CPM = 6tJ o l'l1
Cp ''1 :1 =5 alJ • I X :-1 AX
w~ I TE ( 43 , 6) INS TM
~H I TE, 4 2 , () ! NS H'"

o F J R.1 AT ( 15, 4 x, 1H1. , 4X, 1 h 1, 3 X, 2H-1, 4X I 1H2 I 4 x, 1H2 )
WRITE(43,5)
W~ITt:(42,5,

5 FJRHAT(t H )
W~ITE(4J,3) R'OEG,8ACKAZ,TQ,DT,CPMM
W~tTE'42,3) R,D~G,8ACKAZ,TO,DT,CPMM
W~lTE\43,4)TMAX,CPM

WRITE(42 4)TMAx,CPM
3 FORHAT(16X,~Fl0.2,lPE10.3,6H 3000,)
4 For~,'IAT(;.:5X'Fl0.2'Fl0.3)
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Di) .J. 0U r :: 1 J i~ Py
1A(t) = 1-1
lY(l' ~ 506u*X(I)/X~AX

100 COf\TrNUE:
NPYl = ~,PY+l

IX(dPY1)=-9999
I y (;'~PY1) :-9999
WI~ r TE( 4.3, ;2 ) ( ( 1 X( I ) , I Y, I ») , 1=1, \! p y1 )

::2 FORiiAT(1.6Ir.;) .
WhITE(42,2)C (IXC!',IYCI »,I=1,NPY1)
RE:T ... RN
E"r
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DA TA PAGE 1

1 1 0.488
85. 145. J5J.
7.5
O.250E 23
1.5 0.01

2.0 0.01

r) r.; C.OG5c. • .1

5.0 0.0001

1 n• \oJ. 0002

20. v.O()(J1

22. \,1.00008

3 (1 • 0.000"3

35, G.OOODo

100. 0.000'16

352.J D8Q
854.3 O. Q 2 1 480 5.0 0

346."1 SLH
244.9 a•0 2 1 480 5 or, 0

345.4 FLO
265.~ n•c 2 1 480 5,0 0

76.4 BLWV
749.0 o•0 2 1 480 5,0 0

262.9 HBOK
854.3 a.0 3 1 480 5.0 0

"'500,
-1.
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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 explosions 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, etc.). 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 obtained 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. Henee, 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 ela,stfc halfspace. with
coordinates z, r, ¢ (P<z<oo, O<r<oo, O<¢<2TI). The. equations of matton
are (7):

. ..... A ..... A j)'Ju
orz + 1 alpz + au. + rs _ p Z F
a; r 8ql ai" r- aer- Zt

A A..... A A (j!u
err +.!.. 8rcp r ~ + rr - <PCP rF
8r r ocp -r oz r = P~ -. r!

(1.1)
..



Here r~, r~, r~) ~~, ¢¢, z~ are components of the stress tensor; u
u , u are components of the displacement vector u(t, z, r, ¢) z
ia th~ directions a , a , a respectively; F , F , F~ are components
of the vector volum~ fOfce F(t,z,r,¢) actingZat the source along the
same directions; t is the time.

For the components of stress we have the following relations:

A (OU OUr)·
rz=~ 0/ +.az I

(1.2)

where ~ - dilation.

A 11 ( oUcp )
fjlfjl = A.~ +2r alp + Ur !

(1.3)

The Lame constants A and ~ and the density p are piecewise-continuous
positive functions of a single coordinate Z; for Z>Z,A,~,p are constant,
and the velocity of transverse waves b = 1~/p and of compressional
waves a = ?(X+2~)7p are maximal (this is necessary since Z can be as
large as desired):

b(Z + 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<oo; the surface z = 0 of stress, i.e.

Initial conditions:

A A '"

rz = <pZ = zz == 0 npn z = 0. (1.4)

Ou
u = at = 0 IIp. t<O. (fAa)

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 for t<O)
2) F(t,z,r,¢) is absolutely integrable and satisfies the Dirichlet

conditions for all arguments. Then we are permitted the following
representations:
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-+00 00 00 3

F (t, z, r, cp) = 2~ ~ e ipt ~ [ ~ ~ f~jA~)] 6d 6dp, (1.5)
-eo 0 m=-oc i=1

where
(1.6)

Here J is a Bessel function of the first kind of order m.
v(95orffifunctions ~i) are fields and mutually orthogonal.
f ~ (z,~, p) are found using the orthogonality relation
m

The system of
The coefficients

... 21l:
\" \" A(i) ~) A-(j) d ~ ~ '5(i -t.)

. ~ ~ { m (IY', I (rr)] r <pdr == 21tuijUml Vit.
o n

(Oij is the Kronecker delta, 6(r - 'J..) is the Dirac delta function
1

) and equal

+co co2"

t<;") = t.~ ~ e-ipt ~ ~ (F I A~» r d<p dr dt.
-00 0 0

Specifically for i = 1,2,3 we have:

+co co z"
f~)= 2~ ~ e-iPt ) ~[FzYm(£r)]rd<pdrdt,

-00 0 0

. +00 coz" - -
lJ.) == -!... \ e- ipt \ \ [( F 8Vm + F 8Vm .!..) ]!- den d dt

m 2n J J J r 8r rp 8cp r i; 'r r 1

-00 0 0

+CO co 2" - -

f~) = 2~ .~ e-ipl ~ ~ [ ( Fr a~m ; ~ Frp a~m )J ~ rl<p dr dt,
-co 0 0

Ym = e-im~Jm (Sr) •.

(1.7)

For the force components of Fz ' Fr , F~ we have been using (l.S), (1.6):

(1.8) .

A~) is complex conjugate of A~)
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formulae for displacement. The solutions an.s1ng in non-stationary
problems of the theory of elasticity have the form

where

+co

U (t l ZI Tj q» = 2~ ~ eiptU ~Pl
-co

00 +co 3

U (P1 ZI', q» = v. [~ 2} .:8 v<~ (z! ~! p) A~)G dsl
o -co i=1 •

(1.9)

with a solution similar to the stationary problem of elasticity theory,
which is derived in the same way with conditions that V ,(z,~,p) be
square integrable on the interval z E (0,00). Here and l~ter on, 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 az,ar , a¢
we obtain:

+co 00 co

U z = 2~ ~ eipt V. ~ [ 2i v<~)ym]sdGdp,
-co 0 m=--oo

1 +00 _ '00 [ CO> (Y(:l) ay ay]
u'" = 2~ ~ eipt v. ~ ~ ; f)<pTA - v<~) a;) dsdp.

-00 0 m=-oo

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 Vel) v(2) ••
. m' m

II (V~)! y<~» == ~ [('- + 2!L) d:~) - 6,-Y<~)J ..:..
d¥i2)

- G!L d; + v<~) (p2p - S2p.) = - f~)! (1.11}

12 (V<~) I V<~» = ~ [p. d;;) + S~V~)] +
dy(l)

with boundary conditions + s~ a; + v<~) (p2 p - S2t. - 262!L) = - t<;} t

dy(l) d¥i2)

azz = (A + 2~) d: - ;AV<~) = 01 'frz =~ dz
m + SlLV<~) = 0

npK Z = O. (~.12)
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The f . Vel)unctJ..ons m '

2. For v(3)
m

V~2) 0zz' and L rz are continuous and bounded for all z.

d ( d~3») (3)1 (V(3» = ~ IL~ + V<~) (p"p - ~~~) = - 1m i
3 m - dz r dz

(1.13)

with boundary condition
~8) •

't' == 11..~ = 0 npR Z = O.
'9%- r dz

(1.14)

The left side of (1.13) and the boundary condition (1.l4)defines
a self-adjoint operator L

1
in the region of integration with the

function v~3). If the ve~tor function filiI) and the function

f (2)
-(3) ~
f are also square integrable on the interval zEto,co), which follows
fPom the conditions imposed on the function F(t,z,r,¢), then the following
relations between the functions v~l), V(2), V(3) and the eigenfunctions
of the above described operators are val~d (2,~,lO).

Expression of V in terms of eigenfunctions. v(i) (i = 1,2) can be
m m

expressed in the following manner:

V(3) and L 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 the region of integration with the square integrable vector function

v Cl )
m

(1.15)

Here,for the coefficients cR
k ' cR wem m

R 1 Drm
tlkm == -1- Jph (~) - pi kB

have:

B D~
em == ~ (~) _ pi , (1.16)

m

D~m = ~ .U<;{Vk1) + I~Vk2» dz I

. II

co

D~ = ~ (/~V(l) + f~V("» dz,
o

co

I leB = ~ p[(V~l»1l + (V~ll»ll] dZ t

o

R ~(l) d ~v(2) ~(l) d ~V(2) are the eigenfunctions of the operatorsere Vk an k ,van
constituting the left-hand sides of (1.11) with the boundary conditions
(1.12) •
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The first par~ of the function corresponds to the discrete spectra of
eigenvalues p (k = 1, 2, •••k (~»; ~2vi < P~R < P~ , where vR is the
minimal velocf~ of Rayleigh waves in a nalfspace with constants equal
a(z), b(z), p(z) for some value of depth (1,2). The sec2nd part
corresponds to the continuous spectra of eigenvalues B(p < B < 00).

0-
Here the wave number ~ plays the role of a free parameter. Formula (1.16)
is obtained using the orthogonality relations:

00

~ P[Vil)V}l) +Vr&)V}I)] elz = 0 nplI i of; j I

o
00

~ P IV(l) (~)V (pi) + VI (~) V(ll (pi)] elz = ~ (pi _ ~).
o

tV

where V(i) is the complex conjugate of ~(i) .

Similarly V(3) can be expressed as
m

k L (1;) 00

v<~ = ~ ckmVkS) + ~ c~ (~) V(3) (z!~) el~,
k=l II

Po

(1.17)
!

where

00

DL \ t(3)0'(3)d
/em =,) mY It Z!

o

00

D~ = ~ tgly(3)dz,

o
(1.-18)

00

IkL = ~ P(V~3»1 az.
o

For this derivation the following orthogonality conditions were used:

00

~ pV~~)V~3)dz=0 npH i + j t

o

00

, ~ pV(3) (p'J.) V(3) (~) -elz = IS (pI - ~).
o -

Placing these expressions for V into (1.10), we obtain the complete
precise formulae for displacem~nts.
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u, = 2~ I'" Iv. HJJ(Ic:mj7l~ +~C~(~) j7("a~) ';;+

t+C~~c~mj7\3l+~C;;(~)j7(3)a~) a;; )]a~)dP' (1.19)

Po

It can be shown that the derived solution for non-stationary problem
satisfies the null initial conditions (1.4a). Thus for fixed ~ the
functions of p in (1.19), multiplied by exp(ipt), are only the coefficients
c~ ' cg which are analytic everywhere except at a finiI~ln~mber of points
for 1m p ~ 0, decreasing as p~ not slower than 0(1 / p £1). 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 uft) 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 sumrK~(~)]'

lk=l
Keeping only parts, decreasing not faster than r-1 , we obtain the following
asymptotic formula for displacements at large r (5):

A.,.}



(1.20)

Here for Q = R, L K (p) is the maximum number of harmonics of Rayleigh (R)
and Love (L) waves Shieh exist for a given p.

00

u;,/(p,cp) = mAooDSnexPim(cp+ ~)J (1.21)

~ is the wave
p~~se and group
~kQ by

2 2
number, a root of the equation Pk (~) - P = O. The
velocities of the k'th harmonic V~Q and CkQ are related to

V - P
kQ-~!

'okQ
(1.22)

P is the limiting frequency; os.cillations with frequencies less: than V
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:
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The vertical u and radial u components of displacement make up the
Rayleigh wave;Zthe tangential component u¢ makes up the Love wave.

Expressions for PkO' CkO by integrals of eigenfunctions. The calculus of
variation can be used Eo obtain formulae for PkQ and CkQ (2, 15, 23):

P:Q = (~2GS + 2sG~ + a3t)/IkQ; C"'Q - (tGQ +GQ )/ I'• ,,- \> lk 2k PleQ leQ!
(1.23)

Qwhere Gjk are the following integrals:

00

G~ = ~ [(A + 2~) (V~~)2 + ~ (V~1»2] dZ t
o

(Xl

Grit = ~ !-L (V~»\ld Zl

o

Gik =0,
00 (dV:<a»'G~1t =~!-L + dz.

Methods for

methods for

calculating PkR' ~£1) and ~(2)
~(3) . k

PkL, Vk ~n (2,15).

A-9
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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 be
obtained by adding the fields of these elementary sources with respective
constants of proportionality. Because the function Uko in equation (1.20)
is the only term which is affected by the source, it 1S only necessary
to consider the expressions for UkQ for various impacts

1. Vertical axially symmetric impact. Let
F = Fz(t, z, r) az•

In this case we get from (1.7):

. . +00 00

f~l) (z, SI p) = ~ ~-ipt ~ F zlo (q) rdrdt;
-00 0

l~~ =~O IIPlt m+0; f~) = f~)= p;
00

D~o =) f~1)(ZJSkB1P) V~l)(ZlSkB)dz;
o

D:m = 0 IIplt m.=I= 0; D~m = O.

In sunnnary, . ~ ­
U kB = ~ f~l)V~l)dzl

o
(1.25)

In particular, for an ideally concentrated vertical force at the point
z = h, r = 0, F=6(z-k) 6~r) q>(t)az *

Here and later on S(p) = ~t)exP(-iPt)dt - the source time spectrUm.

II. Radial axially symmetric impact. Let

F=Fr(t1zJr)ar •

In this case we obtain from (1.7):

* Translator's note: these concentrated forces are not normalized by
the factor 1/2rr.
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-Hlo 00'

fa2}= - ~ e-ipt ~ FrJ1 (~t) rdr dt;
-00 O·

t (l) = t(3) = O·m-m-,

t';2= 0 npn: m =/:: 0;

00

D!}o = - \' !O(2)Vt2)dz', DR ° --L°Dr.. °.. J" ,~m = npn: m -r ; km == .
o

Hence,
co

U/cR = - ~ t~2)Vk2)dz, UkL = 0.
o

(1.27)

In the ideal case of a radial s04r*e concentrated at the point z h,
r = 0, :F=2a(z-h) a;~) c:p(t)ar

(1.28)

III. Rotational impact. Let

F = F.p (t l z! r)a....

From (1.7) we get

+00 00

t~3) = ~ e-ipt ~ F ~J1 (~r) rdr dt; t<;; = ° npn: m =!= 0;
--00 0

D R -0'km= ,j <l) = /(2) == 0'm - m- I

The final result is

00

D r.. - \ t(3)f1(3)dz'kO - 0 v r. ,.
o

D~m = ° npn: m +0. .

00

Ukr.. = ~ t~3)rC;)dz.
o

(1.29)

In the case of a concentrated t9Ique at z = h, r = °and

F = 2B (z ~ h) 6:~) ep (t) a.

UkL = ~kLV~) (h J p) S (p). (1.30)

IY. Field of a hori.zontal force w.ith fixed orientation. We w.ill cons.ider
only the particular case of this force field

* Translator's note: these concentrated forces are not normalized by
the factor 1/2rr
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where aT is a horizontal unit vector of fixed orientation:

Then,

.(ar, az) = 0, (a7', a,) = cos (a - <p),

(ar! a.,) = sin (a - <p).

F = F7' [cos (a - <p) a, + sin (a - <p):a.,)

and from (1.7) we have

(3) e -to (3) eis
h = 2i- IT; 1-1 = . 2i IT;

-B>o (Xl

IT = ~ e-ipt ~ FTJo('g) rdr.dt.
-00 0

Summing over m, we obtain the following relation:
(Xl

U kB = i cos (a - <p) ~ 1,/lk'J.)dz,
o

(1.3i)

(Xl

UkL = - i sin (~ - ep) ~ ITVk3)dz•..
o

(1.32)

~ = a(z - h) II ~) <p (t) aT;

U kB = i cos (6 - ep) Vk'J.~ (h, p) S (p)..

UkL = - i sin (cS - <p) V~3) (h, p) $ (p).

In the case of an ideal concentrated force acting at the point r = 0,
z = h,

V. An arbitrarily oriented concentrated force. Let

F = a(z - h) a~r) [azcos ~+aT8in ~l ep(t).

Combining (1. 25) and (1. 32), we get

U kR ~ {cos ~Vkl) (h, p) + isin~cos (cS - <p) Vk'J.) (h, p)} S (p),

U IcL == - i sin ~ sin (a - <p) Vk3
) (h, p) S (p).

(1.33)

VI. Dipole without moment. The field of a dipole is made up of a pair
of forces without moment

If± =- + a(z - h) a~) <p (t)[~zcos~ + a7'sin ~}t

we obtain the result by using the following operat~I on UkQ IN (1.33)
(keeping only those parts decreasing slower than r ):

[ cos ~ d~ + i~kQ cos (a - ep) sin ~] ;

A-12



We obtain the results;

anl)
UkR = [COS2~ + (17,1 p) - SkR sin2~ cos2 (5 - cp) V~2) (17,1 p) +

\ (1.34)
I. ( dy(2) ) ]

+ Tsin 2~ cos (6 - CPHkR V~l) (h, p) ++ (17,1 p) S (p)t .

. [ dy(3)
UleL = -isin~sin (6- cp) cOS~+(klP) +

+ iSkLCOS (6 -.CP) sin~ V~3) (17,1 P)] S (p).

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

n

(~nI az) = cos rl (an' ~r) = sin r cos (~ - cp);

(an, a~) = sin r sin (~- cp) •.

~he angles y, 0, 8, a are not independent, and are related by the relation
ctgyctgB = - cos(o - a). The displacement field of this dipole valid for
large distances r is obtained by using the following operator on U

kQ
in

(1.33): [d ]
cosr dh + iSkQ cos (~-cp) sinr ..

[
,iv(l) .

UkR = cosrcos~-T (hlP)-SkRsin~sinrcos(6-cp)cos(~-q»X

XV~2) (17,1 p) + iSkR sin r cos ~ cos (~ _. <p) 17kl
) (h, p) +

. dy(2)

+icosrsin~~os(6-<p)-T (hI P)]X S(p),

[

d~3)

U"'L = - i sin ~sin (6 - cp) cosr + (17,1 P)+iSkL sin reos (~-cp)X

XV~3) (17" p)] X 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 (8 = 0), and the other
two horizontal (8 = 7f/2, 0 = 0 and 7f/2). The resultant field is

UIrL = O. (1.35)

2. Displacement fields in an elastic sphere

Statement of the problem. We will consider an elastic sphere with
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coordinates R, a, <p (0 ~ R ~ Ro, 0 ~e~ :i", 0 ~ Ip~ 2n).
motion in this coordinate system are (7):

_1 daR + 1
R ae Raine

.-'

aiR + aRR + -!- (2RR - aa - <pip + eRx
&<p 8R R

a2u
xctg 8) = p-af- - FRt

_1 Bee + 1
R ae Rsine

(2.1)

Here OR, 00, ¢R, ¢¢, RR are components of the stress tensor;
ue'- u<j> are components of the displacement vector u along the
~, aO ' a~ ; FR, FO' F¢ are c?mpon~nts of the vector volume
at the soutce aIong the same d1rect1ons.

For the components of stress we have the following relations

uB.'
d1rections
force acting

(2.2)
'" ( au", u'" 1 auR )
<pR =!.l. 8"il-Fr+ Rsine ~ ,

<pq, = A.A +2 ~ (UR +Uo ctg e+ -s1'"""';-;;e:-- :;'" ) !

- OUR
RR = A.A +2!.l. "7flr •

Here the dilatation has the form

The Lame constants A, ~ 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 0, R The

o
surface of the sphere is free from stress, i.e.

eR = IpR = Rll = 0 npn: R = Ro•

A....14
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The initial conditions are

u = ~~ = ° _IIPH t <0. (2.4a)

The force field FCt,R,8,¢) is described as a real source localized in
space and time. The following limitations are laid upon F:

1) pet, R, e, q» = °IIpH t< 0;
2) pet, R, e, q»

is absolutely integrable with respect to t and satisfies the
Dirichlet conditions for all arguments. Then we are permitted the
following representation:

+00 co n 3

F = 2~ ~ eipl [~ ~ ~ f~~ (R, p) Amn] dp, (2.5)
-00 =0 m=-n t=l

where
,"1) Y
'~mn = aR mn,

N = v'n (n + 1).

pm(cos 8) is the associated Legendre polynomial, defined by the following
fgrmulae (8):

pmr(x) = (_ 1)m (n -I mI)l p1ml(x)
n, . (n +Im 1)1 n npH m<O.

The system of spherical vector functions A(i) are a field of a system of
vectors satisfying the following orthogonaY~ty conditions on a unit sphere;

2n '"
(' (' (A(i) A-(j» • edeJd 4 il ~,il (n + m)\
~ ~ mn, lq sm , <p = 1tuiju mlU nq (n _ m)! (2n +1) •
00

-,--------
I For n = °N = 0, Y = const and (2.6) loses meaning, we will consider
that AW = A~ = O. mn
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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 1 • In distinction
with (11) where the wave field in the sphere is giv~gin the form of
a summation of potentials and solenoi~at fields, the ~n~lysis of the
wave fields according to the system A 1 permits a separate study of
the spheroidal and torsional oscillat~ns of a sphere (22). All proofs
on the orthogonality and completent~r of the system, studied in (11)
are easily applied to the system A •mn

The coefficients f(i) making up the impact F in the system A(i) are
mn mn

+Clo I"'"
I~~ (R, p) = 2~: 1. ~:::;: :~: ~ e-ipl ~ ~ (F, A~n) sin ede d<p dt.

-Clo 0 ..

Specifically for i = 1, 2, 3 we have:

+00 I"'"
·(1) _ (n - m)1 211 + 1. (' -ipl \ {' F Y . ede d dt

, 1mn - (n +m)1 4n J e JJ a mn SIn <p,
-co 00

+co 2"''' -,/ -P) = (n - m)1 2n + 1. (' e-ipl (' (' [F aymn + F _1._ BYmn JX
mn (n +m)! 4rr.N J ,) .) e ae q> sin e aq>

-co 00

X sin ede d<p dt!
+"" ~'" - -

t(3) = (n-m)1 2n+1. (' e-ipt \\'[F _1._ aYmn -F aYmnJ
mn (n +m)l 4rr.N J .).). esin e aq> q> 86 X

-co 00

(2.7)

X sin e de d<p dt,

Ymn (e, <p) = e-im'llp: (cos e).

For the force components FR, Fe' F~ we obtain from (2.5), (2.6):

+co 00 'II.

Fa = 2~ ~ eipl [~ ~ IWnY mn]dp,
-00 '11.=0 m--n .

+00 00 'II.

1. (' [ ~ i ~ (.!C2) aYmn (3) 1. aymn ) ] 8
Fe = 2n J eipt ~ N ~ hnnae-+lmnsine~ dp,(2. \

-00 n=1 m=-n
+00 00. 'II.

F -..!. (' eipt [ ~.1.- ~ (/(2) _i_
ay

m..!!.. _ 1(3) BYmn ) ] dp
q> - 2n J ~ N ~ mn sin e aq> mn ae .

-00 n=1 m=-n

Formulae for displacements. We will seek displacements in the form

+00. 00 'II. -3

u(ttR,e,<p)=2~jV' ~'eiPt[~ ~ ~Y<n?nA~n1clp, (2.9)
-00 '11.=0 77l=-n i=l

A-16



(2.11)

equation (2.l)C~yd the boundary conditions,
equation for Vmn

where Veil = v(J) (R,p). Hence for the projection of dis_placements along the
d " .mn mn b .
1rect~ons aR, ae, a¢ we 0 ta~n:

(2.10)
+co eo n

U19 = -21 v. (' e!P/ [ ~..!. ~ (v!2) ~ aymn _ ~3) aymn ) 1d
n J ~ N ~ mn sm S am mn as p.

-Clll n=1 m=-n 'Y

~lacing (2.8), (2.10) into
we arrive at the following

1. For yCl), yC2l :
mn mn

T7(l) (2) d -[ 2 ) dV<~~ 2'- Tril) '-N T,.(2) ]
11 (Y inn, Vmn) __ dR (A. + J.I. ~+If Yinn - R Vinn +

11 [- dV<~~ Tri1)
+ R2 4 7R R- 4v inn+

+N ( 3V(2) R dV~~ N~l) ) ] + p2nV(1) _ .A1)
mn - ~ - mn r" mn - - linn!

1) (2) _ d [ (dV~~ V~~ NV<~~ ) ]
12 (Yrnrq Vmn) = dR !1 dR - -r+ -R- +

+ ').,N (dV~~ +2.- V<~~ _.!!.- V<~~) +
R dR R R

. 0.:2)

+ X2 (5NV<~~ + 3R dd~n - v<~~ - 2N2V<~~) + p2pV<~~ = - f~~

-
with the boundary conditions:

- ~. 2 )' dV<~~ 2A. T,.(l) 'J..N Tri2) 0
aRR = ('" + J.I. (['jf'"'" +If Vinn - R Yinn = ,

(
d0.:2) 0.:2) N~l»)

TOR = J.I. d;;n - ;;n -+ it = 0 npH R = ROt (2.12)

V<';>n = v<~~ = 0 npH R = O.

The functions Vel) , v(2 ) , a
RR

and TaR are continuous and bounded
mn mneverywhere on u, R •

2. For v(3)we
o

have
mn

3) d [ ( dV<~~ v<~~ ) ] 3"" dV<~~ -1a(V<mn) =dR j..L (j'll-Ir +/fdR-

_ XI (N'/, + 1) V<~~ + p2pV<~~ _ - /<:2n (2.13)
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and the boundary condition:

(

dV(3) ~3) . )
mn . mn 0 R R

't'tpR == po dR - -r = npR ;=: o.

v<~~ = 0 nplI R = O. (2.14)

Expressions for V in terms of eigenfunctions.
expressed in the fg110wing manner:

The functions V~~) , T~R continuous and bounded everywhere on [0, Ro ]'

V(i) (i = 1, 2) can be
mn

00

V(O 1 ~ S ;-'Tli}
mn = ~ LJ C limn V kn ,

Ro k=l .

Swhere for the coefficients c
kmn

we have:

(2.15)

(2.16)

Here ~~i) (R), i = 1, 2 is the eigenfunction, p~ S is the eigenvalue of
the ope¥ator consisting of the left hand side n of (2.11) together
with the boundary conditions (2.12). for a given inte,ger value of the
parameter n.

Similarly

where

00

~3)' 1 ~ T T'7<3}
mn = R2 LJ ckmnVkn,
. 0 k=l

T 1 D~~?t
Ckmn = 2 2 I

PlmT -.p linT
Ro

DImn = \ f~~vl~R2 dR,
o

Ro

[/tnT ='R
1
2 ~ pR2(Vk~)2dR.
o I>
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where \1(3)
.kncons1st1ng

(2.14).

2
is the eigenfunction, aofPknT is the eigenvalue of the operator
of the left-hand side (2.13) and the boundary conditions

To derive (2.15) - (2.18) these orthogonality conditions were used:

Ra

~ pR2 (n~Vf~ + Vk~Vf~) dR = 0I

o
R.

~ pR2 (n~Vi~) dR = 0
o .. ,

npn k:::f= l.

Placing the expressions developed for V(i) (R,p) into (2.10) the following
formulae for displacements are obtained,n

+00 co 11. 00

Un = '2 lR2 V. ~ eipt [~ ~ 2} C~m71 (p) Vk~ (R) Y mn] dp,
Jt 0 -00 n==O =-::n k=l

+00 no 71 aa

Ua = 2 1
R2

v. \' e!pt: [~ ~ '~ ~ (C~mn (p) n~ (R) aYmn +
n 0 -OL n=1 m=-n k=l ae

. T ) -7,.(3) R 1 8Ymn ) 1+ Ckmn (p Vkn ( ) sine~ ~ dp, (2.19)

+00 eo n eo

_ -i.- \" i t [~ i "" ~ ( S -(2) :1 8Ymn
U", - 2nR2 v. J e p LJ IV LJ LJ Ckmn (p) Vkn (R) sin e -iJ- -

o . -DO n=1 =-n 1t-1 q>

T ~3) BYm71 ) ]
- Ckmn (p) Vim (R)ar dp.

The proof that this constructed solution (2.19) satisfies the initial
conditions (2.4a) proceeds analogously with that of the plane case for
each term in the series ~.

m,71

Expression of displacements in the form of ~ sum of proper oscillations
of a sphere. In formula (2.19) only products of the type Q (.)-- - - c exp 1ptmndepend on p. Thus calculation of integrals with respect to p reduces
to evaluating a number of integrals of the type

~Co eiPt'ljl (p)
v. J (%1- pi dp.

-DO

B~· introducing the conditions on the source, 1JJ(p) can have singularities
for 1m p > 0 and must he ana1yti:e in the lower halfspace. As p4=,
1JJ (p)-+-o.- Besides thi,s 1JJ(..pl =i ~(p). Hence it i.s not di.ffi.cult to
obtain
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= 2n Re ('Ii> (a) eiC,d-n/Z)j +a (t).
a.

The function a,(t) is associated with the particular source function f(i)
mn

in the upper ha1fp1ane 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

~(3)

[
. ( n )] T Vim (R) 8Y }+ exp l PknTt -"2 D kmn p [ sinG amn

,
linT knT <P

(2.19a)

8Ymn}
86 •

Thus we have expressed the displacements in the form of proper S
spheroidal and toroidal T oscillations of a sphere with. discrete
frequencies PknS and PknT· The radial component uR is. composed only
of spheroidal osci11at~ons; the components ue and u¢ are made up of
both spheroidal and torsional components.

Asymptotic values of displacement for n sin 8» Iml. We will follow
(13) for separating the propagating surface waves from the displace!\lents
described in (2.19a). We will change the order of s'umrnation

00 00 ~(i.e., change the sum l: l:n=o m=-n =1 to ~=l ~=..oo ~=o ) and

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):

~ m 1 ~ f (v) P~ (cos (n - 6)) (-1r dv
.::::J InPn (cos e) = - 2f ';t' (1 )

71=0 L cos n .v + 2"

-1
Expressing (cos ~(v+l!2» for 1m V > 0 by the series

2 ~ (_1)1 exp [i (2l + 1) (v + 1/'1J n],
1=0. and for lm v <; 0 the series

0Cl

2 ~ (-1)lexp[-i(2l+1)(v+ 1/a)nl, fixing the contoll); of ip,tegrat!pn

to the real axis and introducing a new variable p ~ PkQ(~) we have
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co . co 00

~ fnP:' (COS 6) ~ 2~ (_1)1+lm\ ~ f (p) P':' (cos {1T. - a)) x
n=O - 1=0 0

XSin[(2l+1)(v+ ~)1T.] :;dp..
-Excluding from consideration the low frequency part of the field with
p < ~ and applying the asymptotic expansion of the associated Legendre
polynomial for large values n sin e»lml, we arrive at

Using these formulas for transforming (2.l9a), we can obtain the following
asymptotic expression for the displacements in surface waves, going
around the sphere 1 times and passing through the pole e = 0 and the
antipodes e = TI , g times:

(2.20)
co

Ue (t, R, e, cp) = Vi. Ree .!- exp [i (Pt - te4 (2g + 3))] X
2teRo sme J P .

p
l{s(p) _

{ "" UkS (p, <p) V"'k8 ~(2) [( 1 ) ~]}X ~ I C yV/>vexp -i V/>S+-2 a dp,
k=l />vS />8 0 .
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Here for Q, S, T, K (p) :f,.s the max:i.t1lum number of harmonics in Rayleigh
waves (Q S) and LO~'waves (Q == T) tor a g:f,.ven p.;

(2.21)

where VkQ is the analog of the wave number, a root of the equation
2 2PkQ (v) - p == o.

The phase and group velocities of the k-th harmonic V
kQ

and CkQ along
the surface of the sphere are expressed through V

kQ
:

(2.22)

The multiple passages of the waves through the poles ~(O < ~ < 00)
are related to the coordinate of the observation point e(O ~ e < rr)

e= (-1)g e+ 2n (g -l).

The components uF and ue form the Rayleigh wave; u¢ , the Love wave.

Expressions for P
kQ

, C
kQ

in terms of integrals of the eigenfunctions.

The method of variational analysis can be used (25) for Q == S, T to
obtain

(2.23)

Q QHere the integrals G1k-G3k have the form
Ro

Gflc = ~ [(A. + 2~) (Vk~)2 + ~ (Vk~)111 dR,
o

Gs rO [( T'rfl) d11~ T'rfll) dV1~) T'rfl)T'rfll)]
21( =.) P.Vkv - dR - A. Vkv dR R - (2A. + 3~) Vkv Vkv dR,

o

N = y. 'V ('V + 1).
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Methods~Qr calculatiqn Q:!; 'i;j~;)-p~vQ <ire given in (3, 4, 14).

SURFACE WAVES FROM ELEMENTARY SOURCES. The source type influences
only the terms Uk in (2.20). We will consider expressions for UkQfor several eleme&tary impacts', noting that v » lml.

I. Radial axially symmetric force. Let

F = Fa (t, R,a) aa.

From (2.71 we obtain:
+00 '"

f~~) = (VkS +1/2) ~ e- ipl ~ FaP.. (cos a) sin ada dt,
-00 0

/ (1) = 0 IIP'; m --L 0 /(2) = /(3) - 0m"lJ n --r-, mv - mv = ,
R.

, U kS = ":S ~ fo~Vk1J (R) Ra dR,
o

(2.25)

In particular, for an ideally concentrated radial force at the point
R = H, e = 0

- IS (6)
F = () (R - H) H2 sin6 <pet) aa

(2.26)

+00
where S (p) = ~ e-ipl<p (t) dt - time spectra of the source.

-00

II. Axially symmetric force directed along ~ meridian. Let

F=Fe(t,R,8)ae.

In this case we have from (2.7):

A1) - .A3} - O· Aa), 0 np m --L O'Jmy = Jm.. =, Jin., = D: -,.-,

+00 11 dP ( 6)
fo~} = ~ e-ipt ~ Fe .,d:oS

sin 8 da dt;
-00 0

00

UkS = -J- ~ f~)V~~ R2 dB;
kS 0

UkT = O.
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For an ideallr concent~~tedmeridianal sou~ce acting at R = H1 e 0

F _ 20(R-H)O(8)q>(t)
- , H3 sin26 as,

III. Rotational impact. Let

UkS = -. ~~s Vk~ (H) S (p). (2.28)

From (2.7) we obtain

f~~ == f~~ == 0; f~~ = 0 llpH m ==1= 0;
.J. "( ~ 'dP (cos8)
Jo~ = - J e-ipt ~F~ "d8 sinO d6 dt;

,-co 0

. Ro

U.1fT = __1_ \ fo~V~JR2dR.
, vkT J
. 0

(2.29)

In the special case of an ideally concentrated rotational impact acting
at the point R = H, e = 0,

F 28 R H) 5(6)q>(t)
= (- H3 sin2 8 a'll'

U .vieT V(3) H) S
kT ~ II Ie" ( (p).

IV. Tangential force field with fixed azimuth.
only a particular case of this force field:

(2.30)

We will consider

>where aT is a unit horizontal vector of fixed azimuth:

(aT! aR) = 0, (aTI as) = cos (8 _ cp»)

(aT! ~) = sin (8 - cp).

Then,
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and we obtain froIl} (2.7);

.l!l) = Q' .l!1I) .l!3) Q
Jmy-. Jmyt::;: Jmy = npn m+±1;

-is!
.l!3) e Ty

ilv = 2tv (v + 1)

-i&/.l!i) _ - e Tv.
J~IY - 2 •

'S
.t<3) _ et

fTy •
F-lY-zr,

(2.31)

summing with respect to m,

rl Ro

UkS = ( :)~ i cos (8 - <p) ~ tTy 11k~R'dR,
vkS . 0

~ Ro

UkT = -(-;) isin(8-<p) \' fTJ1k3JR 2 dR.
vkT J

_________ .__. . _0 ...

In the case of a concentrated force at R = H, a = 0,
F _ tl (R - H) 6 (8) qJ (t) aT

- H 2 sin 8

UkS • (_1)e i cos (8 - <p) 11k~ (H) S (p),
(2.32)

UkT = - (-1)g i sin (8 - <p) 11k~(H) S (p).
V - VIII. Other elementary sources. The formulas for the

remaining elementary sources considered in Section 1 can be obtained
from equations (1. 33)-(1. 36) upon replacing UkR by UkS ' U

kL
by UkT

~(1) 'V(1) 'V(2) g • ''V(2)
skR by vkS/H , skT by vkT/H , Vk by Vkv ' Vk by (-1) Vkv '

and \f~3) by (-l)g \f~~) •

ASymptotic formulae for (2.19) - (2.32) as pR /b(R )~ • Let pR /b(R )~ ,
-- -- 0 0 0 0

and let the quantity peR -R)/b(R ) = pz/b(R ) under these conditions.
000

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

o 0

l=O,

where
l1~J (RJ vtJ (R.J -+ f7~) (Zl) f7ki) (z,),

Zl = Ro - R1• %, = Ro -- R 2• i .... 1, 2. 3;

11kV (R1) 11k~ (R t ) -+ - 11k1)(ZI) 11k') (z,).
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'3. So.me p:roperti~s. o:e the derived solutions·

We will consider s.ome 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 initial coordinates z = 0, r = 0, and for the sphere near the
pole R = R , e ~ O. We will locate a non-disturbing receiver at the
point z, r? ¢ (R, 8, ¢), which registers the q'th component of displace­
ment at this point (q = z, r, ¢ in a halfspace and q = R, e,¢ for a
sphere). The quantity r (or e) 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 ~quations (1.20) or (2.20) for sufficiently
large r (or 8). The Rayleigh surface wave (index Q = R or S) 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 terminology - normal waves, overtones,
or modes): the index k (k = 1, 2, .•. ,) 00) designates the number of the
harmonic. Let Uk (t) be the contribution of the k'th harmonic to the
q'th component orqthe seismogram. Then

Uk (t) = ~ Ukq (t).
k=l

(3.1 )

We will consider further not the seismogram itseH, u (tl or, ~. (J:)
but their spectra, i. e., the Fourier transform with. r~s.pect to g:in}e.

00

f
. t

of the form ~(p)elp dt we designate these spectra as ~q(Fl and

o
~kq(P) respectively. It is evident that

00

00

UTcq (t) = {-Re ~ <I>kq (p) elp'dp.
o
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Surface~ spectra. The s8ectral density ~k differs from zero
only for p > pkQ t where 1'" is the limiting ~requency in the spectra
of the k'th harmonic of thekQ'th wave. The boundary frequencies are
related as

In a halfspace PIL = PIR = 0, in a sphere PIS> 0t PIT> O. However
since we are not interested in the low frequency parE of the spectra
of the disturbance with p < ~t which is impossible to express in the
form of a propagating wave, it will be accepted that for surface waves
~kq = 0 for p < max(~, ~kQ)'

The spectral density can be expressed in the form of a product

(3.4)

For the terms B~~) we have the following formulae:

a) in a halfspace (where Q = R for q = z,r; Q = L for q ~):

B~~ = [VkQ (p) CkQ (p) I kQ (p)l-.l,

B
(Z) cxp {-ir~kQ (p)]

kq = -Vr~kQ (p)' ,

BW = UkQ (PI cp),

j,. = 2, j'9 = 3,

~z = 1, ot,. = - i, ot'9 = ij _

/ (3.5)

(3.6)

(3.;)

(3.8)

(3.9)

b) in a sphere (where Q = S for q = Rt e, Q = T for q = ¢):

Bk~ = B(O) = V ~ e-i : .' (3.Sa)

(1) - .Bkq = [V1cQ (p) CirQ (p) I kyQ]-1, (3.6a)

(Z) eXP{-i [("kQ~)++) e- T g]}

B kq = Y"1cQ (p) sin 6 (3.1a)

B~J = U1cQ (p, <p) t (3.8a)

If.4) ~• Jeq = otq kyq) (R), . in = 1, jo = 2,1'9 = 3,

otn=i, oto=i(-1)8+1, ot4'=i(-1)i. (3.9a)
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g is' the number oj' pass'ages t:irough the epicenter and anti-epicenter.

The multiplier B~l) depends only the properties of the medium (variation
of velocity and CIansity with depth or radius) and the type of waves
recorded.

The multiplier B~2) describes the propagation effect of the waves: the
numerator definesqthe phase delay of the oscillations for a given frequency~
the denominator--the ~ecrease of amplitude due to geometric spreading
along the path r (or~). The additional phase contribution of ~ g/2
in a sphere arises on account of g-passages through the epicenter and
anti-epicenter.

The multiplier B~3) for a given wave depends only on the source mechanism~
and also ~n the a~imut~ of the ret~)ding station with respect to the source.
For an aX1ally symmetr1c source Bkq does not depend on ¢.

The multiplier B~4) 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

defines the polarization of Rayleigh waves.

B(j) for J' < 4 thenk6 ~

densities ~kr/~kz

Since B(j) = qB(j)
kr kz

. eDit!' _ BW _ -i [ n2
) (Pt z) ]

eD - B(4) - V-(l) (p z) ,
. lu />z It I

(3.10)

(3.10a)

•

Thus the eigenfunctions ~~i) ~ ~~i) 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 associated
with the fixed choice of direction in designating ue (+ 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 sp:ctral densit~ ¢kz for change in the placement of the source
and rece1ver w1th preservat~on of the source orientation with respect
to the receiver and vice versa. In fact for a simple vertical force at
depth we have according to (1. 26) :
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B~~ = nI
) (p,h) S (p), '
t

CDJ, (h, z) = [n Bki1] s (p) Vicl) (p, h) nl) (p, :),
i=o .

9

CDk~ (h, z) = [n B~~] S (p)Vkl
) (P, h) (-i) n9) (P, z).

~=o

! (3.11)

For a simple horizontal force at depth h, oriented toward the receiver
according to (2.32) we have

(3.12)

For a simple horizontal force at depth h perpendicular to the epicenter­
receiver direction, from (1.32)

B~J = -in3
) (p, h) S (p)!

t

CD'; (h, z) = [n B~J] S (p) Vk3
) (p, h)Vk3

) (p, ;).
~=o

From this the reciprocity relations follow:

<111cz~ (h, z) = cDkZ~ (z, h)!

<11; (h, z) = <I>kr-(z,h),

cD; (h,z) = <I>kcp-(z,h),~

cD kr ~ (h, z) = - <1Ikz- (z, h),

<11~ i(h, z) = - <1I kr ~ :(Z, h).

(3.13)

(3.14)

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 (1970).

(a) Arbitrarily directed force. (0, S). The force is represented as

F = o(z-h)o(r)
27fr [ cos(o-¢)sinB~r + sin(O-¢)SinB~¢ + cosB~z ]s(t)

where 0, is the axiro.uth. of the t'orce from north and B is the angle that
the :i;orce makes with the po;:;it:i.:ve z axis, W:hi~h is. taken to b.e downward.
Note that 0 < 0 < 21T and 0 < B < 1T. The a are the un:i.t vector~

in the q'th direction. sCt) is the source ti~e function. The UkQ become

UkR = [coSBV~l) (h,p) - i sinBcos(o-¢)V~2) (h,p) J. S(p)!21T

UkL = - i sin B sin(i5-¢) v~3) (h,p) • S(p)!27T
00

where S(p) = I_co exp(-ipt)~(~) dt;

(b) Dipole without moment. (o,B).

[
2 (1) . 2 2 (2)

U
kR

= cos B ~~k (h, p) - ~sl.n Beos (0 - ¢)Vk- (h, p)

i (1) dV(2) 1+ 2" sin 2Bcos(o -¢) (~Vk (h,p) + dhk (h,p) . S(p)!21T

(3)
UkL = i sinBsin(o-¢) [ cosB:~k (h,p) + i kLcos(o-<p)sin8v~3) (h,p) J. S(p)/27T

. (c) Couple (o,B), (a,y). The positive force in the direction
(6,B) is converted into a couple by the application of an operator to (a):

[cos Y ~h - ikQcos(a-¢)sin a) , Q = L or R ;

graphically, the couple appears as

1 This differs from section V
normalization to a unit force.

-1by factor (21T) which is needed for
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The '\.Q become

UkR = {cOsycos{3dV~l)(h,p) - ~sin 13 sin y cos(O-<!»cos(a.-¢)V~2)(h,P)
dh (1)

+ i~sinycos13cos(a.-<!»Vk (h,p)

+ i~coSYSinScos(o-<!»~Z)(h,P)}. §J.£2.
dh 21T

= -isinSsin(o-<!» [ COSYdV~3) (h,p)
dh

+ i~SinYCos(a.-<!»V~3)(h,P)] • S(p)j21T

where (8,B) and (a.,y) are related by the condition of perpendicularity

ctgyctg = - cos(o-a.).

Cd) Two perpendicular dipoles without moment of equal magnitude and opposite
sign (0,13), (a.,y). For this set of dipoles, the angles define the directions
of the tensional T and compressional P axes by

(8, (3) = T (a.,y) = P.

+ ~. [ sin2{3 cos(o-<!» - sin2Ycos(a.-<!»] •

. [~v~l) (h,p) _ ~2) (h,P)]}~
dh 2rr

UkL = { -.! [sin2Bsin(o-¢) - sin2ysin(a.-¢)I ~3) (h, p)
2 dh

+ ~~v~3)(h,P) [sin
Z
Ssin(ZO-2<!» - Sin2YSin(2a.-Z¢I] }~

21T

with the necessary perpendicularity relation

ctgyctgB = - cos(o-a.).

(e) Double couple without moment (0,{3), (a.,y). The angles are
defined as in (c).
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UkR = { 2 cosycosS ~~~l)(h,P) - 2~v~2)SinSSinYCOS(o-~)cos(a-~)

+ i [ ~V~l) (h,p) + dV~2) I(h,p)
dh

. [SinYCOSScos(a-~) + SinsCOSYCOS(O-~~}. S(p)/2~

UkL = { -i [SinSSin(O-¢)cOSY + SinYCOSBsin(a-¢)]dV~3)(h,P)
dh

_~Vil)(h,p)SinSSinYSin(a+8 - 2~)} S(p)2n

and

ctgyctgS = - cos(o-a)

(f) Explosive source.

U = [dV(l) (h,p)
kR dhk

- ~V~2)(h'P)] S(p)/2n
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(2) ](h~p) + t ~kRVk (h,p)

(g) Double couple mechanism in terms of strike~ dip~ and slip of motion on
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 e~

and the slip s. These parameters are shown in Figure A.l. 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 0°
through 360°. The slip angle gives the direction of motion of the hanging
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

UkR = El.E2. {sin s sin 2d [dV(l)
27T dhk

+ ~ vel) (h,p) [ - cos s sin d sin 2(~-e)kRk

- 1 . ]2 S1n s sin 2d cos 2(~-e)

+ i[ ~kRv~l) (h~p) + dV(2) (h~P)]
dh

[- cos d cos s cos(~-e)

+ cos 2d sin s sin(~-e)] }

sin s cos 2d cos(~-e)

+ cos s cos d sin(~-e)] dV~3) (h~p)
dh

+ ~ V(3) (h~p) [cos s sin d cos 2(~-e)
kL k

- 1 sin s si; 2d sin 2(~-e) ] }
2

A reverse fault striking north and dipping 45° to the east is given by
e = 0°, d = 45°, and s = 90°. A right lateral vertical strike slip fault
which strikes north is given by e = 0°, d = 90°, and s = 180°.
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Fig. A. 1. Coordinate and fault plane geometry
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