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Introduction to Volume 1

The purpose of this volume is to provide documented
copies of computer programs which are mseful in earthquake
seismology., This volume contains spectral analysis programs
and general purpose routines. Many programs have been de-
signed with consistent input-output formats so that they can
interface easily with other programs of Volume 1 and Volume 2.

The author has had programming experience with an
IBM 1620, a CDC 3300, a CDC 6400, and most recently with a
Honeywell 6023 computer on which the programs are presently
operating. 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 fleating point numbers on
a 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.

Most programs contain calls for an offline CALCOMP drum
plotter. 1In the more recent programs, plotting calls are per-
formed in modular subroutine units so that conversion to other
plotting systems can be facilitated. The CALCOMP subroutines
used are the following:

PLQTS initiates plot tape
PLOT move pen
FACTOR used to scale entire plot
SYMBOL plots character string and special symbols
NUMBER plots decimal equivalent of floating
point number
SCALE determines starting value and scale for an
array of data to be plotted on a graph
AXIS draws an annotated axis line for a graph
LINE scales and plots a set of data points

defined by X and Y coordinate arrays

The author is interested in any comments, corrections or
improvements to the programs. The eomputer programs hopefully
will be of use to other researchers. An acknowledgment of
their source is all that is requested.
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I. EXSPEC
PROGRAMMER: R. B. HERRMANN / July 1972
PURPOSE:

This program performs Fourier spectral analysis on time series
consisting of up to 2048 equally spaced observations. TInput data
consist of either Y-amplitude values for equally spaced time inter-
vals, or (X,Y) coordinates of the digitized trace which are then
linearly interpolated to generate an evenly spaced time series.
There are options for plotting the digitized seismogram, for remov-
ing DC and/or linear trends, and for saving the Fourier transform
results for later amalysis on FILE 0l. The instrument response
of various types of seismographs can be removed. If horizontal
component data are read in, formation of the radial and transverse
components of the ground motion spectral densities is performed in
the frequency domain. The spectra are corrected for geometrical
spreading on a sphere to a reference distance of 9° (1000 km). TIf
this correction is not desired, enter 9.0 for the variable DEG.

The option IPRNT.GE.0 lists values of the amplitude and phase
spectrum at selected periods which are suitable for logarithmic
period axis plots. The program has been designed so that the tape
or disk file on FILE 01 can be used as a master library and added
to later. For initiating a new f£ile on FILE 0l, set INDEX = O.

INPUT/OQUTPUT

Input is through FILE 60 and is usually on punched cards.
Printer output is through FILE 61. FILE 10 is used for the CALCOMP
tape. FILE 01 contains the positive frequency spectral data.

This format of data written on this file is such that it can be
read directly by the programs DATAPLT and FILTER.

PROGRAM UNITS

PROGRAM EXSPEC: This is the main control link. The data are
read in, corrected for digitizing trends and instrument effects.
If desired, the horizontal spectra components are rotated to form
the radial and transverse components of the ground motion spectra.
The spectra are corrected for the effect of geometrical spreading
on a sphere. An M point Fast Fourier Transform is used.

SUBROUTINE FOUR2 : This is a relatively slow but very compact

expression for the Fast Fourier Transform. It was developed by
Brenner (1967) as FOURL.
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SUBROUTINE TAPEWR: This subroutine writes a basic Fourier
Transform block on tape. The block consists of a header
which gives information for the identification and later use
of the spectra information as well as the real and complex
components of the Fourier transform of the ground motion for
positive frequencies.

SUBROUTINE TREND: This subroutine can do one of three
different operations. First it can do nothing to the
digitized seismogram. Second it can remove a DC offset
from the seismogram by adjusting the origin of the Y-axis
coordinate system so that the area under the seismogram
is zero. Third it can remove both the linear trend and
DC offset from the seismogram.

SUBROUTINE TAPEIN: When the tape on FILE 01 is used for
master storage of spectra, TAPEIN is used to skip pre-
viously written spectra on the tape in order to update
it. If the tape used is new, INDEX is set to zero, and
the spectra written by TAPEWR take up the first and
succeeding positions on the tape.

SUBROUTINE PHASE: Given the arguments X and Y, this sub-
routine determines the phase PHI = arctan (Y/X) where PHI
is specified as fractions of a circle between 0.0 and 1.0,

SUBROUTINE PRIN: Since the spectra are computed at 1024
frequencies, it would be a waste of computer time to list
all the spectral amplitudes and phases. So this sub-
routine finds the spectral amplitude and phase in the
data whose period is closest to 100.0 seconds, 90.0 sec-
onds, etc. The resulting list is then printed on the
printer.

SUBROUTINE INSTRM: This is the main control link for
removing instrumental response from the spectra.
Because the spectral values corresponding to negative
frequencies are redundant because the original seismo~
gram was a real quantity, only the positive frequency
components have instrument effects removed. The option
corresponding to ICONTRL = 6 means that no instrumental
effects are removed. In all cases except ICONTIRL = 4
both the amplitude and phase characteristics of the
seismograph system are taken into account. The

phase responses are such that an impulsive upward
ground motion yields an initial upward movement on

the seismogram.

SUBROUTINE SEISM1: This is the response of a 15-100
WWSSN seismograph system with peak magnifications of 375,
750, 1500, 3000 and 6000. To avoid the effects of
dividing by very small instrument responses at very
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high and very short periods, the instrument responses are
removed only for data with periods between 1.0 and 200.0
seconds.

SUBROUTINE SEISM2: This is the response of a 30-100
WWSSN long period seismograph system with peak magnifi-
cations of 375, 750, 1500, 3000, and 6000. Again the
instrument response is removed only in the period range
of 1.0 through 200.0 seconds,

SUBROUTINE SEISM3: This is the response of the LRSM
long period system with filter 6824-2. The response of
this system has a 12 db per octave rolloff at short
periods.

SUBROUTINE SEISM4: This reads in tabulated displacement
or velocity semsitivity curves, short period values first
followed by longer period values. If the velocity sensi-
tivity is read in, it is converted to displacement sensi-
tivity. When this routine is used, no correction for
instrumental phase response can be made and hence the
instrument corrected spectra cannot be used for phase

or group velocity studies which require comsideration

of instrumental phase or group delay,.

SUBROUTINE SEISM5: This is the instrument response, dis-
placement sensitivity, of the standard Wood-Anderson
torsion seismometer, 0.8 critical damping and magnifi-
cation of PEAK.

SUBROUTINE SEISM7: This is the response of the LRSM long
pericd system with filter 6824-13. The response of this
system has a 6 db per octave rolloff at short periods.

SUBROUTINE SEISM8: This subroutine reads the constants
of an electromagnetic seismometer-galvanometer system
which are then used to correct the data for instrument
response.

SUBROUTINE CARDIN: This subroutine reads in the digi-
tized seismogram. The seismogram may be either a
series of Y amplitudes taken at equally spaced data
points, or a series of X-Y coordinate pairs of the
digitized seismogram which are to be linearly inter-
polated to form a new evenly spaced time series of Y
values. Since the digitizer used when designing
these programs put out a + sign and a series of 4
digits corresponding to each X and Y value, care must
be taken for very long seismograms or those with very
large amplitudes. 1In the case of very long seismo-
grams, the plot of X(K) vs K would represent a saw-
tooth type of trace, The program recognizes this
sawtooth and corrects for it (this is the meaning of
the XJUMP parameters).
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INPUT DATA

Card
Sequence Column
A, 1-5
6-10
B 1-5
c. 1-5
6-10

Name Format
IPLOT I5

M I5
INDEX 15
ICONTRL 1I5
IDATA 15

I-5

Explanation

LT.0 Seismogram not
plotted
GE.0 Seismogram plotted

Number of points of
Fast Fourier Trans-
form, power of 2.

M = 0 defaults to M =
1024
M = 2048 is maximum
allowed.

Number of spectra on
output tape to be
skipped before adding
new spectra on FILE 01.

INDEX = 0 for initiali-
zing new tape.

Instrument response
options

0 or negative - terminate
program

1 15-100 WWSSN system

2 30-100 WWSSN system

3 1LRSM LP with 12db
filter #6824~2

4 Use tabulated dis-
placement or velocity
sensitivity

5 Wood-Anderson torsion
seismometer

6 No instrument cor-
rection

7 LRSM LP with 6db
filter #6824-13

8 Read in constants for
Hagiwara's equation

1 one component read in

2 EW read first then

NS, E and N are positive
displacements on seis-
mogram. W and 8 are
negative. The UT and UR
spectra are formed. Both
must have same TO and DT.
UT is positive clockwise
about source; UR is posi-
tive away from source.



Card

Sequence

Colunn

11-15

16~-20

21-25

26~-30

5-8

11-20

21-30

Name

ITAPE

IPRNT

ITREND

INTYP

STA

COoMP

DIST

DEG

I-6

Format

I5

I5

I5

I5

791

A4
A4

F10.5

F10.5

Explanation

LT 0 no spectra
written on 01

GE 0 write spectra
on FILE (1

LT 0 do not print
selected spectral
values

GE 0 print selected
spectral values

0 or neg bypass TREND
1 DC offset removed

2 DC offset and linear
trend removed

NE 2 Y values entered
for evenly spaced
time increments.
Terminated by a -+9999
punch after last data
value.

EQ 2 array of X,Y pairs
which will be evenly
spaced at interval of
DT by CARDIN. First
pair must be
+0000+0000. Data
set terminated by
~9999-9999 pair.

Identification card.

A 1 punch in Column 1
will cause the
printer to skip a
page.

Station identifier
Component identifier
Station distance

from epicenter in
kilometers

Station distance
from epicenter in
degrees



Card
Sequence

Column

31-40

41-50

51-60

61-70

71-80

12

16-25

26-35

36-45

Name

BACKAZ

TO

DT

CPMM

PEAK

IDATE(3)

SLOPE

CPM

I-7

Format Explanation

F10.5 Azimuth from station
to epicenter,
measured clockwise
from north.

F10.5 Time digitizing
began in seconds
after origin time

F10.5 Digitizing interval
used or desired.

Fl10.5 Counts of digitizer
per millimeter on
original record
{counts per minute/
millimeters per minute)

F10.5 Peak response of in-
strument (has no
meaning for ICONTRL

= 4 or 6
3A4 Date of event
F10.5 Trend of record

trace below true
zero line in counts
per DT unit. Can
be ignored, if
TIREND = 2 is used
e.g. SLOPE = 0.0

F10.5 When INTYP = 2, total
length for desired
evenly spaced seis~
mogram. Note TMAX

nmust be less than
M DT.

F10.5 Counts per minute.
Used for plotting
1-1 representation
of original
seismogram



Card
Sequence Column Name Format Explanation

G. Digitized Data

INTYP,NE. 2 DUMMY (1) 12(F5.0, 1X) Digitized trace
for equispaced
time values. End
of trace signi-
fied by +9999

INTYP.EQ.2 X(I),Y(I) 16F5.0 X,Y pairs. These
will be linearly
interpolated to
form a trace of
amplitudes for
equispaced time
values of length
TMAX and spacing
DT. First pair
must be +0000+0000,
and last -9999-9999

H. Instrument response options.

1. If ICONTIRL = 4 the following instrument response data are
read immediately following the digitized data of each trace.

a. 1-5 N I5 LT.0-velocity
sensitivity read
in ABS(N) values

GT.0 displacement
sensitivity values
read in (N values)

b.(N/4) cards (PER(I),RESP(I))} 8F10.5 PER = period listed
in order of increas-
ing period

RESP = veloeity
or displacement
sensitivity

2. If ICONTRL = & the following parameters of Hagiwara's
equation are read immediately following the digitized data:

1-10 TS F10.5 Seismometer
natural period

11-20 EHS F10.5 Seismometer damp-
ing factor HS=1
for critical
damping

I-8



Card

Sequence €olumn Name Format Explanation
21-30 TG Fi10.5 Galvanometer natural
‘ period
31-40 HG ¥10,5 Galvanometer damping
factor
41-50 SIGMA F10.5 Coupling factor 02

At this point the program will go back to Point D if
IDATA.EQ.2 in order to read in both the EW and NS seismograms,
or to Point C if IDATA.EQ.1 or if both EW and NS seismograms
have been read in.

Comments:

PEAK has the following meanings. For ICONTRL = 1 or 2,
PEAK is the peak regsponse of the WWSSN system as listed on
the seismogram, e.g. 1500, 3000. For TICONTRL = 3, PEAK is
the response of the LRSM system at a period of 23 seconds.
For ICONTRL = 4, PEAK has no meaning. Fer ICONTRL = 5, PEAK
equals 1400 or 2800 for the standard Wood-Anderson Torsion
seismometer. For ICONTRL = 6, PEAK has noc meaning. For
ICONTRL = 7, PEAK is the response of the LRSM system at a
period of 20.0 seconds. For ICONTRL = 8, PEAK is the peak
response.

When horizontal data are processed, the order of the compo-
nents on Unit Ol is UT (tangential) followed by UR (radial)
spectra. For example given a sequence of data SIM Z, SILM E,
SLM N, FLO E, FLO N, the resultant spectra on Unit 01 would
be SLM UZ, SLM UT, SLM UR, FLO UT, FLO UR, in order.
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EXSPEC PAGE 1

¢ PROGRAM EXSPEC
CHARACTER STA,f0MP,LAEEL,IDATE,1COMP
COMMON/TTA/nATAL400E)
DIMENSION I1aUF (1026, IDATECS)Y, DUMMY L2082y, paTUML204G)
DIMENSION LaBEL(4)
REALCCN 63y TPLOT,M
c IPLGT .GE+ [ CALCOMP PLCT PREPARED
C M = NUMEER oF PCINTS OF FQURIER TRANSFNRM, POUWER OF 2
IFth.E0,0) « = 1024
DO 1 1 = 1211
NY 5 Poa
Mt 8 NN o# P
TF (. GE NN, aHD M LT NM) A F NN
1 conTInGE |
IFtw.GT,. 2045y N = 2U4%
Nd & 42
Ndg Ng2
NO g N/R
TF(IPLOT L1 ny .0 TC g2
CALL PLOTSt1DuF.1026,10)
CALL PLOT(O,0,-11,0,-3)
CALL PLUTC(p.pe3ags=3)
62 CONTINUF
REAG{aD,63Y 1aNnEX

n n

C InleX IS TH: KUMBER OF SETS OF CATA DM TAPE TC 3E SKIFPEN nEFQRE
C HWRITING
Calll TAPEFIN(CIADEX,1)
InlicX = INNEX + 1
NoF1To 2 IaibEx
20z BEAL(e2e63) ICHWTRLAITATASTITAPEIPRNTTTREND INTYP

VRITE (61,033 T00nTRL,ICATA, TTAPE, IPRNT, LTREND, I TYP
62 FOR AT(615)
IFCICONTRL,LE.6? G0 TC 1000
JCCLTRL PlegS PHOFER MAGNIFICATION ROLYINE, SEE INSTRM

!
T0LTA = 1 o cUMPORERT ANALYZEDR
TobkTA = 3 TeD ACMFORENTS ARE RFAD IN EY FIRST THEN NS WITH TkE

CUNVERTIAN THAT PCSITIVE DISPLAZEMTATS ARE EAST AND NCRTH
FeSrECTIVELY

7 = DOWN npMM CAR EBEE MATE NEGATIVE TO CHANGE SENSE OF
DISHLACEMEN

ITaFE |, GE . U WRITE POSITIVE FReQUenNCIES OF SPECTRA NN TaPr
IPRINT , G2 , 7 PRINT CERTAIN VALUES OF SPECTRA WITH PHASE AKNT
AMP

ITRENY = 4 REMOVE DC COMPONENT = 2 PEMOVE De + LINgaR TREMD
FROM DATA

INTYP.NE,E EVEKLY SPACED Y VALUES , DATA SET EADED BY 9999
INTYPL.EQG.® ARRaY OF X, Y VALUES, ENDED RY -9999%-9999 IF FlELD OF
X EXCEEDS 9$9% ANL AEXY COUnT 1S 0001 °SRpGRAM ADJUSTS To 172081,
HEMCE X CAN HAVE RANGE CF 39999 CTS. NOTE FIRST X MUST Bg 0200

no 100 1T¥pR = 1,1InATA

OO 0 OO0 0000
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EXSPEL PAGE ¢

REAU(60,2)
WiR1TE(61,2)
READ(E0,1LUy STA,COMP,CIST,DEG,RACKAL,T2,DT,CPMM,PEAK
STA = IDENTIFICATION GF STATION
COMP = IDENTIFICATION OF COMPONENT
DIST = DISTANCE IN KILOMETERS
DEG = DISTARCE FRCM EPICENTER TC STATIAN IN DERREES
BACKAZ = BACK AZIMUTH FROM STATION TO EPICENTER MEASURED CLOCKYISE
FROA N
T0 = TIME WHEN DIGITIZING BEGAN IN SECONDS AFTRER ORIGIN TIME OF
EvEnT
DT = TIME 1. TERVAL BETVEEN DIGITIZING PCINTS [N SECONCS
CProi = COUNTS PCR MILLIMETER OF QRIGINAL RECOFD
Pesn = FEAK MAGMIFICATICN OF INSTRUMENT RESPOMNSE
10 FORMAT(24402%e7F10+5)
REAL(60,11) ILAzEc1z,!WATcra).IU;TF(?>,SLOPE THAX, CPM
SLGpE 15 Ve Threnp ¢F TeE RECoRn TRASE wELOY The Zsuo LINE pER
UsIT o7
IF QGPTIGN 1.7YR ¢ 2 THaX ¢ TOTAL LENGTH DESIRER CF DIgIYIZEN
RECURY
CPM T COUNTS PER MIANUTE
CPS = oFM/7aL,
11 FORSAT(2Adr s¥ 037 10 +5)
wi1TE (g1, 6) ”
fX1TECe1, 7y STa,00vF 0187 nEn,ea0KaZ,Ta,nT, cPum, Prax
£ F“D ATCLH L inm 5T4 CCvP HIST KM DEG BACKAY T nT
CPav  PEAKNAC
7 FQE AT(1H sa?s45 %4035 F 2R 7, c’F7-1 F8 W3S FGa2aF 85
W ITE (6108
«<11F<61.Va TLATEC(1 ) IPATE(2) 2 IDATE(Z) W SLOPE, THAXSCPM
5 FOR AT(jHul")’ 4IPATEI_LHK:J|5LJ rICY!A?Y"AX 7)(:4. CPH)
9 ‘WFLAT(: seha, 3x,Fin,4,2F 10,2,
rHTF(M,M
2 raa”ATffqr

(8 |

QN

X
~

/)
Bl (Duwiay, iy
N TO0 ﬂbJﬁT
) L1700
C MOR M ‘IzFu TO 4.0 DEG OK 1000 k¥
CONFAC s CniFan # SCRT(SIN(DEGs",C017452¢y)/5qrT(0,1564%)
IF(CPS 6T ry CALFAC = GCAFAC # (PS
Po 115 1 = 4,508
X] = 1 -1
DATA'IY = Y4 + x1 & DT
SPECTRAL AYPLITULDES ARE IN CM=SEC
DUMBY (1) = LUMMY(D) *SLCPEaX]
TF(CPSWLEYN) GO TC 11°
Dummycly = Zummytly 7 Cgs
115 ConTInyE

FTS, I Ly
S Pek E

Tl

vE, Cp v,
En T

f'"l-

r)

L ]
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ExSPEL PAGE 3

IF(ITREND,GE,1) CALL TREND(DUMMY,NPTS,TTREND)
IFUIPLOT.LT.O) GO TC 119
LABEL({IS6HTINME 1
LAPEL (Z3y=6u,. SECO
LABEL(Z)1=0HDS
CALL SCALE(DATASSOQaNPTEs1)
CalL SCalE¢CyumMmMy,z. t,NPTS, 1)
IF(CPS LE sy 60 TC squ
¢ THIS NAKES SEISrOGRAM FLCT 1 - 1 REFRODUCTION OF ORIGINAL TRacr

IF(OUMMYINPTS*2),LT.DATA(NPTS*2))Y oD Tn 4001
GO TO 4pn2

4001 DUMMY({NPTS#*2) = DATA(APTS+2)
DUMSY(NPTS+,) = = DLMEY(ANPTS+S)
GO T 4003

4002 convTIngg
AT <¢PTQ*?) z pUpvYnPTg+2)

4003 COMTINUE

580 CONTINUE
CALL AXISEZ.0,0,0,LABEL,=16,5,0,90,0,08aTAINPTS+1),0aTA(NPTS*2))
1C06P = 4HﬂhPL
CALL AXISUG. 0040 1C0NP 220,130 20 NUMEY(NPTS+1) s DUMMY (NPTS+2Y)
PUMMY (NPTS+o) = ~CUNMMY(APTS+2)
CALL LINE(DumpY,DATA,WPTS, 4,0, 0
CALL SYMBOlL(=-%.50,1. a.,c,¢4 ST4,090,0,
CALL SYwRaL{-E.iCsf 25,0,14, CD“P or,C,4)
CALL SYURULt=2.2511 92»5 lrileYC{1)ngh;ne4)
CALL SYSROL(-2.25,2.35,0.100 10ATE(2)»9n,004)
Call SYM30L(-2.2%,2.70,0,10,104TE(3),97,0,3)
CalL Sv,?uL(-¢.00,1.Sn,u.in.zws = ,90.7.3)
CALL WUFRER(-Z,u00,1,90,0,10,DEG,00.,4,1°?
Cale SYMBOL(=2,00,2.55%,0,17,44%387=  ,60,0,4)
CALL WUMBER{=2.00s3.02,0.10+PACKAZ, 0 "0y
CALL PLOTILA.Q.N.D,=3)

119 conT1als

4)

NS 1le 1 7 2,078
118 2UMMY([) = pUrvY (D) & CCAFAL
DU 120 1 B yan?

192~ Davacly = olg
PU 421 1 = 3 ,0PIS
J 52 el -1

121 naTalyl) = noMly i)

c FOR COUNVERSTION INTO RaDIAL ahNp TRANSVERSE,T MUST g THE SaANF

Call FOURCtATALN,Y,-1)
DF LA INe, T
Dy 122 1 = 1,02

122 PaTACLY = naTuely & 7

C REMOVAL OF INSTHRUMENT RESPOWNSE

CALL INSTREM(DATa,N,LF,PEAK, ICOMTRL)
C INSTRE WRETUSNS ONLY FIRST HALF COF ARRAY CORRESPCNDING TO PrSITIVE
c FREL '
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IFCITYPELEQ,IDATA) GO TC 100

¢ DATUM = EW sND LATA = NS TRANSFORM Wppn Inata s 2
DO 125 1 = 1,A
125 DATeM(IY % naTa(q)
100 convTINUE
c FORMATION oF RADIAL AND TRANSVERSE COMPONENTS IF IDATA.EG,?

IFCIDATACNE.2)Y 80 TG &3U
BACKAZ = BAZKAZ # p.p174%33
SIN(RAC<AZ)

CUSIRACKALY

nmm

ITYPE.ED.1) COFMP = 4+ UT
(ITYPE«ER-2) CAOMP = 4F YR
{ITAPE LT 0y U0 TC 425
69 TC (a10,500, 1TYFE
417 CabL TAPEWRIDATA ,WL8,NWRITE,STA,COMP,NIST,DEG, 3ACKAZ, Te,DT,
LOINATE,APTS)
R) To 4259
427 CabL TAPEWRIDATUM,NLE,N#R1TE,STA, LN P, IST,DEC, 34C%AZ,T0,0T,
_"L I’._!iETEl\\_»PTS}
425 onTiaus
TFOIPRNT,LLT.0) 50 TL 457
G0 TG (430,449, 1TYPE
430 CALL PRIMIDLTE #NL? ,8TALCOMPLNIST.DEG,BFACKAZ T sDT,
< IDaTE)
£o 10 4@
443 Cabl PRINAD.TuM,NL2 ,874,CC1LP, 0187, REG saCKa7,70,bT,
1102 Te)
450 CUNTINUE
400 COKNTINUE
60 1o 33
1007 CIONTINUE
MARITE = Awalle -
WRTTE(ELP1201) INCEXSARRITE I
1001 FQRmATgiHu,jgx;10HSIAHT z I5,8x%,10H, Nk o e 199
IF(IPLDW.%T;D) 50 T¢ 1no2
CALL PLOTYR.n,0,0,9¢9)
1002 CONTINUE
STOP
£

A
e]
DJ 160 1 = 1aN
RAPIAL = -MaTatly 4 B «LaTUMIL) & &
TRe,S = naTatly « & - CATUM(DY & B
c LATuM = RADIAL = + AWAY FROM EPIC
DaTa{l) = THALS
160 DATUM(I)Y = wADTAL
RACKAZ 5 BATKA7/0,0174523
200 CIMTINUE
DO 400 1TYPE = 4, IDRATA
IFCIDATALNE,2) GO TC 425
]
1
I

D

[

+J1
-y

SUTOUTINEG FOURC{DATASZNN, IDUM, TSTGA
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EXSFPEC

A QOO

1001
ipo2

1-a

T A

k|

PAGE 5

THE COOLEY«TOOKEY FAST FOURIER TRANSFORM IN USASI BASIC FORTEAN
TRANSFORMEJ) = SUMITATA(I ) aRae (L1=-1)(J=1)), WHERE 1 AAD J RUN
FROM 1 TO Nn AND b 3 EXPOISIGN#2#PI#SCRT(=1)/NN), DATA 1S A OME.
DIMcNSTONAL COMPLEX ARRAY (l1.E.., THE REA[ ANp IMAGINARY PARTS nf
DATA ARz LOCATEL IMMEDIATELY ADJACENT IN STORAGE, SUCH AS

FORTRAN IV PLACLS TrREM) WHOSE LENMGTH NN 18 A PQOWER OF TWO, 131G
1S +1 OR “1, GIVING THE SIGN DF THE TRANSFORM, TRANSFORM_VALUES
ARE RETURNEDT 1n ARRAY DATA  REPLACING THE INpUT DATA, THE TIWME 13
PROPORTIONg, TO NulCoz¢hy, RATHER THAN THE USUAL Neawp

RMS RESCLUTION LRROR BEING bBOUNDED BY g#SORT(D 4L 0G2(aMdslaelar),
AHERE B 13 THE NUMBER OF BITS In THE FLOATING PCINT FRACTION,
PRCGRAM AUTOMATICALLY NIVIDES TRANSFARM RBY NN FOR INVERSE
TI‘\A'\.SFO*N

DIYENSION NaTatl)

N2 2 o NN

IF(ISIGL EQ-—1) GC TO 1002

DO oappr 3T 2 4N

NatalCl111) = CaTACTITI /NN

CONTINUE

J =1 _

U:} 2 o l=teNsy

Wel-dyi,2,s

TewPR = naAT, (U

TEMel ® naT,. (gez)

DAaTA(u) = DaTALL)
AT lu+s¥=n  Ta(l+1)

FATa(ly = TimpR

NAT/A(1+1) = Tl

,M z N/2

I edomy 5,5,4

NEEINEIY

MO Mo

IF (= 15, 8,8

NRNES

MMAY T ¢

If‘{‘qM;_‘X-{\)'],lU,lD

I5TiP= & #pAX

THETA = 60203180307 /FLOAT(ISION#MMAX)
SinTHzgIN(TiHETA/2,)

WeTpR=cp, #SnTyuSTndy
WSTPISSIN(THETA)

wh=l,t

Wisael

q0 ¢ H=1,MM, ¥,
Dn b I:,"!\'iST
JET M AN
TEMPREWR#DATA (2 =n T#DATA(JY D)
TEMPI=UR#DATACI+L)+R THDATACD)
Datotdy=lar . (I)~TEMER
NaTa(u+1d=naTati+ny=-TEyPl

I-14



EXSPEC

[4h W |

312
311

[y

A

1

-+
*

PAGE o

DAaTa(l¥sDATACII+TEMPR
DATAC1+1) = DaTA(I+1)+TEMP]
TEMPR = WR

WR 3 WRa#WSTFR-WI#wSTPI * uo

Wl = WISWSTPR+TEMPR#WSTFT + WI
MitAx = ISTEr

GO TO &

RETURN

EHND

SUBROUTINE TAPESR(X,M ,ANWRITE,STA,NOMP,DIST,DEG,BACKAZ,TR,NT,

IDATE, NPTS)

CHARACTER STA»COMP, IDATE

DIMENSION X(l)v&uATL(S)

WTITE(ﬁlyﬁi\) .-NrT\ sSTASCOMPLDIST,DEG,BACKAZ»TU» DT
10,7E 1y, 108478 (2),10a7E ¢ 3)

FOR, Athla.ha TR A4 1X,5F1N,2,3a4)

DJ ovle 171,

K =1 « 8
J =K -7
WRITECD:, 31370 weRITE, (X(L),L=g,1)
Fdﬂ AT(IS ?;13, y
MARI Ty = He1Te o+ q
R‘;TUR\
ED
SUBCOUTINE TRex L (X,nPTS, ITR2END)
DIMzNSTON V\1>
ITR=ND = 1 S0 DOMPORENT IEMOVED
I7Qr»u = ¢ LISEAR COFOAERT REMOQVYED
Suveg = 4.0
§J1L = 0,3
Ne oz HPISse
e bz oy,
guMy T gl + Y1)
M21OF o+
DU 2 1 % R2,MPTS
S\J!";L\ = SL:F}? + (1)
Ne s LPTS - M1
DU s (SuUML + SUS21/APTS
IF{ITREND « 176,6,7
£ = DC
SLk = (0.0
GG 70 8
CONTINUE

SLF = 2,80 (5UMP/NEY = (SUMLZNL)YY/NPTS
B oz (5Ui1/%1) = 0.54%NE1&#SLP

contlivge
DY os 1 o= 1, RIS
I = 1

I-15
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3 ([) = X(1) -~ B =~ SLP#X!
RITEC(81,5) DC,SLP
5 FDR IAT(1H ,4HDE %, F11.,4,4X,7HSLOPE = , Eq1.4)
RETURNK
EnD

SUBROUTINE TAPEINCINDEX,I0TP?
INDEX 1S TOTAL NUMRER OF SPECTRA TP BE EYPASSED BEFORE WRITING
STARTS _
IFCINDEX,LE.D) GO TC 2
DG 1 Te21sINLFsx
REAGCLIQTP P10y N
oy Jzg, b
Renl (10TF, 50y 1pUs
1 COMTINUE
2 RETURK
10 FOR=AT(IS)
Enm

SR

SLEROLTINE PHASE(X,Y,PHID
c ARGUMENT Fut 18 RETURREL AS YARYING FROM .0 TO 1.0 CIRCLES
IF(A) 21)2:12£
IF(yy 25,24,2
PHl = 1,5* 5.14159?7
GC_TO 2¢
Ph[ = G.G
st 10 an
25 Pril = 0,5 & 3,14159:7
GC TR P&
21 Phl = ATAN({Y/Xx) + 3,1415927
Gy 10 2°
22 1FL(Y) 20,27.27
27 PHI T ATAR(Y/X)
CJ T0 2¢
26 Pyl = ATAM(Y/X) + 2.0 & 3,1415527
GG Tn 24
R CUNTINUE
Pl = Prl/4.2c2i854
PrT = PRI = AINT(FHI)
Rz TuRL
END

LIS N
[N B ]

N
E-3

SUBROUTINE PRIN(X,M.STA,COMP,DIST,rEG,RACKAZ,TD,DT, IDATE)
CHARACTER STA,GUMP, IDATE
DIMENSION X(1),IDATE(3),7¢405)
DATA T/eq12eere30:45.5,,60.75,68,.959004,991.2012:80,0%01.5,1.6,4.7,
11 8 1. 9 2.;( b,u..S 5 4, 3J.U16’n7-18‘1At!iﬁ.012|314.;16.918.:2Q..
22&;924.125.:2&.13&.:35.349.155.960.:70.18C.093.nlﬁﬂ./
100 FURSAT(IH ,4(6%,E11.4))
WEITEC4,56) ST4,CcOMP, ITATESL), InaTE(2), TDATESR)
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EXSPEC FALE 4

90 FORMAT{LHO,A4,2X0A4,2X%,2A4)
WRITE(?1.9Q§
1

S8 FORMATUIHO, 11X, 6HFERICN, 13X, OHFREGUENCY, 11X, OHAMPLITUCE, 13X,
1 5upHise, /)
}(:4ﬁ

DO 10 1 = 3aM

PERL = 2,#MelT/(l-1)
PERyz = 2,eMunT /|
FREG ¥ 1,/PFR1

DO 15 Js1.K

[F(PERY AT, TCU) L AMD L PERZLLELTLYYY 060 TN 16
15 conTlaye

GO TO 417
16 ¥ = J

= v ow
11is 11 -3

+ 13

AP = SORTO Crpday (1) 4 11D eyl )
CALL PHASE(ACITI)WXET1),PHTD

Fril = PRl = Ty # FREG
PRl = Pul = AINT(RHI)
IFAPHISLT 0y pPHL = PHD + 1.0
17 CD\'TIf‘\‘!.JE
10 CONTIADLE
ReTURW
EnD

SURRDUTTIAE INSTRMIXJNA,LF,PEAK, TCOMTRLY

c THLIS SUBRGITINE CCRRECTS SPECTRA FOR IMSTRUMENTAL RESFQONRE
COMMON/INST/MAGIN, NP, PER(100),RESP (10D
COMMOL/RAGT /TS, TGRS+ RR s SIGMALIPKIFPK
DIvensIon ¥t

c ReTLCeD SPECTha Frn zhre FrEgQUENCY
MAGIN = °©
X(1) = (0
Y121 = 0.0
Ny oz Mgy
neope Te2,var
Xl = | =1
FREW = 21 # DF
JF2 4! -1
K = 2 & 1
GO TO‘.‘L.E:".":E.&:Q:?),Ifo‘TRL

1 cavl SEISMHI{FRELIFEAKsXF, X1
o 10 7

2 CALL SEISMP(FREG,FEAK,YR,X1)
Go 10 7

3 CALL SEISMRI(FREL,PEAK, %R, XT)
6o 10 7

4 CALl SEISME(FKEG,PEAK,® R, X1)

I-17



EXSPEC  PAGE ¢

GO TO 7 |
S Ca-L SEISMg(rREG,PEAK,XR,XI])
GG 10 7
A XR T 1,
XI = C,0
Go 10 7
B CALLL SEISM7(FREL,PFAK.XR,X1)
GO TO
§ CALL SFISMR(FREL,XR,XI)
7 cOouTIRUE
TEMPR o XRax{uJ) = XIaX(K)
TowpP] = Xhex(KY + X1eX())
X(J)y = TENMPR
X{K) = TEMP1
TP ICONTRL LY, 85 RETURN

.
3

o cb’“L Te MAMAL12aTION FOR wag1«aRa S EHULTION
Py ® SQhT(ph’
FAL = Pr/PEsaK
DO 20 1%2,»
J o 2ele1
K = 2*1
X(JIZFACeXL )
X{«) = FACaw (K}
20 CoN1IrLE
WRITE( (A1, &, 76,Hs ,FG,e1GH ,b«,rpm
3: FORLAT (1“4,16% KPS IMARA S EQUATIGN ,2HTS=Fin,2,4k TGe,F10,2,41 ©Sz
bF15.2,4R H3%,F10,2,7F CI‘”A'.fé.S 4H PK=,F10.%,3H AT.E10. 1 IH k7))
Rc¥JQ
Enr
SUSROUTIANE SFI1S 1 (FREG,PEAK,XR, X))
o 15~100 sYSTpm
" WASSN TASTRUMENT COWRSTANTS FROM U, CHAMDRA, BSSA 1670 VOL AQ
c PP 53v-b£3
” Pe &« MAGNIFICATIONS ARE 352,700,14N0,2800,560C
IF{FRe0,67, 1, U)”FHES z 1.0 B
IF(%DnQ,LT “Gh7) FREG = g.090°

Wo = Gagn étwré*FRt
NDLY = (RE,K + 1,)/375,
T 12,203,524 3,404,40404,4,4,4,5),1NDEX
Ao B 278,
SIGrA ¥ 0,953
GO 10 4
2 FMAL = 856,
SIGHA = 0,113

GO 10 6

3 FmAs = 111,
SIZHA = 0,747
G TO &

4 FuAaGg = 2167,
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[ T B |

5

5

SIGHA = 0.244

6e To s )

Fias = 39513,

SIagnA ® g.905

ZETA = 0,93

ZEval=1,

WN: 418879

Wl = ,0628318582

ARz (WEeWE=wN#WL Y # (WERWE-WN1#WN1) -4, 520 TA22FTAS oW N 2N e (1, -STGHA)
lapheWr

Al=2 ¢ wEH (ZFETALwhNLIw (WNewN=WESKEI*ZETABWAS (WAL #WNT = UEBWE))

FACTOR = 1+/(FMAGoWE#WEAWE)

XR = - s1 4 FeCiom

X1 & AR & raglon

RETURN

B

SURROUTINE SEISH2(FREG,PEAXIXR,XT)

30-100 3YS5Tew

WWS3N INSTRuMENT COaSTANTS FROM U, CHANDRA, BSSA 1670 VOL
PP 939-543
IFLEREN,AT,1,0) FREG F
IF(FREQ.LT.5. U3 FREG
WE = 0+25313534F REY
Twnex = (PZaXeq,3/275,
B0 70 (1,2,608,5023,%,4,4,4,8,4,4,4,¢,5), INTEX
FMAS = 251, '
SIGuA % 0,743

Gy TO 4

FMAG = %33,1

SIGHA & §.712

GO TO 4

FiAu = 1001.5

SIGA # 0,144

GU TN 6 ,

Fride = 1644.9

SIGHA T 1,145

Gu TO & -

FridAo = 224+.8

SIGIIA T 0,757

GC 10 4
2eTa = 1
ZETAl = é

Wh = Ge20%44%

WN1 = 0,N6253135%

ARz (wEaE—sNadh ) s (hEwvE-WN1ewNLI) =4, 0ZFTAZETALaWNaWNT 0 (1, -515%4)
lTeWEeWE

N
fow J

1.0
= 0,005

5

[

SR e kEa (2R TALan b La (WNowN-WERWEI Y ZETA¥WNO (WNLWNL -YE#WT))
1.7 (FMaGuEahEaWE)

FACTOR '
2w FACTOR

X5 = =

Al
\
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i |

Y Y

300
301
362
33

“n

168

PAGE 12

WRITE(AL1,303) ((PER{I),RESP{I)),1=1,M)

FORMAT(1HD, 20RVELOCITY SENSITIYITY )

FORZATIIHO, 24HDISPLACEMENT SENSITIVITY 1}

FORBAT{LIH ,7%,3-PEP,8X,4HRESP,4¢9X, IHPER,8X, 4HRESP)Y /
FORMAT(qH s3pFt1e.2)

IFee) 3.4,4

DO Y I=gsM

CUNVERSION FRCGM VELCCITY SENSITIVITY T0 DISPLACEMENT SENSITIVITY
RESFLIY = AESP(I) # 6,2831853/PER(1)

COr V1HUE

MACTIN = 1

CONTIwUE

TEFREn, LT, 008y FREG 2 0,095

Tz 1,/fRe"

IF YL LE,PERIEYY T = PERGY)

IFIT,GELPER(M))Y T = PERLM)

DO <o I=1.t

TP AT eGEWPERIIYANDZTWLESFPER{I+1)) A TN {6

a corrlanyge

¥Row ®ESP(Ty 4 (RFspilegy=RESP(Iy/(PFR(Ist)=PER(I )yt T-PFR ]y
XH H 1./X?"" 7

X1 = G
PE:E’\‘RV‘)
Exnt

SUSRFOUTINE SFIQuS(FREG,FEAK, XR,X])

STa, DARL ""CD-AcDERSON T =z 0,2 ZETA = 0,8
Wis = 1,25

ZET# = U,k

Whiy = Wb /PLEL

Xhoos- (WRWERt ey ) s PEAY
¥1 z-u. 22T ubnE/ 7 AR
RETLR

ENT

SUSROULTINE SETS:7(FREG,FEAK,XR,XT)

LRS #FSPGYSFE FLR LF SYSTew WiTw FILTER 6824-13

Prtch ReSPRLSE UBTAINED FROM HILBERT TRANSFORM OF AMPLITUDE
RUSHONSE, CALN KCBFALTIZED 10 1,0 AT T = 25 SECCNDS

DIMENSTON FRECZ.),P(2E),PHT(28)

DATS ypg/.ﬁpl..ggz,.Qgs,.304:.QQSu-306:-0071-608'~Dﬂ9loﬂl'oUZ'-USv

1-05:-D5r a{.'f)l -(370 5081 .09‘ oli -2’ n;Sr -4) 051 lél .71 --‘3: aglj../

DA 4 P/.065u15,.QGGéQi..Cﬂlﬁl;.30315;.03609;.Gj&éS;.ﬂl?i!:.32556.

1.03618,,060 48, ,2P{30,,6755%,1.0,1.n9448,1,0044,,86969,.74544,,A255
2740548130 412153,, 043002027419 .01827,.7132R,.040174,0GR052,.,006545
S 000404/

DATA FUI/2A5,0,255.1,253,44246,1,242,8,236,9,230,3:223.4,210.4,

3209.7;1‘33-”51@2.[%54.5.14.4:“16.81'40.41'58-2:'73.3a-85,41-156,4.
Al i) ~105 By~ B4, =187 .70-189.2,~1€0,61-162,3,-163.8/

M o= 2¢ ,
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DEGRAD s U,01745329
IFIFRED.BT.0.5) FREL =
IF(FREQ,LT,3.005) FREG
DO Z2pg I = 1.¥
IF{FREQ.GEFRE{I).ANDWSFREQ.LE.FRE{T+1)) GO TO 16¢C

200 CONTINUE

160 PF= PHICI) 4 (PrT(lag)-pHl(Iy)/7(FRE(T+1)-FRE(I))1a(FREQ.FRE(]})

C.5
= 0.00s%

PH 5 FC(I) & (PLLl+1) - PUI))/(FRE(I+1)-THE(TI) IS (FRED-FRE(T))
PF & PF # DEGRAD
XR = COS(PFr)I/{(PreRFAK)
X] = = SIN(PF)/{PH®FEAK)
PETURN
END
SURIDUTINE SE1SB(FREG, XR, XD
r Tr1d SURRGUTINE REALS Ih A SET 0OF SEISMOGRAPH CONSTANTS rOR
C USEF WITH RuaGIWACA S EGUATION AND CORRENTS FOR INSTRUMENT ReSPONSE

COMPFONAINST/MARIN, M, PER(L100),RESP(L100)
COMON FHAGL/ T8aTh HS»REISIGMAWPKFPK
TF (o AGIN AT 0y &0 TC 100
REAL(85,1) T8, 45, TG, HG, S16%)
1 For-aTlsF10,2)
MACIN = 1
PK*L ., C
FRF=0.2
102 COMTTRlE
IF(FRED.GT,1.03y FR
IFU’RQLTt \JP )
wfzc.gﬂ<1ws«*Fa o
Wiz 6,2631253/70
Wiy = g,28%:853,70
ZETH = 58
ZET LY = WG
ART(WE R A= wn a (WE#aB kN T2 WNT) =4 w70 TARZETALanNula(l ~SInva)
kel . = .
Al e s (T T AL WAy Ch Vg h =ik BT Y+ 7 T TA N (wNT o NT=wE by
Fi"TO?‘:i /(;ng.«,.,,.w")
XR= ~Al ® FarTno
X1 AR#FACY(R
¥Pk=1,/(xfipxRtyTux])
IF(APRET ) FRK=FREG
IF(XPEeTeDNY DazxPr
RETURN
EnD

LY

SUBKOUTINE CARDINCNUMPY APTS, INTYP,CPYV, DT THAX)
COMMON/LTAZX(2n48),Y(2048)

DIMENSION nuMhiv (1)

DIMENSION YoUME (L)

Xolt#(1y = o,
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XdUHP (2 = 10090y,
XJLiP 2y = 20000,
XJLLPU4Y = 3nong,
XJLiP(5) = 40000,
XJUMP(H) = 50000
XJLt P(?: = afUNG,
XJL“ (R} = 70U%u,
XaliPioy = nonni,
XJL'P(iu) QuNLD,

e P11y = itnangQ,
IFCINTYP , gRI2y 30 TC 2
DO 910 1 = 1,2048,1¢
J 51+ 11
RELLbee, 912 CoUvmy(lkd,k=1,d?
KRITE(S1,910) (DUMMY (K),Kst,J)
919 FORGAT (IR 2412¢(F 8. 001X))
911 FORMAT(22(T5.0,1%X))
pG ¢1¢ « = 1, o
IFCLUNMY (RT-099¢, ) 610,412,912
910 CDNTINUE
912 MPTS = K - %
vﬁ716t5¢*9“1) TS
006 FURUAT(LH ,oHnPTs =, 15y
RCTuR
2 CONTEhUE
LPS ® cpm/say,

DU RAG 1 = 1,248,
J T 1 o+ 7

Re/ ‘(GC 14.1) ((/\{' Y{K))JK=!JJ’
WRITF (A1 .‘*é>c<,:y>.Y(k>>..~1,J>
111 FGRWAT (3
117 FL> AT

11¢ .rx..
11% NL_;,“: = K = 1
WRITECAL,S7Y =0
Q07 FUBRAT(LR »EH MUV 2 sl
Jubp o=
rf. 1 = PPN
o xJunb g JUrFy
o~ x81-330 5T, 8000, JUMP = QNP+ g
i, {1y v X UFPOJL¥F)
E(éi Gany W MP
OLE FU sAftlH , ﬁhJ wpmF
TIMEL 5 0.0
NFTS = 1
DA 200 1 = 2, Nur
3US CUNTINUE

7
F

200

4—ﬁur«

= 2 18D
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TIME 5 TIME® & CPS
JUmPp = 1
IF(TIME.LT,
o 7o (30%,

3p2 DUMMY(NPTS)
NPTS = xPTS
Tivke =z Tlinmk
IF¢vImEy G i
GU T30 365

301 CONTINUE

300 corTinye

500 MPTS = NPTS - 1
WA TE(H12 907y wpPTs
RETURA
E el

-

u,TlME GE.X(1=-41)) JUMP = 2

+ (TIME=X(IY3aCtY (D) -YUI=-10)/ (X012 -XC1-10))

Gec 10 BOD
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DATA
bt
0
i

ALQ LE

25 MAR 76
0000 0000
0171 0023
0360 0036
0508~0006
06230021
0714 001

0833 Ql22
0926 0059
1056 0092
1151 0127
1259 0136
1380 0014
1528-0019
1670~003(
1831 00642

ALQ UN
25 MAR 76
0600 0000
0160 0033
0344 Q027
D485 QU419
0575-00C36
0642 0105
0736-0107
0807 0119
0881 0000
0955 0109
1033 (§i45
1151~0053
1271 0009
1378-0043
1488 pgi11
1611 gl82
1725 0042
1867 QL83
4 1

oTT W2
25 MAR 76

PAGE 1

1 1
1455,8

0p28 ag12
§193-pp21
0383-0005
0525 o019
0633-0p39
0727 0p30
0837 p9¢é
(937 nps4
10962 0p88
1172-0101
1280-0043
1397 no82
1539-0018
1661 1021
1843 2219

1455.38

g22 np0bd
0178 pp23
0366 Do07
0501 0p04
U591 2050
0651 064
0749-np05
U814 0421
0889~-0006
U964 nyi8
1038 0433
1163-a065
1276 npib
1391=-0025
1512 np74
1624 poB1
3741 0114

1879 Np77-

1 ~1

1650,9

14.¢

2 2

1344
240,

0039-0004
0217 Q038
04E4 Q38
0544 pp4d
06459e0017
p745 0002
0851 opp84
0955 0069
104S po024
1170-00986
12870061
1415 0004
1523 op42 1571 0000
1757 0006 1729 0012
1919 00315-9999-9969

82,4

82,4
456, 4
0056=0009%
0240 0g26
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I1I. SPSPEC
PROGRAMMER: R. B. Herrmann / Jan 73
PURPOSE:

This program is similar to the program EXSPEC in pur-
pose. The essential difference is that this program can
take a 4096 point time series instead of a 2048 point
series. The tape output of this program is compatible
with the program DATAPLT for plotting of the ground motion
Fourier amplitude density spectrum. The spectra are cor-
rected for geometrical spreading to a reference distance
of 9.0° (1000 km). Because of space limitations, this
program accepts only tabulated values of instrument re-
sponse, or the 15-100 or 30-100 WWSSN instrument re-
sponses.

INPUT/QUTPUT

The input of the digitized seismogram is on card
FILE 60. Two output tapes may be used, one FILE 10, for
plotting the digitized seismogram, the other, FILE 01, for
storage of the complex values of the positive frequency
components of the ground motion Fourier transform.
Printer output is on FILE 61.

PROGRAM DESCRIPTION

PROGRAM SPSPEC: This is the main control link. The data
are read in, corrected for digitizing trends and instru-
ment effects. Only one component is analyzed at a time:
formation of the transverse and radial compeonents of the
ground motion is not possible. The spectra are corrected
for geometrical spreading on a sphere. Up to 4096 point
Fast Fourier Transform can be used.

SUBROUTINE TAPEWR: This subroutine writes a basic block
of spectra on tape together with all pertinent header
information. The tape write formats are compatible

with the tape read formats of program DATAPLT.

SUBROUTINE TREND: This subroutine either does nothing to
the original time series, or removes a constant value from
all amplitudes or removes both the DC offset and linear
trend from the data,

SUBROUTINE TAPEIN: When FILE 01 is used for master
storage of spectra, TAPEIN is used to skip over pre-
viously written spectra stored on the tape in order to
add new spectra determinations at the end of the pre-
vious set. If the tape used does not have any spectra
written on it, INDEX is set equal to zero, and suc-
ceeding positions on the tape.

I7-1



SUBROUTINE INSTRM: This is a main control link for remov-
ing instrument response from the spectra. The option
ICONTRL = 6 causes no instrument effect to be removed

from the spectra.

SUBROUTINE SEISM1: This gives the instrument response
of the 15-100 WWSSN long period seismograph system.

SUBROUTINE SEISMZ: This gives the instrument re-
sponse of the 30-100 WWSSN long period seismograph
system.

SUBROUTINE SEISM4: This reads in tabulated displace-
ment of velocity sensitivity curves, short period

values first followed by longer period values. TIf the
velocity sensitivity is read in, it is converted to dis-
placement sensitivity. Since only the sensitivities are
read in, the resultant ground motion spectra are not
corrected for instrument phase response, only for the
amplitude response.

SUBROUTINE PHASE: Given the arguments X and Y, this
subroutine determines the phase PHI = arctan (Y¥/X),
where PHI is given as fractions of a circle between

0.0 and 1.0 .

SUBROUTINE PRIN: This subroutine prints selected values
of the amplitude and phase spectrum of the instrument
corrected spectra.

SUBROUTINE CARDIN: This subroutine reads in the
digitized seismogram. The seismogram may be either

a series of Y amplitudes taken at equally spaced times
or a series of X-Y coordinate pairs of the digitized
seismogram trace which are te be linearly interpolated
to form a new evenly spaced time series of Y values.
Since the digitizer used writes a 5 digit numerical
field consisting of a + sign and 4 digits for each

X and Y value, care must be taken with very long seis-
mograms or seismograms with very large amplitudes.

In the case of very long seismograms, the plot of X(XK)
versus K would result in a sawtooth type of trace.

The program recognizes this sawtooth and corrects for
it by using the XJUMP parameters.

SUBROUTINE FOUR2: This is a compact version of the
Fast Fourier Transform develcped by Brenmer (1967).

1I-2
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Brenner, N, M, (1967). Three Fortran Programs that per-
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11-3



Card
Sequence

A.

Column

1-5

6-10

-5

6-10

11-15

16-20

21-25

26-30

Name

IPLOT

INDEX

ICONTRL

IDATA

ITAPE

IPRNT

ITREND

INTYP

Format

i5

I5

15

15

15

I5

I5

L5

15

II-4

Explanation

LT.0 Seismogram not
plotted on 10

GE.0 Seismogram
plotted.

Number of points

of Fast Fourier
Transform, power
of 2.

= 0 defaults to
2048,

= 4096 is maximum
allowed.

M
M
M

Number of spectra
on output tape to
be skipped before
writing new spectra.
Can be zero.

0 or neg. end program
1 15-100 seismograph
2 30-100 seismograph
3-5 read in tabulated
resp.
6 no instrument resp.
‘ removed.

Set equal to 1.
dummy variable.

LT.0 no spectra
written on 01

GE,0 spectra written
on unit 01

LT.0 do not print
selected spectral
values.

GE.Q print selected
spectral values

0 or neg bypass TREND
1 DC offset removed
2 DC offset and
linear trend removed.

NE 2 Y values entered
for evenly spaced
time increments.
Terminated by a
+9999 punch after
last data wvalue.



Card

Sequence

c.

(cont'd) 26-30

794

5-8

11-20

21-30

31-40

41-50

51-60

61-70

71-80

Column

Nane

INTYP

STA

CcoMp

DIST

DEG

BACKAZ

TO

DT

CPMM

PEAK

I1-5

-Format

I5

A4
Ad

¥10.5

F10.5

F10.5

Flo.s

¥10.5

F10.5

F10.5

Explanation

EQ 2 array of X, ¥
pairs which will be
evenly spaced at an
interval of DT by
CARDIN. The first
pair must be
+0000+0000. The
data set is ter-
minated by -9999-9999
pair.

Identification card.

A 1 punch in column 1
will cause the printer
to skip to the next
page.

Station identifier
Component identifier

Station distance from
epicenter in kilom-
eters.

Station distance from
epicenter in degrees.
If no correction for
geometrical spreading
degsired set DEG=9.0 .

Back azimuth from
station to epicenter,
measured clockwise
from north.

Time digitizing began
in seconds after
origin time.

Digitizing interval
used (INTYP.NE.2) or
desired (INTYP.EQ.2).

Digitizer counts per
millimeter of
original record.

Peak instrument re-
sponse. Has no
meaning for ICONTRL =
4 or 6,



Card

Sequence Column  Name Format
F. 1-12 IDATE(3) 3A4
16-25 SLOPE F10.5
26-35 TMAX F10.5
36-45 - CPM F10.5

G. Digitized data

INTYP.NE.2 DUMMY(I) 12(F5.0,1X)

INTYP.EQ.2 X(1),Y (1) 16F5.0

H. Instrument response options.

Explanation
Date of event

Trend of record
trace below true
zero line in
counts per DT
unit. Can be
Zero.

Total length of de-
sired digitized
record.

Counts per minute
on original
record.

Digitized trace
for equispaced
time wvalues. End
of trace signi-
fied by +9999
punch

X,Y pairs. First
must be +0000
+0000 and last

-9999-9999,

If ICONTRL = 4 the following instrument response values

are read in:

a. 1 I5 N

b. N/&4 8F10.5 PER(1)

1I-6

Negative - velocity
sensitivity read
in, a total of
ABS(N) wvalues.

Positive - displace-
ment sensitivity
read in, a total
of N values

Period listed in
order of increas-
ing period



Card

Sequence .Column Name .Format .Explanation
b. (cont'd) RESP(I) Velocity or dis-
placement sensi-
tivity

At this point the program returns to C. to check for more data.
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SPSPEC

3 O

€22

OO0 nn 0o

62

303

€3

PAGE 1

PROGRAM SPSPEC
THIS PROGRAr Is AMENABLE FOR SHORT PERIGD SPECTRAL STUDIES,
1T CAN CONSIDER A TIME SERIES 4096 UNITS LnOnG
CHARACTER STA,CUMP,LABEL,IDATE, ICOMP
COMMON/DTYAZLATA(RLIGE)
COMMON/INST/MAGIN,NF,FER(L
DIMENSTION 1apF(in26),IDATE
DIMENSION | aBFy (4)
REAafcn 633 IPLCT,M
IPLOT ,GE, & CALCCMFP FPLCT PREPARED
M o= NUMGER oF POINTS QF FOQURIER TRANSFO8M, POWER OF 2
IFiM.EQ.0) & = 204p
DO 11 = 1232
NN = 2%#!
NM = NN & 2
IF (M GENNLANDLHL.LT.NM) N & NN
fONTINUE
IFiNLGT, 4095) N = 4u%¢
Nz = N#2
NOZ = N/?2
NDg N/ 8B
IFﬁIPLOT.LT;n) 27 10 g2
Chle PLOT8~IQLF 102¢,10?
CalL F‘L.LJT(" Yy -11,0,-3)
CALL PLOT(2.0a2u000-3)
ConTINpE
Reai(60,63) Idn-X
InneX 1g THE hUSBER OF ¢F1g OF DATA ON TAPE 10 4E gKIFPEN REFORCL
WRITING
CalL TAP:I'(TR‘LX 1)
INDEX = TANLXY + 1
NWRITE = 1“EA
RFbu(cn £33 TCORTRLAICATASTTAPEZIPRNTHITREND, INTYP
PTE(61,033 100 TRL,IDATa, ITAPE, IPRNT, ITREND, INTYP
FORIA’( 153
IFICUNTRLLLE.Y) 60 TC 1000
TCONTRL PIn4S PrOFER MAGNIFICATION RQUTINE, SEF INSTRM
Tuald ¢ L N.F ZOMPOAERNT ANALYZED

N RESPlinn)
3 ),DQMMYC409%)

1ThPE , GE . WAITE POSITIVE FREQUENCTIES OF SPECTRA NN TpPr
1PR=T ,GT, PRINT AMPLITULES AND PHASES AT SELECTED PERINDS
ITRENDG 2z 1 ReMOVE LC CCMPORENT = 2 REMOVE DC * LINEAR TRENWD
FROM LATA

INTYP M, 2 EVEALY SPACED Y VALUES , DATA SET ENDED BY 9999
INYYP.END .2 ARRAY OF X, ¥ VALUFES, EMNDEN BY «8906~9939 IF FIEILD UF
X EXCLEDS 9599 AND NEXT counT 15 9CCU1 PROGRAM ALJUSTS Yo 10001,
THE RANGE 2F X IS UNLIMITED SINGCE ALJUSTMENT Tp 29000, IS Taxew
WHER WNEXT "ROP CGCURS, exswaNOTCsassase FIRST X MUST B: 0no0

MAGIN = 0

REAL(5052)

WR-TE(g1,2)

I1-8



SPSPEC FAGE 2

REAL(EN,1C) STALCCMF,DIST.DEG,RACKAZ,T0,DT,0PMM,PEAK

c STA = ILDENTIFICATION CF STATION
o COMP = IDENTIFICATIGCN OF COMPONENT
c DIST = LISTAMCE IN KILOMETERS
c DEG = DISTANCE FROM EPICENTER TC STATION IN DEGREES
c BACKAZ s BAcK AZIMUTH FROM STATION TO FPICENTER MEASURED CLOCK®ISE
c FRUM N
C TO = TIME WhEN CIGITIZING BeGAN IN SECONDS AFTER CRIGIN TIME OF
¢ EVERT
c DT & TIME ThTERVAL BETWEEN DIGITIZING POINTS In SECONLS
c CPM# = SCUNTS PER MILLIMETER OF DRIGINAL RECORD
c PEdk = PEAY MAGNIFICATICN OF INSTRUMENT RESPONGE
10 FORHAT(2A4s2% 1 7F10G+5)
REAL(E0,11) 10ATE(1), IDATE(L), IDATF(3),SLOPE, TMAX, CPM
c SLOPE 1S Tee TmenNe GF THE RECORE TRACE RELN® THE ZEx0 LINE PER
r UNIT DT
c IF OPTION INTY® - 2 TMAX - TOTAL LENRGTH DESIRED OF DIGITIZED
c RECURE
c LPM 3 COCNTS PER MINULTE
CPS = (PM/&L,
11 Fon”AquAa: X13F10:5)
W 1T1E(81,6)
VRYTE<5 »7) STALCCMF,CIST,DEG,RACKAZ,T0,DT,CPuu,PEAK
6 FOky AT(LH s, ok 574 CCoMp nNIST KM DEG BACKAZ T T
LR Fenbtrals )
7 thﬁA7(1H 14t AB TN FiO.LI"'L_}-Z»F? 3;1»'5.0,}—'9 saF s, 0y
Wl TE(61,3)
w«z*Exai 9) IBATE(1),I“ATE(E).IEATE(3>.SLUPE,TMAX,CPM
8 Fuw.AT(ik X, ahﬂAT:,izx EHSLOPE,6Y,4HTMAX, 7X,2FCPV)
9 SrATEIH ,5A4,uX Fi0, ,¢F16,2)
Rir?(é},aa
2 FORHAT(/S
i )
I ECRAAT(//7)
CAL= CARD T (DUMe Y, NFTS, INTYP, P, BT, TMAX)
~ i VEhYI\U 0 :LMRTS PEQ CENTlMETFQ
CONEAL & C,1/0P0H
C NORGALIZED 70 9,0 DEG OR 1000 KM
CONFAC = CHhuFA™ o SGRTI(SIN(DEGe?,0174529))/50RT(0,15643)
IFLCPSGTeny CNAFAN = CCAFAC # CPS
Dy 419 1 = 4,5PTS
X1 = | -~ 1
NDatTa{1) = 75 + X1 % DY
c SPECTKAL ANHLITG ES ARF IN CM-=-5EC
DUMMY (13 5 DUNMY(D) *SLCFFeX]
IF(CPS-LE'Ql LO TC 115
DuMmry(ly = MMy (ly , CPS

115 ContlnyE
IF(lanhJ.,@.la catl TReND(DUMMY , NPTS,ITREND)
IF(IPLOT LT.0) 50 10 116

I1-9



SPSPEC

@ ;

(e NS R

119

122

405

FAGE 3

LAEZL(1)=6HTINE 1

LABEL(2)=6Hy SECD

LAEZL (3364 ADS

CALL SCALE!NATA,S.2,NPTS, 1)

CALL SCALE(NUMMYs2.UshPTS, 1)

IF(CPs, L 5,0y Gp TC 500

THIS MaxES SEISwOgRAM PLOT y _ 3 REFROpyeTION OF ORygINaL TRyge
TF UMMy (NPTS+2) LT DATALHPTS+23) 30 Tn 4603
GO YO 460z

DUXMY (NPTS*2) = DATA(RPTS+2)

DUV AYLNFTS+2 ) = = NDUMNY(RAPTS+32)

Go TQ 4023

COﬁTINUE

DATAH{NPTS*+2Y = ~UMMY(NPTS+2)

con Tl

CONTINUE

CALL AXIS(N, 0,0,0, LAREL.~1615.7,90,3,DATA(NPTS+1),DATA(NDTS+2))
ICNAP = AHA=PL .

CALL AXIS(n. nsc-n:xcnvp 412000 1CN  AANUMMY (NP TS+ ) sTUMYY (MNP TS+2) )
DUMMY (NPTS42) 2 -DUMMY(APTS+2)

CaLL LINE(QVMh{:DATA;hPTS'I;O n)

CALL SYVBGLt—2.50,1.B5 .14,5TA,90,0,4)

CALLL SYMAOL(-2,5 .55 0.~4 fOMP, 9“ 9,4
CALL SYNQle-g,gsai 9«:1.1r:IDATF(1):9q a4
CALL SYMRUL(=2.22+2. 3a:uo1”OIuATﬁ(?)s9ﬂ 0r4)
Call SYMBOL(-2.2%5,2.7u,d. 10 10ATE(3),90,0, %)
TALL Y. BOL(=-2,00,1.5090,10,3H" = .90 1, 3)
CALL WUMAED (-2 .,0.1 96,0, 10,9&3.90 fi,1)

CaliL SYMA0L(-2,u0,72,55,0,1%,440842= ,57,0,4)
CALL NUMBER(=-2. 0.3.95.4.lg,gAchZ.gn.n.j)
Cate PLLT(&Lo.q.a,—J)

contIaMe

DO 118 ! % 1,RPTS

DUMPY LT = syudsMY (LY & CONFAL
NO 420 1 = 12122

Datacly = a.n

no L2 I*l;KPTS

J = 2 # 1 = 1

DaTaly? = noMny(n)

CAlL. FOULRZ(rATA,N,1,=1)

DF = 1./(NaDT)

Bo 422 1 = 4,0

NaTatly = 2:7ac1) « nt

REMUVAL OF INSTRUMEAT RESPONSE

CALL INSTRM(MATA,N,CF,PEAK, ICONTRL)

INSTRYM RETURAS OALY FIRST HALF OF ARRAY CORRESFONDING 70 POSITivVE
FREG, KNOTE THE AMFLITUCE CORRESPONDING TU THE AYQUIST FREQUENCY
1S NOT PLCTTEL

IFCITAPE,LT. D) GO YO 428

CALL TAPEWR(DATA SNCBINWRITE,STA,COMPLNIST,DFEG,BACKAZ,T0,DT,

11-10



SPSPEL  PAGE 4

1 InaTE, NPTS)
425 CONTINUE

IFCIPRNT,GT.0) CALL PRIN{DATA,ND2

1 IDaTE)
60 TO 3;3
1000 CONTINUE
NWRITE =
WRITE(61,1001)

MNERTTE = 1

INCEX,NWRITE

1o01 FOFRMAT(1H 230X, 10RSTART

IFCIPLOTLT.0)
Catt PLOT(R 0,0

0 TC 1002
02959

»STA,COMP,DIST,DEG,BACKAZ,TO,LT,

'ISDEXRiﬁHl

END

-

' 129

1062 cONTINbg
STOP
END

SUEROUTINE TAPFLR(X,M ,AwRITE,STA,00MP,DIST,DER,RACKAZ,TA,DT,
I ITATE,NPTS:

CHERACTER STA,CUMP,IDATE
DIMENSION Y{1),1DATE(S)
WRITE (D4 G) MNFTS STA,COMP,DIST,DES,PACKAY,TO,LT,
1 I“xTE(1>.§ Tcz?).itﬁr‘rs)

ro‘aAT(ala.H4 1R, A4,1X,5F10,2,244)

DO 31% ,

310

PRITE, (XL, LR,K)

EOUTINE TREY
1 Lm51{h ¥iq)
1TFLND = 1 D COMEORENT REMOVED
Ianw 4 LISMEAR CUMFONENT REMOVED
N1 s
Sy
T
no
1 Suw
MZ21 = M
DO 2 1
Syrz = 5y
N2 = NPTS
DC = (SuMi ¢ SUM2)/NPTS
IFCLTREND - 1368,6,7
6 B = DC
SLF = 2.0
G0 TO 8
7 COMTINUE

HAX,NPTS,TTREND)

Ti N

S

[0 2 ol —‘ " #

:\1
> UM + {13

1.

P‘t—-‘{\)’- 1n

L LI U')—'

+
N
| M

% |

-
P
2
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SPSPEC PAGE 5

SLF = 2,a((SUM2/NZ2) - (SUML/N1))/NPTS
B = (SUnisrng) - 0.5#N21aSLP
B8 CONTINUE
DO 3 1 = 1,%PTS
X1 = 1
T X(1) = x(1y - B -
WRITE(6115) DCosLP
5 FUQVéTfip LeHlC =

SLP#¥]
» E11,4,4X,7Hs500pE = , Eq1, 4y
Enl

SUERQUTINE TAPEINC(IANDEX,I10TR)
InPeX IS 1n7aL WUMRER OF SPECTRA T0 BF SYPASSED REFQRE WRITING
STArRTS

IF(INDE).LF;O) £a TL 2

RO 1 I=gs1nMy

FEAD(LIOTR 1 w

Do 1 Jzqi.N

Rers(10TP, 4y youy

COrTINUE

FOPRAT(]5)

EwnD

<y )

F2 TN -

SUSROUTINE IMSTRMIX,NALIF,PEAK, IC0NTRL)Y
» TAlS SULRCUTTINE CCRKECTS SPECTRA Fok INSTRUNENTAL RESPONSE
PIMENSTON ¥ (1)
o —.uc:r SPFULTRA FCR ZERC FRLOUEKCY

b 4,4,6  TCONTRL
FREL,PREAK, KR, X])

2 CALL SEISH2(FREL,PEAK,XR,X1)
s_?U TO
4 CALL SFIQMé(FHCu.PEAK YR, X1)

GG T0
& XR &

XR&A(J) - X1aX(K)
XRex (KY + X[#Xx(J)
Empi

>
-
nowu
— =
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gPSPEC FAGE ¢

Qoo an

32 TR

i~

™

1

RETURN
ENC

SUBKOUTINE SEISKLI(FREG,PFAK,XR,¥1)

15-100 SYSTem

WHSSN [NSTRUMENT CONSTANTS FROM U, CHANDRA, BSSa 1970 VOL 40
PP 39-543

PEAK MAGNIFICATIONS ARE 350,700,1400,2R00,5600

IF(FREQ.BT. 2.0y JFREG = 1.0

IF(FREQL T, Qﬁ Y FREG = (.00~

WE i 6-5 51“55*PREQ

INCEX = (PF,Keq,)/375,

¢t 10 (10202, 3,8,2,3,4,4,8,4,4,4,4,4,%5),1NDEX

FMAG = 275,

S1GrA ¥ 0,003

GC T &
FMAG = 556
Sl3mwA = 0
GO TO 4
Frss = 1117,
SIGMA = 0,0a?

Cu TO A _
Fvag = 2190,
SIsrA & 0,204
Ga 10 4

FitAuw = 29257,
SIG5..A 5 p,5.5
22Ta = 0L Y
7Evalzl

\_’l\ :'4J_8C79

MN1 = ,i6ehslaBy

ARz (WEaWE~ Mut o (aEaWEaiWNiawWM]1) =4, eZFTA#ZETA e WhawNIe (], =ST544)
LttaFaWh

ALEZ, $~Eﬂ(ZETA1ﬁﬂhlu(wN¢un WESWE)*ZET A% Whs (WNI#WNT ~WE g W ) )
FACTOR = 1 F“A"%Ht*ﬂnqkh}
X =z - % 1ﬁh
X1 = A* # F C
RETURA
EdD

SUEROUTINE SETSF2(FREG,FEAK,XR,X])

30~300 §YSToM

WRSSN INSTRUMENT CONSTARTS FROM U, CHANDRA, BSSA 1970 VOL 4G
PP 539-%63

IFLFREG, CT'; 0) FREG % 1.0
IF({FREQ, LT Lufzy rRreg = O
WE 3 €.2° 51*“&*&RL0

INDEX = (PE, K+1,)/375,

GQ 10 (i12;?:5:5p3:3:4o4;4.4.4,4,4,4,5),INDEX
FMAG = 251,y9

pas
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SPSPEC

S RO NGRS RS Ne)

300
301
302
303

PAGE 7

SIGMA
go To
FMAG T 503,14
SIGMA = 0,712
GD 1O & )
FMAG = 1081.5
SIGHA = 0,044
GO TO 6

FMAG = 1941,
SIGHA % 0,196
GG TO &
FMAS = 224
SIGHA = p.
GO TO 6
ZeTal =2 1
Wi = (.20%4.95

WN1 = 0,062831853

ARz (WEuWEawNaWr)n (nEeWE«WMlawN1) -4, 2aZETASZETALuWNawNT(1.~-S1G~a)

0.003

o n

I)WO

\JO’)

4
proa
745

1enlalE

Al=2 s WEa (ZFTALawhN Lo (WNsWN-WEGWE) ¥ ZETAWRS (Wl aWNI-WEaWE) )
FACTOR = l-/(FMFG*WE*hE*RE)

-

ol & FaCros
8w FACTﬁ“

2 X
Ny s 70
™ |}

T

w
n

P

R

.

m
-

SURKOUTINE SEISH4(FREG,FEAK,XR,X1)
MAGHTFICATIGN OF TABULATED sYsT&vs. PHASE RESPGONSE NOT INALUDED
TadubaTeDd P=RINLS ©»UST &€ LISTED IN ORNDER OF INCREASIANG PERIOD
N Nuwﬁﬁﬁ JF PERINL-KESPONSE PAIRS
N EGATIVE  VELCPAITY SENSITIVITY REAT IN AND CONVERTED Tn
. LgA”rNE ‘T SEASITIVITY
PUSITIVE DISFLACEMENT SENSITIVITY 1S READ IN
COMyDN/INST/MARINS M PER(IQ0) s RESP{160)
F!wAblw.i~ n) “C T 160
Reso(en.1) o
Moo= Iaa5<n>
REAU(ED,2) ((PER(IYRESFL1Y),1=1,M)
FORMATCI®)
FORMAT(BF10.5)
FewobT,0) wrltE(e1,300)
I, gT.n) wFiTete1,301)
WRITE g1,30:)
WRITE(61,303) ((PER(IN,KESP(INY,I=1,M)
FORMAT(LHO +20HVELCCITY SENSITIVITY )
FORMAT(1H),24RDISPLACEMENT SENSTITIVITY }
FORMATOIH , 72X, 3RPER,BX ,4HRESP, 4( 0%, ZHFER,BY ,4KRESPY /)
FORAAT(IH ,10F32,2)
TF (i) 314'4

1

)
¥

1" U) non
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SPSPEC FAge 8

3 D05 I=1,M

c CCNVERSION FROM VELCCITY SENSITIVITY 10 DISPLACEMENT SENSITIVITY
5 RESP(I) = RESP(I) % 6.2831853/RPFEK(1)
4 CONTINUE :
MAGIN = 1

100 CONTINUE
IF(FREQ,LTY,.0.005) FKEG = 0,005
T = 1+/FRED
IFCT,LE,PER(1)Y T
IFtT, e, PES(M)y T
DO 200 _I=1":"‘
IF{T.GE,PERLTIY ANL,T.LF.PER(I+1)) GO T4 160

200 COonTINUE

PER(1)
PER(M)

160 XR 2 RESP(1) % (RESP(I*AI-KESP(III/(PER(I*1)-PER(IIVa(TPER(I})
Xk = 1 /XR
¥l &
PLTURv
Frr

SUERDOUTINE PHASL (X, Y,PHI)
c AXCUMENT PHI IS RETULRNEL AS VARYING FrOM §,0 TC 1,0 CIRCLES
IF(x) 21,27,22
20 1F(y) 23,24,725

23 P4l = 1.5% 5.14;59?7
GG 10 20
o4 Pr1 2 p.n
2Hh Pl = 0,9 » 2.14150:7
0 70 2é&
21 Prl = ATAN(Y/XY + T,1415927
Go 70 2t
22 IF(YY 25,27,27
27 PHT = ATAN(Y/X)
50 70 Zo
26 PUl = ATAM(Y/X) + 2.0 % 3,1415927
GJ o 2¢
z3 TIsUy
HI = Pr]1/A,P321854
PHT = prI = AINTUFRHID)
RETURy
Enﬂ

SUERQUTINE FRIN(X,M,STA,COMF,DIST,NEG,RACKAZ,T0,DT, IDATE)

CHAHACUTER STA,COMPE,INATE

DiIVeNSION X(l).iDATt(?);T(4h)

DATA T/ 10.)0-3:;4:.50g‘:.7)-8:-931c11 sq14-211. 3:1.4,1.5,1,5,1,/,
11408:51.94240472.9,3,53.544.,5,.006,0758.49,,10.+12,514,,16.,18,.2%0.,
¢2£.-24..96..2&.43J.p35.p4b.:5b.563.17C.aBU.p9U.|100 /

100 FOFRmAT(1n ,a(9X,E11.4))
WRITEC(81,95) ST/, CcOMPLICATEL), IDATE(ZY, IDATE(R)
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SPSPEC

99

98

FAGE 9

ro;nAT{1H01A4.2x,ﬁ4.2x;3A4>
HRITE(61,98)
FORMAT(LRO, 11X, 6HPERICD, 13X, 9HFREQUENCY, 11X, 9HAMPLITULE, 13X,

1 BYPHASE, /)
48

15

16

17
16

949
911

K = }
DO {0 1 = 2:M

PERL = 2z, #MeDT/¢1-1)
PERZ = z,sManT /]
FREG % 1.,/PgR1

BO 15 Js1,%

IF(PERY,GT,TC(J) ,ARNDLPERZ LLELT(JIY G0 T 16
CONTTUE

GU 10 17

K J

avP = SoRT x(rlaxlrr) + xCrrplexlypr)?
CALL PHASE(X(IT1Y,XUI1),PHI)

Pl = PRI = Ty « FRER

PHT = Pul = AINT(RUI)

TELFHT-LT 0y PHL = rHl + 1.0
WRITE(g1,10 ) pPery,FREg, AMe,pH]
~OnYmlg

SONTINUE

ReTuRy

E )

SUBROUTINE CARDIN(DLMMY APTS, INTYP,CPK, T, TwAX)
novionsTaszrlanse), Ylarse)
“I’LNSILN wbvwvci)

DIMeNSTON XYoUrp 10,

xdbwpil) = ..
XJUNP(R) = 3050, s
XHUAP(3Y = 2060,
X 9‘p{43 = snung,
%JU“P(B) = aluli,
¥oUP ey = npoa.,
XJunPU7) 2 apang,
XgupP gy & 7000,
XJiP (%Y = £0500.

¥JibiP(14Yy = 00
1P NIYF gD o) E TC

Do 316 1 o4, 4ﬂ>5:l¢

J ® 1 o+ 11

REaufen,o19)  (puvmy k), k=1,4?
WRITE(61,93¢) (LUMMY(K) 4 K=1:J)
FORCAT(AH »212(¢F&.029X))
FORMAT(12(Fs.C0,1X))

DO w10 Kk = 1 4, .
IF(CUMMY (K} =9965,) S10,612,912
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L N ]

210
912

9l
2

11t
115

907

200

3Ls

302

z FORRAT(IH |16
!

PAGE 10

CONTINUE

NPTs = K = 4

WRITE(61,9n8) NPTS

FORMAT(IN ,6HNPTS = , 15)

RETURN

CONT InbE

CPS = cFrM/p0,

DO 110 1 = 3,4n766,8

J::I_._?

PEADCe0, 1117 xlkd, vt ) k=1, )
WRITE(AL, 112 (tx(KIY(KIYK=ET J)

¥ ¢
FORMAT{16F5.1)
of

nd 118w =

1F Otk w9594,
CONTINUE

NdM = K - 1
WRITE(B1+997) auM

FUQVAT(lH ;&H Moo= . 1B

JUNF = 3

DO 200 1 5 z,hUn

G = X(I) T xJuME(JuUve)

IFCABS(G = %x01=3))-CTo2G00.3 JUMP = JUMF + 4
¥{1) = x(ly + NJUMP(JUMF)

11%,11%,110

1§ r
WRITE(g1,90..) JULMP
FOTraT O R, gryuMP = ,15)
Tivel % 0,0
NETS = 4

D'l:[ ;SDU 1 = 21;\‘.14"

COMT TNk

Tiwmg = TIMES # (PS8

JurP _® 1 _

TPCTINE LT 201y  ANDLUTIME (BE X (1= JuMP = 2
GC To 301,502y, bwF

DURAY ENFTSY 5 01 4 (TIME-X(1 ey U)oy (1 ag Y/ (x(1doxl1-9))
NETS = apTg * 1 '

TIMEL = TIME1 + DI

IFerlvEy Gy Ty BL 1o 500

6Y 70 345

COMNTIwUE

CO™T InUER

NPTS = APTR = 1

WRITE(61,50%%) »PTS

RETURN

ENT

SURKOUTINE FOURZ(LATALNA, IDUM,ISIGY)

THE COOLEY=700KEY FAST FCURIER TRANSFORM IN USpS1 BASIC FORTRAN
TRARSFORMO Y = SUMICATACI dehen{(1-1)(J=-1)), WHERE 1 AND J PUN
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TRy TGy O

1001
1002

PN LA

LR

8

PAGE 11

FROi 12 TCO Nn AND w = EXPCISIGN®24PT#SQRT(-1)/NN), DATA IS 4 OVNg-
DIMENSTIONAL COMPLEX ARRAY (1,E.,, THE REAL AND IMAGINARY PavTs 4f
DATA ARE LOCATEL IMMELIATELY ADJACENT 1H STORAGE, SUCK AS

FORTRAN IV PLACES TrREM) WHOSE LENGTH RN IS A POWER OF TW0, 1SIGN
I5 +1 0K 1 GIVING ThE SIGN OF THE TRANSFORM., TRANSFORM VALUES
ARE REYURNED In AppAy DATA REPLACING THE InpuT DATA_  THE TIvE g
PROPORT{ONAL TO NaiCgp¢hy, RATWER TuaN THE USU AL kﬁyg

RS RESCLUTION £RKOR GEEIAG BOUNLEL EBY 6#SCRT(I)wL0G2(AN#2440wn),
WHERE B IS THE nNUMBER OF BITS IN THE FLOATING PCINT FRACTION,
PROGRAM AUTCMATICALLY DIVIDES TRANSFQRM BY AN FCR INVERSE

TRANSF DM

DIMENSION DATALL

oz 2 e NN

IFCISIGRNAEQ=1) GO TO 1602

T‘C’ .LOJi II 1T = l’I\
DATACITILY = CATALTIITIN/NG
CONT INUE

J o= 1

IF(IwJ>1,2;z

TEMFR = TATH(U)
TL“PI = NATA(J+1)
Date(dy = DrTacly
DATA(U+1)=NaTALI+1)
Davatly = ThMpg
DaTi(il+1) 2 Tevel

M o= N2

IF(d-ry 5,5,4
JoEodew

h' - M/

]F(,__; -f"stb

JEJEM

MeAs T
JFcaﬂax-~)7 1U 0
I3TEP= ¢

TAETA = ‘=» E JJ307/FLOAT{ISIS“#NMAX)
SltyHagingreEry,p.,

LJTFR-_d “C\T’\TH?’”I‘\'TH

USTRIZSIN ThET)

Wiz 1'u

Wl=y+o

Ly g N-j,M* X, 9
ns 5 1sH,N, (STer
JEI+MMAX
TEMPRE=WSR4DATA(Y)=h1aDATA(J® L)
TEMPI=WRHDATA(J+1 )+ I#DATALI)
DATA(J)slATt(I)~TLWVR

NATat widznaTacr+1)-TEWP]
DaTalid=paTalI)s TEMPR
DATA{1+1) = DATA{I*I1)Y*TEVP]I

11-18



SPSPEL FAGE 12

TEMPR = WR

WR = WR&WSTPR-WI#WSTPI + WR
¢ W1 = KINHSTFR+TEMPQ*WSTPI « HWI
MMAX = 1STFR
GO 10 4
10 RETURN
END
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o D= 8.0 BRZ= 0.0
w
8
0o -_
ZO
a
(o]
O
o
ﬁj T T L T
250.00 330.00 410.00 480.00 570.00
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III. DATAPLT
PROGRAMMERS: R. B. HERRMANN, T. J. BENNETT / Jul 72
PURPOSE:

This program takes the spectra written on tape by
EXSPEC or some other program, and plots it on log-log
paper, 3 cycles per axis of approximately 2.5 inches
per cycle. The scale is the same as that of K & E 3 x 3
log~log paper. The period axis is scaled from the maxi-
mum period present in the data or from a maximum period
specified by the card input. The amplitude is scaled
to fit on 3 cycles of log paper and is scaled from the
largest value. Amplitudes which are less than 3 orders
of magnitude less than the maximum value are not
plotted.

INPUT/OUTPUT

Two files are required. One for the input of the
raw spectra FILE 0l, the other for the CALCOMP plot FILE
10. Cards are read in to control the process from FILE 60.
Printed output is on FILE 61.

PROGRAM UNITS

PROGRAM DATAPLT: This is the main control link. Ampli-
tude scaling and plotting specification are performed.

SUBROUTINE AMAXMIN: This subroutine converts amplitude
spectral density values to logarithms and locates the
extremal values. It also takes the logarithms of the
periods and finds the extremal values of the periods.

SUBROUTINE ALOGAXES: This is a general subroutine
developed by T. J. Bennett for setting up linear, semi-
logarithmic, or log~log axes scales.

SUBROUTINE TAPEIN: This subroutine skips a total of
INDEX spectra on the tape containing the spectra.

SUBROUTINE TAPERD: This subroutine reads in the spectra
contained on the input tape. The amplitude spectral den-
sities are formed, an array of periods corresponding to
the spectral amplitudes is also formed. Amplitude
spectral density values corresponding to the periods of
infinity and 2 M DT are dropped from the amplitude array.
This is done because the resultant plot is to be on log-
log paper.
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Card
Sequence Column Name Format Explanation

A. 1-5 INDEX I5 LT.0 end pregram

GE.O number of spectra
sets on data tape to
be skipped. Can be
zero.

6-10 NDSET I5 Number of sets of
spectra on data tape
to be plotted after
the skipping process
is completed.

11-20 TMAX F10.5 LE.0, the data itself
sets the scale of the
period axis,

GT.0 no spectral
amplitudes with
periods greater

than TMAX are plotted.

21-30 SIZE F10.5 A pumber between zero
and 1,0 which scales
resulting plot. If
SIZE = 1.0 each cycle
is 2.5 inches long. If
SIZE = 0.4, each
cycle is 1.0 inches lomng,
etc. If SIZE .LE.O or
SIZE .GE.1l.0, SIZE is
set equal to 1.0

31-35 ISKP 15 A parameter to save
CALCOMP time. Only
every ISKP'th spectral
point is plotted. If
ISKP . LE.Q, program
internally sets ISKP
=2, in which case
every other spectral
point is plotted.

After the above plotting operations are completed, the
program reads another control card until it finds one with
INDEX ,LT. O.
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DATAPLT PAGE 1

C PKOGRAM DATAPLY
CHARACTER [ ABLE,LABEL,MBDEL
COMMON/DYA/X, Y, NP¥MCDEL
COMMON/SKIP/]SKR "
DIMENSION X(2080),Y(2060),1BUF(1026), L ABEL(ZY,LABLE(3)
DIMENSION MODEL (5}
CALL PLOYS(IBUF,1826,10})
CALL PLOT(D.0,-11:i0,-3)
CALL PLOT(0,0,2,0%-3)
LABEL{1)=6HPERIOD
LABEL(2)=264 (SEC)
LABLE(4)=26KHaMP (C
LABLE(2)=26HM-SEC)
REWIND p1
1003 CONTINUE u '
READ(6D,1) INDEX,ADSET,TMAX,SIZE, ISKP
1 FORMAT(215,2F10,5¢15)
WRITE(61,2) INDEXINDSET,TMAX,SIZEL]15KP
2 FORMAT (1K ,215,2F10,3,18%)

c
¢ SIZE = CALCOMP SCALING FACTOR
c SIZE ® 4,0 3 CYxLE LO6 - L0OG 2,5 INCHES PER CYCLE
¢ Si2E = 0,4 J cyeLe LO06 - LOG 1,0 INCHES PER CYCLE
¢
1F(S1ZE,LE,0,0R,812E,6T:1:0) SIZE = 1,0
CALL FACTOR(SIZE)
IF{ISKP,LE.0) ]SKF=2
c TO SAVE PLOT TIME EVERY OTHER SPEETRAL POINT 18 PLOTTED,
c TC SAVE MORE TIME, MAKE ISKP,GT,2,
IFCINCEX.LT.0) GO YO 1061
CAaLL TAPEIN(INDEX,N1)
pO 1000 KKs1,NPSET
CAlLL TAPERD
o
o TMAX ,LE, & PERICD AX!E IS SCALED FROM THE MAXIMUM SPECTYRAL
t PERIOD GIVEN BY SUBRBUTINE TAPERD
c 6T, 0 MAXIMUM PERIOD IS TMAX, PERIODS GREATER THAN TMAX ARE
c DROPPET
C

IF(TMAX,LE.CY GO TO 400
DO 401 1 = 1,NP
J= 1
IF(X¢I), LT, TMAX) 60 TC 402
401 CONTINUE
402 DO 405 | = J,NP
K& 1 - J 1
YiK) = v(1]
403 x{Kk) = Xxt{1
NP 5 NP «
400 CONTINUE

L. ~e e &
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DATAPLY PAGE 2

XX ALOGLO(X)
YY s ALOGiOtY!
XMIN = XX
XMa X X X
YMIN Yy
YMAX & YY _
CALL AMAXMINIX,Y AP XMAK, XMIN,YMAX, YMIN,3,3)
C AMAXMIN FORMS ALOC10 OF X AND Y AND RETURNS AS X AND Y
XAXLEN = 7,535
YAXLEN & 7,507
DELTAX = 3./7.535
DELTAY B 30/70507
TTL = (XAXLEN - SePs#20.)/2,
LMAX B XMAX
IF(XMAX=LMAX)100,300,104
101 LMAX = LMAX + 1
100 CONTINUE
LMIN ¥ LMAX - 3
Xi = LMIN
DO 105 K = 1,NP
IF(X(KY, LT, X1) X(x) = X§
108 CONTINUE
LMAX & YMAX
TF(YMAX = [ mMAX) 110,110,111
111 LMAX = LMAX + 3
110 CONTINUE A
LMIN = | MAX - 3
Yl = LMIN
DO 119 K = 1,NP
TFCY(R) LT, Y1) Y(k) = ¥4
11% CONTINUE
CALL ALOGAXES(XAXLEN,YAXLEN;3,3,LABEL,JLABLE,12,12,X%X1,Y1, DELTAx.

]

1 DELTAY)
X{NRel) = X1
Y(NP#l) = v¥1
X(NP+2) = DELTAX
Y(NP+2) = DELTAY

CALL LINE(X,Y,NP,1,0,0)

CALL SYMBOL(TTL,Y4XLEN+G,25,SCP,MODEL(1),0,0;4)

CALL SYMBOL(TTL#4:#SCP,YAXLEN0,25,SCP,MODEL (2),0,0,4)
CALL SYMBOL(TTL+8,25CP,YAXLEN+D,25,5CP,MODELL3),0,0,4)
CALL SYMBOL(TTL*1¢,#SCP,YAXLEN+0,25,SCP,MODEL(4),0.0,4
CALL SYMBOL(TTL#16,%SCP,YAXLEN+D,25,5LP, MODEL(5),0,0.4
CALL PLOT(12.0,0,0,=3)

CALL FACTOR{1,0)

CALL PLOT(2.0,0.0,-3)

CALL PLOT(0.0,-1130,-3)

CALL PLOTD,0,2,04-3)

CALL FACTOR{SIZE)

)
)

ITI-4



DATARPLT PAGE 3

1000 CONTINUE
GO YO 1003
1001 CONTIMNUE _
CALL PLOT(10,5,0:0,599)
SYTQP
END

SUBROVTINE TAPERD

CHARACYER MODEL

COMMON/DTA/X, Y, NP, MODEL

COMMON/SKIP/ISKP

DIMENSION X(2080):Y¢(2060) ,MODEL(5),Z(40996) ,
READ(UL1,310) M,NWaAITE,MEDEL(1) MODEL(2)sDIST:DEG,BACKAZ,TO,DT,
i MUQEL(S):HODEL{4’JMODEQ(5)I

310 FORMAT(2!5(‘4.1X:A4|1X:5F105213A4)

DU 312 1=1i,m
K =1« 8
o T K = 7

312 READ(O1,311) NWRITE. (Z(L) LB K)
311 FORMAT(15,8E15.8)
M= 4 8 M
¢ THE PERIODS = INFINITY AND 2,e#MaDT ARE DROPPED
L50
DC 3 1=3.M|ISKP
J 8 2 a1
K=z J -1
LEL*1
YOL) = SORT(Z(J)#Z(,) + Z(K)aZ(K))
IFCY(LY,EQ,0,0) YSL) & %,0FE«38
3 X(L) & 2,8MaDT/(1"1)
NPsl
RETURN
END

SUBROVTINE TAPEIN{INDEX,IOTP)
c INDEX 1S THE TOTAL NUMBER OF SPECTRA TO BE BYPASSED BEFORE READING
c STARTS _
IF(INDEX.LE,O) GO TC 2
DO 1 ] s1,INDEX
READ(IOTP.: 10N
DO 1 J=1,N
READ(IOTP,10) I1DUN
FORMAT(15)
CONTINUE
CONTINUE
RETURN
END

SUBROWTINE AMAXMINIX, Y, KN, XMAX, XMIN,YMAX, YMININQCX, NOCY)
DIMENSION X(1),Y(e}

[pe N - )
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DATAPLY PAGE 4

IF(NOCX,EQ,0) 6C Y0 102
DC 3403 1 = 1,NN

101 X{1)sALOGLO(X(I))

102 1F(NOCY,EQ,0) 6O TO 104
DO 403 1 = 4,NN

103 Y{1)=ALOGLO(Y(]))

104 D0 1 l=zg,NN
IF(X(1),6T,XMAX) XMAX
IFCYCD),GT,YMAX) IMAX
TFOXUE), LT, XMIN) XMIN
TF(Y (L), LT, YMINY ¥MIN =

1 CONTIMUE
RETURN
END

SUBROUTINE ALOGAXESC(XAXUEN,YAXLEN«NOCX NOCY, TTLX, TTL Y, MTX,MTY, X1,
1Y3,DELTAX, DELTAY)
CHARACTER TTLX{1) TTLY(4)
SLY 2 0,028YAXLEN
SST £ 0001 & YAXLEN
SP = =0,064YAXLEN
SS = 0,0354YAXLEN
SSp = SP + 85 - 0,06
TTILP £ ~0,11eYAXLEN - 0,1
STTL = 0., U354YAXL =N
XNUM = ¢
YL 5 Y1
YU & YL ¢ ANOCY
1F (ABS{YL).GE,1U, .CR, ABRSCYU),GE.10, IYXNUM =z XNUM + 1,
IF(ABS(YL),GE.100,.0R, ABS(YU),GE.4100,)XNUM =z XNUM » ],
IF (YL, LT,0) XNUM 3 XNUM + 1,0
CALL PLDT('$LT:0.&:2)
CALL PLGT(D,0.-SLT,3)
CALL PLOT(C.0,0,042)
XFOo = X1
YPO = Yi
IF (NOLX,EQ,B) GO TO 4
ANOCX = NOCX
FACTX = XAXLEN/ANCCX
CALL SYMBOL(~.68S%,SP,sSE,2H10,0,0:2)
CALL NUMBEP;999,.SSF.Q.5¢SS.X1.D.B;H1}
CALL PLOT(0.0,0,043)
DO 3 J s 1,NOCX
DO 2 1 = 1,10
X = 1
X =2 ALOG10(X) #4FACTX ¢ Y J-4)=FALCTX
IF(1,EQ, 1060 TO 2
CALL PLaT(x,0,0,2}
CALL PLOT(X,=~SST,%)
2 CALL PLOT(X.0.,0.31

TR T ]
- W LXK
P .
gy
Nl N
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DATAPLT PAGE 5

CALL PLOT(X,-5LY,2)
CALL SYMBOL(X~,64%5,5P,85,2H10,0.6,2)
XPO = XPD + ¢,0
CALL NUMBER(999,,8S5F,0.8e58,XP0,0404~1)
3 CALL PLOT(X,0,0,3)
XTL = MTX '
XTL = (XAXLEN-XTLESTTL)Z2,0
cAL# SYMBOL(XTL, TTLRP,STYL,TILX,0,8,MTX)
G0 T0 6
CALL AXIS(0,0,0,0,TTLX,EMTX,XAXLEN,Q,0,X1,DELTAX)
CALL PLOT(0,0,0,033}
IF(NOCY,EQ,0) GO %0 10
ANQCY = NOCY ,
SP = SP .« (XNUM - 1,5) & 0,5 & SS
TTLP 2 TTLP - (XNUMe1,)®0;54SS
FACTY = YAXLEN/ANCCY
CALL SYMBOL(SP-0,%,=0,5%S55,55,2H10,0,0,2)
CALL NUMBER(999,,i5855~,06,,5%55,Y4,0,0,-1)
CALL PLOY(0.0,0,0i3)
DO 9 ¥ & 1,NCCY '
DO 8 1 = 1,10
Y = ]
Y = ALOGLO(Y) ¢ FACTY # (J=1)sFACTY
IF(1,EQ,1)G0 TO 8
CALL PLOT(D.0,Y,2)
CALL PLOT(=S8T,Y,
8 CALL PLOT(D0.0,Y,3)
CALL PLOT(=SLT,Y,2)
CALL SYMBOL(SP-,4iY=,54585,5S,2H10.0,0,2}
YPO = YPD + &
CALL NUMBER(999,,Y+,5#58-,06,,5455,YP0,0,0,=1!}
9 CALL PLOT(N,0,Y.3?
YTieMTY
YTL = (YAXLEM=YTL8STTL}/2:0
CALL SYMBOLC(TTLP=i2:YTLaSTTL, TTLY290, ,MTY)
RETURNM .
10 CALL AXIS(0,0,0,0,TTLY,KTY,YAXLEN,9O, Y4, DELTAY)
RETURN
END

O B

)
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IV. FILTER
PROGRAMMER: R. B. HERRMANN / AUG 72
PURPOSE:

This program uses a narrow band-pass filtering tech-
nique to determine the spectral amplitudes of individual
modes making up a surface wave signal. The Fourier trans-
form of the ground motion is read from the tape or file
upon which the transform was placed by the program EXSPEC.
A narrow band-pass Gaussian filter acts on the real fre-
gquencieg of the Fourier transform and the inverse Fourier
transform is taken. The envelope of the filtered signal
is found by using both the real and imaginary components
of the inverse Fourier transform. The envelope is
searched for local maxima, which under favorable circum-
stances reflect the spectral amplitudes of the various
modes. The peak of the envelope is multiplied by the
theoretical factor 4T,, where T, is the center period of
the filter pass-band, so that the result is dimensionally
a spectral amplitude. The output is presented on a 3 x 3
log-log plot of spectral amplitude versus period. The in-
formation given on the plot is also listed on the printer.
Use of the output involves deciding which group velocity
corresponds to a particular surface wave mode.

INPUT/OUTPUT

The ground motion spectra are contained on the magnetic
tape placed on FILE 0i. TFILE 10 contains the tape used
for the off-line CALCOMP plotter. Tape control data and
filter frequencies are read from card from FILE 60. There
is printer output on FILE 61.

THEORY

The surface wave seismogram can be represented by
the following integral:

o]

f(t,r) = E%—J Flw,r) exp (lwt)dw
1 M .
= 5 Z A, (w,r) exp 1(mt—kjr)dm
-5 =0 J
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where g is the angular frequency, k. is the wave number
of the j'th mode, A; is the complex amplitude of the
j'th mode, and M+1 is the number of modes present in
the signal at a given frequency.

The concept of narrow band-pass filtering is to
multiply F(w,r) by a Gaussian filter H(y) centered
at an angular frequency w = wy, and then to take the
inverse Fourier transform to generate g complex time
function. The Gaussian filter is defined as

exp [-a(w-wa)2/wg?] o ~ wg [ggc
H(w) =

0 lo - Wo |>mc

The resultant filtered time series is
Aj(mo,r) exp [i(wot - kojr)],
ex [—wo2 (t - r/u_,)?]

P 0]

where the subscript j refers to the j'th mode. The
zero subscript indicates that the quantity is to be
evaluated at the frequency w = w,, and U_. is the
group velocity of the j'th mode at w = w,% This
expression for the filtered signal is valid under
the conditiomns that

w, Ya/ Wy >2
and
o 2Kk
— 5 rd
wo >> E A l

From these conditions, it is seen that the filter
bandwidth w, is not a free parameter but is in

fact a function of o and w,.

The interpretation of the filtered signal is now made.
The envelope of the modulus of the complex function
g(t,r) will be a series of approximately Gaussian
curves which have a maximum amplitude
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at the time t = ¢ / U,s, as long as two or more modes
do not arrive so close together in time that the bell
shaped envelopes interfere.

To estimate the region of nodal interference, the
duration of the resulting Gaussian envelope for a
single mode is defined as the time from peak amplitude
of the envelope until it decreases to exp(-m) of the
maximum. In terms of o and w,,

g = To /E
T

where T is the period corresponding to the angular
frequency wg. If the maxima of two modes are
separated by a time greater than 2 t; and their
individual amplitudes are of the same order of mag-
nitude, then the two modes do not interfere and the
group velocity of a mode is determined from the
arrival time of the particular envelope maxima and
the amplitude spectra of the mode is approximately

=Ts ¥V

k)

g(t,r)| max

lAj (mgsr)

When the separation of the mode arrivals is less than
2 tg, the envelope maximum should not be used for the
determination of group velocity or modal amplitude
because of modal interference.

In this program o = 16m , and w. = 0.25 w, .

The printer listing of the output for a given filter
period gives the arrival time of the envelope maxima,
corresponding group velocity, amplitude spectra, and
phase spectra. The phase associated with an envelope
maximum may not be very useful since it is not directly
related to phase velocity.

REFERENCE

Herrmann, R. B. (1973). Some aspects of band-pass
filtering of surface waves, Bull, Seism. Soc.
Am. 63, 703-711.
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PROGRAM UNITS

PROGRAM FILTER : This is the main control link. It
reads in the data, sets up the CALCOMP scaling, and
performs the filtering of the ground motion Fourier
spectra.

SUBROUTINE MAXVAL : This subroutine, searches through
the complex time series generated by the inverse
Fourier transform of the filtered spectra. When a
maximum of the envelope is found, the group velocity,
amplitude spectra, and phase spectra corresponding to
the maximum are computed and outputted on tape and
printer. The largest amplitude at a given periocd is
flagged by a minus sign in the printer output.

SUBROUTINE TAPEIN : This subroutine is used for
skipping through the sgpectra listed on the input
tape of FILE 0l in order to have the tape ready to
read the desired spectra.

SUBROUTINE TAPERD : This subroutine reads the
spectra from tape together with pertinent header
information.

SUB ROUTINE FOUR2 : This subroutine (Brenner, 1967)
performs the Fast Fourier Transform. It is used rather
than the FOUR2 routine used in EXSPEC and SPSPEC be-
cause this version is three times faster.

SUBROUTINE PHASE : This subroutine determines the
phase of a complex number and returns the phase in
fractions of a circle.

SUBROUTINE ALOGAXES : This subroutine draws the
axes for the log~log plot of the spectra.

NOTE: FILTER has been designed to use up to a 4096
point Fast Fourier Transform. The choice of the FFT
is dependent on the information on the data tape.

If the data tape was written by EXSPEC, up to a 2048
poeint FFT may be used. If the data tape was written
by SPSPEC, up to a 4096 point ¥FT may be used.
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INPUT DATA

Card
Sequence Column Name Format Explanation

A, 1-5 INDEX I5 Number of spectra on
Tape 01 to be
skipped before
analysis begins

6-10 NDSET IS5 LE O End program

GT O Number of con-
secutive data sets
to be analyzed.

11-15 NPER I5 Number of frequen-
cies at which the
analysis will be
performed. 1f
negative use previ-
ously inputted set
of frequencies.

21-30 SIZE F10.5 CALCOMP scale factor.
0 <SIZE < 1.0.
SIZE = 1.0 gives 2.5
inches per cycle of
the log-log plot. A
value of SIZE outside
the range above yield
a2 default value of SIZE
= 1.0.

B. WN(J),J=1 , NPER 8F10.5 Set of filter center
frequencies in Hz,

The program performs the desired filtering and returns to the
first card. By use of the options, the proper spectra can be
selected from tape by skipping over undesired spectra to
reach the correct one.

For example,assume that the sequence of spectra on tape

is SLM UZ, SLM UT, SLM UR, FLO UT, FLO UR. Then if only
the vertical and tangential spectra are desired at 3 periods
of 4, 5 and 10 seconds, the control cards would be
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FILTER

Ty

YOy YN

1003

1005

PAGE 1

PRNGRAM FILTER

THI, FROGKAM PERFCRMg MULLTIPLE FILTER ANALY31S ON STORED SPELTRUM
CHARACTER L4BEL,LABLESMCLEL
COMION/ONE/SAVE,NP,KOCEL(5),DIST,DEG,RACKAZ,TC,DT,NPTS
COMHON/TWO/LABEL (39 «LABLE(3)sX1+Y1sDELTAXsDELTAY s IBUF(1026)4¥
DIMENSTON DATA(Z,4n56),SAVE(2,2048),WNE100)

CaLL PLOTS(IBYF,1006,10)

CALL PLOT 2.0,-21.0,-3)

CALL PLOT(T,0,2,8,-3)

LAPEL(1)=84PERICD

Laktl(oyzeb (SEC)

LARLE(1 ) =6 MP (¢

LARLES2 ) =6HM-SEC)

Xa¥| Eiw ® 7,835

YAYLFN 7,507

DELTAX = 32474545

PELTAYs 3,/7,507

F(&KFIN'J 9 .

CONTIRUE

RELIAEC,1)Y INDEX,MNDSET,KPER,SI17E

IF(LIZEWLE. ;«ORVSIZE.GT1.09) SIZE = 1.1

Ch. L FACTOR(SITE)

L LI 1]

SIZr = CALOGMP CALING FACTUR
Si¥e = 1.0 3 CYCLE LOG - LOG £.5 INCHES PFR CYCLE
SIVe = .4 3 CYCLE LOC - LNG 1,0 INCHES PER RYQLE

IFGDSET,LELDY G0 TC 1064
IF(PER, R, 0) AL T 1005

NEAVE = NPER

REAT(CHa2) (Wh{y)rJs1eNFERY
FOzuaTeslz, 20, Fin,5)
FOGrpaliarin.s)

WA = o,

Wil T o100,

p0 wlu gsl,upen
ITFCmNCUY e LTeWwsTn Y WPINh = kN{D)
TF NG reTombn) WHAX = WNIJ)

L CCTINbL

THly 2 4.7 =A%
TH1 T = 4LYnsn¢Tihy
Lir = fMIv

Xi = LMIN

IFeTMIn, LT, 6,0y x3 = x1 < 1,
COMTInUE n

MPEL = NSAVE

CALL TAFRINM{INDEX 1)

Do 100D M=+ ,NTLE]

calL Tafgkn

MM = £ # AT



FILTER FAGE 2

MMZ 2 2 8 My
WR1TE(61,4) (MOLEL(1),151,58),D18T,mEG,RACKAZ
4 FORNAT(LIHL,%A4,5%,F10,2,5F KM ,F10,2,5K DEG  ,F10.2,9H DEGIRATZ?

i,
o VERTICAL SCaALING DRETERMINED BY SPECTRA IN FREQUENCY RANGE
¢ CONSIDERECD

YMAX = 1,0K-38

DOF = L,/{umedT)
DO 0% 4 = 4KD
X 5 4 - 1

FREY = XJ & DDF

TFUFRENLLT ., 75 WK IN,OR,FREO,GT.1.256k8AX? 50 1D 805
DM = SAVELY, eSAve(l, 0) % SAVE(Z, JYsSAVE(Z, )
TF UMt GTeYrAXY YMAX & LMM
8p5 CunNTInug
YUAL = 0.5 & ALCOIO(YMAX)
LVTARA = YMAY
TFOYMAX, BT i MaYy tMaX = L MAX + 1
[MIn = LMAY - 3
Yl = LMIN
CalL ALOBAXITS(XiXLENsYAXLENsZ2 30 ARCL ) LABLFE 112042+ X1 Y42 NELTAX
i [ELTavY) .
Caliy SYuBOI (1,65, YAXLEN, 01,0, 21, M0DEL(1Y,0,0,4)
Call SYHROL (2,45, YAXLEN+,01,0,21,MA0EL(2),0,n,4)
CalLe SYMBOUL (3,35, YaAxLEN, 01,020, MpTEL15y,0,0,4)
CALL bYMRGL{4-17aYA%LEM+.51:0-?1:MQEEL€4);Q.Q:4)
CAL\. SY:"TEUL(S.{‘l,\’AﬁLEN*',01,0.zl,Mﬂ“-lELf_S)aﬂ.Dad)
DY sor JUmP = 4 NPER
PER = 1, /Wntgump)
C WRITE(6L,5) PER
2 FURAAT IHy s SREILTER PERIOD = Feo 5,7
PER = ALNG1L(FFRR)
X = (FREK - x1ysiEBELTAX
DO 101 1 = 1,,.M
DU 100l o
1001 BATALd, D) )
FREGURE = 1,25 & wWn( uMP)
FrDGble = 007880 (GNP
WE = (.25 & WhtoyuMP)
Wy e Wl glnPy
DC 10672 T74,NP
X1 1 - 1
FREQ = X1 #DDF
[F(FREQ+GT-FREQLP QR «FREG-LT-FREALW) B0 TO 100D
FACY = =50, 274 ¢ (FREC-WN(JUMPY ) Z(UN(JUMRY Y ) nap
FILT = eXPeracT
DaTali,1) 2 FILT » SAVE(y, 1)
NDATA(Z,1) = FILT & SAVE(Z,1)
1002 CONTINUE
Cabl FOURZ AT, MM, 1,417
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FILTER

122
999

i
10

[}

0%

[

e

PARE ¢

DF % 1,/07

NOTE CF 15 1,/N#DT BUT FACTOR 1./N 1S ACCOUNTED FOR IN FNUR?2
DO 122 1 = 1,M)

DO 122 J % 4,2

DATAL{U, 1) ¥ DATA{lL,1) & DF
CALL MAXVALIDATA, MM KHC,h0)
CONT I nNUE N

CALL PLOT(12.,0,u,0,-3)
CALL FACTOR(1+n)

CALL PLOT(?2.ptnspgs=-d)

Cale PLCT n.pr=51.pa1=3)
CALL PLOT(N.02240s-3)

Catl FaCroneslzyy

COnTIRUE

G0 10 1608

TONYIwle

Calll PLATCLG.S,0,U,595)
STnF

Ern

SURKQUTINE PLT(CPY, aMP,KK)
Ciitw ACTER LARELLARLE
COMMON/TWU /L ABFEL(Z), LARLE () , A1, YL, DELTAX, DFLTAY, IBUF(1026),¥%
DIMENSTON QEVL),aup(d)
DO 395 4 = 4rnx

G = GPyv¢d)

AwPOg) s A3S{AMI(L)Y2
IFLaMPLyYeleel) GG TO 330
Y = ALOGICtaMP L))
TFey,LT,v1y GC 10 300

Y = (Y-Y1)snELTLY

Caly SYuROLIX,Y,0,1n7,3,0,0,-1)

Calt WUNBER(X*2 N6, y,6,08,5,98,9,2)
CONTTNY

RETURY

Bl

SUTKOUTINE MAXVALIDATA N, HE LML)

CHLRACTER “0DEL

CUMMOR/UNE /SAVR {4006, NP, MODEL(R)Y,NIST, DEG,RACKAZ, TUL,LT,NPTS

DI ‘eNSTON WATA(5-4“55):TI”F\6anG v(ﬁt)aAfptéb) PFAZC(ﬁJ)
MAT(3(3Y,aRTivE, eX,9FCROLP VEL,2X, QHANP'ITUFE IX,5RpHASE,

1 QX},/)

11 FURGAT (g (1H ,1PE1u.3,1F2E11.4))
AMFL = DATACL,1 e ATA L ,17 « DATAC2,404DaTA 2, 1!
ANMEZ DATA(L,2080ATA(L,2) * DATA(Z.23aDATA(2,2)

KK =
Nril = HNPTS = 1

PO osoy I s oz N

ArE 3 LATA(4,1)a0ATA(L, 1) + LATAe2,11aDATA(2, 1)

(3 1"
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FILTER

4

4

[

ot

vz

~C
~d

PAGF 4

IF(aAMF2,GT  AMPL,AND,AMPE ,GE.AMPI) G0 T0 400

G TO 4u1

AMPG = DATA(1,7+1)020ATACL,1+1) + DATA(2,1+1)4DATA(2,1+1)
1F (AMP2,LT,aMP4) Ggn To 401

XX = DATA(1,1)

YY & DATA(Z2,1)

CalL.L PHASE(xX,YY,PHL)

PH! = pHI = W5 & To

PHT = pPHT - AINT(FMI)
TF(PRILLT.O.0) PHL = PHI + 1
Kh & KK + 9

PHRAZE(KK) = PHI

TIME(KKY = 70 + (I1-1) & DT
Gpy(Khy = M1§T,TIME(KK)
AP UK = SGRT(OMF2) % 4, /40
IFerK.LT, 60y 60 TC 4914
Call PLT PRy, amp, kK

Ke = i

JMiaATL

AR

DU 00 J=1,a0
TFOMPOS) a1 av X)) OMAXE
AL ASAMP (J¥aYX)

Cur TInlE

AAP (JMARY T ME (UM LX)

Wit Tecgy,zr,

W TTE AL, 24 COTIMECLY ,OFY (Y, aMPLdY  PRAZECLI) , gs1,60)
AmMPL = pMPE

ANPe = AMPo

cartiue

b ("K eq,uy GO 10 o037
Jhpksg

ArtA ATl

Do 0L g2l gk
TFCoMP LY s QT eAMAY Y UMAYSY
AMARTAMP (U LY)

CCOEYINUE

AP AL Y S s MP (UMY

WLTE (R, 1y

Ric i TR, 120 COypetyd,ary o, avp (), PHAZES) ), =1, KK
Cal{ PLTLGPY, AME,KE)

COUMTInUE

R=TuRHKN

Eur

SURROUTINE pHASE(X,Y,FHI)

ARGUMENT Pl 18 ReTLRNED aS VaRYIng FRov 0.0 To 1.0 CLRCLES
IF(x) 21,272,922

IF(YY 23,24,25

PHT = §.9% 3.14,5607

Iv-10



FILTER FAGE ©

GO TO 28
24 Py1 = g,0
GU TO 2%
25 PHI = 0,5 & 3,1415927
GO TO 28
21 PHI = ATAN(Y/X) * 3,1415927
Go To 28
22 1F(Y) 28,27,27
27 PH1 = ATAN(Y/X)
Go 10 zZe
26 Pyl = ATAM(Y/X) + 2.0 # 3.1415927
Go To 2
28 COMTINUE 4
PHI = Pr1/6.283185¢
PHI = PRl = AINTI(PHID

RETURN

EnLD

SUPROUTINE TAPEINCIADEX, IOTF)
C INIEX 1S 7HE TOTAL NUMBER oF SPECTRA 10 BE BYPASSED BEFORE
C FLaulng STARTS

TFCINDEXLLE.Q)Y w0 T¢ &
DU 1 1 =1+¢1.DEX
RESUCINTPr L0

DD 1 J:l ' [
FLnc10TP 0y poly
FopaTlIS?

CUnTINUE

CunTIAUE

RETURN

Eutl:

P T

SULnDUTINE TAFFRED
CH»MAL ER HUDEL
Cur0an /dNE/L(ﬂﬂkﬁ),hpl ICTEL(E)Y, T
Pklu(aj-31“} M PTS :NCFLL(j y M
1 NCHEL sy maTEL (4, bou—L<>~
210 FURGAT (219, 08,47, A4,1%,5F10.2,344)
DO $i¢g I51,#
K = 1 # 8
=K - 7
312 Renuliol, 3117 NeBlTe, (200 ,L7d,K?
311 FopmATIIS, 8015, 5
NP & 4 & M
RETURN
END

SUBKOUTINE FOURZ(LATASMNA.NDIM, 181Gy

KAZ,T70,DT,0PTS
ST»DEGBACKAZTR,DT,

\fl"ﬂ

THE COCLEY-TUKEY FAST FCURIER TRANSFORM I USASI BASIC FARTRAN

<Y
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FILTER

T2 TN MM MNOo CODPO DTN OO OO0 OO NNaOaOnnomOa O OO,

fEEN

FAGE 6

TRANSFORMS )3, 2, 0., ) = SUMILATALTL,12,,, .2 +%eal111){ 1.2
PH2Hal1Z2-1YC0J2=1)Y¥%,,,)

WHIERE 11 AND J1 RUN FROM 1 TO NNf1) AND WASEXP(ISIGNaZaPls

SGRT(=1)/A2(1)) ETC

DATA IS A MULTILIMEASIOANAL FLOATING POINT ARRAY ALL OF WHOSE
DIMENSIGNS LRE FOWERS OF TWC., THE LENGTH 0OF EAGH DIMENSTON 18
STNREL IN THE I1' TEGER AKRAY NN, OF LEKGTH KDIVM, 1ISIGN IS

*1 0GR =1, GIVING THE SIGN OF THE TRANSFORM, THE REAL ANN
TMAGIMARY PARTS OF 4 LATUM ARE IMMELIATELY ADJACENT IR STORARE
SUCK AS FORTRAN IV PLACES THEM ,  TRANSFORM RESULTS ARE RETURNED
T aRRAY DATA, KEPLACING THE ONIGINAL DATA. TIMFE 1S PROPORTIONAL
TO w#LOG2(Y), RATRER THahN THE USUAL NesZ2, NOTE THAT IF A FARWARL
TRANSEOKM 15 FOLLUWED RY AN INYERSE TRARSFORM, THE ORIGINAL DATA
WILL REWPPEAR NLLTIPLIFD BY Mu(LlyeNh{23#,,. . EXAMP_E--

FORWARD FOURILP TRANSFORM OF A TWO=DIMENSIONAL ARKAY IN FORTRA® 11
DIMENSTON PATALZ,64,32) NN(2)

M) = 64

Nutg) = 32

Do 1 i=1,64

PO 3 J=1,37

NaTaly,1,4) GL AL FART

DATnlzslad) = TIFAGINARY PART

Cale FROURZ(LATAW NN 2 =1)

SAML EXAMPLL 1N FopTgan IV
DIMENSTOMN TaTaled,3e) s nihte
COMFLEX DAT.

DaTe pNs64,32)

Op oy lei,69

U o1 Jsi, 80

DATﬂ(I,JS = COMPLEY Vil LE
Cali FOURC(LATA, Mh, €,

PrlGrat BY »COR¥aM BREMNER FRLOM THE FASTC PrUGRAM BY CKFARLES
RpteR, MAY, 1967, THE ICEA FOR THE DIGIT REVERSAL WAS SUGQRESTED
BY RALPH ALTER, DLC-DSA CLEARIMGHOUSE AR7-019 |, THRES FNRTRAW
PROCRAYS THaT PeRECRM THE FOOLFY-TUKFEY FQURIER TRANSFORM BY

Mo oM, BREMNER, MIT JUL €7

THIs VELSIOW GF THE FaST FOURIER TRANSFORM 1§ THE FASTEST kinWy

TC THe aAUTHER,  LOOKING UP SINES AND CASINES IN A TABLE INSTEAN OF
CUMPUTINLG TWEN #OULLL CECREASE RUNNING TIME SEVEN PERCENT,
SEF~-1FEE ALDIN TRAKRSACTIONS , JUN £7, SPECIAL ISSUE CF FFT

FOR N = 1074 NN = 4 TAKES 1.53 SEC ON CDC 3300

DIMENSION naTalid,yh(1)
1F(nDIM=-12720,1,1

Iv-12



FILTEH FAGE 7

1 NTOT = 2
DU 2 IpIM=q,NDIN
IF(uNCIDIMYYZ0R, 700,22
2 NTOT = KTOTeNNCIDIM)
1FC1S1Gh.EQ. -2y Go 10 1002
XN & NTOT/2
Do 1001 1101 = 31,8TCT
1008 DATACITIL)Y = DaATACIIIIY » XN
1002 CONTINUE
RTHLF = 0.75710¢676812
TWOFD & 6,7531853078

Mili LOCP FOR EaCk LIMENSIOM

B R |

NP1 o= 2

DC 603 IDI™ T 1,.NLIM
NCOF ONN(IDIM)

NFE = kPl

TF 2700 a00s 100

SHUFFLE TaAT4 BY RIT REVERSAL, SINCF M = peskK, AS THE SHUFFLIANG
Ca™ BL DOnNE RY CIFFLE IATERCHANGE, KO VORKIMG ARRAY 18 MREPED

Y T2 Y

100 NPEZK

Z

Food )

110 1in,.x =
1

]

. I
Terr'l = all
{
£

120 NeTp(dZ+1) = TEIPI
130 M = NpouF

145 TF (J=17360,160,150
i50 J J - ¥

MOF oM/

b (b-iP1 160,140,140
J " J + M

167

MEIN LCOOUP, PERFLRM FOLRIER TRANSFORMS OF LENGTH FGCUg, WITH OME (F
LENGTE TWO 1F MeFLELD, ThE TWIDLLE FACTGR W = EXP(ISIGNeP#Ply
SGRT(-1rak/ (4ameax)), (KECK FOR THE SPECIAL CASE WsISIGMN#SART(-1)

AND REPEAT FOK wens (1+1SIGMUSORT(~4))/{SQRT(2).

MO Om

NE1TW = NP+NPY

IV-13



FILTER  FAGE &

IFtR = N
310 IF(IpaR=-223 S, 220
320 IPAﬁ'IPAR/A
GG TO Zi0
33C DU 340 131=1,.NP1,2
DO 240 K1®11,NTCT,NFLITH
KZ = k1 * nNpi1
TEMFREDATA(RZ)
TEMRI=D, T tK2+1)
PaTptk2yzlypra(kKi)-TEMPR
DATa(R2+¢1)=pATAIKLI+1)=-TEMF]
DATA(KLIFLATA(KL I+ TEMFR
DATA(KI+1 ) e ATACKI+HIIHTEMP]
MEgx = NPL -
IF (rnMAX®NP2LF )2/ 0B f 00
LFpr—FpXD(PleVaFFFX/c}
pC s7¢ L'\Pﬂ LMAX, PF1T
Moz L
IF(MMAax=NP1) 42,420,380
360 THETAS~TWOPI#FLCATIMI/FLCAT (hurypX)
IFCISIGNYGn+3%9.025
360 THETA = - THRET)
400 YR o= ocoStTRETA)Y
W1 SIRCTHETAY
410 pern = PR WReW]a)T
WZlz2e#uR¥W ]
¥5§:N2Quwﬁ-k21a{1
P31z 9oRuWIevp R
420 DG 3L 1181 ,NP1,2

N
R LA A
o T ar Lo o |

NN

nn

KMIn T 1PARaM*],
TR AmMAX-NPL 457,431,240
430 Kp1o =
440 KOIP = JPAR = MiAX
450 ¥STEP ¢ 2, KDIF

Dc 520 Kqs¥tIN TCT,KSTEFR
Kezni+KLTF
KETA2+KLIF
K4 2+KL1F
TFOuMAY NP1 Y460,46%, 480
460 ULRaDATA(KIYtDATA(KE)
UL11=DATA(KLI+ 1 +0ATA(KEZ+1)
UZzR= DAT K2y 4l 4T (Ka)
Uz : -?ATA(K?#1)+ LTAtKG+1)
UzranaTatkey-Lalatkys)
U3T=DATA(KI+1)-rATAlKE+1)!
IFCISIGNYATZL,475,475
476 UAR=DATA(KI41)-LATA(KA+1)
U4T=DATA(Ka)-DATA(K2)
GC TO 511 «
475 U4RapATA(R4+1 )~ ATA(KI+L)

IV-14



FILTER PAGE 9

U41=DATA(KI)-CATA(KE)
GO TO S10

480 T2REW2ReDATA(KR) =2 IuCATA(K2+1)
T2 =W2RaDATA(KZ+1 ) +s2 uDATALKE)
TI3=WR#DATA (K3 ~WI=LATA(K3+1)
T3 cWReDATA(KI+1)+KI#DATACKS)
T4rzW3RaDATA(KA)=h31alATALKAG+1)
T4]eW3ReDATACKA+1 )+ W31 ATA(KY)
ULR=DATA(KIY*T 2K
ULTI=DATA(KI+1)+T21
U2R=T3R+T4%

VeleT3leT4]
USR=DATA(Re y=T2h
U3I=DATA(K‘*1)-¥?1
1F(rsInndde;,500,560¢

4985 U4RsT31eT4r
U41-T4R~-T3R
GC TO 510

500 ”4R-TQI-T5[

U4I T\.«H-

510 ﬁATq(Ki};L?H*UQﬁ
ATA(Kd+1dsu11+021
‘ATﬂ(K2}=U3w+U4h
DA‘A(K2+1) L3ieL4l

Al sl bag
3 a(rhIedd=11-02]
DATA(K4)=U3ﬁ'L4ﬁ

520 NATA(RG+1)=.31-141
Kilnsap(WMIn-1ay+11
KL1F=KSTEF
IFCDIF-NP2WF 400,450,530

53:’ ree T L|‘~-l&

Meb*+ M AKX

TF C=-piva¥ 540,840,570
545 1F(131;\>55~ ‘U 6
553 TRMe

Ni‘i'=('nfr¥‘*w1 Yo THLF
s{WleTEMORYRRTHLF
GUOYN 410
560 TE*PR=%r
WRz (Wh=yl }#ETHLP
s(TEMpR+Y 1y aR TULF
GO TO 41n ’
CORNTIN
IPAh_'—iPA?
MMAXTMEMAX* Y AX
G0 710 367
600 NPL1=NF?2
700 RETuUR.
EwD

w
~t
Eoa-o
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FILTEK

1

FAGE 10

SURKOUTINE 4LOGAXES(XAXLEN, YAXLEN,NOCX,NOCY, TTLX, TTLY, MTY, MTY, X3,

Yl:uELTAXa“hLTAY)
CHAKACTER TTLXCL),TTLY(4)
DIMENSICN TTLX(+0),TTLY(‘L)
SLY = nep2asYAXLEN
8S™ = 0.01 & YAXLEY

> = -0, 06uYAXLEN
SS & 0.,035eYAXLEN
8SP T 8P + §5 - 2.ue&

3 -0 11*YA»LE\ - 0.1

¢ Ug»-,.;;Y ‘ALEA

<4
1

oy
-
o oA
—-
f@onn

#® n 7

Y1

Y Y1 + 4:0Cy

TF (RS (YL) OB, 30, .0, ARS(YUI.GE 10, )XNUY = XNUM + 1.
TFLARS(YL) . 1E.€59..CR.AES(YU).GE.ﬂﬂU.) XNUM = xNUM & 1,
IF‘Vi.LT.u? xNUIT T ANLUM o+ 1.0

Cal.l PLOTE=5LT,c u,2)

CALL PLOT(aQa=SLT3)

Cale FLOT( . 0,1.0,2)

YED = ¥

YN = vy

TFennex,Ba, 0y 53¢ 10 4

AN = o NORA

Faoix = XAe-Ehfa\ccx

CA_L SYMBOL(-.%%58,5P,88,2410,0,0,2)
Ca. L nUMPEX(999, st.u.ﬁnss.xi,a.o,-1>
Call FLCT(2.0,5,0,7)

DU 3 J o= ‘;\nCX

np 2 1 = 1.1@

X = 1

X oz ALOGIU(s) #RACTA * (U-L)uFACTX

TF (i gn-131n: Tn 2

Cabi PLOT(X,0,%,2)

Cal L E'Lt.‘T( hQi,2)

Chlt PLL’(V 0.0,3)

CalL FLOTLY,=8LT,¢1

CALL SYMROL(X-.¢#S%,SF,S8,21418,0,C,7)

CXPD = XPD 4 1en

o b

Catu ¢ dVBEQ(qu.,SQF,u.JﬂSS XPO,0.0,=1)
CALL P T, 0.0, 3)

XTL * MTX

XTL = (XAXLEN=YJL#STTL)}/2.7

CALL SYVBCL (XTLsTTLR o STTL TTLX 200 2HTXY
Go 10 ¢

Cabb axIStn 0,00,
CaLL PLCT RL 00,0,
IFCN0CYLEQ, ) 6L TO 10
ANOCY = NUOY

TLx,=MTx,xaxbeM, 0, 6,51, 0pbTax)
)
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FILTER PAGE 11

SP & SP - (XNUM - 1.5) # 0.5 « §S
TTip = TTep = ¢ XpUm-1,)#p,5458
FACTY 5 YAXLEN/ZANCCY
CALLL SYMROLtSP-U,4,-0,5485,55,2H10,0,0,2)
CALL NUMBER({999,,.5485=,06,.,5¢8%5,Y410.9)=1)
CALL PLOT(R.D40,0,3)
D0 ¢ u & 1,NOCY
DO &5 I = 1,10
Y - I
Y = ALOGIU(Y) « FACTY * (U-i)sFACTY
IF(IEQe1)G0 TN
Cale FLOT(N . 0,Y.2)
caLL FLoT¢-857 v,z
8 Call PLOTCa.0,Y,3)
Calll FLGT(=SLT,Y,2)
CALL SYwBOL(SP-,4,v-.5455,585,2410,0,0,2)
YPD = YEO + 1
CALL purBER (958, v+, 5485~ po, ,5%S5, YPC, 0,0, +1)
9 call. FLCT(rlo,Y.3)
{_:MTY
YT  (YAXLEN=YTL=STTL)/2.D
CALL SYMRGLU(TTLF=.2,YTL.STTL, TTLY, 90, 1Ty}
12 CALL AXTS(O, 0,0, 0, TTLY,MTY, YAXLEN,8C,,Yi,DELTAY)
ETURHN

LRI
N

v-17



DATA PAGE 1

0 2 22 0.7
.25 Y L16366667 ,1428571 ,128 «11111111 .1 , 0833333
+ 07142827 ,(625 . 25556555 ,¢g5 » 04545454 04166667 ,03846154 ,0357142
,03333333 , 02857143 ,p25 .02222222 02 ~01666666 ,01428571 ,g125

0 ~3
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V. FPDPLT

PROGRAMMER : R. B. HERRMANN / SEP 73

PURPOSE:

This program will accept the orientations of the
pressure and tension axes and plot the appropriate P
wave focal mechanism. The program can also accept P
wave first motion data for plotting on the focal mech-
anism,

INPUT/OQUTPUT

Card input. Calcomp plotter on FILE 10.

PROGRAM DESCRIPTION

PROGRAM FPDPLT: This program accepts the data and plots
the P wave data on the focal mechanism which is drawm
by the SUBROUTINE NCDPL.

SUBROUTINE DIPDD : This SUBROUTINE accepts the orien-
tation of a vector and redefines the vector in terms
of the two quantities PHI and DELTA.

SUBROUTINE NODPL : This SUBROUTINE plots the focal
mechanism on an equal area projectiom.

INPUT DATA

Card
Sequence Column Name Format Explanation

A. Title Card

2-12 ITTL(K),K=1,3 3A4 9 character
title for
plot,e.g.
09 NOV 68

B. Mechanism data
1-10 DEL F10.5 Azimuth of T axis.

If LT.0 end
program

V-1



Card
Sequence

Column

11-20

21-30

31-40

41-50

51-60

61-70

71-80

Nane

BET

GAM

TIC

RAD

XX

Format

F10.5

F10.5

F10.5

F10.5

F10.5

¥10.5

F10.5

Explanation

Angle T axis makes
with +z axis
(downward)

Azimuth of P
axis measured
clockwise from
north

Angle P axis
makes with
downward posi-
tive z-axis

GT.0 N,E,S,W
tics as well
as N, P, T
symbols and
title included
on plot

EQ.0 only mech-
anism drawn

LT.O0O no tics
or symbols
plotted. Only
the + at
center of
circle and
title are
plotted

Radius of focal
circle in
inches

x—-coordinate
of center
of mechanism
on plot

y-coordinate
of center
of mechanism
on plot



Card
Sequence Column Name Format Explanation

C. First motion data

2-5 ISTA A4 Station code

11-20 AZ F10.3 Azimuth of
polarity
point on
plot

21-30 ANGI ¥10.3 Take-off angle

for P wave
data Opoint.
LT.90

31-40 DIST ¥10.3 Epicentral dis-
tance in km

41-44 IPHASE A4 P phase identi-
fication. e.g.
I PN or E P%
etc.

46 IPOL Al P,+, or C an
octagon is
plotted

My=, or D a
triangle dis
plotted

X an X is
plotted

At this point the program returns to C to read another
P polarity set. When a card is found for which ISTA =
HALT, the plotting of P wave polarities on the focal
mechanism is halted and the program returns to A to
read in new mechanism data or to terminate the program.

Note when plotting data wh%ch would appear on the upper
focal sphere, just add 180 to the azimuth, give it a
take-off angle between 0 « 90 . The equivalent ocbserva-
tion is then plotted on the lower hemisphere,
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FPDPLT PAGE 1

o THIS PROGRAM PLOTS P WAVE FAULT PLANE SOLUTION DATA
CIMMON # CALC/ JBUF(102¢)
DIMENSION ITTL(3)
DEGRAD = 0,017452329
CALL PLOTS(IBUF+1026,10)
CALL PLQT(Q.OI-iivOI"S’
CALL PLOY(G,0,0,0,-3)
4321 READ(6C,8) (ITTL(K),K=1,3)
8 FORMAT(LH ,346)
WRITE(O1 )9 ) (ITTL(KYsKS1,2)
9 FORMAT(1H1,20%,346)
READ(60,4) DEL,RET,ALP,GAM, TIC,RAD, XX, YY
IFODEL.LT.N) 60 TC §959
WRITE(61,7) DEL,BET,ALP:GAM

C DEL = AZIMUTH OF T AXIS
¢ BET = ANGLE T AX1S KAKES WITH Z AX1S
c ALP = AZIMUTH OF P AXIS
c GAM = ANGLE P AX!S VMAKES WITH Z AXIS
c TIC = LT 0 ~ E S W TICS AN P T  SYMBOLS NO INCLULED
¢ Ral = RaDIys CF Focal CYRCLE IN INMHES
c (XXsYY) CONRDINATES OF CENTER QF FGCAL CIRCLE
DEL = DEL # DEGKRAL
BET = BET & DEGRAL
ALP = ALP & DEGKAT
GAM = GAM ¢ DEGRAL

FCRMAT(EF1n.5)

FORMAT(1HD,20%,4F10,3)

HT = 9,05 &« Rap

CALL NOLPL!DEL,BET,ALP,CAN,TIC,RAD,XX,YY,ITTL)

~d .

IP = 1yp
IM = 1p-
Ix = 1Hy

THALT = 4bHu4LTY
WRITE(671,5)
4300 REAU(60,1) 1STa,AZ,ANGL,DIST,1PHASE, 1PD,
IFCISTA,FG,IHALT) GC TO 9998
WRITE(61,3)
3 FORHLAT(4H )
1 FORAT (4H uA405X!3F1003!A411XIA1)
S FORMAT(1HU,20X,4HSTa ,5X%,6X,4HaZ ,2X,8HDIST(KM),1X,9FDIST(DEG),
12%,8HI0 (DER) )
2 FURMAT(iH )20X,A4.5X;4F10.1I1H jA4;1XJA1)
DELT = pIST/111, 145
WRITE(61+2) 1STA+AZsDIST+DELTIANGI,IPHASEIPOL
AZ = AZ & DNEGRAD
ANGI = ANGI # DEGRAL
SQETWR = 1,414214

R = RAD # SQTWR & SINCANGIZZ,)
Y = YY « R ¢ COS(AZ)
X 8 XX + R # SIN(AZ)

V-4
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INTEQ =
IF¢IPOL ,EG,IP) INTEG =5 1
1FC1POL, g0, tHey INTEQ
IFCIPOL,EG,1HC) INTEQ
IFCIPOL,EQ, IM) INTEG = 2
IFCIPOLWEQ.4iHMY INTEQ
IFCIPLLEQ+1HDY INTEG
IFtIPCL L0, Ixy InTEQ
IFCINTEG ,EQ,0) 60 TC 4259
CALL by»BO {X,y HT, INTEG,0,0,=1)
4299 CONTIN
60 7O 43a0
9638 CALL PLOT(11.0,0,0,=3)
GO TO 4321
9999 COMTINUE
CALL FLOT(®,0,0,0,059)
EnD

SURRKOUTINE pIPDLUX,Y,2,PHI,DELTA)
TPl = £,2831853

Ceri = 57,249578

VNOHRM 5 SCRT{Xux+YuY+ZsZ)
1F(,.67T.9) a0 10 10

wown

1
1
e
2
4

X = =X
Y = =Y
s "L
12 TF(ABG(R) 1 Fe 00001 ¢ANDABS(Y) [ T»0:001) GC TO 2¢
NelkTy = ARSIN(Z/VANDRM)

IF(rqsrx> L1,0,4001) G0 70 21
Pl = ATAhtY/X)

IFOXLLTL 07 FHI 5 PH] « TWPI/R,
TF(rMILET 0y PHI = PRI * TWPI
G0 10 =0

21 TF (v, L? .0 PHI «TuPlz4, + TuPl

LU}

1FCY, 07,05 2H) TWE1/4
o010 3u
20 DELTA = Tupi/a,

PHI = 17
st FHD = prl 4 CClpi

TELTA = DELTA®CCON
CELTA = 90, - DCLTA
FETURN '
END

SUBHOUTINE wODPL(DEL,BET,ALP,GAM, TIC,RAD,XX,YY, ITTLJ
DIMENSION X(368),Y(365), rELTA<?> GAMMA (2)
DIMENSION TTTLCY)

: TIC +GT4 0 1 EsSvi TICS INCLUDED AS WELL AS KePyT SYMBOLS AND
! TITLE
e "IC JEQ, U CONLY MECRANISM 15 DRAUWN
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¢ TIC JLT, © TITLE ANL CENTER + TIC ARE INCLULDED NO OTHER TIOS NESW
C Ok PT
e R EGUALS RADIUS OF FOCAL CIRCLE
C (XX,YY) = COORDINATES OF CENTER OF FOCAL MECHANISM
c DEL = AZIMUTH OF T AXIS
c BET = ANGLE OF T AXIS W!TH RESPECT 70 + Z AXIS
¢ ALP 2 AZIMUTH oF P AXIS
c GAM = ANGLE OF P AXIS WITH RESPECT T0 + 7 AX1S
IF(TIC,EC,0) GO TC 10%
HT = (.1 @« hAD
DD = {,06 # RAD

XXX = XX~ 0,3 & RT

YYY = YY ¥ 1,2 & RAD

IFCTIC L T+ny GO TC 110

Cabl SYMBOL {(XXX,YYY,HT,1FN,U,80,1)

CALL PLOT{XX,YYeRapeDE, )

CALL PLuT!¥X,YY+RAD~DL,2)

Call PLOT(YX,YY=RAD*DL, <)y

CALL PLOT(XXsYY=RAD=DD,2)

CALL PLUTINX+RAL+LDsYYs3D

CALL PLOT(Xx+RALJED,YY,2)

CaLL PLOT(XX-Rapspn,YY,2)

CALL PLCTNX-kpL-Dn,YY,2)
112 CONTINUE

CALL SYMBOL(XX,YY,H],%,0,0,=1)

YYY YY + 4.5 % RAL

XXX XX « 4, # HT

CALL SYMBUL (XXX YYY, 1T, 17T ,0,0,9
109 CONTINUE

DEGRAL = 9,01743232%

Do 11i 1=1,361

ANGL % DEGRAD = ¢ ] - 1 )

X{T1J) = XX « RAD # CCS(ARNGIS
111 Y(I) = YY » RAD & SIN{ANGIY

X(342) = U.y

Y(362) = 0,0

X(263) = 1.0

Y(3c3) = 1,0

CalLL LINE(KaYt‘BblnlaDoq)

SATWR = 1,414214

IFC(TIC.LE.?)y 60 1o 112
C PLOT P, T SyMBOLS
= 0,37 & RaD
SOTWR # SIN(GAM/2:) # RAD
XX + K @& SIntalP) - 0.3 & H7
YY o R » CASCALP) - 0,5 # MWT
L SYMBUL(X»Y,HT,1HF,(.,0,1)
SCTWR @ SIN{BET/2,) = KAD
XX + R & SIN(LEL)Y = Dex & HT

0,5

HT
R
X
Y
Ca
R
X
Y = YY + R 4 CostBELy - s MY

"M N

*
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CALL SYMBOL(X,Y,HT,1HT,0,0,1)
112 CONTINUE
TwP] = 6£,2831653

DINC = 4.

NF = 179

X1 = SIN(BET)eCOS(DEL)
Y1 = SIN(BET) & SIN(DEL)
Z1 = COS(BET!

Xe = SIN(GAM)®COS(ALP)
Y2 = SINCGAM)#SIN(ALP)
Z¢ = C0S(SaM)

CALL DIpDDIX1+XZz,Y4eY2,21+422,GAMMA(L),DELTALL))
CALL DIPDD(X1=X2,Y1eY2,21-72,GAMMAL2),DELTAL2))
WRITE(S1,1y ((GAMMA(L)SCELTA(L)).L=1,2)
1 FURMAT(1H »20Xs4F104¢3)
DU 2 1 = l;2
GAMNMAC(TL) = GAMMA(I) -~ 180,
IFCGAMMACTY LT, u) gaMratr)
CONTINUE )
Do 100 g = 1,2
IF(OELTACKY GE-1.) GO TC 52
NPOINT = NP2
DO 419 l=zq,NP0INT
THETA 2(GAMNA(4)=50,+(1-1)2DINCYeDEGRAD
IFCTHETALLT,0) THETA 5 TRETA + TWP]
IFCTHETA,GT,TUPL) THETA = THETA-TWPI
XCI3 = RAD & SIn(THETA)Y + XX
Yol = RAD & CAS(THETAY + ¥y
a3 ConTlINnDE
GO 10 S
83 IF(ABS(OELTA(KY=9y,), 58,1, GO TO 7o
NPOINT = 2
Do &0 1:1;2
THETA S(GAYMA(K)=50,+(1-1)4180,)#DEGRAD
IFCTHETALLTLO) THETA = THETA & THP!
IF(THETACT TWPT) TRETA = THETA ~ TWP]
Xt1) = RAD & SIn({THETA)Y + XX
Yil)y = nAL » Cpg(THETAY + VY
63 ConTIwuk
GO 10 3y
79 THETA = (GAMMa(K)=90,) # DEGRAD
IFCTHETA,LT. 0! THETA ® THETA + TWPI
X{1) = RAD & SIN{THETA) * XX
Y{1) = RAD ® COS(THETA) + YY
THE}A=(GAMMA<K,,90') # LEGRAD
IFCTHETA,GT, TWPI)Y TheTa = THETA - TuWP)
XinNP+2) = RaD w SINOTEETA) ¢ XX
Y{NE*EY = RAD #« CCS(TREFTAY * YV
NPOINT = NF + 2
TAND = 7AN ((90,~0ELTA(K))#DEGRAD)

= GAMMALT) + 369D,

EAN
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DI 80 1z1,NP
THAETA = GAMMALK)-90, + IaDINC
IF(TRETA,LT,0) THETA = THETA ¢ 360,
IF(THETA.GT.360,) TEETA = THETA - 360,
ALPHA = (THETA=GAMMA(K)) # DEGRAD
XJ 8 ATANC(TANI/ZCOStALPHAY)
R = SOTWR # SIN(XJ/z.) # RAD
X({I1#1) = RuSIN(THETA«DFGRAD) + XX
vy{1+41) = ReCOS(THETASLEGRAD) + YV
B0 CONTINUE
90 CONTINUE

X(NPOINT*1Y = 0,0
Y{NPOINT+1) = (:¢C
X(NPOINT+2Y = 1,0
Y(NPOINT42y = 1,0
CaLL LINEUX,YsNPOINT,1,0,07

100 coNTINUE
RETURHN
END

FuncTIion TaveZ)y

Tan = sin(Zyscpst2)
RETURN

Enp



DATA FAGE 3

03 AFR 74
173,22
AAM
BLO
BLA
¢Po
QxF
CGM
GRY
ROL
1Y%
SLM
GOL
WALT

L

76.01
42,3

64,4

102.8
146,2
194,8
222,3
23¢9,2
258,5
267,8
271,85
274,7

266,78
49,
67,

47,

49,
4%,
49,

49,
49,
4v,
a7,

76.04

554,0

149,4

489,8
399,4

468,0
191,11

266,5
'340,8

218,90
188,8
1498,8

V-9
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03 APR 74

173,220 76,018 266,780 76,010
219,988 70,003 309,988 90,000

STA AZ DIST{KM) DIST(REG) 10 (DEG)
AAM 42,3 551,0 5,0 49,0
BLO 64,4 149,4 1,3 67,9
BLA 102.8 68%,8 6:2 47,0
cPo 146.2 399,4 3.6 49,9
OXF 154,8 468,0 4,2 49,9
CGM 222,3 191.1 1,7 49,9
GRY 230,2 266,5 2+4 49,0
ROL 258,5 340,8 3.1 49,0
TYS 267,8 218,0 2,0 49,0
SkM 271,5% 188,8 1¢7 49,0
GoL 274,7 1498,8 13,5 47,9

y-10
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V1. EDABAC

PROGRAMMER : U. CHANDRA, A. NECIOGLU, R. B. HERRMANN /
JUNE 1972

PURPOSE:

This program accepts epicenter coordinates together
with station coordinates and calculates epicentral distance,
azimuth, back azimuth, P and § arrival times, P and S
take off angles at the source, angles of incidence of P
and S at base of crust, P and § wave mantle attenuation
factors, and P and § wave geometrical spreading factors.

Up to 150 stations can be used for a given epicenter.

INPUT/OUTPUT

The epicentral coordinates, origin time, and focal
depth are accepted from card. The station coordinates
are also from card. The Jeffreys-Bullen P and S wave
arrival times for various focal depths are taken from
FILE 0l. Output is on printer,

THEORY

The meaning of the output of this program must be
discussed. The output, for NOPTION.EQ.3, contains the
following columns.

NO Number of the station in order of initial
input

STA This is a four letter identification code for
the station.

EPIDIST Distance in kilometers from epicenter to sta-
KM tion on an elliptical earth.

EPIDIST Distance in degrees from epicenter to station
DEG on an elliptical earth.

P WAVE Predicted Jeffreys-Bullen P wave arrival time
H M S for given origin time and focal coordinates

at the station.

S WAVE Predicted Jeffreys-Bullen S wave arrival time
H M 8 at the station.

AZ  Azimuth in degrees from epicenter to statiom.
DEG

VI-1



ggé Back azimuth from station to epicenter in
degrees,

ID P

DEG P wave angle of incidence at source

10 P P wave angle of incidence in degrees at the
DEG  free surface.

GEOM

SPREAD P P wave geometrical spreading factor, (See

below).

ATTEN P wave anelastic attenuation factor due to
FACTCR P Q structure of earth. (See below)

ID S 8 wave angle of incidence at source

DEG

10 S S wave angle of incidence at the free surface
DEG

GEOM S wave geometrical spreading factor. (See

SPREAD 5  below).

ATTEN S wave anelastic attenuation factor due to
FACTOR S ( structure of earth. {See below).

The travel times for a given distance and focal depth are
obtained by linear interpolation of the Jeffreys-Bullen
travel time tables. The angles of incidence are obtained

by using the definition of the ray parameter p = r sin i / v.

The effects of geometrical spreading of the seismic ray
and the anelasticity of the earth were considered by
Ben-Menahem et al (1965) and Teng and Ben-Menahem (1965,
They stated that the total dimunition of amplitude along
a ray is

D exp(~wg( A3h) )

where D is the‘GEOM SPREAD factor above and is defined
as

sing dlh

r cos io sin A dA

VI-2



where r_ is the radius of the earth's crust = 6338 km,
i is tBe angle of incidence of the ray at the source,
i~ is the angle of incidence of the ray at the base of
tBe crust, and A is the epicentral distance in degrees.

The anelastic attenuation factor was approximated by
the relation

r, sin_(lh - 10) ~3

g(d 3 h) = 10 © sec.

v(a) sin i

For P waves, v(a) = 7.76 km/sec; for S waves, v(a) =
4.6 kn/sec.

REFERENCES

Ben-Menahem, A., S. W, Smith, and T. Teng (1965). A
procedutre for source studies from spectrums of long

period seismic body waves, Bull. Seism. Soc. Am, 55,
203-235.

Teng, T., and A. Ben-Menahem (1965). Mechanisms of deep
earthquakes from spectrums of isolated body-wave
signals. 1. The Banda Sea earthquake of March 21,
1964, J. Geophys. Res. 70, 5157-5170.

PROGRAM UNITS

PROGRAM EDABAC : This is the main input-output control
link.

SUBROUTINE AZEP ; This calculates the epicentral distance,
azimuths, and back azimuths to each station.

SUBROUTINE STIME : This calculates the S arrival time
from the J-B tables.

SUBROUTINE SANG : This calculates the 5 wave angle of in-
cidence at the source.

SUBROUTINE GMMMM : This calculates the geometric spread-
ing factor and anelastic attenuation factor for S waves
as well as the angle of incidence of the S wave at the
free surface.

SUBROUTINE PTIME : This calculates the P arrival time
by interpolating the J-B P travel time table entries.

SUBROQUTINE PANG : This determines the P wave angle of
incidence at the source.
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SUBRQUTINE GEOMS : This calculates the geometrical spread-
ing factor and the anelastic attenuation factor for P
waves together with the angle of incidence of the P

wave at the free surface.

INPUT DATA
Card
Sequence Column

A, 1-3

B i-4
5-13
14-22
23-25
29-31

Name Format
NOPTION I3
ENAME A

EP FG9.3
EL F9.3
CNTRL F3.0
ICH 13

V-4

Explanation

EQ.1 azimuth,
back azimuth,
distance, P &

S arrival times
outputted

EQ.2 P&S angles
of incidence as
well as output
of above.

EQ.3 attenuation
and spreading
factors for P
and S in addi-
tion all the
information
above.

Epicenter identi-
fication

Epicenter lati-
tude, N =
positive

Epicenter longi-~
tude E = positive

LT O end program
EQ O use stations
previously read

in

GT 0 read in
station cards

Origin time
hour



Card

Sequence Column

34-36

139-43

44=48

54-56
59-61
64-66

C. 1If CONTRL GT O read

1-4

5-13

14-22

Name

oM

IDAY

IMO

IYR

Format

13

F5.1

F5.0

I3

I3

I3

Explanation

Origin time
minutes

Origin time sec-
ond and tenth

of second

Focal depth in
kilometers

Day of event
Month of event

Year of event

in the following data cards

STN

STNP

STNL

Ab

F9.3

F9.3

Station abbre-
viation

Station lati-
tude N =
positive

Station
longitude
E = positive

Continue reading until last card of station set has STNP

GE 100.
entered.

This tells the program that all stations have been

At this point the program returns to B to read in a new
ENAME, EP, EL, etc. data card,
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PROGRAM ELARAC
THIS PROGRAM 1S FCOR CALCULATING AZIMUTH, EPICENTRAL DISTANCE
DIMENSION PV(14),Sv(14)
DIMENSTON 'F(l?u114)vu51132i14’ »DEL (122
DIMENSTEN STN(450),STAP(150),STAL (150)
COMpOr ST, STAP ST“*.EPILC,EPIPC,RAD.E3G1.JS,JP,DEL.W,R,H.QT,AN&1,
lPV.SV,VP,VS}EPIFR
po 715 1=1,12¢0
REAUCLL: 720y (JPCIsu)sdmlrdia)d
710 Foraat(14ls,
715 CcOMNTINUE
DO 725 1=1 ‘)?2 ) ) )
REAL(01,722) (JS(I,.),0%1,14),nEL (!
720 FORmAT(I415, P61y
725 contlnuc
READ(CLL,703)y (Pv([).Sv(I),1=1,14)
709 FOusAT( 7(rB.z,54.21)
RELJ 403,NIPTIon
403 FOF _AT(13;
NUGPTIUNZ1 1S TO CALCULATE DISTANCE AZIMUTH, BACK AZIMUTH, P + §
TRAVEL TIMFS, ,
NOPTIizz I8 ADRITION 10 ARNVE QUANTITIEZ TAKE OFF ANGLES OF P + g
WAVES ARE rmalLCulLATFL.
NOPTIONSS 18 Foit ALL ABCVE GUANTITIES + ATTENUATION + GEAMETRIrAL
SPReAuIaG.
5007 REng i, ENAME,EPLEL,CATRL, 10K, 10K, 05, K, INAY, IMD, YR
iFo AT(A4:F~ SF 9. IR, 0,3, 13,2%, 13,2 ,F5,1,F5,0,5%,13,2X,13,
125,13,
1IF{CNTRL «LT.n) o0 YO 26
PRI ST 2720 ENAMEINAYS PO 1YR
272 FORAT(1H1,26HEr ICERTER INDENT, NO, 1S J R4, 5X,SHULY,ZX, 13,3y,
15H%JMTH,EXJI3 35 s AHYEAR,2X, 13
PRIT 273 ,epagL
272 rnanar(iH ,13HLCCATION b F 302X GHLAT 33X FG, 302X, 5KL0NG, )
PiiuT 279, 4, 10N ICMa08
275 FOr‘ATtlH ,16HHLPTH OF FOCUSs ,F7.0,1X,2HKY,2X,13HORIGIN TIME= ,
119,1%, %0k 08, 13, %, 9HM I, 1501, 1%, SKs ¢C,*Xa3hGNT,//)
IFIONTRL) L'Bw c1+20¢00
2000 DU S 1= 10170
REnJ 2, sTH¢ly,3TAPCly,STNLCD;
2 FORGAT(A4,F0,3,F9.33
IFisTRPiD) a1 00, 2,2009,2009
3 CONTINUE
2009 Nz 1-1
2001 ESN1%0,%93231%
IFthOFTION=2) 550,555,540
550 pr1.T 565
565 FORMAT(IH ,10x,15HEFILIST EPIDIST,3X,7HP  wavE,5X,7Hs  wWAVFE,6X,
CPHAZ,4X,3HB2Z)

Oy O3

O\

s e R eRe Py Re
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570 FOAMAT(LIH s oHNO.STA,6X,3HKM.o5Y, 3HDEG, 4X, 4HH M, 4X,5HS  H,2X,4KHM
c $,4%,3HDEG, 4%, IHLEG /)
GO TO 573 -
555 PRINT 871
571 FORMATLIH 210X,15HEPIDIST EFIDIST,3X,74F WAVE,SX»7HS WAVFE6X,2HA
CZy 4%, 3HBAZ, 3X, 410 P, 9%, 4H10 P,IX,4HID §,3%,4K1C S )
PRINT 572
572 FORGAT(LH ,6HND,STALEX,2HKM, ,5X, ZHDEG, 4X,4KH M, 4X,5HS  H,2X,AKM
c 3,8%,30nE0, 4K SHEEG, SY, SHDEG, IX, SHREG /)
Go 10 573
560 PRINT 9002
9002 FORMAT(LIH ,10X,iBHEFIDIST EPIDIST 33X, 7HP  WAVE,SX,7HS WAVE,RX,2HA
OZe%asSHaAZ, 3%, 4110 F,3X.4H10 P,5%, 4HBEGK, 8X,5KATTEN, 5%, 441D s,3X,
PrlaT 9O03
9003 FORNLAT( 1H ,6rNC.STA,6X, 3HKM, ,8X, ZHDEG,4X,4HH  M,4X,5R8 Hy2X,5HM
U S»OX,3HDEG, 4%, SHLEG,3X, 3HDEG, 94X, 3HDREC , 4%, BHSPREAD F, 23X, AHFACTOR
o PL,dX,34DES, 3X, SHLEG, 3X, #HSFREAD S,2X,aRFACTOR S /)
573 par=g.p1745329 .
EPTER EP & KAL
FPIiR D0 uRAD=ATAN(ESCTI={SINIEPIPRY/COS(ERPIPR)))
ErlpC FPIoR/RAD
IF¢=L) 200,201,201
200 EFILC = Isn, +EL
Gu 10 202
201 EPILC=FL
202 MNRT10Kes0
NMTLTOMTN =Y gk
ARERNY
OT= M40
I im=83 30,583,305
30N U=l ‘
VEEFVE ety (et =Py ) T unq/33,
VSEsV (U (Ry (U*i-8y (L)) an/33,
50 70 %54
265 U0 %10 ALs1,1%

310 CCNTINUE
315 Je=kL*l
R%}i=0
R * AuS(Ry
VesEV g+ D) e (PV (LY -PY (usl))ar/63,38
VSE3V{Je1 1+ {SV{ ) =SV +1))eRk/637.28
904 Do 5 lzg,N
Call AZEP{RANGE, 42,842, 1)
IFiH=57,0101,100,10¢
101 IF ANG! -107.7141,141,147
106 IF h~287,7111,111,116

VI-7



EDABAC

TSI 0y (0

111
116
121
126
131
146
151
141
3zn

345
35¢
386¢C

Sgﬁ
16"
108
112
115
12¢
125
136
14¢

48¢%

PAGE . 3

IF CANGT -166.)141,141.147
IF(n-540.2121.121,126
IFCANGT -105,7141,141,147
IF(H-667.0131,131,146
1FCANGT -104,7141,141,147
IF(h=800,715%3,151,147
IF(ANGT -108 141,141,147
1F (ANGT “10.)425,335,335
W=Z

DO 325 NN=z1420

Az N

AhzaNsu 5

IF (aNGT -aNY230,320,325
CG%TI»Jr

K=y +

Go TO 3*0

: N=1,

NU 34% AM=zqp, 107

ANz uM

TF(aNG! -AN}3E0,3504345
CONT I nUE

Kz.‘-f:"§+12

Cali STIME (ISHUU,TSMIN,S3EC,K,J, 1)
TFCADPTION=-1Y X205, 350,388
Case SANGUSANIK )

IF (=S 750é0a3b

KDLin = %

Go 10 44

Kiieg

nopUNY iy

CALL SARGLSANL,KDUNM=4,)

CALL \Anq(q,wa,ﬁDLM+4 J?

DIPLSz(SANZeSANI Y/ (LEL(KDUM Y 4) =EEL(KDUM=E))

Call GMHME(GFEUSLsATTENS SISUR,SANIRINDS)DEL (KDUKM) )

FUP GLOMETRICAL SFREADING AND APPROXIMATE MANTLE ANELASTIC
ATTINUATION SeFE TENGE ANLD BEK-MENAKEV, J GEOPHYS RES, voL 77,
aeT 6L, p RiR7

IT 1S ASSU#MED TrAT L(ALPHA) = N(RETA)
TF (=834 46009000100

TF(anGl  Z4p5,)147,140,145
IF{H-2R7,)140,420,115

15 LaNgt ~104,2140,149,145
IF(R=~%40,7400,120,125

TFUANGT «-1N3,2140,140,14%
IF{H=-600,2130,150,145

TFOANGT  =1n2.01404140,145

CalLL PTIME(IPHOL,IPVIN,FSEC,K,d,1)
I[F(N0PTION=1) 415,450,485

Cal.l FALB(PANIK J)

IFig=€3y45,25,25%
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1% K=sé
25 CONTINyL
CalL PaNG(PANL,n=4,J)
CALL PANB(PANZ,A+4,J)
DITL=(PANZ-PANI )/ (NEL(K+4)-DELIK-%))
CALL GEOMS(GECSP+ATTENIPISURsPARSDIDD NEL(K))

Go 10 4%
147 1SHGU = 0
ISMIN = 0
SSEC = 0.0
SaM = .0
SISUR = p.n
GENSS = 0,7
ATTENS = 0.3
145 IpMoU = 0
IPYMIN = O

PSEC = 0,D
Patl = 0,0
PI1SUR = n,=2

GeSP .0

ATTEN = a.n
5ﬂﬂ PRT:HT 53¢, [oSTN(I) s RANGE+ANGL ) TPHOU, IFMINSPSEC, ISKOU, ISMIN, SSE
CCoblaBAY
G0 1D 3

530 FURGATULIH ,13,A4,F10,1,F8.1.213,F5,1,14,13,F5,1,2F7.1) :

51a PRILT 535, TaSTH(I) s RANGE s ANS T TPHOUS IPMINSPSEC, ISKkOU, ISMIN,
GSSECsAZsBAZ PANIPISLReSAN,SISUR

535 FORYAT(IH ,13,44,F10,1,F8,.1,213,75,1,14,13,F5.,1,6F7,1)
Ge 1O 2

9002 PnruT 9u0l, T»STANCI)  RANGE,ANGT, IPHAU, IPMIN,PSES, ISHOU, 1SMIN, 85
CEC AZsRAZsPaNIPISLRIGENSP,ATTEY,SAN)SISURIGEOSS,ATTENS

9n01 FoaMAT (14 ,13.A4,F19.1;F8.1»213.F5.1:I4aI3:F5-1.4F7.1.2F11.7;2V6.1

SURRBUTINE sZEp(nanCGE,AZ,BA7, D)

DIYMLNSIAON JP{120,142,45¢422,14) ,DEL(122)
DIMENSION STN(15D0),8ThP(130,SThL 450

DIMENSTIAN Py, sv(l4)

CUYMON STiha STNPSSTNLLERILCsEPIPC,RAGSESHL IS, P DEL,WIRIHe DT, ANGT,
IPV,SV. VP, VS.EFIPR

STPCESTAP( ] yaRkAD

STNPR & F0.wRAN=ATANIESCL#{SIN(STPLI/CNS(STPCY)Y)
STRC=STNPR/AAD

IF(STNL(D)) 211,212,217

211 ST c=360.,+STNL(T)
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EDABAC PAGE ©

Go 70 213
212 STLL=STNL(T)
213 IF(5TPC- ~180.0)65,68,68
68 ANGI '169 0-EFIPLC

AL 180,
Bal =9.D
Go 10 998

(@]

COANVERT STa. COCRCINATES TO RADIANS
6% PANG = ARS{(STLC - EPILC)
IF(PANG=10.0)71271: 70
75 PARG=ZAL, J-PANG
71 PANGEPANG#RAD
AGGI % COS(EPIPR)aCUS(STAPR*SIN(EPIPRYSINISTNPRYuCOS(PANS )
SrANG = SGRT(ARS(L,-ANGIsANGI))
= ATAS{SNAMG/ZANG])
*NL ] YyeR0,221,221
zANG] +2,1415%27
(reStaTNFRI-CoStEPIPRI#COSIANGI Y Y ZISINCEPIPRY 4SINlANGT D)
= SART(AES(L,-A4Z487))
ATAN(GRAZ /AT
) P2D,221,284
=AZ +3.1415027
=57,2057b0wAl
ACOSHEPIR Y= CSISTAPRISCNSCANGTI )Y Z (S IN(STAPK I &S INIANGLY)
T OSURT(ARS(1,.-RAZ4RAZ)
ATANISNBAZ/EAL)
) rA4C 241241
A +2,14199:7
AL 4«57 ,2957¢80
ANTYT #857,957¢¢
E ILC TEe74,78
£
o]
E

L4 IO )
o e

PRTE

—~
~

237
231

[N SR SRR L S

3

e
-
T

>~
.

2473
241

1M e () M3 e e st D 3 T B e

R = S B
L I S o
-

>
Py

foy ]
—

IF(UTL
72 IF(5TL

-
C-EF1LC*1:0,0)80,77,P1
73 IF(sTLO-E
(
e

o
PTiC-1¢0.)¢ 77,61
74 E(sTre-EP 5
75 v =1
RAY
L0
75 7 =
v

tg 7o
IFlSTr
Ae =
RAZ
Gu 10 948
79 AZ_ =180,
BAl =180,
GG 10 9gr
80 RaZ S860.u~-bAZ
GG TO 968 7
&1 Az =2360,%«A/

O .

L D s B »

+ N O
q"] .

PIRC~180,0078,758,79

~J~J
=X ~d
O\hOllPsou

n
[ -
.

1]
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998 RANGE=ANGI #111.155
RETURY
END

SUBROJTINE STIMECISHOLU,ISMIN,SSEC..K,J. 1)
DIMENSION JPl12u,14),d8(122,14) ,DELL12R)
DIMENSION STN(120),8TAP(150),STAL (150
DIMENSION Py(14),8v(14)
CoMMON STN.STNP:STNL:EPILC:EPIPC!RAD!EscliJS;JPIDELrNtR:H}QT;AMGIs
1PV,5V,VP,VS,EPIFR
J3izJS (K, U
SU1s841/10.
SWZsJ5(K+1,3)
Su2=Su2/10,
Sun=JUsl, Jed?
SJr=8J2/10,
SUGEJS(K*L, *1)
SJ4=SJ4/sq0,
ST3~SJ1+(SJA—bJ¢}gwﬂ(A‘L1 -BEL Ky
STpaS534 (5 4-S 0w atAnct  =DEL(K))
TF{J=17390,290,3895
399 ST*ST1+(ST2;ST1)¢H/33.
50 70 338
365 S1=5T2+(ST1=ST12)8R/¢3,3¢
398 gpvanTesT
Su=sAT/ 340D,
1S5yul 50
CSr¥ISHOU
Stlz{B30«ShYusl,
15.1\ Sw1,
2= 1SMIN
Selcs(SML-812)wi0.
IFfJSrﬁu-c4 B30 ,537,831
1SHLUTISHOUR2 4
15HaU= 18607
PETURY,
By

>
A
A S

Sﬁf"o-T1\E SANGISANLGK )

DIYeNZILN 0 (225,140,080122,14) ,DFL{1P2)
r'“*NQT*A STN(450),5TAPLLISER Y, STHL (150)
PlreNsTan Py 1), sy 14y

COAN0N STNSSTNP e STNLIEPILCIEPIPCRADIFSCL oS JPaDELIWIRIHINT L AMNGT,
IPV,.3V,VF,VS,EF IR

SuBsJdS(Kk-2,

SuB=285u%/10-

SdsaJdS(Re2, )

Sgs=Sys/s10,

Su7=45k-2, s+1)

Su7=547/10.,

VI-11
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SUBzJS(K+E, j+1)
Sus=Sug/s10,
H1#5J6=5J5
H225J58=-847
IFﬁJ'l)boo;bgupdal

600 BHzH1+(H2=41)#H/33,
Go 10 su2

601 BHzHP+(Hi-Ho)eR/63,38

602 UsBHeVSu637:, /((DELIK+2)=-DEL(K=-2))2111.1952(6371,-h})
U ¥ OABRS(L?
1F(y-1,)5%1,514,516

511 SAN = ATANCL/SORT(1.=L#L))
Sy 10 517

516 Salz1.57n6

517 SaN=SaNe57,.951
RETURY

Exn

SUBRDUTINE GMMY (GSP,FRAT,ANGS,2,D1FN, M)
DIMeNSION Jrl120014),050122,14),DE1.0222)
DIMENSION PL(24),5v(14)
DIMENSTION STN(450),STRNP(157)
CuMHON STh,8TKRE,STNL,EPILC,EP
lQJ”DV'VP V\.FPIM

NIFLuRAL

S % 4,60 (0271, ~)aSIN{AC)/ (VS¥6338,)
S = AcS{8)

Iris™3)10025140

Dizy,57

CW T027
10 CINTIWUE
SGRT(1,-S=%]

sTAN{S /)

'."QAT_‘

14100
(SART A S(QLM(HI)*UIFV/(C*QI\( 5Y)Y))/R338,
T OtALVIIRA,E xRS INEHTLD Y /S IN(UTY)

T Ny
pC ES 10J8,JP,DEL W, R, H, 0T, 4NGT,

[y
Ul

L 1)

SOL WO 0

]
AiUs e Lie
= 0 a

—A -t N
oo ]

T3 D
o

no
v’
("
v
-
L]
fou}

|
Y
—
t
o]

21 CONTIN
PS = 3,38(83571,~H)eSIN(GC)/{VSa6371,
PS = AR&(PS)
[FEPST™1e) 25052230

26 ANGy = 1,57

co To 3u

CONTINUE

CS = 50rT(1.-PS#PS)

ANGS = ATAN(PS/CS)

ALGS = ANGGuE7, ,95R

lr; |

™
(%)

o
kY]
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R=TURN
Enn

SUBROUTINE PTIMEC(IPROU, IPMIN,PSEC,Keds 1)

DIMENSION PY(14),5Y(14)

DIMENSION STN(lSO),STNP(158):STNL(150)

DIMENSION Jp(120,14y, 45¢122,14) ,pgl (122

COMMON STN:STNP:STNL:EPILC:EPIPC:RAD!ES@ilJS:JPpDEL.H,R,H.OT,AMGI,

iPV,8V,VP,VS,EPIPR

PUlsJdP(K,d)

PUl=PJ1/10

PdezJdp(K+l,d)

PurzPu2s10,

pud=grix, gey)?

PUREPU3/10,

pJﬁ:JF(K+1 |.J*1)

Fud=puts10,

PTLsPUL+(P2=P iYsuw (AN “DEL(KY)

PI0zPUz+(FJg=-FJd3rade(ant! =TEL (X))

IFlU-20391,5%1,396
361 PTEPTL+(BTOLPTY)ep /53,

50 TC 397
366 PTzpRTC*(PTLwPTP)nr/€3, 368
397 paTsnTePT

HospAT/3607,

IPuSU epC

P31 PHOL

Rl (i0=PHY4AU

IFMINZRMY

pep=lpmin

PSFo=(PRI=-2120000,

IFIPHOH=243520,520,521
521 IPHUUTIPHD!-24
520 1PHuUzIPEDY

RETUR.

EuD

SUBHOUTING FALGIPAN K, )

DIMENSION PY(145,8Y(14)

DIMENSION STN(150),STHP(159),8TH (150)
DIMENSION Je(iZ0,14,, 55¢122,14y L pe 172y
COMMON STRISTRPASTNLIEPILCIEPIPC)RAUSESRL IS, P DEL i WsR M NT,AMGT,
HPVLSVI VP, VE L, EPIFR

PUS=dP(n=-2,.)

PJBzPUSs1u

Pdzdb {kez, )

PoesPussiu,

PUra P k=g, J+1)

PUTEPUT 1L,

PURSJP(K+2, . +1)
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PusizsPUg /10,
1=Pje-PJs
GLEPJIB-PJ7
IF(U~1)500,500,501

500 G= ﬂ1+( ne - Gi)ﬁH/é3
50 T0 502

501 G924+ (01-GoyuK/63.38

502 CsGuVpab371./((DEL(K+2)=DEL(K=2))0111,195#(6374,=H))
y # ABS(C’
IFty-1,3510,515,561%

510 PHJ = ATAh(Y/SQnT(1'~Y¢Y))
=a TO 51

515 P4 1.57nb

518 PA\“P’x«57.2955
RETURK

EiD

SUSKOUTINE GEQUs(GSF,FRAT, ANGS, 5, DIFN, M)
DIMeNSTCN Jrl120,240,080122,14) ,peLt122)
DIMENSIUN PV(L14),5v(14) _
DIMENSTON STN(430)8TAP(1202+STNL(150) .
CuvmDiv STN,STRP,SINL,ERILC,EPIPC,RAD,ESGY,US,JP,DEL,W,R,H, AT, NG,
4-9'\/,,5\/"\/9,\/%,&?"“{{:;2 i
Qu¥gaR4a0
8'1370”(6571.'H)*PTN(L )/(VP§2368,)
S = S{%)
IE(S’l-)iu*xE'jb
15 0lzy .57
60 TQ 2q
12 ConTInUbe
o o= Suﬁr(l.;3*3>
= AN(Q/C)
Ux(' (A i
n;.144-&ﬁ
Pe{sQAT (48 (¢8IN¢(HT oD IF%/(chsIM<“u>>)>)/6é38.
fT- CB1RTG e ARS{SIAIFI-CIY/SINIHIY )
Q0 70 21
27 gsp=0,0
FRATES,
21 CoNTINUE
Pz, 0#(637L, =~1)uSIn(ER)/ (YP#6371,)
PL = AB3(PS)
TF{PS=14)25+30140
30 ANU5=z1,57
0 70 =y
25 CONTINUE _
£S & SORT(L1.-PS«Ps)
ANGSSATANIPS/CS)
35 AiGu=zAnGSe57, 2958
RETQRN

¥ TN L

j,mb—d \"‘A—:
4

|

VI-14



EDABALC PAGE 40

END
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TABLEFS

-75
-4
68

140

211

282

354

4264

497

568

633

714

781

852

9z2

G993

1063
1133
1203
1273
1342
1411
1481
1617
1753
1887
2019
2157
2287
2407
2532
2655
2775
2874
2975
3n74
3171
3268
3362
3454
3545
3635
3728
3813
3901
3988
4n7%
4161
4245
4330

-45
3

54
105
177
240
S2u
391
463
534
635
676
747
5317
ol7
Y52
1070
119¢
1167
1237
13700
1375
1444
1233
1710
1084
1781
i1z
getl
2387
249
2ol
2770
2o d
272%
KRN
2120
32724
KN
3404
2499
3530
3677
37646
354
39431
4027
4113
4130
4z82

FAGE

93
114
135
156
204
267
329
358
467
535
614
677
741
859
R77
G456

1016
1084
1132
1220
1287
1355
1427
1556
1639
1321
1950
2379
225
2329
2452
2945
2A71
2773
JB72
2959
3158
$10?2
3255
3347
3438
3527
3616
3754
3791
3878
I%c4
4049
4134
4218

1

(LOCATED ON FILE 01)

1990
202
214
¢26
258
306
360
421
484
548
6513
678
744
510
176
743
1010
1077
1143
1709
1279
1344
1406
1537
1667
1796
1923
2547
2173
2295
2411
2?3106
25189
2719
2017
2414
Inlu
2304
21497
2288
33759
345608
I587
2645
3732
Inid
503
3986
4772
44156

275
283
291
299
323
3é6n
405
457
513
571
632
694
754
820
883
947
1011
1075
1140
1?7205
1269
1333
1397
1525
1651
1778
19010
20223
£144
2261
2365
;467
2569
sHER
£7€5
2862
2956
S049
3141
232
3322
3411
3459
3586
1673
3759
3844
3929
4013
4057

254
360
366
372
391
423
458
opd
5RZ
604
660
747
775
£33
295
GRé
1018
1080
1142
1204
124h€
1328
1390
1214
1638
17610
1681
2601
2112
2216
230Z
2422
25722
2E20
2717
2812
2905
299¢
3JR7
3178
Z26E
3356
3444
3531
3617
3703
1788
387z
3656
4040

429
434
439
444
459
454
516
BH4
B97
644
A9 4
747
81
857
214
@72
1031
1999
1j40
1208
i268
1328
1ZBR
1568
1628
1747
1863
19712
2076
21860
2281
2181
247%
2576
2hT72
276%
2857
2947
InZ8
3128
3217
305
3392
3478
35604
3649
3734
3848
3902
3965

503
507
511
15
597
548
w76
6n%
646
689
7%4
782
833
g4
537
992
1048
11c4
1161
1218
1275
1332
1390
1506
1618
1729
1836
1940
2041
2147
2243
2341
2438
2234
2429
2720
2811
2501
25914
3080
31168
3255
3342
3428
3544
3509
IA04
1768
3862
3935
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574

577

Ben

583

593

é1n

634

6673

697

734

778

849

865

913

Qe
1014
1068
1118
1174
1225
19279
1333
1384
14932
1R99
1708
1809
1911
2017
2117
27211
2308
24073
2497
259N
2684
27714
2861
266
3nie
21256
3214
3360
3IX8h
3471
I568
3639
3723
2804
IRED

639

6472

£45

648

457

672

662

748

748

781

847

857

859

943

gRY
103¢
1084
1133
1183
1233
1284
1335
13486
1488
1589
1691
1792
1862
1990
2087
2184
2279
2372
2445
2587
2647
2737
2826
2914
3092
I09n
3176
3267
3347
3427
3516
3600
3683
3766
384E

704

706

708

710

748

731

748

771

798

B2&

Be2

897

935

G76
1018
1061
1106
1152
1198
1245
1293
1341
1389
1487
1586
1485
1782
1879
1975
2né9
2163
e256
2348
2439
¢5390
2619
2708
2796
2R84
2971
3057
3143
3228
3313
3397
2481
3564
3647
3729
3811

764

766

768

770

777

788

8403

8212

847

B75

906

937

g73
100%
1048
1085
1131
1174
1217
1262
1307
1353
13965
1491
1586
1681
1776
1871
1964
2055
2147
2e3d
2322
2418
2508
2596
2484
2773
28%3
29414
3029
3114
2199
3283
3367
3450
3532
315
3a57
3775

824

R24

828

g3n

834

844

859

877

B9R

023

954

Q83
1014
1048
1082
1124
1159
1199
1249
1282
1325
1368
1412
1%00
1591
1481
1772
1R64
1955
2n45
2135
2725
2213
24092
249n
2577
2h64
275n
2R3A
2921
30068
3n%9n
3174
3287
3341
3423
3505
3587
IA68
374¢

BR4

BR¢

Bag

894

805

903

948

930

949

97y

997
1024
1154
10R%
111y
1153
1189
1276
1265
1305
1345
1386
1427
1512
1598
16RS
1773
1862
1951
2040
2128
221¢
23ﬂ3
2320
2477
2543
2549
2734
2849
2903
2937
3271
2154
3237
3319
340
2457
2543
3644
3724



TABLEPS

4414
4498
4581
4663
4745
4827
4908
4989
5p68
5447
5226
5303
538n
5454
5532
5607
BAEQ
5754
5806
E89A
59613
603A
6107
6178
6243
6309
637%
6440
6504
6568
6631
6693
6754
o81%
6875
£934
69972
7050
71057
7163
7248
7273
7327
7380
7432
7484
7535
7585
7635
7684

4365
44472
453,
4615
4697
4779
4859
494
5U2u
5693
5177
57254
5371
54497
548,
8557
5631
5794
£77¢
YN
5913
BEARY
6ys7
6lzs%
£19¢
BBy
63824
6HH3Y
£4%5
6516
6)/)‘
Ahd,
A7 0.
6768
ah22
bbap
£96,
A0
7Tunh
711
ARy
7C£f_
7270
7529
7381
743,
748%
7533

7582

7023

PAGE

4301
4354
1447
4549
4631
4713
4794
4874
4953
5032
51190
5487
2264
5342
5415
54990
5563
56358
5707
5779
5349
£3948
HQu7
Sn58
6422
6139
4254
6249
5353
L8464
6858
63719
05831
0851

751
£RGA
5825
afe?
7038
7ns3
7148
7232
7255
7337
7358
74,8
7438
7557
7554

2

4240
4323
4405
4487
4569
4650
47340
4519
4589
4947
5545
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5198
8274
5549
5423
3496
5H4Y
Sh641
5711
5781
5551
29149
5w 87
LT
A2
4185
4050
5314
£377
453y
An0u
Ahb1
A2l
"‘._R.J
47237
£797
Heb 4
vy
AYHE

'-21
7u79
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7+8¢
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T3xRS
7434
7482

41810
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4345
4427
4508
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4669
4748
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49672
5058
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52873
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5430
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2873
644
5714
37873
5851
5918
5985
c351
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5480
244
5347
03569
5430
~46G1
cB51
£511
cA71
o725
785
CB41
0Rs4
951
7005
7058
7111
7162
7214
7204
7314
7363
7411

4123
4205
4287
434§
4450
4530
46190
4685
4767
4845
4922
4G0F
5073
5147
52721
5294
536¢
54328
e PRE]
5579
5645
571¢&
B7RE
EER3
5%1¢%
584
6345
€143
£17¢
£Z235
6401
63672
6478
§483
Eoal
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6E01
£747
£772
6828
GERZ
69 3¢
L9A¢
7041
7493
7144
7194
7244
7493
7341

40638
415n
4232
4313
4364
4474
4554
4633
4711
4788
48065
4941
5014
5050
5164
52387
5347
5340
5459
5520
5R59
A58
5725
57%1
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30272
59Uh
5051
6113
6176
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5298
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5417
6472
5837
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LHADD
67UE
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7927
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4735
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63583
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fi3n6
418G
6511
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39714
4053
4134
4215
429F
4374
44572
4531
4608
46858
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4824
4914
498K
BpeEeR
5130
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5272
5347
5410
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55457
5612
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5744
5ene
58773
5934
s5acy
6néeEN
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6181
6241
63010
675R
6416
64773
ABRRD
68E 4
6A27
6ROX
65744
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6901
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7001
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7094
7145

3929
40190
4091
4171
4251
433
4408
4486
4563
46329
4745
4790
4844
4937
5040
5011
5182
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5360
542F
B4¢h
55481
5627
5692
5754
5827
FEA83
5945
&097
6068
6128
6187
6246
6304
6351
6417
6472
452¢
65R2
5636
6689
6741
67332
6343
6894
6943
699¢
7040
70R7

3893
3974
4n54
4134
4213
4291
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44456
4522
45458
4673
4748
4821
4854
4965
5n36
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5176
5245
5343
52431
5448
5514
5879
5644
5708
5771
BR34
BEg896
5057
6ni7
6077
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6194
6252
6309
6365
6421
6476
6530
6583
66836
6628
6739
£790
éR4n
6RBY
6928
6086
7033
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3940
4029
4099
4478
4255
4333
44069
4485
4541
4634
4708
4781
48532
4924
499%
5063
5134
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5270
5337
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5469
5534
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Be6e
5723
5787
54546
B%nS
5970
§029
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6203
bz60
5%16
63871
4428
£47
4533
6585
6637
£6BE
6735
6788
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L8868
6933
6580

IR3In
391n
39089
4067
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4222
4298
4374
4449
4524
4598
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VII. LISTER
PROGRAMMER: R. B. HERRMANN / Jan 1977
PURPOSE:

This program lists a check of cards in a format of 55
lines per page and numbers the pages. It was used for all
listings of programs and data sets in this volume. 72

columns of card data are duplicated.

INPUT/OUTPUT

Input is from the card reader. Output is on the on-
line printer.

INPUT DATA

Card
Sequance Column Name Format Explanation

A. Page Header.

1-4 JTL A4 End program
JTL = /1]

Otherwise
5-8 KTL A4 JTL and KTL

form the
header

B. Deck to be copies.

1-72 - ITTL 12A6 List card unless
ITTL(1) =
dkkk¥%_,  TIn this
case return to
Point A.
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LISTER PAGE %

c THIS PROGRAM LISTS A DEEK IN A FORMAY OF 55 LINES PER PAGE AND
¢ NUMBERS THE PAGES
CHARACTER JTLKTL.ITTL(ED)
9998 CONTINUE ,
READ 10,JTL,KTL
10 FORMAT(2A4)
IF¢UTE,EQ,4M//7/7) GO TO 9999
PRINT 1
FORMAT (1H1)
IPAGE = 1
200 CONTINUE
PRINT 2,JTL,KTL,IPAGF

2 FORMAT(1KW1,40X%,2A4,5H PAGE,13///7)
IPAGE = IPAGE + 1 '
LINE = @

259 CONTINUE
LINE = LINE + 1
READ 3,¢1TTL(1),1=14,13)

3 FURMAT(13A8)
IFCITTL (1) EQ,6He2naue) GO TO 9998
IFCITTL(2),6Q.6HSUBROL) LINE = LIRE + 1
IFCITTL(2),60.6RSUBROU)Y PRINT 4
TFCITTL(2).EQ.6HFUNCTI) PRINT 4
IFCITTL(2) ,EQ,&HFUNCTIY LINE 5 LINE + 1

4 FORMAT(1H )

PRINT S,(ITTL(I),154,13)

5 FORMAT(1H ,10X,1346)
IF(LINE,BE,50) GO TO 208
G0 7O 250

9993 CONTINUE
SToP
END

LA
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VIII. PLTSEIS
PROGRAMMER: R. B. HERRMANN / Aug 1977

PURPOSE:

This program reads in and plots a digitized seismogram.
Amplitudes are normalized to a peak magnification of 3000.
If horizontal data are entered, the transverse and radial
components of ground motion are formed and plotted. The
plots have an x-axis equivalent to 30 mm/min. Software for
filtering is included, The program accepts without change the
data sets from EXSPEC, SPSPEC for a 15-100 WWSSN, a 30-100
WWSSN, a 6824-13 LRSM or a 6824-2 LRSM systems. Punched
card output from WIGGLE is useable without change.

INPUT/OUTPUT

Input is from card on FILE 60, printer output is through
a PRINT statement, and FILE 10 is used for the off-line
CALCOMP plotter tape.

THECRY

The convention on record displacements for coordinate
rotation is that N and E be positive., After transformation,
radial is positive away from the source and transverse is
positive clockwise about the source.

PROGRAM DESCRIPTION

PROGCRAM PLTSEIS : This is the main control line. It is almost
identical to the main routine of EXSPEC. All plot calls and
rotation is done in this routine.

SUBROUTINE FILT: This is an example of a low-pass filter
routine. The normal data card for EXSPEC or output card
from WIGGLE has IFILT = blank, which causes this subroutine
not to be called. The purpose behind the subroutine is to
low-pass filter real data so that they have the same low-pass
limitations of theoretical seismograms.

SUBROUTINE PLOTEM: This is the plot routine.

SUBROUTINE TREND:  Permits the removal of DC offsets and
linear trends from the digitized data.

SUBROUTINE CARDIN: Reads in either equally spaced data or
X,Y coordinates of data which are then linearly interpolated
to form an evenly spaced time series.

SUBROUTINE FQUR: Fast Fourier transform for use by FILT
subroutine.
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INPUT DATA

Card
Sequence Column Name Format Explanation
A. 1-5 ICONTRL 15 LE.O0 end pro-
gram
6-10 IDATA 15 EQ.1 one compo-

nent read in

EQ.2 EW read in
first then NS,

E and N are posi-
tive displacements
on seismogram.

W and 5 are
negative. The
UT amd UR are
formed. Both
must have the
same TO and DT.
UT is positive
clockwise about
the source; UR
is positive away
from the source.

11-15 ITAPE 15 Not used.

16-20 IPRNT 15 Not used.

21-25 ITREND I5 0 or neg bypass
TREND
1 DC offset re-
moved

2 DC offset and
linear trend
removed.

26-30 INTYP I5 NE.2 Y values
entered for
evenly spaced
time increments.
Terminated by a
+9999 punch
after last
data value

EQ.2 Array of

X,Y pairs which

will be evenly
spaced at inter-

val of DT by CARDIN.
Data set terminated
by a -9999-9999 pair.
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Card
Sequence

A. (cont'd)

B.

Column

31-35

5-8

11-20

21-30

31-40

41-50

51~-60

61-70

71-80

Name

IFILT

STA

COMP

DIST

DEG

BACKAZ

TO

DT

CPMM

PEAK

Format

I5

79H

Ah

A4

F10.5

F10.5

F10.5

F10.5

F10.5

F10,5

F10.5

VIII-3

Explanation

GE.l Filter in-
put series.

An identifica-~
tion card.
Usually blank.

Station identi-
fier.

Component iden-
tifier

Station distance
from epicenter
in kilometers.

Station distance
from epicenter
in degrees.

Azimuth from
station to epi-~
center, measured
clockwise from
north.

Time digitizing
began in seconds
after origin time.

Digitizing inter-
val used or
desired.

Digitizer counts
per millimeter

of original
record. (counts
per minute/milli-
meters per minute)

Peak instrument
response,



Card

Sequence Column Name Format Explanation
D. 1-12 IDATE 3A4 Date of event
(3

16-25 SLOPE F10.5 Not used.
26-35 TMAX F10.5 When INTYP=2,

- total length
desired for
evenly spaced
seismograms.
Note, TMAX must
be less than
1024 DT.

36-45 CPM F10.5 Counts per min-
ute. Used to
convert counts
to time.

E. Digitized Data.

INTYP .NE.2. DUMMY(Z) 12(F5.0,1X) Digitized
trace for equi-
spaced time values.
End of trace sig-
nified by +9999.

INTYP .EQ.2 X(I), 16F5.0 X,Y pairs. These
Y(I) will be linearly

interpolated to
form a trace of
amplitude for
equispaced time
series of length
TMAX and spacing
DT. The first
palr must be
+0000+3000 and
the last
-3999-9999,

At this point the program returns to Point B if IDATA .EQ.2 in
order to read in both EW and NS seismograms, or to Point C if
IDATA.EQ.1 or 1f both EW and NS seismograms have bean read in.

The plotted output consists of the ditigized traces and also
the rotated displacements when horizontal data are entered.
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PLTSEl  PAGE 1

THIS PROGRAM REALS IN AND PLOTS A DIGITIZED SE]SMOGRAM FOR A WWSS
15-1C0 SYSTEM, AMFLITLDES ARE NORMALIZED Y0 A GAIN OF 3K,
HORTZONTAL DATA ARE ENYERED, THE TRANSVERSE AND RADIAL COMPONENTS
GROUND MOTION ARE FORMED AND PLOTTED,. PLOYS ARE MAGNIFUED 2 X

UATA CARDS ARE EXACTLY AS FOR EXSPEC R SPSPEC,
DIMENSION DATA(1026),DATUMCLI026), 1RUF(1000)
DIMENSION T(1020)

DIMENSION ILATE(3)

CALL PLOTS(IEUF,1000,10)
CALL FLOT(N,0,-41,064-3)
Chl.b PLOT(R,0,3,0,-3)

BG3 REAL(E0s63)ICONTRL IDATAS ITAPES IPRNT ITREND) INTYPSIFILT

FFILT = IFILY + 1
63 FLRMAT(715)
IFLICUNTRLLLELG) GO TC 10090
DG 100 1TYRE=L1,IDATA
READ(EC,2)
PRINT 2
P FURMAT (76N
-
REAU(0,10)5TA,LOMP,DIST,DEG,BACKAZ,T0,DT,CPMM,PEAK
17 FURAAT(2A4,2Y,7F10.5)
REAL(EC,11) JDATEC(L),IDATE(2)Y,IDATE(3),SLOPE, TMAX,.CPM
1% FURMAT(3A4,3%,3+r10.5)
CFrS = CPM/6i.
PrlnT &
PrIAY 7,STA,CCM7,L1ST,DEG,RACKAZ,T0,DTY,CPMM, PEAK
€ FUPMAT{IH ,80H 5TA CCMP DIST KM DEG BACKAZ
1 {pMM FrakMaG
7 FURMAT(LH , 84,47, A8,3%,F10.,242F7.2,F7,4)F8.3,F9,2:F8.0)
PRIAT 8

PrInT 9, IDATE(1,I1DATE(2), IDATE(Z),5LCPE, TMAX, CPM
B FURMAT(LIHD ;4 X2 4DATE, 12X, 5HSLOPE, 6 X, AHTMAX, 7X, 3HCPM)
2 FORMATI(LH ,3A4,3%,Fi0,4,2F10,2)

PRINT 3

FURMAT (/7))

CALL CARDIM(DATAAPTS,CP¥,DT,THAX)
CvhVERT TG CENTIMETERS PER COUNT
CONFAL = 0,1/CPuM

PLOT AT 30 MM/MIN

ALJUST FOR INSTRUMERT TG NORMALIZE TO A 3K INSTRUMENT
CUNFAL = CONFAC & (300U0./PEAK)

D 115 1 = 4,NPTS

TIY & (I-1y = 07

DATACL)Y = DaTAC1)aCUNFAC /2.54
TEI)Y = T7(C1)Y &« CM4SEC /2,54

o

115 CUNTINUE

TFCITREND,GE.1) CALL TREND(DATA,MPT3,ITREND)
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PLTSEI PAGE 2

CAlLL PLOTEM(T,DATA,NPTS)
IFCITYPE,EQ,IDATA) GO TG 100
DU 425 1 = 1,NPTS

125 DATUM(T) = DATA(I])

C DATA = NS AND ZATUM = EW
100 CONTIMNUE
¢ FORMATION OF RADIAL AND TRANSVERSE COMPONENTS IF IDATA,E0,2

IFCIDATALNE.2) G40 TC 200
BACKAZ = BACKAZ # 0£,0174533
A = SIN(BACKAZ)
B = CUS{BACKAZ)
DG 14V 1 = 1,NPTS
THANS & DATA(l)esA - DATLM({I1)#B
RADIAL =-LATA(I)#B - LATUM(]}aA
C DATA = TRANS = + CLOCKWISE FROM ERIC
c DATUM = RANIAL = + AWAT FROM EPIC
DATACL) = TRANS
117 DATUMIT)Y) = RADIAL
cabt FLOTEM(T,DATA,NPTS)
CALL PLOTEM(T,DATUM,NPTS)
200 CONTINUE
C FILTER SIGMal AS COMNE FGR SYNTHETICS
IFCIFILT,GE.1) CALL FILT(DATA ,NPTS,NT)
IFCIFILT,GE 3 AWDJILATAVEQ.2) CALL FILT(DATUM,NPTS,DT)
TFCIFILT,GE. L) CALL PLOTEMIT,DATASNPTS)
IFCIFILT,GE, L ARD,IEATASEW.2) CALL PLOTEM(T,DATUM,NPTS)
cALL FLOT(3.D,0.0,-3)
gL To 353
1000 CONTINUE
Crll FLOT(8.0,0.0,999)
1062 cONTIANYE
STgP
END

SLBRQUTINE FILT(Y,N,DT)
COMBON/DTA/LATA(R,1024)
DIMENSION Y1)
DL i0v I = 1,2
DO 10U g o= 1,1024
162 DATA(L, ) = 0,0
DU 301 1 = 1,N
1061 DATACL, L) = y(1)
CALL FOUR(DATA,1024,-1,L7,DF)
pl 20V | = 7,513
1024 + 2z -
SRVASSEERLMI
FCT,GE,3.7) GO TC 200
IF(T.GE,2.5,AND,T.LT.3.8) FAC
TH(T.GE,2.0,AND.T,.LT.2,5) FAC
Ir¢T. LT.2.0) FAC = 0,0

N|
T
1
0.8+0,4%(T=2.5)
N.5+0,468(T-2.0)

"o
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PLTSEI PAGE 3

DATA(L,1)
NATA(Z, 1)
DATA(L, J)
NATA(Z, )
200 CUNTIMNUE
CALL FOUR(NATA,1024,+1,L7,DF)
DG 30 1 = 1N
300 YT = DATA(1.1}
RE TWRMN
ExND

FAC#DATA(1,1)
FAC#DATA(Z,1)
FAC#DATA(L,3)
FAC#DATA(Z,:)

SUEROVTINE PLOTEM(X .Y N)
DIMENSION X(1),Y(1)

XEh+1) = X(1)
X(h+2) = 1,0
Yihei) = 0.0
Y(N+2) = =1,n0

CALL LINE(Y, X, Na1,0,:0)
Calll FLCT(4,.0,0.0,~3)
RLTURR

END

SLBROVTINE TRENL{X,NPTS,1TREND)
DIMENSICN ¥(21)

c ITREND = 1 Ul CCMFONENT REMCYED
c [TRENL = 2 LINEAR CCMRONENT REMOVED
SuMe = 3,0
StmMl = g.0
N1 s NPTS/2
D\J b l - l’p_'l
L SLM1 = SUMI + ¥(I)
Neq = Ny o+ 4
nvo2 1 & N2 ,NPTS
2 O8uLME FOSUMZ o+ X ()

Ne = APTS - ni

pi o= lgyMl + Sy=21/APTS

IP(ITBEND - 1)6|6)7

7R = DU

Su2 = 0,10

g T 8

7 CUNTINE
SLP = 2,8 ((SUM2/NZ) - (SUMI/N1))/NPTS
8 = (SUM1/M1) - 0.5#N21aSLP

8 CUNTINUE
Db 3 1 = i:ﬁPTS
XI = |}

I X(I) 5 X(IYy - B - SLP#XI
PRINT 5,DC,5LFP

5 FORMAT(iR ,4HDC = , F11:4,4X%,7HSLOPE = , E11.,.4)
RETURK

Fa
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PLTSEL  PAGE 4

EiD

SUBROUTINE CARDIN{ DUMMY,NPTS,CPMsDT, TMAX)
COMMON/DTAZX(1024),Y(1024)

DIMENSION DUMMY (1)

DIMENSION XJUMP(11)

XJUMPLL) = ¢,

XwUMP(2) = 10063,
XJUMP(Z) = 29000,
XJUKP(4y = 32000,
XuUMPLS) = 42000,
XeUMPi6) = 5200y,
XaUMpiyy = 60003,
X UAP{8Y = 79000,
XLunpigy = a0na,

XeUMP(19) = 90ngn,
XvlyMP 14y = 100000,
Crs = CPM/6[.
DL 11V 1 = 1,2048,8
Js 1 +«7
REALCER,114) (LAlKY Y(K}Y,K=],0)
PRINT 112, C(X(K), Y(KY) K=],J)
FORMAT(36F5,0)
FURMAT(LIH ,14F7.7)
nu o1l K = o1,
TH(X(RY+9995,) 115,115,110
115 CUNTINUE
11% NuM = g - 1
PRINT 907, 0uH
QL7 FURMAT(IN ,aH NUGM = ,15)
JLMP & 1
NC 200 I = ¢s,huUH
0 = X{1) + XJUMP(UMP)
TR CABS(G - 2(1-4)).6T7,9800,) JUMP = JUMP + 1
XUTY = X(IY + XJUMPUJLME)
200 CUNTIMNUE
PHINT G084 JUMP
s FURMAT(LIH , 6HJLMP = ,1%5)
TiMEL = 0,0
NFTS = %
Dk 304 1 = z,NUM
IU% CUNTIMNUE
TIME = TIMEL # CPS
JUMP = 1 ‘
IFCTIME, LT, X(L) AND.TIMELGE,X(I-10) JUMP = 2
GU TO (301,302),JUMP
302 DUMMYINPTSY = Y(I) + (TIME=XCI))#{ (Y CI)=Y(I-21)3/7(X{I)=XCT=4)))
NFTS = KPTS + 14
TIMEY = TIME1L « DT
IF(TIMEL.GT,TMAX) BC TO 500

o -
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OO aaona

301
300
500

909

NHota N

R

PAGE 5

GC TO 305

CUNTINUE

CUNTINUE

NPTS = NPTS - 1

PHINT 909,NPTS

FDRMATtiH JHHNPTS = 115)
ReTYRN

END

SUBROVTINE FOUR(DATA,NN,ISIGN,DT,DF)

THE CUOLEY~-TNOOKEY FAST FOURIER TRANSFDRM IN USASI BASIC FORTRAN
TRANSFORM(J)Y = SUMCLDATALI)eWae((1=1)(J-1)), WHERE 1 AND J RUN
FROM 1 7O NN AND W = EXP(ISIGNe22P1aSORT(~1)/NN), DATA IS A OMNEa
DIMENSIONAL COMFLEX ARRAY (I1,E., THE REAL AND IMAGINARY PARTS oOF
DATA ARE LOCATED IMMECIATELY ADJACENT IN STORAGE» SUCH AS FORTRaN
PLACES THEM) WHUSE LENGTH NN IS A POWER OF TWO, ISIGA

IS +1 OR =1+ GIVIAG THE SIGN OF THE TRANSFCRM, TRANSFORM VALUES
ARE RETURNEL IM ARRAY DATA, REPLACING THRE INPUT DATA, THE TIME 1S
PROPORTIONAL TO NelLCGR(h), RATHER THAN THE USUAL Ne#?

RMS RESCLUTION SRROR BEING BOUNDED BY A#SQRT(I)#L0G2({ANN)22au{~R),
B IS THE NUMBER OF EITS IN THE FLGATING POINT FRACTIOM,

PROGRAM AUTOMATICALLY DIVIRES TRANSFORM BY NN FOR INVERSE TRANSFOR
DIMENSICN DATACL)

N = 2 & NN

IFCLT.EQ.Q, L) DT 1./ ONEDF )

TRCUFLEG. D, 0y BF = 1,/(bN2DT)

TR(UTNE,(MneDF ) DF & 4./(NN&DT)

J =1

ne o l=1,N,.

IF(l=-u)1,2,2

TeMPR = DATL(D)

TeMPT = DATA(J+1)

DATA(LY 2 DaTAL(L)

DETA(WU+1 )N TACI+1)

DEYA(LY = TeMPR

DATA(L#1) = TEME]

Moz N/2

IFtu=-My 5,5,

J = J-M

Moz M/2

1F(M-215,3,3

JEJ+M

MrAX = 4

IF (MMAX-N) 7,106,316

ISTEP= 2 aMpaX

TRETA = 6,2u31R58307/FLOAT(ISIGN*MMAX)

SINTHESIN(TRETA/2,)

WSTYPR=-Z2 ,#SINTH&SINTH

WETPISSINCTHET A}

Wral,d

un
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PLTSEI PAGE 6

Wwl=g,0
D; 9 Mag ,MMaAX,2
DU & I=M,N,ISTEP
JEI#MMAYX
TEMPREWR#DATA(J)=k1#DaTA(J+1)
TEMPISWRaDATA(J#1)+wIaDATAL)
DATA(Y)SDATA(I)~TEMPR
DATA(U+1)=DATA(I+L1)-TEMPI
DATA{ly=DATA(I)+TENMPR
B DATA(I«1) & DATA(I+1)«TEMPI
TEMPR = WR
Wh = WRuWSTPReWIskSTP] + WR
9 WL 5 WIaWSTPR+TEMPR4UWSTRE] + W]
MMAX = 1STEp
GU TO &
12 COMTINyE
TF¢ISigN,LT,0) GO-TC 1082
c FREGUENCY TG TIKE DCMAILK
DUOI0UL 1111 = 4,M
1001 DATACIIIL) = DATA(CIIII) =« DF
RETLRK
loc? CunTINUE
c TIME T0 FREGUENCY DOMAIN
DU 10E3 1111 = 4N
1003 DATACITII) = DATA(III1Y # DY
RETURK
ELD
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DATA

ne

1

ALQ VE

25 MAR 76
G000 0000
0171 00628
0360 0036
0508-0006
0623~0031
0714 001

G833 0122
0926 0059
1056 0092
1151 0127
1259 0136
1389 0014
1528-00175
1670-0032
1831 002

ALG UN

25 MAR 76
0000 0000
0160 0033
0344 0027
0485 0019
0575~0030
0642 0105
0736~0107
0BO7 D11y
0881 0000
0955 03109
1033 pi45
1151-0L(53
1271 0Up9
1378-0043
1488 0111
1611 opLge
1725 0L4Z
1867 0U81
-1

FAGE 1

1 1

1455,8

Gpes oni2
0193~pp21
0383-np05
0525 0019
L633-0039
0727 0030
0837 nu9é
U937 0p84
1062 np88
1172-0101
1280-0043
1397 pus2
153%9-pp18
1691 np21
1843 0619

1455,8%

Up22 nppéd
0178 ny23
U364 npo7
0501 nuo4
UB%1 650
U651 0064
0749-70005
Ug14 n121
LBB9=NCD6
U964 0118
1038 1433
1163-n065
1276 nais
1391-0025
1512 ap74
1624 ngpBl
1741 1114
179

77~

2 2
13.1 g2.4
240,
P039-0C04
(217 0030
0404 Q038
0544 0043
0649~0017
L74% Qu02
({851 opsé4
4955 0044
1075 0024
1180-0096€
i267-0061
1415 0004
1553 0U43
1707 0006

02410
0415

0751
G859
0965
1054

1316

1571
1729

§561=
0654~

1165~

1428~

338.9

456, 4
0056~

0009
0026
0057
0017
0020
0010
078
0057
0068
0068
0170
0019
0500
ngi2

gn7é 0012
0252 0019
0433-0006
0575~-0008
(666 0008
0769 0034
NB7% Q072
0986 0120
1108 0086
1211 0213
1322 0173
1443-0000
15864~0032
1780~0023

1919 0019-9999-9599

13.1
240,

(033=0000
Ui1s9 0033
u389 0ULOS
4515 oL0e2
2096 0L47
U665 0091
(754-0015%
UB22 0054
USul 0032
973 0G9¢
1050 0047
1173 0Q0¢€
1294 0029
142 0009
1533 pp9s
1634 ppod
175% 0ind
$999-999%

2.4

Gno3
p211
g401
0524
0é01
0871
5764

0oLt
c968

1193

1418
1541
1659
1771

0834~

1061~

1310~

338.9
456 .6
poes
0041
noes
0636
01c7
0pos
0049
fnc4d
ozl
0019
ae1s
0117
0019
ppo2
0993
0073
0041

np74=-00p05
0232 0044
h425 0013
6537 0083
th11 0173
G681 01886
0772 0238
(B844-0014
U919 0006
0990 0009
1071-0008
1208 0056
1328=-0054
1436 0053
1563 0094
1670 0090
1786 0019
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0.25

0o%2-0008
0282 0051
0451-0003
0584 0pol
0687-0060
0760 0037
0894 0124
0999 no9é
1122 0108
1217 0204
1327 p116
1463 Qu27
1612 0042
1770 0005

£,.25

00%7 Qo114
0263 00632
0437 0040
0553 0097
0619 0163
0699 0009
0781 0259
08b3I-0Q54
0926 QU7
$996-0020
1089 Qp45
1225-0009
1332-0048
1437 0p51
1571 0083
1683 {o8b
1803 0io8

3N, AZ267

pi111-0002
0312 0027
0476 no44
0597 0034
0693~0040
0791 0026
0907 ni1i4
101% (073
1132 0101
1240 0039
1341 004y
1488-0015
1637-0008
1763 podé

30,44

0124 0015
0294 0019
0446 n048
0557 0085
0631 0115
6709-0032
0788 0229
CBGA=NON4
(932 0029
1n67-00846
1103-0006
1240 n048
1345 no6y
1457 0019
1586 n1n5
1699 0054
1823 poRl

3000.

8l13% ge
6337 o¢
0490 0C
0607 0C
0706 €€
0811 01
0911 01
1039 01
1145 04
1250 0¢
1357 ¢c
1509 o¢
1647~0¢
1802-00

3000,

G143 €0
0322 06
g466~-00
0%56% 0o
0638 np
£718=-0p
6797 €1
0E71-00
0944 0y
1015-60
1126 01
1252 0o
1354 o
1469 00
1595 n4
1707 00
1832 00
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IX. HILBERT
PROGRAMMER: P. LUH / Jan 1976; R. B. Herrmann / Feb 1976
PURPOSE:

This program determines the phase response of a minimum
seismogram system given the amplitude response by using a
Hilbert transform. As part of the output, the time response
of the system to an impulse in ground displacement, an impulse
in ground velocity, impulse in ground acceleration and a step
in ground acceleration are plotted so that the last can be
compared to an observed step calibration response and the
first can be checked for noise,

INPUT/OUTPUT

Card input is through a READ statement, printer output is
through a PRINT statement, and offline CALCOMP is through
FILE 10,

THEORY

The application of a Hilbert transform to the problem of
determining a seismograph phase response given the amplitude
response was made by Bolduc et al (1972). Lubh (1977) wrote
the basic part of this program. The paper by Herrmann (1977)
shows the use of the program.

PROGRAM DESCRIPTION

PROGRAM IMPULSE: This is the main control link. The phase
response list as well as plotting are done in this routine.

FUNCTION TANH : A function to determine the hyperbolic tangent.

SUBROUTINE FQUR: A fast Fourier transform which numerically
approximates the Fourier integral.

SUBROUTINE INTVAL : This estabhlishes a comb of abscissa for
the numerical integration.

SUBROUTINE AMPRIME : Seismograph amplitude response is read in
as a function of periocd, natural logarithms are taken and

the logarithmic response is fit by a cubic spline. The log
amplitude response and slope of the response are determined

at points of the comb specified by SUBROUTINE INTVAL.

When entering the data, add enough points at the ex-
tremes of the data set so that the low and high frequency
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asymptotic slopes are well specified. This can be checked
from the output. If the response varies as FREQ¥*K at
either high or low frequencies, then the phase response is
K *# 90 degrees.

SUBROUTINE ASHI¥T: This subroutine determines the
amplitude response of a given frequency and shifts the
slope of the response according to the given frequency,

SUBROUTINE LNCOTH: This determines the natural logarithm
of the hyperbolic cosine.

SUBROUTINE DOT: Numerical integration routine.

SUBROUTINE SPLINC: Determines cubic spline interpolation
coefficients.

REFERENCES

Bolduc, P. M., R. M. Ellis and R. D. Russell (1972).
Determination of the seismograph phase response from
the amplitude response, Bull. Seism. Soc¢. Am. 62, 1665-1672.

Herrmann, R. B. (1977). On the determination of the impulse
response seismograph systems with emphasis on the SRO
system, Earthquake Notes 48, 3-23.

Luh, P. C (1977). A scheme for expressing instrumental
responses parametrically, Bull. Seism. Soc. Am. 67,
957-969.
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INPUT DATA

Card
Sequence Colunmn Name Format Explanation

A. 1-10 X1 F10.3 Lower comb limit,
11-20 X2 F10.3 Upper comb limit,
21-30 H F10.3 Comb spacing
{The values used X1=-7, X2=+7, H=0.2
work. Smaller X1 or larger X2 may lead
to word overflow.)

B. 1-10 bT ¥10.3 Digitizing
interval for
plot.

MMMIN  F10.3 Millimeters per
minute for
plot

C. Amplitude Response (in order of increasing period).

1-10 F F10.0 Period in sec~
onds
EQ.O Terminate
program

Y Fi0.0 Amplitude re-
sponse

K i1 GT.0 signify
end of data
set

After one data set, program returns to Point C for
another.
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HILBRT PAGE 1

c PROGRAM IMPULSE
COMMON /ONE/DATA(2,1024)
COMMON /TWO/F(37)
DIMENSION 1BUF(3060),X(1026),Y(1026)
DIMENSION V(200),A(200),B¢200),C(200),N(200)
REAL MMMIN
Pl 5 3,1415%27

PIl = 1,/P1
PIH = PI/2.
RAD = 180./p]
DO 44 1 = 4,9
XX = ]

DC 44 § = 4,4

IF(J.EQ,1) vy = 0,001
IFC.EQ.2) YY = 0,01
IF(J,EQ,3) Yy = 0,1
IF(J.EQ,4) YY = 1.0

!

L o= (J=1)20 «
44 FLL) = XXuVYy
FL37) = 10,
NE = &7
CAlL FLOTS(IBUF,1000,10)
READ 10,X1,x2,:H
PRINT 10,%X4,%X2,h
17 FURMAT(3F1T,3)
CALL INTVALU(VIX: o X2 H2 M)
CALL LNCOTRV, CoMiH)
25 CuNTINUE
Real 30,07, MMMIL
PRINT ¢
FORMAT(4H1)
CALL AMPRIME (A, VL,V k,KJUMP)
IF(KJUMP En, 1) GO TC 966
Chath FLOT(O,C,=22,0,-3)
calt FLOT(n.n,4.,0,-3)
DL 30 1 = 4,MF
W FLT)
CALL ASHIFT(A,B.V,H.W,M,YYY,D,2)
FrSt = PITaDOT(R,CaV,¥,EY) + YYYapPIp
PRASE = FASE & HAL
1F21.EQ.L) FRINT 43
43 FORMAT(1H1/2HO,0X,10KFFEQ (HZ)Y +11X,9HPH] (DEG)»9X,13HMAGNIFICAT
10y 77)
PRINT 41 ,W,PHASE,Z
41 FURMAT(LH ,10X,t.20.5,F2¢.5,E20,5)
30 CONTINUE
DU 50 1P = 1,4

ia

N o= 1024
DF & 1,7(N#pT)
MY = 5%
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HILBRT PAGE 2

NP = 512
NP1 = 513
pC 10§ J=l,2
DG 160 1=1,1024
100 DATA(Y,13=0,0
DATA(L,82)
DATA(L,83) 1,/¢2,#D7)
DATA(L,B4) 1.7¢4,%D7)
CALL FOUR(DATA,iisa=1:DT,LF?
DAWAClai) -4 ﬂ.O
DATALZ,1) = 0,0
DC 20U ] = 2.NPz
W oz (I~1) & DF
Chll ASHIFTLA)B.VHW,MaYYY,D,2)
FASE = PILaDDOT(I,CaV,Mek) + YYYOPIK
IF(I EQ.2) FASESVs FASE
L & CNS(FASE)

1.7(4,%DT)

o Bnn

XI 5 ¢ % S1n(FASE)

Th = LATA(4, 1)

TI = LATA(

DATA(L,1) = XR#TR-XI2T1
DATALZ,1) = XR*T1+XI®TR
Xri = U,

x1 = L 0
Ni‘!=2,*PI*n
IFUIPVEQ.1Y XR 5 1,0
IFCIPVER,2Y XTI = -1 ,7WW
IFCIPLEL,3Y XR = =1,/({Wh%Kt)

IF(IP,EQ,4) XI

TR = Davacy, 1)

Tl = DATAC2,1)

DETALL,1) = XRaTR-X1&T!

DATA(Z, 1) XR#T]+X]#TR
200 CUNTINUE

Do ‘D‘ 1 = WPL,.

1o/ (RWakikahi)

"

J o Nepoy

DeYA(L,1) = DATA(L, )

DETAL2, 1) = ~DATA(Z2.J)
202 Cub TI“UE

DATA(€,NPLY = 9.0
IFCIPWEG .4, AND, ABS(FASEEV-270,3,L7,40,) DATA({1,1) = DATA(1,2)
CALL FOUR(DATA,iva+14DT,LF)
AMAX = 0.0
DC 40V | = 4,N
YL{I) = LATA(L,1)
IF(ABS(Y(IY).GT.AMAX) AMAX = ABS(Y (1))
X(Y) = (1-14) &« LT
400 CONTINUE
PRINT 42,AMAY
42 FURMAT(/ /774777 1k LEZ2045)
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HILBRT PAGE 3

s e RN e IO Re NGRS RS NS Ny

500

50

9089

= 1,MM
1) /7 AMAX
TYaMMMIN/ (€D, w25,4)

o
LI | B - | B | I an)
+ &
[ I~ R AN I S
- - * "
Lo B o N o ]

<
—

x

~rr
un

'115

CALL LINE(YIXOMMOiIUIO,
CALL PLOT(Z.0,0,0,-3)
CUNT INUE

CALL FLOT(12.0,0.0,-3)
GU TD 25

CONTINUE

CALL FLOT(N,0,0,0,959)
Sinp

Eﬁp

FurmCTlon TARHIX?
TH(X,GT,9.03 GO TC S
IF(ALLT,=%,0) Gu TO 1€
Y 5 EAR(X)

W om 1,/Y

TANH 3 (Y=W)/(Y+W)
RLTURN

TanH = 1.0

RELTURR

T TAKH 3 -1,

RETURN
gEnn

SVERKOUTINE FGUREDATA|NNQISIGNJDT;DF’

1T IS LETTFR TO PRESEN LF = ¢ OR TQ TRUE VALUE SOME cCMP DF = INDE
Thlz CUQLEY-TOOKEY FAST FOURJER TRAMSFORM IN USASI BASIC FORTRAN
TRARSFORMO )Y 5 sUNM{LATAUD)oWeel(1-32(J=1)), WHERE 1 AND J RUMN
Frob 1 Y0 %k ANL w 5 EXF{ISIGNe2#P1aSGRT(-1)/NN). DATA IS A ONF=
DIMENSTONAL COMELEX ARRAY (1,E,, THE REAL AND IMAGINARY PARTS OF
DATA ARE LOCATEL IMMELIATYELY ADJACENT IN STYORAGE, SUCK AS FORTRAN
PLACES THEM) WHUSE LEMNGTH NN IS A POWER OF TWD, [ISIGh

IS +1 0K -4, GIVING THE SIGN OF THE TRANSFORM, TRANSFEGRM VALUES
ARE RETURNEL IN ARRAY DATA, REFLACING THE INPUT DATA, THE TIME 15
PROPORTIONAL TO N&aLOG2th), RATHER THAN THE LSUAL N##2

RMS ReSOLUTION [ERROR BEEING BOUNDED BY 6#SQRT(1)elO0G2(NM)e2es(-EB),
B I5 VTHE NIMBER OF EITS IN THE FLOATING POINT FRACTION,

DIMENSTIUN NATA(L)

N s 2 # NN

IF(DT+EC.0,0) Di=1./(ANNupF)

IF(OFEQ.0,0) DF=1,/({NNELT)

IFCDToNE. (NNEDFY) DF & &,/ (NN#DT)
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HILBRT

ESR N |

n

&

9

(@]

1001
1002

10063

PAGE 4

J =1

pl 5 l=1,N,2

IF(]=9)1,2,2

TEMPR = DATa(J)

TEMPL = DATAC(J+2)

DATHR(W) = DATAL(L)
DATA(M+31)=DATA(1+1)

DATA(I) = TEMPR

DATACL+1) = TEMFI

M = N/2

IF(Jd=-M) 5,5,4

J B J-=M

M oz M/2

TR (M-235,3,3

JEJ*M

MMAX = B

IF (tMMax-N) 7,10,10

ISTERS 2 aMppX

THETA = €,263185307/FLOAT(ISIGN*MMAX)
SINTHESIN(THETA/2.)
WSTPR=-2 ,#SINTHeSINTH
WSTPI=SIN(THETA S

Whzl , L

Wilsp,u

DU 9 Pst,MMAX,?2

DG & lspM,h, 1STEPR

JETAMMAX
TEMFREWR#DATA(U)~wI#DATA(J+L)
TEMPISWR*DATA(J11)+h J#DATA( Y
DAaTa{w)zDATA (] )=-TEMFR
DATA(U#LYSTATALI+1)Y=TEMP]
BATALIYsDATA{ 1)+ TENFR
DETACI+1) = DATAtI+1)+TEMP]
TeMPR = WR

Wh = kReWSTRR-WIekSTPI + WR
Wl = WlgWSTRPR+TEMEROWSTELD + Wl
M X = {STEP

6L 10 6

COMTINUE

TReislan,LT,.0) g0 TC 10f2
FREQUENCY TC TIME DCMAIR

pC 1901 TIl1=1,xn
DATACLIILII Y= 2 TACIITIY&DF
ReTURA

CONTINUE

TIME TO FREQUEMCY DOMAID

DC 1003 111I=1,)\
DATA(ITI11)=DATA(CIITI)®DY

RE TURA

END
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HILBRT PAGE &

SUBROUTINE INTVAL(X,X1,Kk2:H M)
DIMENSTION X(1)

C X1 LT 8
Mlz~X1/H+2,
MI=M1+1-MOD(M1,2)

M =X2/H*2|
MEMI4NM +1-MOD(M ,2)
Xt1)==(M1=0.8)aH
pC 10 1s2,M

16 XE) =X (1-1)+H
RETURN
ERD

SUBROUTINE AMPRIME (W, X, A, My H, KJUMPY
DIMENSION AC1),X(4),W(1),FC200),Y(200),B(200),C¢200},C(200)
KJlUiMP = 0
DC 10 1=1,200
C R@AU IN PERICD,/MPLITUDE PAIRS IN ORDER OF INCREASING PERIOD
READ S,FCIY,Y(1),K
5 FURMAT(2F10,0.71)
IF(FCLYLEG,0,0) KUUMP = 1
IFCF(IY,EQ.C,0) RETLRA
YL YsalCGUY (1))
FOIY=—ALCG(F (1Y)
IFA(K,MNE,D) GO T( 1F
CONTINUE
NE Y
NEgNZE
Keheq
Pl 20 I=1,Np
JEK=-]
Zzp (1)
Fili=zF ()
FlJy=«
FARES P
YO =Y (J)
2T Yiuyl=sd
CALL SPLINC(l!NJFﬁYlBOC$D)
Nba(F (1 -X(1))/Het,
NezM=1 ,=(X(M)=F(N})/H
zzll 05'58 (1)
Z25B(1?
KahlL+1
DO 25 1=1,NL
JEK-T
W=z
25 A=Y 1r+24(XCu)=F(1))
Iz, 05ap(N)
ZEBIN)D

B

L83 Bon
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35

40

4%

[y

PAGE 6

DO 30 [=NH,M
Weyl=<

) ACLIEY(N)4Z(X(1)=F(N))

NRsNH=1

J=1

DU 45 1zK, Nk

TFCXCLY LT, FCUY GO TC 40

JEU*Y

6C 70 35

L= u]"l

=X (1)=F (L)
WOI)=B(L)+70 (2, «C(L)+3,%Z%D (L))
ACI)IEY(L)+26(B(LY+Ze(C(L)+28D(L)))
2=(,5/H

DC 50 l=zK.Ne

RO Eba(AlTet) A 0]-1))

PRINT 1,NH,NL,M

FURMAT (1R ,4mNp =,1E,4HEL =,15,4HM = ,15)
RETURN

E Iy t

SURROLTINE ASHIFT(A,B X K, WM, Y,CHE}
DIMENSION AC1),E(1,X013,C01)
D=ALOG (W)

2528 S{D Y /H

1l=4

2=7-1L

YS{O=A01))/4i+1

NEY

Ysy=N

E=EXPIO(NYey# (C(N+1)-C(h) D)
YEAUNI+YR (A CN+1)-A0N))
IF(D.LT,0.3 GO TO 30

NEM=1-1]

DU 10 T=s1,*

Js1+1L

PRI )sAU)+ 70t AL+ Y =ACL) )Y

Nep+l
pe 20 T=n, M

T B y=R M.y

REYURN

7221 ,-¢

Io=ID*1
N=JD+l
DG 40 1
BU(I)=A(
DU 50 1!
JEi-1L

1410
Y=Y
N M

r

" - u

O BUL)=ACUI+2a (Al +1)-AlJ) Y=Y

RETLRA
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HILBRT PAGE 7

END

SURROUTINE LNCOTHIX,C MakK)
DIMENSION X(1),c(1)
IF(X(M).G6T.=¥(1)) GC 10 30
N2 (XTL)eXINM) ) /H
IF(ABS(NeH+X(MI¢X(1)),6F.1,E-4) NN+t
DO 10 Isg,N
10 Clli=~ALOG(TANHI~0,.52X(1)))
JEMTY
KeX{M)/H+1, +N
NEN+]
DC 20 IsN.sk
JeJ-1
CoU == ALOGETANH(-0.5:X{1)))
cl1r=Cey)
2% CUNTINUE
RETURD
30 ONSIX(MYaX({1))/u
I[FCABS(N#H=X(1)=X(M)),GT. 1., E-4) N=N#1
KS=X(1)/H+1,
JEK+K* 1
DC 40 131,k
NENES
ClN) == ALOGITANH(=(.5eX(1)))
47 Cciyy=0ty
K=g+1
DU 50 ek, M
52 CUIV=-ALOG(TANK(D,54X(1}))
RETURM
E [N [

FLRCTION DRT(A,BaXxs N, R}
DIMENSION A(1),EC1),X(1)
DU 10 I=1,N

10 ACLISA(CIY®R(])

MEX(L)/HeY,

Der=A(Y)

DC 20 1=3,M,2

DET=DCYwd,0al1-0242,8A11)

DUTEDUT-A(HY+A (L +1)

M:re+3

DL &0 I=M,N,?

30 DUT=DUT«4, oA (]-1)+2,%A(1)
DUTSH®(LCT=a(NY /2,
RETURM
Efvg

™
(o |

SUEKDLTINE SPLINC(NL,N2.%,Y,B,C,D?
DIMENSION X(3),Y(4),B(1},C(1),D(1)
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MILEBRT

i

40

PAGE 8

MizN1+1

M2=h2-1

M3=ML+MD

s$=0,

DC 10 KsNi, N2
DKY=X(K+1)=-X{K)
RE(Y(Ketd=Y(K))/D(K)

C{K) = R - 5
S=R
rR=0,0
s=¢,0
CINL)=0,0
Cin2Y=p,. N
DU 20 KaMi,m?
CIK) = CU(K)#ReC{K-1)
BIKI=l /({X(K=t)=X(K+1))n2.=RaS)
SED(K)
R*S#B(K)
DG 30 KsMi,pm2
LEMI-K
CCL ) =o(LYe(n(L)eC(L+1Y-0C(LY)

DU 4 KaN1,m2
BOK)={Y(K+4 =Y (KII/L(RI=(CUK)®w2,+CtK+1))aD(K)
D(KI=(C(K+1)~-CtK))/L(K)

Cikied , ¢C(xy

REX(NZ)=X (M)
BINZ)EB(M2YeRu(x, a0 (M2)43, #REDIM2))

ciN2Y=D,

DiNE) = 0.n

RE TURN

EnD
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DATA PAGE 1

-7' 7. 012

0!25 7.5
2,5 L,0703
5.0 1,125
6.67 3,56
i0, is,
12,5 45,
14,29 5,
16,67 135,
20, €40,
22,24 S0g,
25, 360,
28,87 370,
37,33 320,
40, 185,
50, ig¢g,
66 ,6¢ 34,
100, 6,718
111.31 4,406
125. «,751
142,66 1.613
166,07 G,8704
333,533 105439
500. LN1GT746

1000, 006718 1
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Impulse Displacement Impulse Acceleration

Impulse Velocity Step Acceleration
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FREQ (H2)

0.10000E.02
0uaucaoaf°2
0.900008«02
0u‘0°0°5~02
0.50000E-02
0.600008=-02
0.70000E~02
0.80000B=-02
0,90000E~02
0.100008-01
0.20000E-01%
0.350000E01
0.,40000E»01
0.50000E~03%
0.60000E=01
0,70000E~01
ouaooooEFOi
0,90000E~01
0.30000¢g 00
0.20000E 00
0.90000EF 00
0,400008 00
0.500008 00
0,60000E 00
0.70000E 00
0,80000€E 00
0.%900008 00
0.10000F 01
0,20000¢ 04
0.300002 01
0.400008 01
0.200008 01
0.600008 01
0.70000F 04
0,80000E 01
0:.90000E 01
0.100008 02

0.R024%E 02

0.92551E 02

PH! (DEG}

354 ,44584
342.7214%
333.97442
325,07658
316,23968
307.35212
298,48943
289.59594
280,.268846
274.5056%
169,03246

63,32208
“'35034685

-107,43589
~186,19694

~190.64494

~214,%4088

*232.90683

w246 ,6372%

~-304,25502

““;28!92178
-=332,02553

-337.59146
«344.29B62

-343,9777%

~345,5651%

'”347!4,293
~348,7681%
'*354'2605?

«356,111190
~357.04558

-387,60168
=357,966640

~3%8,22774

-3B8,42483
'f355|58372
~358,70178

IX-14

MAGNIFICAT]ON

0.67160E=03

0L10746Em0]

0,54390E~01
0.17487E 00
0.41964E 0O
0.87048E 00
0o18129¢€ 01
0.27512E 01
0.44059E 03
0L67189E 041
0-99546E 02
0.31807E 03
0.34430E 03
0.23110E 03

0,13271E 03
0-74935E 02

0. 44868E 02
0.27801E 02
0.18000F 02
0-112518 01
0.22191E 00
C.70300E~01
0-28822E~0)
0.13911E~01
0,751356-08
0.44068E~02

0s27525E=02

0-18067E-02
0-11326E03
0.22411E~04
0-70996E-05
0+29108E~05

0.14048E«05

0.75879E~06
0. 44804E~06
0,27798E=06
0-18246E06



X. HASKELL
PROGRAMMER : R. B. HERRMANN / Mar 1975
PURPOSE:

This program uses the Haskell-Thompson formalism to
synthesize teleseismic P and S wave time histories for any
of a set of seismic source force equivalents. The options
include source crust response, receilver crust response,
anelastic attenuation, and instrument response.

INPUT/OUTPUT

Card input is from FILE 60, printer output is in FILE
61, and FILE 10 is used for the off-line CALCOMP plotter
tape,

THEORY

The theory is described by Hudson (1969). An example
of the use of the program can be found in Herrmann (1976a,b).

PROGRAM DESCRIPTION

PROGRAM HASKELL: Main input-output routine.

SUBROUTEINE SIGNAL: Computes the theoretical spectra and seis~
mograms.

SUBROUTINE FOURIER: Performs an inverse Fourier transform
of a spectra.

SUBROUTINE SPEC: Takes spectra and plots ona 2 & 3
log-log plot.

SUBROUTINE TRANS: Converts from DIP, STK and SLIP into orien-
tation of x,y axes or P and T axes.

SUBROUTINE RESP: Takes spectra of input pulse and includes
non-causal anelastic attenuation and/or instrument effect.
Also delays signal for P wave studies so that time is rela-
tive to direct arrival, no matter what the focal depth is.

SUBROUTINE PULDLY: Gives the P wave delay time for use in
RESP.

SUBROUTINE MODELIN: Reads in receiver and source crust
models. Both must be read in.

SUBROUTINE RAD: Gives theoretical far-field P, SV, or SH
amplitudes from a double-couple source. Used to determine
theoretical S polarization angle.

SUBROUTINE MINMAX: Searches an array for minimum and maxi-
mum values, prints these values out and then adjusts the

values for the use of EBZPLOT2.

X-1



SUBROUTINE SEISMAG : Hagiwara's formula for the system
response of a 15-100 WWSSN LP seismograph. The sign of
the output is such that a unit positive impulse will give
an initial positive output.

SUBROUTINE FOURZ : This computes a FFT, This is really
FOUR1 of Brenner.

SUBROUTINE PULSE : This generates a trapezoid of unit area
which is used as the source input signal. The beginning of
the signal is delayed by DT1 + DT2 + DT3 to avoid some
aliasing problems in the time domain.

SUBROUTINE DELSV: Haskell formulation of response at sur-
face of plane-layered halfspace to an incident P or 8V wave.
Vertical and radial spectra are determined.

SUBROUTINE DELSH : Haskell formulation of response at surface
of a plane-layered halfspace to an incident SH wave.

SUBROUTINE SHSRC: Response of source crust upon teleseismic
SH for source within the crust.

SUBROUTINE SHEXC : Excitation of SH by various: types of
sources ~ BASKELL uses only ISRC = 5 or 6, These are
really multipole coefficients,

SUBROUTINE SVSRC + Spectra of teleseismic P or SV due to
source in a layered source crust.

SUBROUTINE COEF: Generation of the layer matrix BB used by
SVSRC.

SUBROUTINE SVEXC: Multipole coefficients for point sources
for SVSRC. HASKELL uses only ISRC = 5 or 6,

SUBROUTINE DETER : Gives the determinant of a 3 x 3 matrix.

SUBROUTINE DOEY : Generation of the source layer matrix DP
used by SVSRC.

REFERENCES
Haskell, N. A. (1964). Radiation pattern of surface waves

from point sources in a multi-layered medium, Bull.
Seism Soc. Am. 54, 377-393.

Herrmann, R. B. (1976a). Some more complexity in S-wave
particle motion, Bull. Seism. Soc. Am. 66, 625-632.




Herrmann, R. B. (1976b). Focal depth determination from
the signal character of long~period P waves, Bull,
Seism. Soc. Am. 66, 1221-1232,

Hudson, J. A. (1969). A quantitative evaluation of seismic
signals at teleseismic distances-II. Body waves and
surface waves from an extended source, Geophys. J. R.
astr.Soc. 18, 353-370.

(Note: there is a small error inhHudson's equation
. . &, .

Bﬁg. The expression defining h_~ is in fact not

h ~ but rather - F{w) K, as can be verified by a

sblution of equation 2.% using equation 2.7)



INPUT DATA

Card
Sequence Column

A. 1-5

Name

MMAXS

B. Source Model (MMAXS cards)

1-10

11-20

21-30

31-40

C. 1-5

DS

AS

BS

RHOS

MMAXR

D. Receiver model (MMAXR cards)

1-10

11-20

21-30

31-40

DR

BR

RHOR

Format

15

¥10.3

F10.4

¥10.4

F10.4

15

F10.4

¥10.4

F10.4

F10.4

Explanation

Number of layers
of source crust
including half-
space

Layer thickness
in km

Source layer P
vel km/sec

Source layer S
vel km/sec

Source layer
density gm/cc

Number of layers
of receiver
crust, including
halfspace.

Layer thickness
in km of re-
ceiver crust

Layer P vel
kn/sec

Layer S vel
km/sec

Layer density
gm/ce

{(Note MMAXR and MMAXS can be no greater
than 10).

D. 1-10

TMMN

Fi10.3

Minimum time
value for time
history plots
(LE. 0)



D. Cont'd)

Card
Sequence

Column

11-20

21-30

31-40

1-5

11-20

21-25

1-10

11-20

21-30

Name

FMIN

DT

IEQEX

pI?P

STK

Format

F10.3

F10.3

F10.3

15

F10.5

15

F10.3

F10.3

F10.3

Explanation

Maximum time
value for time
history plot

Minimum frequency
for spectra plot

Maximum frequency
for abscissa of
spectra plot

Number of points
to be used in
synthesizing the
input time series.
The plotted output
time series varies
from t = 0 sec teo
t = (NN-1)*DT sec
NN.LE. 256,

Digitizing interval
256*DT sec are
synthesized while
NN*DT sec are out-
putted.

LE.O double couple
earthquake source
GT.0 center of com-
pression used for

source

Focal depth in km.
Must not be in
halfspace of model.
e,g. must be within
a layer. (LE.O ter-
minate program)

Dip of fault plane

in degrees (00,900)

Strike of fault
plane. Fault dips
to right when look-
ing along strike.
Measured clockwise
from N.



F. (cont.d)

Card
Sequence

31-40

41-50

51-60

61-70

71-80

G. 1-5

6-10

Column

Name

SLIP

DT1

DT2

DT3

XMOM

IFORM

Format

¥10.3

F10.3

F10.3

F10.3

E10.3

I5

I5

Explanation

Angle of slip
on fault plane.
Measured from
direction of
strike. SLIP
(00,1800) center
of focal sphere =
comgressign
(-0",-180" )center
of focal sphere =
dilatation.

Duration of posi-
tive slope of
trapezoidal
source pulse.

Duration of zero
slope of trape-
zoidal source
pulse

Duration of nega-
tive slope of
trapezoidal
source pulse.

Seismic moment
in dyne-cm

LE.O go te Point F
for new source

EQ.1 P wave synthesis

EQ.2 S wave synthesis

.EQ.1 Response of
source and receiver
system together
.EQ.2 Response of
source crust only.
Only teleseismic
P or S returned.
+EQ.3 Response of
receiver crust to
a unit incident
teleseismic P or
S wave.



G. Cont'd)

Card
Sequence

Column

11-15

16-20

21-25

26-30

31-35

36-40

41-45

Name

ISPEC

IATTEN

1Z

IN

IE

IR

IT

Format

I5

I5

I5

15

15

15

I5

Explanation

GT.1 Ground
motion output
LE.1 seismograph

output
{at present
15-100 WWSSN)

GE.l attenuation
(non-causal in-
cluded)

LT.1 not included

LE.O skip

GT.0. and .LE.2
seismogram

GT.2 spectra of
Z component
(for ITYP=2
this equals
mantle P or SV
according to
IFORM)

LE.O slip North-
south output
GT.0. and .LE.2
seismogram

GT.2 spectra of
NS component

LE.O skip east-
west output

GT.0. and LE.2
seismogram

GT.2 spectra of
EW comp.

LE.O skip radial
output

GT.0. and.LE.2
seismogram

GT.2 spectra of
radial comp.

LE.O skip trans-
verse output

GT.0.and ,LE.2
séismograin

GT.2 spectra of
transverse Compo-
nent (SH)



G. (Cont'd)

Card
Sequence Columi Name Format Explanation
46-50 IPOL 15 LE.O do nothing
GT,0 plot SH vs 8V
particle motions
when IFORM = 2,
H. 2-5 ISTA Ab Identifier—-control

returns to Point G
when ISTA=HALT

11-20 DEL F10.3 Azimuth of station
w.Tr.t. source

21-30 BAZ F10.3 Back azimuth from
station to source.
Used in making N
and E time histories
from R and T

31-40 c E10.3 Phase velocity of
arrival (km/sec)
determined from
travel time curves.

41-50 GEOM E10.3 Geometrical spread-
ing factor for P
wave-~gsee Bullen

or EDABAC,

51-60 GEOMS  E10.3 Geometrical spread-
ing factor for §
wave.

61-70 BETSS F10.5 S-wave takeoff

angle, used for
determination of
theoretical S-
wave polarization
angle,

The program calculates the desired quantities and reads another
ISTA card until it finds one for which ISTA = HALT,



HASKEL

(o Xo Ne

PACE 1

PROGRAM HASKELL(INPLT,OLTPUT,TAPESO=INPUT , TAPES&L1=20UTPUT,FILMPL)
THIS PROGRAM GENERATES P OR S WAVE GROUND QR SEISMOGRAM TIME
HISTORIES FOR A PARTICULAR SET OF SOURCE PARAMETERS
CRARACTER XiL,YL,TL,YLS,BHL,SVL,FLaIOUL,I0U2,10U3,18T
COMMON 4 SREMCD / DS(103, AS(10), RS(19), RHOS(40), MMAXS
COMMON / RECMOD / DRE10), AR(L0), BR(L0), RHOR(L1D), MMAXR
COMMON s CONTROL ¢ IFORM,ITYP,ISPEC,JATTEN,IZ,IR,IT
cuvMON ¢ SOURCE / SAVELl 258),C,H,DIF,STK,SLIP,DCF({3)},DCN(3), 1SR
COMMON / PULS  / X(258)0Y(258),\N
cUmMON / FOUR/ DATAC S512),N,DT,DF
COMMON ZPLTLIM / TMMN, TEMX,FMIN, FMAX
COMMON 7/ PLTTTL 7/ XL(BY;YLLS)Y, TL(BY,FLI8),Y
DIMENSION Z(258),LN(258),UE(258),R{258),7(2
DIMENSION 1sUF (20002
DIMENSICN Xx(43,YY(4)
CAlL FLCTS(IBUF,1000,10)
CALL MODELIw
pi 33 1 = 1,56

(B),SVL{&)
8)

XL(}) = 64

FLiz) = 6HFREOLE
FL{3) =  6HLCY (H
FiLt4) = &HZ)

YLUL) = 6HAMPLIT
YLKE) = 6HUEE SE
YL(3) = 6HECTRYR
YLigq) = BHCH=2EC

XL (1) = 6H Tl
XL{g) = 6HME (SE
XL{3) = EHE)

YLS(1) 5 6H AMPLI
YLS(2) = 64TUDE ©
YLS(3) = 6WrM)
SHL(2) 2 64 SH
SVi(2) s 6+ SV
NEGRAL = 0,017452326

REAG(ED, 1) TMMN, TMMX,FMIN,FMAX
FURMAT(7F13,3,£10,3)
XFIn & TMMN

_ XMAX = TMMX
RuAL(E0,4) NM,DT,IEGEX
FURMAT(15,5%,F10.5,215)

ISRC = 5
IFCTEQEX,.GT.8) ISRC = 6

IF CLEGEX,GT,0) 10L1 = 4HEXPL
IF{IECEX. GT‘O) 10U = 4LQSID
IFCLEGEX,GT,0) 10U3 = 4N
IFCIECEX.LE,0) 10LL = AWEART
IFCTEGEX,LE,0) 10L2 = 4mKHQUA
IFCLEUEX ,LE,N) 10L3 = 4FKKE

WEITE(61,34) NN,DT,I0UL,10U2,10U3



HASKEL PAGE 2

oaaOaoOaoaoaanoaQna

14 FURMAT(LHO,4HNN = ,15,5X,4HDT = ,F7,2,5%,344/)

4002

4001

2

12

4002

CONTINUE

READU(E0,1) W,DIF,STK,SLTP,DTL,DT2,DT3,XMOM
IF¢HLEL0) G0 TO 9999
WRITE(61,14) H,LIFP,STK,EBLIP,DT1,DT2,DT3,XMOM

11 FORMAT(LHOSZHK 5 2F7.2:4X+5HDIP = ,F7,244X%,5HSTK = ,F7.2,4X+6HSLIP
1 % ,F7,2,4X,5HDTL =

25HMUM = L,EL10,

3/

Hs H % 1,0E+3

CALL TRANS
CONTINUYE
REAL(6D,2)
FCRMAT (1015

$F702,4X,5HDT2 =

TFCIFORM,LE,0) GO TC 4002

IF(IFCRM,NE.2)

IPCL = 0

£7.2,4X,5HDT3 = ,F7,2,4X%,

TFORM, ITYP, ISPEC, IATTEN, IZ, IN, 1E, IR, 1T, IPCL

Wh1TE(&1,12)1F0RM, 1TYP, 1SPEC, TATTEN, 12, IN,1E, IR, IT,IPOL
FURMATtIH ,1015/)
TFORM = 1 P WAVE SYNTHESIS = 2 § WAVE SYNTHESIS

RESPCNSE CF SOURCE AND RECEIVER CRUSTS

RESPCNSE CF SOURCE CRUST ONLY ~- TELESEISMI® P OR €
KRESPONSE DF RECEIVER CRUST ONLY

ITYP  LEG, 1
JEG, £
JEGL. 3

ISFEC GT 1 GROURD

MCTION QUTPUT

LE 1 SEISMOGRAPH CLTPUT

14 LE

z U
I N LE &
I E LE ¢
I R LE ©
IT T LE &
IFCL + GT. C©
Nz 2hg

SKiP Lk
SKiP Lg
SKIP LE
SKIP LE
SKIP LE

MR N

TETTER .GE,.l ATTENUATIGN INCLUDED

SEISMOGRAM
SEISMOGRAM
SEISMOGRAM
SEISMOGRAM
SEISMOGRAM

PLOT &H VERSUL SV

GE
GE
GE
GE
GE

AR NS N

Celb FULSECX, Y AN DT, LT4,DT2,DT3, XMOM)
Y,NNsSMIN,BMAX)
TL(2) = 6nSCURCE

Call MINMAX{

TL(S)Y =2 6

PuLSe
ChlL EZRLOTZ (X,

DE s 1, /(hanT)

CUNTINUE
Reab(60,5)

FORMAT (1K , 44,

IFCIST,EQ.4HHALT) GC TO 4001

WRITE(S1,5)
C = C#1,0E«y
TL(2) = IST

IFCIFURM,EQ,1) SCALE
TFCIFORM,EQ,2) SCALE

DeLAY = 0,0

GEOM
GEOMS

IFCIFCRM,EQ,1) CALL PULLLY(DELAY)

NE 2 N @ 2

DO 1000 1 = 1,N2

X-10

L7, 1 NOT INCLULCED
SPECTRA
SPECTRA
SPECTRA
SPECTRA
SPECTRA

YoNA, LU XMIN, XMAX, SMIN, SMAX, XL, YLS, TL, 1, 1)

IST,DEL.BAZ,C,GEOM,GEOMS,BETSS
5X33FIQ.3:2Ei0.3:F1Q,5>

IST,DEL.BAZ,C,GEOM,GEDMS,BETSS
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1000
1005

2314

7003

4006

1

PAGE 3

DATACI) = 0,0
DO 1005 1 = 1,NN
DATA{Z2s]-1) = Y(]) & [T
CALL FOUR2(DATA|NIOI'1’
CALL RESP{DATA,LF,N,IFOBM,1SPEC,TATTEN,SCALE,;DELAY)
DG 2314 1 = 1,258
SAVEL(I) = DATA(D)
CALL SIGNAL(Z,R,Y,DEL)
Cb = LOS(BA22DEGRAD)
BB = SIN(BAZ#DEGRAD)
DU 70U0 I = 1,NN

UNCIY = = CB = R(1) + SB # T(])
UE(I) = = Se « R(I) - CB & T(])
CONTINUE

IF(IPOLLLE.S) 60 TO 5006

Do 4006 I = 1,N

TFCZ¢I) NELC.OD)Y SEN SIGNCL,0,Z(1))
TF(L(1Y,EQ.0.0) SGN SIGN(=1,0,R{1))
USVII) = Sgy # SART(Z(1)1&Z(1) + RCIY&R(I))
CALEL MINMAX(USV,NN,SMIN,SMAX)

CALL MINMAX(T NN,SSIN,SSSAX)

DUM = ABS{SHAX)

IFC(CUM.LT,ABS(SSAXY) DUM = ABS(SSaX)
S¥Iiv & = Uw

SMAXY = DLW
TL{1) = 187
TR(2) = 6HS POL&A
TL(SY 2 GHRIZATI
TL(4) = 6RHDA

CAlb EZPLOTZ2(T,USV,AN,0,SMIN,SMAXSMIN,SMAY,SHL ,SVL,TL,1,3)
Callk RAD(STK,DIF.SLIP,DEL,BETSS,Ds3)
Cale RAC{STK,DIF,SLIP,DEL,BETSS,E,2)
SFOLANG = ATAN2(E,.D)Y/LEERAD
NRTTE(SL,6) SFOLANG.E,D
FURMAT(LIH +eHSPCL =¢F6,15SX04HSH =,2E10,3,5%14HSY =4E10.,3)
SS % SIN(SPOLANG#LECGRAD]
CC = COS(SPOLANG#DEGRALD)
RL = ¢,75 # SMAX

R2 = 0,95 # SMaX
XX({l) ¢ R1 & S§%
X4{g) = R2 # SS
YY(1) = R1 @ CC
YY({2) = R?
% CC
Calbk NXCURVZ(XX,YY.2,0)
XA{1) = - ¥xt1}
XX(2) = = XX(2)
YY(1) = - yY(1)

YY(2)2-YY(2)
CALL NXCURVZ(XX,YY,2,0)
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TL(Z) = 6H
TL(2) = IS8T
TL(3) = 6H
TE(4) = 6H

5004 CUNTINUE
IFCIZ,LE.GY GO TO BG01
TL(3) = 6HZ
IF(ITYP,EQ, 2. AN, IFURM,EQ: 1) TL(3)
IF(ITYP,EG,2,ANCLIFCRM,EQ,2) TLI3)
IFCIZ.GT.2) 6O TO 6001
CALL MINMAX( Z,NN,SMIN,BEMAX)
CALL EZPLOTZ2(X, Z NN,O,XMIN,XMAX,SMIN,SMAX,XL,YLS,TL,1,1)
6001 CUNTIMUE
5001 CONTIRUE
TFCINGLELGY GO TO 5002
TL(3) = 6HN
IFCIN.GT.2) G0 TH 6002
CALL HINMAV(UN)RN;SVIN;SMAX)
Crll EZPLOTZUX,UNGNN, O, KMIN, XMAX,SMIN, SMAX, XL, YL S, TL,1,1)
6002 CONTINUE
002 COATINUE
IFCIESLE,UY 6O 1O 50503
TL(3) = 6HFE
IFCIESGT.2Y GG TD 4003
CALL MINMAX(UE,AN,SMIN,SMAX)
CALL EZPLOTz (X, UT,Nh, 0, XMIN, XMAX, SMIN,SMAX, XL, YLS,TL,3,1)
6003 CUNTIBUE
5003 CONTINUE
IFCIRWLELOY 6T TO 5004
TL(3) = &K=
IF(ITYP,BG, 2, ANL . IFCRM,EQ.1) TL(3)
IF(ITYPL.EG, 2. ANLL.IFCRM,EQ:2) TL(3)
IFCIR«GT.2) GT TD 6004
CALL MINMAX( R,5N,SMIN,EMAX)
Call EZPLOTZ(X, RyNAN,O,XMIN,XMAX,SMIN, SMAX, %L ,¥LS,TL,1,1)
60G4 CUNTINUE
5004 CUNTINUE
IFCITWLELOY GO TO BU05
TLSY = &KT
IFtIT.6T.2) 60U YO 6C05
CALL MINMAX( T,NN,SMIN,SMAY)
CALL BZFLOTZ(X, T,NA,G,XMIN,XMAX,SMIN,SMAX,XL,YLS,»TL,1,1}
6005 CUNTINUE
5005 CUNTINYE
60 10 4003
9999 COUNMTIANUE
CALL FLOT(12,0,0,0,599)
STCFP
END

6HP
6HSV

6HP
6HSYV

SUEKOUTINE SIGNAL(Z,R,T,PHI)
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1
106

954

SGg
100¢

10061

PAGE 5

CHARACTER XL, YL, TL,YLS,EHL,SVL.FL

CUMMON / CONYRCOL , IFCRM,ITYP,ISPEC,IATTEN,1Z,IR,IT

CuUMMON / SOURCE / SAVE1( 258),C,H,DIP,STK,SLIP,DCF(3),DCN{3Y,1SRC
COMMON / FOUR/ LDATAC 5$2),N,DT.DF

COMMON /PLTLIM /7 TMMN, THMMX,FMIN,FMAX

CUMMON / PLTTTIL /7 Xu(8),YL(B),TL(&B),FL(B),YLS(8),SHL(8),8VL(8)
COMMON / SAVE / SAVE2(2%8),S5AVE3(258)

DIMENSION 7¢(258),R{258),T(258)

NFLi = N/2 + 1

N2 s v ¢ 2
né 100 1 = ¢,N2
SAve2(1) = ¢,0
SAVE3(1) = 0,0
Z(l1)y = 0.0
R(I) = 0.0

o T(1) =

ST
CONTINUE

IFLITYRP,EG,3y 60 T0 1004

DU 10vDp INDEX s 1,2

IhDeX ® 1 P WAVE SOURCE INDEX = 2 S WAVE SQURCE
TF(IFCRM,NF, INDEX) GO TC 1000

DY 999 1 = §,NPL

FREG = (1=-41) = CF
J =2 1 -1
K=z 2 =1

I"{FReQ.EG,u.0) FREG = 1.0Fe05
IF{1Z2.LE.C,AND.IR.LE.O) GO TD 904

Call SVSRC({FREQ,C,AR,AI,DCF,DCN,ISRC,H,PH], INDEX)
SAVEZ2(J) & SAVEL(J) = AR - SAVEL(K)Y & Al

SAVE2(K) = SAVEZI(K)Y # AR + SAVEL1(J) # Al

CONTINUE

TEOINLEXLED,L) GO TC 999

IFLITWLELO) BC TO 999

ChlLL SHSRC(FREQ,C,AR,Al,DCF,DCN, ISRC.H,PHI)
SEVeE3CY) = SAVEL(U)Y # AR - SAVEL(K) # Al

SAVEZ(K) = SAVEL(K) * AR + SAVEL(J) * A]

CUNT IhUE

CUNTINUE

AT THIS PUIRT SaVEZ = MANTLE P OR SV AND SAVES = MANTLE SH
IFCITYP,EQ,2)Y GL TO 3008

CUNTINUE

Dv 2Qvp INDEX = 1,2

IFCIFORM,NEINDEX) GO TE 2000

DC 1999 1 = 1,NPi

J =2 *1 -1

K =2 2 &« 1

Fre@ = (1-4) =« LF

I[F(FREQ,EG.G.0) FREG = 1,0F~05
IFCIZ,LE, 0, AN IRLLE.OY GO TO 1904
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CALL LEBLSV(FREQ.C,ALR,ALT,AWR,AWTISINDEX)
GO TO (1991,1991,1993),1TYP

1991 Z(JU) = SAVFZ(J) ¢ ARWR = SAVE2(K) # AW!
Z(K) = SAVE2(K) # AwR +« SAVEZ2(J) o AWI
R(OJY = SAVEZ(J) # AUR = SAVEZ(X) = AUl
RUK) = SAVER2(K) # ALR + SAVE2(J) # AU]
GU TO 1994

1993 Z(J) = SAVELI(J) # AWR = SAVELI(K) & AWI
ZUK) = SAVEL(K) # AWR « SAVE1(J) ¢ AW]
REJ) ® SAVE4(J) # ALUR = SAVEL(K) # AUl
RUIK) = SAVE4(K) # AUR + SAVE1(J) # AUI

1994 COUNTINUE
IF CINLEX.EQ.1) GO TO 19%9
IFCITHWLELGY GO TO 1696
Call DELSH{FREG.C,AR,AD)
GL TO (1981,1981,1983),1TYP

1981 TiJ) = SAVEZ(J) & AR = SAVEI(K) = Al
T(K) 5 SAVEZ(K) # AR + GAVE3(J) ¢ A]
gl 10 1984

1963 T{J) ® SAVE1i(J) # AR « SAVEL(K) # Al
T(K) = SAVEL(K) # AR + BAVEL(J) & Al

1984 cOUNTIMUE
1999 CONTINUE
2000 CONTIMNYE
GU 70 3002
3001 DL 29%9 1 = 1,NP
Z0(1) = SAVEz(1)
R(I) = SAVE2(])
T(!) = SAVE3(I)
CONTINUYE
CONTINYE
c SrECTRA PLOTTED IF SO CALLED FOR
IFCIZ+LT,2) GO 10 3ull
TL(3) = 6H7Z
IF(ITYP,EQ, 2 ANL.IFCRM,EQ,1) TL(3)
IFCITYP,EG, 2 . AND, IFCRM.EQ.2) TLI(3)
ChLL SPEC(DF,N,Z)
3011 TF(IR.LT.2Y GO 70O 3012
TL(S) = éHR
IF(ITYP,EQ, 2. AND,IFCRM,EQ. 1) TL(3)
IF(ITYP.EQ, 2, ANL, IFCRE.ERQ.2) TL(Z)
CALL SPEC(DF,N,R)
3012 IF(IT.LT.2Y GO 7O 3013
TL($) = 6HT
CALL SPEC(DF;N'T)
3013 CONTINUE
c SEISMUGRAMS NOW DETERMINED FROM THE SPECTRA
IF(1ZWLE 2, AND.1Z.67.0) CALL FOURTRIZ)
IF(IRLE,2.AND.IR,GT.0) CALL FCURTR(R)
IFCITeLE.2,AND.IT.GT.0) CALL FOURTR(T)

(720 0]
L0
g

WP
6HSV

" u

£HP
EHSY

Hn
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RETURNM
END

SUBROUTINE FOURTR{X)
COMMON ¢ FOUR/ LATA( 5£2),N,DT,DF
DIMENSION X(1)
N2 = N ¢ 2
pU 10C¢ 1 = 1,
100 DATA(L)Y = X(!
MM 3 N2 + ¢
nl 1015 1 = MM,
Js N+ 2 -7
DATA(Ze]-1) = NATA(z# ~-1)
1015 DATA(Zw]) = - DATA(Z#J)
DAYA(cuaMM) = 0.0
DATA(Z2) = 0,0
CALL FOURZ(DATA,N,O0,+1)
DC 30«0 1 = 1,n
J s 221 -1
1020 X{1) = DATA(J) & LF
Rz TURA

N2
)

Eup

SLEBROUTINE TRANS
COMMON s SOURCE / SAVEI( 258),C,H,DIP,STK,SL1P,DCF(3),DCN(3),1SRE
DU 10U 1 = 1,3
DCFLL1Y = 0,0
107% DULNCT) 0.0
IF(ISRC,LT,4.0R,ISRC,GT25) RETURN

34

c 1580 +EG. 4 [DCF = CRIENTATION OF X=-AX1S
c DCh = CRIERTATION OF Y=AXIS
" I158C +EG, B DCF = CRIENTATION OF T=AXIS
¢ DrN = CRIENTATION QOF P-AXIS
12 FURMAT(4HO, 5kX = (3F10,7,1H,4F10,7,1H,,F10,7,1H) '
1 Bx R 5hY = (,F10,7)1H,«F10.7,:1H,,F10,7,1H) R
foTH s 5F2 = (,F10.7 41K, aF10.701H, ,F10,7+1H) )
11 FURMAT (LM ,5HT = (, Fi0:7,1H,»F10.721H, ,F10,7,1H) ’
NS S DHP & (, F10577,1H,aF10.7,1H,,F10,7,1H) /)
DEGRAL = 0.,017452325
SINS = SIN{STK#DEGRAD)
CGES = COS(STK#LCEGRAD)
SIND = SIN(UIP=2LEGRAD)
CCsh = COS(DIPRLEGRAD)
SIMF = SIN(SLIP#*DEGRAL)
Cusk = COS(SLIP#DEGRAL)
ALl = COSF#COSS + SINF#EOSD#SINS
ALZ2 = CUSFaSINS - SINF#g0SDeCOSS
ALY = « SIMFeSIAD
AZ1 = « SINS®SIND
A22 = COSS ¢ SInLD
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AZ23 = - COSDh
A31 = COSS#SINF - CCSCefLOSF#SINS
AS2 = COSD#COSFeCCSS + BINFeSINS
AS3 = COSFaSIND

WRITE(61,10) A11,A12,413,A21,422,A23,A33,A32,433
IF(1SRC,EQ,5) GO TO 100%
DCF{1?) = A1

CCF(2) = A1?

DCF(3) = A13

DON1) s A21
CCN(2) = A22

DCN{3) = A23
REYURI,
CUNTIMNUE
T = AL1 + z21

T2 = A{2 + A2?
T3 = A13 + A23

THORM = SOQRT(T14T1 + 72272 + T3aT3)
TE(T3,LT,0.0) TRORM = ~TNORM
NCFLLY = TL/TNCRM
DCF{2) = T2/TNORM
DCF(3) = T3I/TNORM
PL = A11 - a2l
P2 = Ai2 - A22
PS = A13 = A23
PAORM = SORT(P14P1 + F2eP2 * PI#P3)
IF(F3WLT,0.0) PhORM = = PNORM
DUN(L) = PL/PNOKM
DCNE2) = PZ/PNORM
DCN(3) = PI/PNORM
WHITECE1,14)DCF{L)LCF{2),DCF(3),DEMCLY,DEN(2),DENE3)
R TURAN .
END

SURRQLUTINE RESP(DATA,LF,N,IFORK,ISPEC,IATTEN, SCALE,DELAY)
NIMENDION DATALZ) :
IF(IFCRM.ERQ,1) 7Q = 1.¢€

TrG = 1.8 FOUR P WAVES (RELMBERGER)

1F(IFCRM,ER,?2) TR = 2,0

T/G = 3.0 FoP 8§ WAVES (wELMBERGBER)

M F N2 + 8
ne 10 I s 1,¥
Xi =1 -1

FEEG = X1 « DF

ARG = 6,2B3485207 & FREL # DELAY
Fag = 1,0

IFCTATTEN,LT,1) GO 1O 9%

FAC = EXP(-3,1415927 & TQ # FREG )
COMTINYE

J = 2«1 -1
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K=2#1
IFUISPEC,GT,1) 60 TC 108

IF(FREQ,EQ,0,0) FREGC s §,0E=5
CALL SEISMAG(FREQ,3000.,XR,XI)

GU T0 161
100 xx = 1,0

[ ]

101 CONTINYE
TEMPR = XReDATACJ) = X1#DATA(K)
TEMPI = XR#DATA(K) + XI®DATA(J)
DATA(R)Y 3 TEMP! & SCALE
DATA{Y) = TEMPR & SCALE
CF = COS{ARL)
SF = SIK(ARG)

TEMPR = DATA(J) ®# CF « [ATA{K) # SF

TEMPI = DATA(K) # OF + LATA(J) # SF

DATA(J)Y = TEMPR # FAC

10 DATA(R) = TEMPY # FAC

RETURND

ED

SUBROUTINE PULDLY(DELAY)
c THIS SUBROUTINE GIVES TeE DELAY TIME, IT IS ONLY VALID FOR
c C .oT. THE MAXINMUM F VELOCITY

COMMON / CAOnTROL/ 1FORM,ITYP,ISPEC, IATTEN,1Z,IR,IT
COMMON /SOURCE s SAVEL( 258),C,HsDIP,STK,SLIP,DCF{3),DCN(3), ISRC
civroh 4 SRCMOD / DSC10),AS{10Y,BS(10),RHOS(10),MMAXS
COMMON / RECMOD / DR{1IGI,AR(L0),BRELC),RHOR(10),MMAXR
Ni“AXR = MMAXR - 1
DELAY = 0,2
TFLITYPLEC.2) GC TO 1012
PL 100 1 = 1 ,NMAXR
SIng = AR(1) 7/ ¢

160 DELAY = DELAY « DR{1)I&SERT(ABS(1,»SINBeSINBYI/AR(I)

161 CONTINUE

IF(ITYPLEQ.3)Y 6T TN 241

DLk = 0,0

NFAXS = MMAXS - 1

DL 20U 1 = 4 ,NMAXS

DLUM = DS(I)

DEM DEP

pLp DEP + DDUKM

IF(H,GT,.DEP)Y GA TC z0C

IFtH,GE,DP¥,AND,H,LE,DEF) DDUM = DEP - H

SINE % AS(1) 7/ ¢

DELAY = DELAY + DCUM ¢ SCGRT(ABS(1. ~ SINB#SINB))/AS(])

CUNTIAUE

CUNTINUE

RETURN

N
Low- B e J
ey

ENE
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SUBROUTYINE MODELIN

COMMON /REGMOD 4 CR(10),AR(10),BR{10),RNOR{40),MMAXR
COMMON / SRCMOD/ DS(10),AS(10),BS{10),RHOS(10),MMAXS
WRITE(g1,20)

FORMAT(1H ,40X,4F10,4)

FOURMAT (LK +50X+3F10,4)

' FURMAT(1HL,/,14 ,51X,20FSOURCE CRUSTAL MODEL fJ1H D

FURMAT(1K ,42X,40H THICK P VEL S VEL DENSITY  /1HO)
FCRMAT(1HD,/,1H »,50x%,22ERECEIVER ERUSTAL MODEL » 73HO)
FCRMAT(4F10,4)

FURMAT(10X,3F110,4)

WEITELB1,21)

READ(ED,1) mMMAXS

FURMAT(15)

L 5 MMAXS « 3

pt 30 1 = 1,L

READ(C(,44) DSE1Y,AS{Y)Y,BS(]1),RAOBS(]
WEITESE1,4) DS(L),AS(1Y,BS{IY,RADS]
CONTIMNUE

READ(E0,55) AS(IMAXS),BE(MMAXS) ,RHOS{MMAXS)
WRITE(SK1,5) ASI1MAYS),BE(MMAXS) FHOS(MMAXS)
HRITE(61,19)

wF‘ITE(élozli

ReAL(80,1) +MAXR

L2 MMaxR - ¢

DC 40 1 s 41.,L

REAL(ED,44) DROIY,AR(LIIJBREIISRHORCD)Y
WHITE(BL1,4) DRCLYJAR(CIISBR(I),RHOR(D)

)
)

& CONTINUE

REAL(OG,55) AR(FMAXE)Y ,BR(MMAXR) ,RHNOR(MMAXR)
WRITE(6L,5Y AR(MMAXRY,BR(MMAXR),RHOR(MMAXR)
DREMMAXKY = 6,0

NS¢MAXS) = 0.0

MODEL PARAMETERS CCNVERTED TQ CGS UNITS FROM MKS UNITS
NG 1ov 1 = 1, MMAXR
BRLLY = DR(OY])Y % 1.0FE+5
ALY = AR(I) ¢ 1,0FE+5
Bh¢l) = BR{1) # 1,0E+5
CUNTINYE
ne 101 1 = 1,MMaXsS
Da(l) = DNS(1) = 1,0E+5
ASCI) = AS(1Y = 1,0F+5
ES(l) = BS(1) # 1,0E+5
CONTINYE
RETURN

END

SUBROVTINE RAD(STK,LIP,SLIP.DEL,BET,AMP, INDEX)
DeGrRAL = 0,41742232¢
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SINS # SIN(STK#[EGRAD)
CUSS = COS(STKeLEGRAD!
SIND = SIN(DIPsDEGRAD)
CUSD = COS(pIP=LEGRAD)
SINF % SIN(SLIP#DEGRAL)
CUSF = (COS(SLIPDEGRADL)
SINB = SIN(LET®#DEGRAD)
CUSS = COS(SETeLEGRAD)

SINDL = SIM(DEL®*DEGKAL)
COSDL = COS(DEL#DEGRAD)

All = COSF®C0SS + SINF#LOSD#SINS
Al2 = COSFaSINS = SINFaGOSDeCOSS
AL3 = - SINF&#SIND

Ady = - SINS#SIHD

A2 = COSS & SIAD

Acd = - COSD

Ad1 = COSS®#SINF - CCSCeCOSF#SINS
AS2 = COSDeCOSF#COSS + SINF#SINS
AS3 = COSFeSIND

XP = SINB®CLSDL

YP = SINB®SINDL

Zr = LpsB

X = AL{#XP & A42%YP + A§387P

Y = AciaxXP + A274YP + A83u47F

7 = Ad1eXP & A3zaYP ¢+ A33sZP

Re & X#X + Ya¥Y « 747
6t 10 (41,2,3), INDEX
c P AMPLITUDE
AP = 2,uXeY/R2
RETURNM
c Se AMFLITUNE
AMP = «5 19066 ((A11aY+p2TaX)eSINDL ~ (Al2aY+A22aX)=2COSCLI/R2
Rz TURN
c SV
IF(SINB,EG
AMP = 5,19
ReETURA
S ANP = 5,196 w((A23wA11+A218A1304C0SEL + (A1284A23+A135A22)8SIMDL)Y/
i R2
RETURK
ERE

[

™3

j o

L0,0) GC TO 30
ba (2, XeYuCUOSE - A13#Y ~ A23sX)/(R2#SINB)

SURROLTINE MINMAX({X4 N, XMIN, XMAX)
BIVENSION X(1)
XFMAX = -4 ,0E+38

AMIN = +1,0E+38
DG 100 1 = {.N
IF(X(1),6T, xMAX) XMAX
TRAXCLY, LT AMINY XMIN

102 CONTIMJE

X
X

—
ha s

¢
(

»
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WRITE(61,1) XMAX , XMIN

FURNAT(lH P GHXMAX = , E$0;:3,5X,6HXMIN = , Ei0,%)
IF (XMAX,EQ,L.0,ANC . XMINZEQ.D.0) XMAX = 0,001

IF (XMAX,EQ, xMIN) XMIN = - ¥XMAX

YMAX = XMAX

[N

ITCABS(XMIN) .GT,YMAX) YMAX = ABS(XMIN)
XMAK & 2,0 & YMaX
XMIK = = 2,0 & YMAY

RETURN
END
SUBROUTINE SEISMAG(FREQ, PEAK, XR,X1)
c THIS RESPONSE GIVES A PCSITIVE DISPLACEMNET FOR A POSITIVE IMPULSE
o 15-100 SYSTiM
v PEAK MAGNIFICATIONS ARE 350,700,1400,2800,5600

WE % 6,2831853=FREQ
. INDEX = (PEAK+1,3)/375,
GU T0(1,2,2,3,3,3,3,4,4,4,4,4,4,4,4,5),INDEX
1 FrnaG = 278,
SiGMA = 0,003

GO TO 6
2 FrAG % 556,1
SIGMA = 9,013
RO 7O 6
2 FHAG = 1110,
SIGMA = 6,047
GO Y0 &
A4 FrAG = 2190,
SIgMa 5 §,204
GO TN 6
5 FMAG = 3957,
sJlgmMa = §.,805
6 ZLTA=0,.93
ZETAL=1,
WN=,418879

) Wn1=2,062831653
ARs (WEGWE-WN#WA)a (WEaWE-WNL1#WN1)Y»4, #ZETA#ZETALsWNeWNLe (1, -S1GMA)
I#wERRE
Als2  aWEw {ZETAL#RN I (WNAWNoWESWEI+ZETA*WNR (WNLeWNL~WERWE DY)
FACTOR = FMAGuWE®WE#WE /7 (Al2A]l + AR#AR)
Xk = = Al # FACTOR
X! = « FACTOR # AR
RETULRAK
EfD

SUBRQUTINE FOURZ2(CATA,NA,IDUM,ISIGN)
DIMENSION DATA(L)

N = 2 # KN

J s 1

DG 5 l=z1,N,?
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IF(I-J)LZ.E
1 TEMPR = DATA{J)
TEMPI = DATa(J+1)
DATA(Y)Y) = DATA(ID)
DATA(Y+1)5DATA(I*1)
DATA(L) = TEMPR
DATA(I+1) & TEMP]
M 2 N/o
IF(U-M) 5,5,4
JoroJ=M
M s M/2
1F(M-235,3,3
JEJH
MMAX = 2
6 1t (MMAX-N) 7,10,10
7 1STEPS 2 aMMAX
THETA = 6,253189307/FL0AT({ISIGN#MMAX)
SINTHSSIN(THETA/2,)
WOTPR=-2,#SINTU4SINTH
WSTPIRSIN(THETA)
Wh=zg,0
Wlsg., U
BL % V’i.MMAX.Z
DU 8 T=M,N,1STEP
JEI+#MMAX
TEMPRFWR#DATA(JS) =Wl a«DATA{JI+1)
TEMPISWReDATACJ+L) +wlaDATAC)
DATA(JY=DATA{I)-TEMFR
DATA(G+1)=NATALI+1)-TEMPI
DATA(IY=DATACL Y+ TEMFR
A DAYTACL+1) = DATA(I+1)+TEMPI
TEMPR = WR
Wi & WRaWSTPReWl#wSTP] + WR
$ Wl = WIsWSTPR+TEMPR#WSTPT + W]
MEaX = ISTER
G TO &
17 RETURA
END

B AN

Lo}

SUERQUTINE PULSE(X,Y,AN.DT,DT1,DT2,D73, XMOM)
c TrlS SUBRCUTINE GEMERATES A TRAPEZQDID OF AREA XMOM

DIMENSION X(1),Y (1)
T =& - DT
Tv s LT1 4 nT2 + LCT3

71 = 10 4+ pn71l

T2 & T4 + D72

Te = 12 + D13
AREA = 0,5 o ¢ UTY + [LTE + DT2 + DT3Y
HT s XMQM / AREaA
pC 100 1 = 1,NN
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aaa

10¢

70074

1231

1221

1211

PACE 14

T =
X(19 = 7
TF(T.LE,TODY Y(I) = 0.0

IF(T.GT.TQ,AND.T.LE.Ti) Y{1) = WT®{T~TO)/DT1
IFCT,6GT,T1,AND, T.LE,T2) Y(I) = HT
IF(T.GT,T2.ANDCL.TLLE,T3) Y(I) = WT # (4, = (T=T72)/DT3)

IFCT,67,T3) Y(1) = 0.0
CUNTINUE
RETURN
ESD

SUERQUTINE UELSV(FREQ,CsAUR, AUl ,AWR,AW], INDEX)
HASKELL FORMULATION OF RESPONSE AT SURFACE OF LAYERED HALFSPACE
I%htgilnENT PLANE P WAVE (INDEX=41) OR T0O INCIDENT PLANE SV WAVF
‘DEX=Z)

CUMMON 4 RECMOD / D(10)s ACL0), B{10), RHO(10), MMAX

AVAD 26318529 # FREQ / C

A1y
ALp
Azl
.Y
ASY
ASR
AdL
Ad42
DL 13
CCYaA C/ACH)
ctvi C/B(#)
GAK = 2, /COyRes/
GAMMY = GAM -~ 1,
RA & SQRY(AES(CAVA#COVA - 1,)) + 8,0000001
Re SQRT (AES ccuve»cove - 1,)%) + 0,0000001
2 RRO(M) &« C « C
F(M=-FMAX) 7001,7002,7002

{

4 g an

.- e m owm W w W e

NNODODDF DD

6,
0
0
0
0
0
0
0
0
Mo 1,MIAX
/

LI L A -3

LI

= WVNOeD(MY®RA

= WYND # (M) # RE
C-b{M)) 1211,1221,1231

NG = SIN(Q)

= SINQ/RD

Z = Rg & SIkQ

COSU = oSty

GU TO 1242

Y = WYNO®D(M)

Z =0

Casé = 1,0

GC 10 1241

EXQP = EXP(G)

EXQM = 1,/EXNP

Y = (tXQP-EXOM)/CE.ﬂRB)

Z = Rb # (FxQM-EXCP)/2.

H
I
p
Q
1F
sl
A
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COSQ & (EXQP+EXGM)/2,
1241 EXPP = EXP(P)
ExPM = 1,/EXPP

W s (EXPP-EXPM)/(2.#RA)
X = RA & (EXPM-EXPP)/2,
COSF = (EXPF+EXPM) /2.
GU T0 424
1242 IF(C~A(M))1241,122,123
123 SINF = SIN(P)
W = SINP/Ra
X 2 RA & SInP
CUSP = coS(pP)
GG TQ 4124
122 W = WVNCeD(Mm)
X =0
CosSF & 4
124 Bl GAM=#COSP ~ GAMM1a4C0SO
Bi2 GAMMialW + GAMeZ
B13 -(COSP-COSQA)/H
Bl4 = {W*2)}/H

B21 = GAM®X + G/MMLiwY
B2 = ~GAMMiaCOSP + GAMECOSO
BZ3 = —(X+Y)/H
BS1 = H#GAMaGAMI14(COSP-COSQ)
B32 = H«{GAMMLaGAMMl®W % GAMSGAM#Z)
B4l = =Ha(GAM#GAMaX + GAMMiaGAMMieY)
EAlL & BHilwall + E12#42% + Bi132A31l * Bi4uAdl
EA1Z ® B1llea12 + B12#A22 + B132A32 + B1dnh4e2
EAZL = g21s4a11 + B222421 + B23#A31 + B13ohAdl
EA22 = DP2leil2 + B2enAR2E + B23¢A32 + B13sA42
EA3L % p3laall + B3Zz#A21 + B22aA31 + B12sAd4}
EAZa = g318412 + B3IZeh22 + B220A32 + B12sA4Z
EAdl = Bd4leall + B31aA21 + B21sA31 + BileAdl
Ehde = BA41apai12 + B314A22 + B21#A32 + BiieAd?
All = Eall
Al2 = Epl12
Aél = E&21
hz2 = EA2Z
A3l = EAZ21
A32 = EA3Z
A4l = EA41

1346 A42 = Ep42

7002 E14 = -GAMaCOVA&COVA
E13 = 4,/(RHO(MMAXI#A(MMAXIRA(MMAXY)
E22 = GAMMiwcOVAsCOVA/RA
E4 = E13/RA
Ed44 = 1,7 (HuGAM)
ES3 = - E44/Rb
ES1l = - E33aGAMMLiaH
E42 = 1,
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EWili ® Elisp11l » E132A3%
EWlid = E11eA12 « E132A37
EJZ2i # E22#21 » E24vA4%
EJ22 = E22#A22 + EP4nA42
EJ3L ® E31laa1l ¢ EIIwA3:
EJ32 = E31#A12 » E3I3«A3Z
EJAL = E42#A21 « E44%A41
EJ4d = E42u422 + E44uph42
IFCCOVA,GT,1.0) GO TO 5600
AA & BEJ11 - EJ2°
BE = U,Q
EE & U,Q
FE = £J12 - BJ22
GgU TO 5g0nz
5000 CONTINUE
AA = EJit
BE = EJ21
EE = -gJ22
FE = EJ12
BO03 CU = = EJ4?2
DL o kJ432
GG = EJ3Y
Hh s B J41
GC 70 Bpee
50C1 ITH(COVB,GT.1,0% GC TQ %5603
CC = = EJ32 - EFu42
DL = ‘J,O
Go & U,0
HE % BEJ31 + Fu4:l
5002 CONTIMNUE
Xrn & AA«CC - EBR+DL - EE#GG + FFaKH
XI % AAWDD + BB#CC - EE#HH = FFeGG
DINVR ® XR/(XRa>R+¥Iaxl)
DINV]I = =XT/(XReXR+XI#X1)
XK o= LINVR
X1 % DINVI
GO T0O (6CC1,600),INREX
6031 AUR = -2, #C0CVA#{CCaXxR=-DLaxl)
AUL % =2,#C0VA=(CCeX1+DLeXR)
AvR = =2, #CCVA#(GC*XR=HE2X])
AM] = w2, #00VAR(GGRX1¢HNRXR)
RETURIMN
6002 AUR =~CUVEe(FE#XR~FFeX])

Aul =~COVBa(EEex]+FFaxR}

AnR = -COVBu(AA2XR-EBuXI)
Akl = -CovBe(AAax]+EB#XR)
Re TURN

END

SUBROVUTINE DELSH(FREQ,C.AR,AT)
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C HASKELL FORMULATION OF RESPONSE AT SURFACE OF LAYERED HALFSPACE To
C Aiv INCIDENT PLAME Sk WAVE IN THE HALFSPACE
COMNON 4/ RECMOD / L(10)7 A(40), B{10), RHO(10), MMAX
WVNG = 6,28318527 = FRES / C
All 1
AZ1 0.0
DC 1340 ¥ =
Clve = C/B(M
Rb = SQRT(ABS{COVE#COVE - 1,0
B = RHO(M) & B(v) & B(M)
IE (M=-MMAX) 70081.7002,7062
7001 @ = WYNGeD(M)®RB
IF(U-B(M))1213,122242238
1231 SINI = SIN{UY
Y = SINQ/RR
Z = RE & St
CCSL = CO0S(G)

1.MFAX
)

6L 70 1242
1221 Y = WVNGa#D(™)

Z =0

cLsl = 3

GC TD 1242
1211 EXQ2 % EXP(L)
EXQ4 = 1,/5xQF
Y = (EXQP-rEXQMY/(Z.aRE)
7 = REo(EXQe~EY¥GPY/ 2,

CLSu = (EXAr+EYUM)/Z,

1242 ErRLL = COSHOwAll = Y#AZ1/H
FARL = HuZsall + CnSowact
Al1 = Eall

1347 Arl = EA21

7062 FAL = HsRe

DENOM = FACUFAC#AL1#ALlY + A21wA21
Ar = 2, #FAC«FAC#A11/DENCM

Al = = 2, #FACaAZ1/DENCM

RETURA

EMD

SLBROVTINE SHSRC(FREQ,C.AR,Al,DCF.DCN:ISRC,DEPTH,PH])
COMMON / SRCMOD 7 D(10), A(10)., B{(10), RHO(10), MMAX
COMPLEX SUM,SC(3,2)255(3,2),EIP(3)

COMPLEX FL,HS(2),KC(3)

CUMFLEX DM11,DM12,DM21,[M22

COMPLEX Ful1,EJel,E111,E122,EL11,EL12,EL21,EL22
CUMPLEX EYE

DIMENSTON DCF(3:,CCN()

DEGRAL s 0,01745232¢9

ELIP(1) = CMPLX{1.,0,0,0)
EIP(2) = CMPLX(D.D,1.0)
EIP(3) = CMPLX(~-1,0,0,0}
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7001

1211

1231

12472

PAGE 18

EYE = CMPLX(0,0,1.,0)

PH = PH[ « DEGRAD
IF(FREQ,EQ,0,0) GC TO 9469
WVND & §,28318%27 = FREG / ©

All = 1.0
A21 = 0.0
AP1L = 1,0
APZ1 = 0,0
APi2 = 0,0
AP22 = 1,0
DEP = 0,0
DO 1340 M = 1,MMAX

4

COVS = € 7/ B(M)
Rt & »wYNC »(SGRT(ABS(COVB=COVB~1,)) + 0,0000001 )
GAM = 2,/COVBswc
FAC ® RHO{M) # CAM/{2,okVUNO®WYND)
TF (M=MMAX) 7001,7002,7007
Q = Re & D(M)
DFM = DEP
DEP = DEP + D(M)
Tt {LUEFTH,GE,DPM,AND.DEPYH.LT.DEP) LSAVE = M
IF(CEFTH,GF,DPM,AND.DEPTK,LT.DEP) DEPM = DEF « DEPTH
IF(C-m{M)) 1211,1221,1231
EAQP EXPLO)
ExQw 1.7ExQP
cusa 0.5 # (EAQFP+EXGM)
; (EXQP-EXGM) 22,

SINQ/(RZ4FAC)

REsFACESTAD
TO 1242
g0 1'0
)y / FAC

L LIS 1]

[94]
—
| LI
2
i n

L]

P

Diw
00
G 70 1¢42

CUSGE = oS¢y
SING = SIN(L)

Y = SINQ/(RE®#FAC)

DN < DN €

L = -hE & FAC & SING
CUNTINUE

F£1l = c0SH s A1l + ¥ o a21
EAid = [OSN & A12 + Y @ AZ22
EAZ2l 5 2 # a1l + COSG & 421
EARZ 2 7 & 412 « COS0 & A22
Arl = EAll

ALZ = FAlc

A21 = Ea2l

A22 = Ep2¢

IF(CEFPTH,GT.DPM) GO TO §3490
EALL = CO0SQ # AP11 + Y & AP21
EALZ = (C0ST » AF12 + Y & pPZ22
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EA2L = Z % aP11 + CCSQ w AP21
EA2Z & 7 & AP12 + CCSC # AP22
AP1L = EALY
AF12 5 EAL?
AF2L ® EA2Y
AP22 & EAZ22

1340 CONTINUE

7002 CUNTINUE
CURM # C/B(LSAVE)
RE = WYNO® (SQRT(ABS{CUBM#COBM=1,)) + 0,0000001)
GAM = 2,/C0uMun?

FAC = GAM/(2,%«WyNCehVNO)

G = Rb # DEPM

IF(C-E(LSAVE)Y) 1411.,1421,1431

1411 EXQP = EXP(2)
EXQH = 1,/FxQP
CUSG * .5 # (EXIP+EXGH)
SING = §,5« (EXQF-EXCM!
DiiR = COSN/RHOCLSAVE)
ni21 = 9,0
D221 * 0,0
D12R = -8iug /RHO(LSAVE)
Deix = FACHEB#SING
Ne2R = ~FaCsRB2COSQ
GL TQ 144¢
1421 nlir = £, 0/5KH0(LSAVE)
Di2~ = .0
B21R &= 0,0
ni21 s .9
L2zR = 0,0
D221 = 0.0
GL TQ 144%
1433 gost = coSty)
SiNG = SIN{G
Diins COSO/RHO(LSAVE)
Dlzr = 4,0
D1zl = = SIAQ/RMO(LSAVE)
Nedik = = RRaFACH#SING
D2 = 4,0
Degl & - RRaFACH#CCSG
1442 CUNTIMNUE
pril & gMPLx(DL1R,0.0)
Dhy2 = cMPLx(D12R.D121)
proL & CMPLX(D21R,0.0)
DM2e &= CMPLx(D2z2R,D221)
SINT = B(MMaX)/C
COST = SQRT{ABS{1,=-SINT#SINT))
SINT ® 6,2831853#FREQ/BIMMAX)
CC8T = RHO(MMAX) « COST
EALL = A1l @ COST
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8751

9669
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EA2L = A21 o SINT
Evil = CMPLx(EA11,0.,0)
EW2i = CMPLX(O0.u,EA21)
FL = BJ11 - EJ21 ‘
EILL = CMPLX(COST,0.0)
El22 = EMPLX (0,0,SINT)
ELL1L = AP11«DM11 + aP124DM21
ELiZ = AP11 « DM1Z2 + AP12 & DM22
EL2Ll = Ap24 # Dpi1i + Ap22 * D21
EL22 = AP24{ = DM1z + APZ2 # DM22
D¥M1l = EL11
DmMiz = EL12
pM21 = EL21
pr22 s EL2?
EL1l = EJ11 * Dmid
Ebiz = El11 & DM1Z
EL2L = E122 # nM21
EL2g = E1Z22 * DM22

RuB = SGRT(ABS({1./(CaCI)~(1./(B(LSAVEY®R{LSAVE))))) + 0,0000001
Call SHEXC(FRED,WYNC,RBE,DCF,DEN, ISRC, A(LSAVE),B(LSAVE),C,SC,S8)
DEoB87280 N = 1.3
Ho(n) = (EJ11#EL21-EJ21%EL11)eSS(N,1)
* (EJ11wEL22 - EJ21wELY2) # SS(N,2)
HL(™) = (BEJ11eFL21-EJ21#EL13)eSCIN,T)
+ (Ev1ieEl 22 - EJ21#EL12) # SC(N.,2)
CUNTINUE
ShM = CMPLY(0.0,0.0)
nu 85720 N = 1,3
AG 3 (N=1) # Pp
SuM = SUM » (HCIN)eSIN(ANG)=HSIN)I=COSCANG) )®ELIP(N)
CUNTINUE
SLM = SUM/ZIRHOIMMAX)aB(MVAX)#FLeEYE)
AR ® REAL(SUM)
Al = AIMAGISUM)
RETURN
CUNTIAUE
LOAVE = MMax
Ri-BE = BQRT(ARS((1,/(CoC))=(1,/(B(LSAVEY®B(LSAVE))))Y) + 0,0000071
CALL SHEXC(FREQ,WVMC,RB8,DCF,DON, ISRC, ACLSAVE),B(LSAVE),C,SC,SS)
StM = CMPLX(0,0,0,0)
Dv 97u0 N = 1.3

ARG = (N-1) = PH
SLM = SUM + (SCUINs2)#SIN(ANG) = SSIN:2)aCOS{ANG)I#E]IP(N)
CONTIMUE
ﬁ? =-REAL(SUMI/(RHO(MMAR ) =B (MMAX) 8B (MMAX))
= U,
RETURN
ERD

SUBROLTINE SHEXC(FREQ,WVNQ,RB,F,NsISRC,ALP,BET,C,SC,53)
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COMPLEX S6(3,2),85(3,2)
COMPLEX VB
CCMPLEX EYE,ONE

REAL N
DIMENSION F(3),N(3)
c ISRC = 1 SINGLE FORCE Ih DIRECTION (F1,F2,F3)
C ISRC = 2 DIRPOLE IN CIRECTION (F1,F2,F3)
c ISRC = 3 SInNGLE CQUPLE FORCE (F1,F2,F3) OFFSET (N1,N2,N3)
c ISRC = 4 DOUBLE COUPLE WITHOUT MOMENT XeAX1S (F4,F2,F3)
o Y-AXTS (N1,N2,N3)
c ISRC = 5 DOUBLE DIPCLE T-AXIS (F1,F2,F3) P~AXIS (N1,N2,N3)
c ISRE = 6 PURE COMPRESSICNAL SOURCE
EYE = CMPLX(0.041.0)
OnE = CMPLY(1,0,9.0)
Pld4 = 12,5643706

Pl4aC = Pl4ur

FAC = 1,/(RET#RET#12,5663706)
Wy = 1./¢
DU 200 1 = 3,7
DY 300 NN =2 4,3
SC{NN» 1Y = cMPLXC(0,0,0,08)
107 SSINNIT) = (MPLX(0.Us0.6)

IF(FREQEG,5,0) GC 10 230

I+ (C.GT,BET) Vg = CMPLXY0.0,RB)
IF(C LE,BET) V& = CMPLY(RB,G,0}
gL 10 (1:d,3n4,5:6)alSRC

i CC“TIHUE
SC(€,=) = (~2,8F (1)4FAC) » EYE / VD
SSUZ2,8) = (-2,#FACeF(2)) & EYE / VR
RcTURRM

2 §Cie,1y = («2,sFACRF(1)aF(3))#0ONE
SSU2,1) = (-2,%F (247 (3)#FACI*ONE
SLE3,e) s(FiCe(F(2)es2=-F(1)us2)akiV I/VB
S5(38,2) = (~2,sFACHwy #F(1)8F(2))/VRB
RETURM

I SE(1,¢) = (FAC#WV  #(F(2)aN(L)-F(1)&N(2))2/VB
SC(211) =(-z. 4FAC#F(1)48(3))#O0NE
S3(esd) = (~2.4FAC®#F (2)eN(3))=0ONE
SLLS,2Y) = twV  eFAC#(FU2)YaN(2)-F(1)4N(1)))/VB
SS(3,2) = (=FACHWY #(F{1)#N{2)+F(2)eN(1)))/YyB
RETURM

4 SC(2,1y = (~2.aFACe(F(L1)aN(3)+F({3)aN(1)))®ONE
SS(zya) 2 (=~2,sFACa(F(2)anN(3)*F(3)aN(2)))20NE
SC(3,€) = (z.oFACaWy  #lF(2)aN(2)~F(L)eN(1)))/VB
SH(S,€) & (=2,2FACHuy S(F{1)&N(2)+F(2)#N(1)))/VB
RETURA

5 Sl(e,l) = (-2,aFAC#(F(L)aF(3)~N(116N(3)))a0ONE
SS(2,1) = (-2,6FACO(F{(2)aF(3)=N(2)eN(3)))4ONE
SC(Ss2) = (FACHWY @a(F{2)oo2-F(1)2a2-«N(2)8a2+N(1)842))/VR
SS(S,2) = (-2,8FACH#nV #(F(L)aF(2)=N(1)8N(2)))/VE
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RETURN
& RETURN

200 G TO (11,12,13,14,15,18),1SRC
11 §80(2,2) (=2.#F(1)/PI4)sEYE

So(2,¢) (-2,#F(2)/Pl4)*EYE
RETURNM ‘

12 SC(3,2) = ((F(2)#82 - Fi{l)aw2)/P14r)s0ONE
SS(3,2) = («2,4F(1)aF(2)/P14C)=»ONE
RETYRA

13 85(1,2) = ((F(2)aN{1)=Fl1)eN{2))/P14C) &« ONE
SCL3,2) = ((F(2)aN(2)=F1)eN(1))/RI4C) » ONE
SS3{3,2) = {«(F(L)aN{2)eF(2)aN{1))/P14CY » ONE
RETURA

14 SC(3,€) = (2,#(F(2)aN(2)=-F(L1)aN(1))/P14C) » ONE
S5{3,2) = (=2,8(F(1)aN(2)+F (2)aN(1))/PI4AC) &« ONE
ReTURN

15 sccé,f) 2 ((F(2)eu2-F(1)as2aN{2)au2+N(1)au2)/P14C) & ONE
So(3,€) = (=2,2(FC(1)4F{2)-N{1)aN(2}Y)/P14C) # DAE
RLTURI

16 ReTURA
g

SLBROVTINE SVSRCIFREQ,C.AR,AI,DCF,NCN,1SRC,DEPTH,PHI, INDEX)
COMMON o, SRCMOD 7/ D(10Y; AC10), B(1y), RHD(10), MMAX
CUMPLEX ZERG,F1.F2,F3.F4,FR,HS{3)aHC(3)
CUMPLEX VB
CUMPLEY EJ(4,2),EL{4,4),0P(4,4),E1(4,4)
CUMPLEX EYE,DNE
DIMENSION AAL4,2),AF(4.4),BB(4,4)
DIMENEION Eit4,4)
DIMENOSION ncrc3>,ngk(33
G

DEGRAL = 0,04745232¢

EIP(L) = CMPLX(1.0,0,0)
EIP(2? = CMRLX(U.0,1.0)
EIP(3) = CHPLAt-1.0,0,0)

OnE = FIP{1)
EYE = EIP{(2)
ZLRU = CMPLXtO,0,0.4)
P = PHI # EGRAD
OMEGA = 6,20318%27 # FREQ
WYND = OMEGA / C

ne

DU 101
Dv 100 |
AALT,d) =
AA(J:J) =
DC 10z 1
DO 103 o
103 AF(T,d)

102 AF (). 1)

.Y

[y N
oo
s
Voo

I S

»
-

" on
DI ® (I w
g

[ naliies J
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DEP = 0,0
DO 1348 M 5 1,MMAX
ALP = A(M}
BET = B(M)
DEN = RHO(M)
DM = D(M)
DFM = DEP

) DEP = DEP « [(M)

CUVE = (C/BET

GAM = 2,/C0vR#s?

GEMML = GAM = 1,

RA & OQRT(ARS(I,/(CaC) = 1./(ALP&«ALP))Y) + 0,0000001

RL: = BSQRT(ALS(1,/(C#C) = 1,/(BET#BET))) + 0,0000001

IF(DEFTH.GE,DPM,AND,DEPTH,LT.DEP) |.SAVE = M

IF(UEFTH,GF,DFM,AND,DEPTK.LT,DEPY DEPM = DEP - DEPTH

TF (M=MaX) 7001,7002,7082
7001 CONTINUE

CALL COEF(NMFGA,C,"WVNO,ALP,BET,DEN,DM,RA,RB,GAM,GAMM12RB)

Do 6952 1.4

DG 6052

ER(T )

DG 6052
6052 EAL],u)

Do 023

h\ f:ﬂz?
6053 ASt],u)

If(uckTH

ne 6054

NG 6094

EACL,)

DL 6024
6054 EA(],u)

DL 8058

Nt e0&5
6N5S AP (] ,d)
1344 CUNTINUE
7007 CONTINUE

THAC,LE,BUMPAX)Y) A

TH(C,GT,B{MMAX)) VR

Pl 6049 1 = 1,4

DL 6049 J = 1.4
6049 EI{l.,v) = ZpRO

-
™D

=

J) o+ BE(I,KIRAA(K, )

IILHIIXIIL._M

o~
—~

GO TC 1346

o T e N e I

- m PLeraw W g

P

JJ +BELI, KIwAP (K, )

IILHIIXHLH.

™

N N e i N i = B i SN g SEC N TR S S s Rt

Ma T >N n ~1 ERARETIN [ SRS B i B | B |
-

- o oDew s

4w w 3. =

t
~r

CMPLYX(OMEGA®RE,0,0)
CHPLX(D,0,0MEGARRE)

n

Ell = ~DEN#GANM

E42 = DEN#GAM/(WYADRWYNE)
Ec2 = ~DEN#GAMMI/Z(OMEGA®RA)
Eed = WyNOa,vNO/ (OMEGARBA)
E¥l = DEN=GaAMMi/(QMEGA®RB)
E33 = -1,/ {CMEGA®RE)

EL(1,1) = CMPLX{E41.0,0)
El(lyé) O.,E
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6331
6332

6051

6057

6056

6057

6041

El(4,2)
El(4,4)

24

CMPLX(E42,0.0)
CMPLX(-1.0,0.8)

IF(C«GT.ALP) GO TC 6331

El(2.,&)

-
-

CMPLX!EZE.U.O)

El(2,8) = OMPLX(E24,0,0)
G0 TO 6332

Eite,2)
El(2,4)

CHMPLX(0.0,-E22)
CMPLX(D,0,-E24)

IF(C,GT,BET) GO TC 6333

EI(3,1)
El(3,3)

GL TO 6334

El1(3,1)
El(3,9)

CONTINUE

CMPLX({E31,0,0)
CHPLX(E3Z,0,0)

CMPLX(0.0,.~E31)
AMPLX(0,0,-E32)

ALF = A(LSAVE)

cuve ®

BET = EB(LSAVE)
NEN = RHO(LSAVE)

C/BET

GAM = Z2./C0OVE®w2
GAMMI = GAM - 1,

RA = SQRT({AES(1.,/(CeC)~1./(ALP=ALP))) + 0,0000001
= SQRT(ARS(1,/(CeCi- i./(BET*BET))) + 0,0000001

CALL LOEF(OMEGA,C,NVNG,ALP,BET,DEN, DEPH, RA,RB, GAM, GAMM{, DP)
CALL SVEXC(CMEGA,wWVNO,RE,RA,DCF,DCN, I1SRC,ALP,BET,C,S5C,55)

nU 6021
DL 6051
Ed(l,)
Nt 6051
Edl{],d)
DL €090
DL 6050
EL({I,v)
neG 09
EL(lsu)
0 o0bs
DU 6006
DF(I:’J’
NG 6027
Du 6057
EL(I,v)
DL 60357
EL(l+w)

L X ML

HXHOCee ¢ — X

1:4

IRESE IV IS | |
KM
.
N

[

H-ﬂ**pan.pt4r~wfﬂ%lhlariXJH

W) o+ BEILI,KY # AA(K,J)

™ w raw
Jt—h'-h

.

-) + AP(1,K) # DP(K,J)

[ ] Fﬂ n~Naen

i
—

b ofa e A—h‘b
[

N
1
> (O™ m ot m W e

S

FLOT,0) + EI(T,K)#DP(K,J)

50 TQ (6041 6042), INDEX

cuUnTINUE

CALL LETER(FI,EL(3,3y,Eu(l,1),EJ(L,2),EL(2,1),EU(2,4),EJ(2,2),
I OELL3A)"EL (4.1 EJ(3,L)-EJ(4,1),EJ(3,2)-EJ(4,2))
CALL LETER(F2,ELC1,2)sEu(1,1)4E0(2,2),FL(2,2),EJ(2,1)EJ(2,2),
I EL(3,2)-EL(4,22,EJ(3,1)-Eut4,1),EJ(3,2)-EJ(4,2))
Crll LETER(FZEL(1,3),Eu(1,1)0EJ(1,2),EL(2,3),EJ(2,1)9EJ(2,2),
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1 ELG3e3)=EL14:3) EJ(T1)=EJ(4,1),EJ(3,2)~E0(4,2))
CALL UETER(F4.,EL(1,4),FEa(1,1)+EJ(L1,2),EL(2,4YEJ(2,1)1EJt2,2),
b EL(304)'EL(404):EJ(S:l}'EJ(411)sEJ(312>’EJ‘4I2’)
GU TO 6043
6042 CONTINJE
CALL DETER(F1,EL(2,4)~EL(1,1)EJ(2,00«EJ(1,1),EJ(242)-EJ(1,2),
TELC3, 1) B0t 3,1 )Y Eut3,2)5EL(4,1),EJt4,1),EJ(4,2))
CALL LETER(F24EL(Z2,2)-EL(1,2),EJ(2,1REJ(1,1Y,EJ(2,2)~Ed(1,2),
TEL(3,&) ,EJt3,1),B0(3,2),FL(4,2),EJ4,1),EJ4(4,2))
CALL BETER(FIJELCZ 2)-EL(1,3),EJ(2,1)%EJ(1,1),EJ4(2,2)-EJ(1,2),
1EL(3:3):EJ(3:13aEJ‘SuZ’IEL‘4¢3):EJC4)1’lEJ(Q:z?’
CALL LETER(FA4,EL{Z )4)=EL(1,4) BEJ(2,1)%EJ(1,1)EJ(2,2)=EJ(1,2)Y,
lEL(3.4).EJ(S.l):EJ(3,2):EL(4;4).EJ(4'l)oEJ(4$2)l
6043 CUNTINUE
Froo2 (EJ(L,0)=Cu(2,1)) 0 B (3,2)-EJ(4:+2))={EJ(1,2)-EJ(2,2))n
L (EJd(S,1)=E04,1))
DO 8700 N = 1,3
Ho(N) s FLa3S(N,1) + F288S(N,2) * F36SS(N,3) * F4#SS(N,4)
HL(G)Y = FL1a8C(N, 1) + F2%SC(N,2) + FI4SC(N,3) + F4#SC(N,4)
8702 CUNTINUE
SUM = CMPLY(0.0,0,0)
Nl 6790 N = 1,3
ARG = (N=1)aPH
SLM = SUM & (HOIN)=#COSUANG) + HS(NIsSINCANG) ) & EIP(N)
8757 cUNTINUE
Gu TQi9301,93327, [NCEX
9304 SINT = AtMMaAX) / ¢

’
2
'

COST = SQRT(ARS(1, - SINTsSINT))
Stk = SUMSCOST/(A(MMAX)#RHO(MMAX)#«FReEYESSINT)
Abo = REAL(SUM)
Al = ATMAG(SUM)
RETURN
9307 SUM = SUM & VB/(R{MMAXISRHO(MMAX)«FRsEYE)
Al = HEAL(SuM)
AT = ATMAG(SUM?
RETURN
B0

SUBROUTINE COEF(OMEGA,CaWVNO,ALP,BET,DEN,DM,RA,RB,GAM, BAMMY,RR)
DIMENSION Bg(4,4)
WYNOSE = WynOewyNC
REE = OMEGA # B
RAA = RA % MEGA
P = RAA #» N
REB # Mw
~EET) 12#41,1221,1234
= SIN(CD)
5 COStg)
.SING/RR
~-kBE2S5110Q

1231

[0 I ]

W HNZE ~n
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GU TO 1242
1221 c08¢ = 1,0

Y = DM

Z s 0.4
GO TE 1241

1211 EXQF 5 EXP(Q}

EXCM ® 1 ,/EXQP

COSQ = D,56(EXQF+EXGM)

SING = (.58 ({EXQRF-EXCM)

Y = SING/KBRE
Z = RER # SiNG

1241 EXPF = EXP(P)
EXPM = 1,/EXPF
CUSP = 0,58 (EXPF+EXPM)
SINP = 0,58 (EXPF~EXPM)
W s SINP/RAA
X = RAA & 8NP
GL TO 124

1242 JH(C-ALP) 1241,122,12%
123 SINP = SIN(F)
¢ctsP = cOS(P)
W = SINP/RAA
X z -RAA8#STLP
GL TO 124
D
¢

o W

2
" n

COSP = 1.¢
GO TO 124
124 CONTIMJE

Be{l,d) = GzM & COSF - GAMM1 @ C0SQ
PF(ls2) = =GAMMLI®N + GAV®Z/WUNOSQ
Be(l,8) =2 ~{C0SP-CASQY/LEN
RL{3,49) = tuVnNASQew-Z)/EEN
Bu{d,l) = GaMaX - WyNOSCaGAMMlaY
Bof{Z,c) 5 ~3AMMieCOSP + GAM#COSG
PL{2,8) = (=X + WyNCSG®Y)/DEN
Qﬁfﬂlq) = 'BVNOSQ*BE(lta)
Bu(d,4) = DEN#GAMaBAMML14(COSP-C0SQ)
Butd,z) & NENa(~GAMM1aGAMMLsW + GAMuGAMu2/WYNOSEH)
85(5:3’ = Eﬂ%(Z’Z)
BLE(3,4) = ~ WVNCOSC#BB(1,2)
Be(d4,1) = DeNa(GAM#CGAN#X/WYNDSO - GAMM1#GAMMieY)
RE(4,e) = - R3(J,1)/WVNESE
Buld,8) = « R3(2,1)/WYNESQ
Re(4,4) = Pu{l,1)
Rt TURM
BN

SURROVT INE SVEXC(CMEGA,hVNO,RB,RAsF¢N,ISRC,ALP,BET,C,S5C,SS)
COMPLEX SC(5,4):88(38,4)
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CUMPLEX VA,VRB,0nE
CUMPLEX EYE

REAL N

DIMENSION F(3),n(3)

ISRC = 4 SINGLE FCRCE 1K DIRECTION (F1,F2+F3)

JSRC = 2 DIPOLE IN CIREGTION (F1,F2,F3)

ISRC = 2 SInGLF COUPLE FORCE (F1,F2,F3) OFFSET (Ni,N2,N3)

ISRZ = 4 DOUPLE CCUFLE WITHOUT MOMENT X=AXIS (F4,F2,F3)
Y-AXIS (N1,N2,N3}

ISRL = 5 DOuUBLE DIPCLE T-AXIS (F1,F2,F3) P«aAX1S (N1,N2,N3)

ISRC = 6 PURE CUMPRESSIONAL SOURCE

ONE = CMPLY(1.0,0,0)

EYE = CMPLX(0.0,1.0)

FAC = 1.,/12,55637056

WV = 1. /C

Pid4C = FAC & wV

DL 100 11 = 1.4

DL 106 NN = 1,3

SLIRN,TIY = CHPLX(0,0.0:0)

SS(ANyI1) = CHPLX(D,0,2:0)

IH(C, 6T, aLPY va
IF(CL,LE,ALP)Y VA
IF(L,GT,BET) VB
IF(C,LE,BET)Y VB

CMPLXE0,0aRA)
CMPLXLIRA,1,0)
crPLXtD:0.RE)
CMPLXIRB,0,0)

H n

GU TO (1.2,3,4,5,€),1SRC

CUNTINY

sC(l,d)y
Sw({1,9)
Su{e,2)
Sa(g,2)
SCtz2,4)
SS(e,4)
ReE TURDM
CLATINU

=

E

L[]

o uunn

-2, # F{3) #« Pl4C & FYE

2. % F{3) # PI4C ®* EYE / VB

~2, % F(1) # P14C & Wy = EYE / VA
«2, # F(2) & P14C & Wy # EYE / VA
2, # F(1) « FAC & EYE/OMEGA

2, % F(2Y « FAC & EYE / OMEGA

SCL,2) =zp1aCe(wVawva(d, =3, aF(3)aF(3)) + 2 «F(3)eF(3)/(ALP=ALPY)

T4 VA
SC(1,4)
58(2,1)
QC (e, 1)
5Cte,s)
S5(z,%)
SLL3,2)
SS(85,¢)
SC(3,4)
SS(3,4)

CONTINUE

§C(d,2)
SLii.4)y
SLi2,1y

MM Mg o

-F14ca(1,=3,4F(3)#F(3))Y & ONE / OMEGA

-4, ¢Pl4CaWVaF12)aF(3) = ONE

-4 ,%P14CowVHF (1 )4F (3) = ONE

. 4FACaF(1YeFt3)a(RB + WV2WV/RR) / OMEGA
D,eFACHF{z)aFt3)a(RB + WVeWV/RB) / OMEGA
PracswvenVa(F(2)eF(2)-F(1¥aF (1)) / VA

~Z HF(1)aF (2Y8PT4CaWVEWY / VA

~P14Cs (F(2)#F(2) = F{i1)sF{1)) # ONE / OMEGA
P.aF(1)aF(2)#P14C# ONE / OMEGA

PIACHF (3 )anN(3)u (2, /CALP#ALP)3  sWVaWVY / VA
T,eF (3)anN(Z)ePl4C o OKE / OMEGA
~2,8P14CabVa(F(1)eNE3)4F(3YaN(1)) « ONE
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FAGE

§5(2,3)
sCt2,3)
S5(z2,3)
SC(3,4)
S5(3,2)
§C¢3,4)
S5 (3,4)
RETURN

CONTINUE

SC(1,¢)
SCl1,4)
SC(2,1)
So(¢,1)
SU(Z,9)
g5 (2 ,%)
Sit{3,¢)
55(502)
SC(3,4)
S5(3,4)
Re TWwRN

CONTINUE
5C(1;2)

ny

(e o]

«2,4P[ACHKVO(E(2)aN(3)+F{3)aN(2)) =« ONE
2,0FACR(F(1)eh(3)aVB + F{3)aN{1)eWVaWV/VB) / OMEGA
PoabACH(F(2)ak(3YayBR + F{3YaN(2)aWVaWV/VEB) / OMESA
Pr4CeiwyVaWyve(FL2)aN(2)-F{(L)aN(1)) / VA
“PIACHNVaWYalFL1)YaN(2)+F(2)aN(1)) / VA

- PI4C#(F(2)eN(2)=F(1)2N(1)) % ONE / OMEGA

PI14C o (F(1)aph(2)+F (2)aN{1)) # ONE / GQMEGA

2,8PT4CF (3wl {3)u(2,/(ALP#ALP)
£.,8F (3 aN{3)6P14C « ONE , OMEGA
“4, 4P l4CehVa(F{1)aN(3)+F(3)aN(1)) = ONE

-4 FPIACHAVE(F(2)N(Z)+F (3)%N(2)) # ONE

2, 4FACH(F{1)aK{ZI*F(I)#N(1))olVB + WYeWV/VB) / OMEGA
2,8FACH(F(2)ab(3)rF(3)aN(2))alVB + WysWV/VB) / OMEGA
2.8PTACaWHVeWVAE(F () eN{2)Y-F{1)eN(1) )/ VA

~Z .#Pl4CanVaWVa(F(1laN(2) + F(2)aN(1) ) /s VA
~2,HPIACR(F(2)8N(2) =~ F{1)%N(1)) % ONE / OMEGA

2, % FPI4Ca(FlEYeN(2) + F(2)aN(1) ) & ONE / CMEGA

~ 3,8WVely) / VA

= PTACH(F(S)4FIII=N(3)oN(3))a (2, /(ALPaALP)=3,2uWVaWV)/VA

SLEL,4) = Z,ePI4Ca(F(I)aF(3)-N(3)sMN{3)) = ONE /s OMEGA
A= FUL)aF(2) - N(1)a«N(3)

B = FI3yeF ()

~ N(2)I%N(2)

Stl2,1) = -4,4P14CakVaAsONE
SS(2,1) = -4 ,aP14CanVrReONE
SLlZ,8) 2 2, eFACaAv (VB + WYuWy/VR} / OMEGA
SU{2,3) = 2,8FACHGa(VB+hVeWV/VB) / OMEGA
A = FU2)8F(2) =~ F(1reF({4) = N(2)=N(2)Y + N(1)sN(1)
E = FUL)eFt2) - N{1)eN(2)
SU{3,2) 5 P14ConVulyeas/VA
SS(3,e) = =2, #PlACHAVRWVEB/VA
SLES,4) = ~p14CuANNE/OKEGA
So(S,4) = 2,a#P14CaRaONE/OMEGA
R TR
» CUNTIMUE
SL{L,€) = 2,4P147 /Z(ALPUALP#VA)
Re TURR
ELD

SURKOUTINE LETER(F,A114A12,A13,A21,A22,A23,A31,A32,A33)
CUMPLEX FpA11:A17,A13,A21,A22,823,431,432,A33

F =

ALl {AP08AZ3-A30uA22) + A12e(AP38A3L-A218A33)

1 % A3 (A210A32-A224A31)

RETURMK

Evg

SUBROUTINE COEF(OMEGA,C,WVYNU,ALP,BET,DEN,DM,RA,RB,GAM, GAMMY ,DP)
CuMPLEX DP(4,4)
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COLMPLEX ZERf

ZeR0O

= CMPLX(0.0,0.0)

W¥NRSL 3 WYND#WVNC
REB = QOMEGA # RE

RAA = RA % pOMEQGA

P = RAA # Dy

Q@ = REBR & D :
: IP(C-bET) 1211,1221.123%
1231 SING & SINtQ)

LESG = coSta

7 = -KBB&#SIANQ

GC TO 1242
12z1 CGS6 = 1,0

SINQ = 0,0

Z=D,|Q'

B0 TH 1241

1211 EAQF = EXP(M)

EXxQH = 1,/EXQP

COSL = 0,54 (EXQP+EXEM)

SING = U,5#(EXQF~EXCM)

Z = RbB # SING
17241 EAFF = EXP(F)

EAFM = 1,/ExPP

CUSP = 0,54 (EXPF+EXFM)

SINP = 0,5% (EXPP~EXFM)

X = RAA & SINP ,

gt 10 124
1242 1r (C~ALP)Y 1441,122,123

123 SInP

= OSIN(FY

CLSF = CoStr)y

X = -hAA*SXf\P

GL TO 124
1272 X = 0

SINk = §,0
cosP = 1,0
GC TO 124

14 0ONTINUE

PL3 = -RBB#CNSA/DEN

Ped = «wyNILQe#SING/LEN

Pe3 = ~GAMenBR#COSH

Pa3 = ~GAMML#SINQ

P12 = SINP/TEN »

PEd = RAAwCDSP/DEN

1 GAM#KAA®CASP/WVNGSG

1t (C-2ET)

P32 = GAMM1sSINP

1413,1421,1431

1411 DF(i,9) = CMPLX(P13,0,0!

DP(2,3) = CMPLX(P23,0,0)

DF(S,38) = CuPLX(PYZ,C,0)
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1421

1431

156¢C

1511

1521

1531

16L7

PAGE 30

DP(1,3)

DF(L,3)

Ei

DF(&,3)

IF(C-ALP)
DHtl,e) =

DF(5,2)

DF(Ll,2)

L]

DF(1.,2)

DFL3,2)

CUMTINUE
Df(l'l)
pF (&, 1)
DF(3,1)
DF(4, 1)
DreL1,4)
DEt2,4)
DF(3,4)
DE (4,4
ReTURNR

EE O E I O T I TR T [ 2 !

PP(4,3) =

ZERC
DP(2,3) = ZERD
DF(%,3) = ZERO
DP(4,3)

CHPLX(0,N,P13)

DP(2,3)
CMPLX(0,0,P33)

DP(4,3) =
1511,1521,1531
CMPLX(P12:0.0)

DP(2.:2) =
CHPLX(P3Z2,0.0)

DP(4,2) =

ZeRC
NR({2,¢) = ZERGC
DF(3,2) = ZEROC
DP(4,2)

TMPLY(0,0,P12)
DP(2.2)

L]

CHPLY(,G,P32)
DP(4,2)

CMPLX(=COSP/DEN,D, Q)
CMPLX(=X/LEN,B.0)
OmPLY({~CAMMiaLOSP,0,0)
CMPLX{=-CAMeX/KYNOSG, 0. 0)
CrPLX{Z/DEN, D Q)
CHPLYX(AWNYNCSGHCOSA/DEN,0.D)
CMPLX(GAM%Z2,0,0)
CHPLX(GAMM1#CCSQ,0.,0)

Exp

SVRROWTINE

[I LY

SPEC(DF:V;ﬁAYA)

EMPLX(P43,0.0)
GO TO 1500
= ZERQ
GO 7O 1500
CMPLX(0.0,P23)
CMPLX(D,0,P43)
CMPLX(P22,0,0)
CMPLX(P42,0,0)
6o To 1600
= ZERD
GO Ty 1600

CMPLX(0,0,P22)

CMRLX(0.,0.P42)

THI3 SUBROUTINE PLOTS AFPLITUDE SPECTRA ON 2 X 3 CYCLE LOG-LOG

SLALE

DIMENSION
CHARACTER
camMmoh #PL

GATALL),X(258),Y(258)
XLoYLaTL.YLS,BHL,SVL
TLIM/ THMA, TMEX,FMIN,FMAX

CUMMON /PLTTTL/ XL(E) YL(B)»TL(B)SFL(B),YLS(8),SHL{g),SVL(R)

CALL FLOT(
CalLL FLOT(
CaLl FLOT(
VN7

NP & MNP +

7.0,0,0,-3)
NL0,=11,0,-3)
0.042,04-3)

1
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XFIN % FMIN
XVMAX = FMAX
YHMAX ® 1,0E-38
J = 0
C TRE ZERO FREQUENCY FOINT 1S NOT PLOTTED
DC 5700 1 = 2.NP
v 5 J + 1

XtJ) = (1-1) # LF
TFAXCA) LT xMINY X€D)
IF(X(IY,GT . XMAXY) X()
K=z24+1 -1
L =2 &
Y{J? = SORT(ABSI{DATA(K)®DATA(K)Y + DATA(LI#DATA(L)))
IF(Y(Y),GT.¥YMAX) YMAX = Y(J)
5700 CUNTINUE
YY = ALoglagymMax)
LY = Yy
Yy=i.¥
IFCYY,GT,LY: YY = LY + &
YEIN = 10,8e(YY - 4,)
YMAX 5 10,saYY
N = J
RO 5701 1 = 1,N
TECY QLY LT YMING Y1) = YMIN
5701 CONTINyE
X XLEN
Yaxkgh U
DELTAX = 4,/XAXLEN
Del TAY A, /YAXLEN
X1 = ALOGLIN(FNMIN)
NLCX = 4
NLCY = 4
YL = YY = upCy
MTY = 24
MTY = D24
Call ALOGAXES(XAXLEN,YAXLEN,NOCX,NOCY, FL , YL ,MTX,M1Y,X1,Y1,
IDLLTAR, DELTAY)

DU S7L3 1 = 1ay

XMIN
XMAX

" n

4.5
4,

LEI (I 1]

Y1) & ALOGLO¢Y(TI D))
5703 X{1) = aLUB10(¢(X(1))

Xi{N+1) = X4

X{N#2) = DELTAYX

YiN*1) = Y1

Y{N*2) = DELTAY

CALL LINEC(Y,Y,Ny1,0.0)

STYL = §,03% # YAXLEN

TTLP = = 0,20 * YAXLEN = 0.1

XTL = (XAXLEN - 24, # STTL}/2,

CALL SYMBOL(XTL,TTLF,STYL,TL,0,0,24)
Rc TURN
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END

SUBKOUTINE ALOGAYES(XAXLEN,YAXLEN«NOCX,NOCY, TTLX,TTLY MTX,MTY,XE,
AYL,LELTAX,DELTAY)

CHARACTER TTLX(1),TTLY(L)

SLY = 0,02sYAXLEN

SST = 0,01 & YAXLEN

SPF = ~0,068YAXLEN

S = U,0358YAXLEN

SSP = SP + §5 - [,06

TILP &= -0,11=YAXLEN - p31
STTL ® (.0R58YAXLEN

Xi-UM = g

YL ® Y4

YL = Y4 o+ AL0OCY

TF(ABS(YL).GE.10., .CR, AES{YU).GE.10, IXNUM
IFCABS(YL),5F.10D,,CR, ABStYU).GE.100,)XNUM
IFCYL,L 7,08 XAUK = XNULM + 1,0

Cabb PLOT(-5LT,0.0,2)

CALL FLOT(R,0,=-SLT,3)

xFO = X1

YFQ = ¥1q

IF(NOCX,EG, Y GO TO 4

ALCUX s NOOx

FACTX = XAX_EN/ZANGCx

Crlb SYMROL (~,6#S88,5P,88,2M10,0,02)

Celic NUMBER(659,,SSP,0.6285,X1,0.0,-1)

CHLL FLOT(L,0,0,0,%)

DL S W & 11f’»OCX

Dbz 1l = 1,10

XNUM + 1,
XNUM + 1,

o
n
—t

CaLl FLoT(X,C0,0,2)

Crbl PLOT(X,-SS7,2)
2 CALL FLOT(X,0.0.3)
Cabl PLGT(X,=-SLT,2)
Chll SYMROL (X=.6#SS,SP,58,2H10,0,0,2)
PO = XPD + 1.0
CALL NUMBER({99G,,SS8F,(,64SS,XP0,N.0,~1)
XTL MTX
XTL (XAXLEN-XTL#STTL)/2.0
CALL SYMBOL (XTL,TTLF,STYL,TTLX,0,0,MTX}
GC T0 6
4 CALL AXIS(O, 0,0,0, TTLX,oMTX s XAXLEN,U,D0,X1,DELTAX)
& CALL FLOT(D.0,0,0,3)

IF(NQCY EG, ) 6O TN 10

ANOLY = NOMmY

A

u u
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SF = 5P = (XNUM - 1.,5) % 0.5 # 8§
TTLP = TTLP - (XNUM- 1.)bo-5nss
FACTY = YAXLEN/ZANCCY
CALL SYMBOL{SP-0,4,~-0,54SS, SS;2H10 0.0,2)
CALL NUMBER(959,,,5455~:06,,6#85,Y1,0,0,-1)
CALL PLGT(2,0,0.0,3)
DG 3 J = 1,n0CY
DG 2 1 = 1,18
Y = |
Y = ALOGLUG(Y) # FACTY + (J-1)eFACTY
1F(I,EQ,1)680 To 8
Cibn FLOT(R,0,Yv,2)
CALL PLOT(=SST,Y,2)

B CALw FLOT(D,0,Y,3)

Chll PLDT(=SLT,Y,2)
CAli. SYMBOL(SP-,4,Y~,5488,55,2K10,0,0,2)
YFO = YPO + 1
CALLL NUMBER(9%9,,Y*,5#58-,06,,6¢58,YP0D,0,0,~1)

¢ CrLl FLCT(A.0,Y,3)
YiosMTY
YIL 5 (YAXLEN-YTL#STTLI/2,0
Chbie SYMBOL(TTLP=,2:YTL,STTL,TTLY200, s MTY)
RETURN

10 CALL AXIS{(O0,0,0,0, TTLY,MTY,YAXLEN.2D,.,YL,DELTAY)
Ri TR
ErD

SURRQUTINE EZFLOYZUX, Y NyLSaYMIN, XBAX L SMIN,SMAX XL s YL TL NIsMI)
CUMMON /PLTSELl/ X1,CELTAX,YL1,DELTAY

CRARALTER XL (1),YL(1),TL (1)

DIMENDSTION ¥t1),Y(1)

Cull PLCY(7,0,0,0,-3)

CHLL PLOT(D,0,=-11,0,-3)

Call FLOT(D.0,2.Cs-8)

Xi = AMIN

DELTAX = (XMAX = XMINY /£ 2,
DELTAX & DELTAX / 2.
XEN+1) = XMINM

X{Ne2) = DELTAX
XAXLEN = 2,0

Yi s SMIN

DELTAY & SMa¥

DELYAY = DELTAY / 2.
Y{N«1) = SMN

Y{Ne2) = DELTAY

CALL AXIS(D,0,0,0,YL,18,4.0,90,0,Y1,DELTAY)
CALL AXIS(0,D,0,0,%L,~18,4.0,0,0,X4sDELTAX)
CALL LINE(an!Na1;0¢O’

HT = 0,14

XTL = (XAXLEN - 24,%HT)22,
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YTL s - 0375

CALlL SYMBOL(XTLIYTLIHT)IL!GQ0l24)
Roc TURIS

ENTHY NXCURVZ({X,Y,N.,LS)

X(N+1) = X1

X{Ne2) = DELTAX

YiNKL) = Yy

Y{N+2) = DELTAY

CaLl LINE(X,Y,N,1,0,0)
RETLRN

END
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DATA

160
20,
'S
TEST
HALT

TEST
HALTY

TEST
HALT

SHSY
HALT

4
TEST
HALT

2
TEST
HALTY

2
TEST
HALT

3,5%
4,67
3.5%
4.67
; 1.000E~02
0.0
1 6
180,
1 0
180,
1 9
i8¢,
1 0
180,
1 0
225 -
1 4
225,
1 0
225,

2.8
3.3
2.8
3,38
1.000E 02
90,
0 1
16,
0 1
16,
0 1
14,
g 1
20,44
0 i
16,
0 1
16.
0 1
16,

X-43

1.0
f ¢
1.000E o0C

9 o
1.000 00

N ¥
1,000 00

i b
19000&'10

1 0
1.000E 00

1 0
1.000FE 0C

1 e
1,000 oC

0.0
1.000E 00

1.000E Q0

1,000F 0C

1.0

1,000E-10 10,

1,000E 00

1,000k 00

1,000€ 00

12,82

12.82

12,82
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MPLITUDE (CM)
.00

1

A

2.00

o

.00 10.00 20.00 30.00
TIME (SEC)

SOURCE PULSE

— ' Mantle P

E

T

AMPL

A

40.00

o116

TIME (SEC)
TEST P
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.03
1

(CM)
.00 1

1]

AMPLITUDE
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XI. SEISDIS
PROGRAMMER : R. B. HERRMANN / June 1978
PURPOSE

This program has been designed to assist:in interpreting
old seismograms. A digitized seismogram trace is corrected
for curvilinear pen movement, slant of the trace, and non-
uniform translation along the time axis. Output consists of
Plotted traces and also punched cards of the corrected trace,
which can be directly input to EXSPEC, SPSPEC or PLTSEIS.

The plots are scaled to be the same size as the original
record so that an overlay can be performed to check for
digitizing accuracy.

INPUT/OUTPUT

Input is' through FILE 60 and is usually on punched
card. Printer output is on FILE 61. FILE 10 is used for
the CALCOMP plot tape.

FROGRAM DESCRIPTION

PROGRAM SEISDIS: This is the main control 1link,

SUBROUTINE CARDIN : This reads in digitized trace coordin-
ates and converts coordinates to inches from counts.

SUBROUTINE SEIPLT: This routine plots the title and the
trace.

SUBRQUTINE TIC: This draws the time tics at the base of the
plot.

SUBROUTINE UNCURV: This corrects for the curvature of the
trace due to the recording device.

SUBROUTINE UNSLNT: This corrects for the skewness of
the trace.

SUBROUTINE SPACE: This corrects for non-uniform translation
of the time axis.
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INPUT DATA

Card
Sequence Column Name Format Explanation

A. 1-48 ITTL 8A6 Title for plot.
If the first six
columns are
kkkk*k  end pro-
gram.

B. i-10 RAD F10.2 GT.0 Radius in
inches to use for
curvilinear correc-
tion.

EQ.0 Do not correct
for curvature.

11-20 ANGI F10.2 NE.O correct for
skewness. ANGI
is the observed
skew measured
clockwise from
true positive
Y axis

EQ.0 no skew
correction

21-30 PNCH F10.2 GT.1.0 correct for
non-uniform trans-
lation.

LE.O no correction.

cC. 1-10 SCALEX F10.2 Counts per inch
along x-axis.

11-20 SCALEY F10.2 Counts per inch
along y—-axis.

D. Digitized trace.

X(1), 16F5.0 X,Y pairs. The

Y1) first pair must
be +000040000
and the last
-9999-9999,

At this point the program will perform all operations and will
return to Point A to read in a new data set.
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SEISDIS PAGE 3

C PROGRAM YO PLOT SEISMDGRAMS

COMMON / Tie / X(2002),%(2002),SCALEX+SCALEY
CHARACTER ITTL(8)
DIMENSION xxx(100),YYY{£00)
DIMENSION 18UF(1000)

, CALL PLOTS(IBYF,1000,30)

1000 CONTINUE
CALL PLOT(H.0,=21.0,~3)
CALL PLOT(0.0+0,5,-3)
READ(6Q,1) (ITTL(I).191281

1 FORMAT(BAG) _

WRITEV61,1) 17T
IFCITTL(1) . EQ,6Hauapaw) GO TO 9999
READ(60,111) RAQ,ANGI.PRCH
WRITE(61,112) RAD,ANG],BNCH

112 FORMAT(1H ,B5HRAD =,F10.2,5%+6NANG] =,F10.5,5X,6MPNCH 2,F10,2)
CALL GARDIN(NUM}
IMX = X(NUM}+6.,5
XMX = IMX L
CALL SEIPLT(X, Y NUM, ITTL,XMX)
DO 11Q x = 1;40’4
w1l +3
READ(40,111) COXXXCK) YYY(K) ), K=120)
NRITE(61 L) COXXX (KD YIY (KD ), K10 )

111 FORMAT(BF10,2)
DO 110 K = 1,4
TF(XXX(K),LT.0.0) GO TO 115

110 CONTI\UE

115 N = K - 1
DO 116 K = 1,N

116 YYY(K) s YYY(K)/SCALEX
WRITE(SL, 112 COXXXIK) ¢ YIY (KD ;K21 N}
CALL TICOXXX,YYY,N,XMX)
IPNCH=PNCH
TESTR = ABS(RAD} - 0.00%
TEST ‘= ABSC(ANGI) - 0.00%
IF(TEST,LT,0.0. AND.,TESYR.LT.0.0) GO TO tofo
IF(TESTR,G6T.0,0) CALL UKCURV(X,Y,NUM.RAD)
1IF(TESTR,GT.0,0) CALL SEIPLT(X,Y,BUM,ITTL,XMX)
IF(TESTR,GY.0.0)_ CALL TRC(XXX,YYYaN,XHX)
IF(TEST, GT 0.0) CALL UNBLNT(X,Y,NUM,ANG])
IFCTESY ,GY,0.0) CALL SEIPLTCX,Y,BUM, ITTL,XMX)
IFCTEST LGT,0.0) CALL TRCOXXX,YYYaN,XMX)
IF(IPNCH,GT,0)CALL SPACE (X, Y, NUM, EXX,YYY,N)
'NRITE(61.113) (XCKY, YEKY, K21, NUM)

113 FORMAT (1MW ,16F8.3)
IFCIPNCH,LE.O,0) GO TO %000
IM B X(NUM) + 1
X0 = XXxX(1)
DO 201 y131,1M
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YYY(1) s 1.~ 4
201 XXX(I1) » 1 - 1
IMX = X{NUM)#*6,
XMX = 1MX
CALL SEIPLT(XsYsNUM, ITTE, XMX)
CALL T!czxxx,vvv.w.xMX)
60 T0 1000
9999 CALL FLOT{(XMX20,0,999)
sToP
END

SUBROUTINE CARDIN(NUM)
COMMON / TWo / X(2002),%¥(2002},SCALEX,SCALEY
DIMENSION XJUMP{10)
READ(60,1) SCALEX,SCALEY
HRITE(blal? SCALEX,SCALEY
1 FORMAT(2F10.2)
Do 2 1 & 1,10
2 XJUMP(I) & (I=1) = 100086,
DO 310 1 = 1,2000.8
Js 1«7
READ(60,114) C(X(K),Y(K}),K=1,U)
111 FORMAT(16F5,0)
HRITE(61‘112) CEXCKY Y (KDY K=T W)
112 FORMAT(4H ,16F6,0)
pO 210 K = 1 ,
S IF(X(K)#9999.) 115,115,810
110 CONTINYE
135 NUM = K = 1
JUMP = 1
D0 200 1 = 2,NUM
QG = X(I) * XJUMP(JUMP)
IF(ABS(QO-X(1=1)),GT.9080.) JUMP % JUMP + 1
X(1) 8 x(1) + XJUMP(JUMF)
200 CONTINUE
DO 300 1 = 1,NUM
X(I) = X(1) / SGCALEX
300 Y(I) 8 ¥Y(1) / SEALEY
WRITEC6L,3) ((X{K), Y(K)),Ke1l,NUM)
3 FORMAT(1H ,16F7.3)
RETURN
END

* X0
5

SUBROUTINE SEIPLT(X,YsNOM,ITTLY
CHARACTER ITTL(L)

DIMENSION Xt1),Y(1)

CALL SYMBOL(0,0,106,0,0,21,17TTL,0.8,48)
CALL PLOT(0.0,4:5,~3)

X{NUM*1) =5 0.0

X{NUM*2) = 4,0
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YINUM*1) 5 0.0
YONUM#*2) = 1,0
CALL LINE(X, YsNUM,1,040)
WRITE(61,3) NUM

3 FORMAT(6H NUM 3:15)
RETWRN
END

SUBROUTINE TIC(X, Y, N, XMK)
DIMENSION X(1),Y(1)
CALL PLOT(0.0.-4.0,3)
DO 12ﬂ {1 = 1:N
YY = Y¢(I)
XX % ¥(]). o
YY2 = Yy - 8.1
CALL PLOT(YY,»4,0,2)
CALL PLOT(YY,=3,8,2)
CALL NUMBER(YY2,;-3,7,0.%24,XX:0.0,n1)}
CALL PLOT(YY,~4,0,3)

120 CONTINUE
CALL PLOT(0,0,-41.0,~3)
CALL PLGT(xMx,o 5,-3)
RETURN
END

SUBROVUTINE UNCURV(X,Y;N;RAD)
DIMENSION X(12,Y(1), XXt181),YY(181)
DO 100 =1,181
ANGl={lwl)an,Q17453205/2,
XX(1)Y*RAD® (1, =COS (ANG])
YY(I)*RAD®SINCANGT)
100 CONTINUE
po 2900 121,N
DO 300 y=1,180
Jozd o
IF(ABS(Y(1)),GE,YY () AND,ABS(YCID)), LY. YY(JUs1)) GO TO 301
300 CONTINUE
301 CONTINUg
DANBI® (ABS(Y (1)) =YY (I IZ LYY (JJe1) =YY EII))
DXeXX(JU)*DANGI# (XXt JJ*E ) =XX(JJ))
X{1)sX(1)-DX
SIGN * 1,0
IF¢v¢ly,LT,0.0) SIGN 5 41,0
Y(O1)=(FLOAT{JWJ-1)+DANG]}®0,017453893=RAD/2.
Y{1)=Y{(1)e81GN
200 CONTINUE
RETURN
END

SUBROVTINE UNSLNT(X,Y,NFANGI)
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DIMENSTION X{1),Y(1)
c THIS PROGRAM UNSLANTS A SKEWED SE{SMOGRAM, ANG! IS THE ANGLE OF
c SKEW, POSITIVE CLOCKWISE WITH RESRECT 'T0 POBITIVE XaaAXIS
DEGRAD=0,047453293
CQSI=COS(DEGRAD*ANGI)
SINI=SIN(DEGRADSANGI)
TANI:mINI/CQSI
DO 100 1=1,n
XXzX(1)
YYzY(L) 4
X{I)=XX=YYeTAN]
Y{1)=sY(1)Y/C0S!
100 CONTINUE
RETURN
END

‘SUBROUTINE SPACE(X,Y,NUK,XX,YY,N)
DIMENSTION X(1),Y(1),XX($),YY(1)
DIMENanN 1X(2000), 1Yt2900>
c Tﬁ!i SUBROUTINE CORRECTS FOR NON=WNIFORM TRANSLATION RATE
Jd=
Yo YV L JUv L y=YY(JII ) ZEXRCUI+L )= XX{UJ) 3
DO 1000 J=1,NUM .
IF(XCd) BT.YY(N)) GO YO 600
TF(XG) L, LE,YY(JJ*1)) GO To 600
IF(X{JY,LE, YY{J*1)) GO YO 600

I\J = \)J + 1
IF(IJwGE Ny 6C 10 600
NNEE VN ]

YJ:(YY(JJ*i)‘YYtJJ))/&xchJ+1>~xxiJJ>a
600 CONTINUE
FRAC= (X{J)=YYLJIII/YY
FRAC= FRAC+XX(JJ)
X{J)=FRAC
1000 CONTINUE
x0=X(1)
XMAX=0,0
YMAX=0,0
DO 1004 Jsi,NUM
X{J¥=x(J)=Xo
IFCABS (X (J), GT, XMAX)XMUX=ABS(X(J))
TFCABS(Y{J)). . GT,YMAX)YMAXSABS(Y (J})
1001 CONTINYE
c SCALE FOR CARD QUTPUT
v X 18 NOW IN MINUTESs Y 1S IN INCHES
DO 1008 Jsi,NUM
IXCJYS80008X{d)/XMAX
IYCJ)= B000aY(J)/YMAX
1005 CONTINUE
NUMi=sNUM+1
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IX(NUML)a=9g9¢9

1Y (NUM1)2~-9999
CPMM=5000./(YMAX®#25,4)
CPMEBUGD, /XMAX
TMAX=XMAX®60,
WRITE(42,3)cPMM
WRITE(43,3)CPMM
WRITE(43,4) TMAX.CPM
WRITE(42,4)TMAX,CPM
FORMAT (25X,F10.2,F10.3)
FORMAT(60X,1PE10,3)
FORMAT(1615)
WRITE(43,2)( (X
WRITE(42,2)¢€C1X
RETURN

END

VRN

(1
{1

=1 NUM&)
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DATA P

AGE 1

DEN WIECHERT TOP 16 AUG 31 TEXAS

6.392

781,33
0000 0000
0186 0001
0260 0004
0346 QUO1
0387=0007
0427 0014
0477-0009
0514~0018
0552~0003
0579 0015
0615 0002
0653-0012
0698~0000
0734 pU16
N774-0015
0818=0005
0864~00U01
0904~0039
0950 00618
1000 0011
1043 0002
1087-0051
1123 0004
1166 00415
1193~-0024
1190 0186
1224-0143
1248=0287
1208 (0s57
1272~0326
1247 0047
1245 0410
1270 0677
1326 1033
1318-0124
1334=0167
1352-0140
1351-0010
1393=0¢65
1370 0566
1448-0510
1705-1282
1448-0145
1436 0501
1494~0210
1659~0935
1500~0077

'“:S 1:91

772,128
U036 0001
019% 0003
U266 0002
0350 0004
U392 0010
1435-0027
0480 0015
0517-0004
0556~0011
0585 0001
Je19-0001
0658 0p14
0703-0011
0739~p001
0778 op12
08z24-p007
0868 0002
0905 0n34
G957 0015
4007~0002
1053~-0013
1091~0016
127 o038
1473%-0p29
1208-0161
+186 0328
+240-0267
4235-p181
1212 gz16
L258-0205
1265~0176
1250 0275
1266 0205
1306 0893
1303 0037
1321-0035%
1361-0207
1346 0081
1379-0148
1384 0764
1486~-05830
46571139
1433 0050
1438 0395
1509-0312
1695~1044
1488 no83

1,0

0100 opo&
0206 o000k
02730008
0356 000¢
0396 000¢
0442 002%
0485-0018
g%z1 0005
0559-000¢
0588 0002
0623 0018
0661 ©¢00%
0709 0012
074%«0018
0756-000%
0831 001#
0872-002%
0917~001%
0964-0003
1011 0022
1055 001¢
1099-004%
1135-000%
1186~009%
1225-0868
1189 047%
1255-035Y
1224-007%
1221 0098
1247-008%
1284r0385
1256 013¢
1283 001%
1292 0707
1296 0487
1313 0104
1399-0444
13610078
1366-00260
1411 0972
1525~-071¢
1627-1058
1423 0§87
1447 0515
1532-0448
1647«088%
1481 0R49

0117 0008
0213 Qo0
0279 0008

0361 0009

0402=000%
0449=0028
0490 0008
0528~001%
0861~0003
0592«0007
0631-002%
0666=0013
g7i1 000%
0749 0008
0790 000%
0836+=0015
0874 0024
6921 0023
0968 0031
1017 0017
1061 0018
11060 0012
1142=0029
1181 000%
1247=040%
1193 056%
1270~0451
1213 00B2
1230~0028
1239 002%
1310-0434
1270~0048
1277 01873
1283 0419
1295 0273
1311 @158
1442=0639
1372=017%
1357 0138
1396 0797
1579=09012
1586=091%
1423 0419
1450 0383
1552»0549
1603=0713
1479 040%
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0132
0217
0293
0387
0405
0454
0493

0003
0004
0003
0001
0015
0023
0014
0531 0011
0562 0011
0897=0000

0686 0016

0471 0005
0735 0006
0762 0017
0796-0007
0842 0009
0881-0007
0929=0009
0976 0001
1019 0040
1066 0000
1105 0082
1148~0055%
1177 0124
12270268
1192 0394
1286~0548
1207 0175
1241=0143

1234 0135

1284=0268
1287=0187
1273 0291
1284 023%
1304 0127
1321 0065
14070474
1410~0418
1354 0234
1391 (555
16531147
1561-0848
1430 0612
1483 0252
1580-0674
15760589
1486 0612

0155 0001
0226~0004
0305 0003
0371 0005
0410 0001
0463~0015
0500~0008
0540-~0016
0568 0009
0601-0007
0641-0009
0680 0015
0720~0006
0760-0012
0798 0024
0845 0025
0884 0016
0631 0005
0987~-0037

1025 pop21

1068 0025
1105 0062
1151 0005
1174 0202
1214~0157
1195 0252
13170670
1204 0288
1259-0264
1228 0269
1266-0098
1208-0325
1277 0541
1294 0067
1222-0091
1329-0031
14030434
1440-0654
1355 0319
1393 0267
1688-1245
1837-0716
1439 0745
1461 0122
1612-0794
1557=0490
1495 0759

0173
0239
0309
0375
0415
D486
0506
0548
0571 po0A
0604 0023
0645-0002
06870029

0007
0003
0001
0003
0012
0019
0005
0019

0722 0008

0764 0008
0808-0028
0855-0028
0890-0009
0935=0012
0992 0007
1036-0010
1072 0037
1110 0060
1159~0045
1177 0275
1205-0061
1201 0107
12790479
1204 0372
1277-0384
1230 0419
1253 0070
1290~0166
1286 0702
1313~0122
1332-0173
1334~0074
13780249
1434=0517
1378-0035
1403 0075
1719-1325
1508-0561
1450 0833
1488 0027
1574-0625
1533-0338
1508 0886

8o
00
fo

0180
0249
0333
0381 00
0424 00
0472~ ~00
0809 00
0548-00
0574~00
0612~ 00
0648-00
06%2 00
0730-00
0767 oo
0813 00
0859 gp
0893 00
0944 00
099& 00
1038 00
1079 GB
1111 00
1163~Bﬁ
1181 01
1496 00
1213~00
1263-03
1208 05
1290-04
1238 21
1244 82
1279=00
1300 08

1329-082

1358-02
1350 01
1362-01
1413-~83
1365 03
1418-90
176214
1463-03
14490 06
1477-00
1621~08
1515-02
1522 09



DATA

1542 13121
1519~0052 .
16170598
1531 0379
1578-0065
1579 04153
1625~0126
1628=0005
1631 0341
17340~0317
1708 0035
1739-0147
1741 0220
1789~0142
1820-0047
1873~0245
4876 0019
19440353
1907 0452
19800237
1973 0€41
2081~-0344
2061~0128
2087 QU45
2137-0058
21620025
2179 0314
2223 0026
2272-0008
2314=0025%
2376-0008
2416 0125
2464 0066
2519-0041
2561-0052
2616 093
2698-0171
2731~0093
'2785«pl62
2818~0081
2871-0128
2915 0122
2972 0039
3023 0048
3080 0056
3130 0129
3211 gli14
3312-0293
3329 0093
3400~0083

PAGE 2.

1520 0960
1522-0029
1602-0500
1837 0203

$593-019%
1589 0059

1628-0113

1623 0107
1638 0219

1697-0171

$719~0075
17385~0044
1748 0121
1778 0009
4820 0020
1864-0128
1875 0167

19260209
1915 pz02
2001-0365

1980 0155

2029-0141
2070-~0175
2085 05125
2127 0083

2175-0133
€188 0188

€243-0119

2283-0095
2325-0091

2394-0077
€425 0056

2471 0059

2510 0159
€557 g241

2625 0015

2681~0008
2727 0029
€777-0032
2816 0017
2864 0067
2930 0001
2983~-0030
3027 08072
3085 47
3157~0127
$229~0040
3295+-0127
»358-0154
3397 0069

1503 080%

1529+-0413
15850388
1549 0076 .
16330429

1608-0298
;599909‘§
1634-0168
1631 0014
1647 0082

1687-0048

1729=0164

1747-0429

1755 002%
1773 0403
1824+000¢
1852 0019
1884 0058
1912-~0087

1922 008¢

1980-021%8
1988 0047
2017-0008

2060-000%

2122-0498
2126 0148
2169=0025%
2195 0404
2254-0459
2297-049¢6
2322~001%¢
2402~-042¢
2433 0002
2467 0R93

2517 0443

2571 03169
26410078
2679 0058
2728 007§
2774 016%
28270043
28750002
2939-0048
2983 0046
3041 001&
3085 neit
J148 0323
32430098
3282 005%
3348 0064
34270134

2012 0139

1493 0653
1540~-0208
1867=0265
1%43 0308

1594 0108
1641=0209

1640=007%

1659=0041%
1679 008%
1740#0249
1739«001%
1764=0068
1772 0159
1826 0058
1870=0117
1894+0058
1901 0054
19320024
1966~0092
2000=0069

2068~0048
2106=0005
2138 0049
2187~0168
2199 D068
2245 0033
2291«0042
2337=01086
2404-0076
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3936-1023
4005 ~255
4069 ~362
4112 =262
4169 ~100
4215 =69
42746 -3¢0
4324 -397
4364 214
4447 228
4484 =497
4544 560
4633 107
44636 -85
4745 =525
4785 111
4844 21
4507 =100
4988 58
5039 =324
5109 3
5161 -103
5235 =127
5312 134
5377 224
S448 400
5516 ~-13
%601 438
B662 ~-34%
5744 131
Satig 27
5883 103

L e

2204
2225

2267~

2297
2330
2373
2416
2462
2498
2536
2577
2626
2674
2754
2800
2853
2503
2959
3026
3088
3144
3196
3244
3303
3374
3432
3489
3517
1564
3675
3741
3809
3873
Jod4
4018
4475
4117
4173
4223
4283
4328
4371
4430
4495
4576
4643
4703
4748
4791
4854
4945
4993
5p45
5112
5167
5251
5324
5384
5455
5521
5607
5673
5751
5817
5889

g

-722
698
1262
535
-487
~404
432
284
-459
649
-411
-3c8
-3i4
-26¢
193
203

27
-48
~169

Ry

2:¢02
2227
2265
2400
2329
2479
2430
2484
2%02
254¢
2585
2631
2t78&
2759
206
2c57
2%1¢0
2973
3u36
3093
314b
3e0s
3eBg
31
3080
3437
3431
3525
3594
3680
3742
3817
3tge
3%456
4028
4079
4124
4180
4:98
4294
4534
4378
4444
4506
4583
4047
4713
4752
4797
4664
4¥24
5000
5u54
Bi1g
S177
5268¢
5431
5397
5463
5530
S5&10
5681
5759
5029
5900
LR

+3.1n
3
“743
182
-27
-3
-bg7
494
-56
329
~549
-658
-38
~418
24
1013
450
544
~2&9
Xs8
745
5956
=148
-8
-1¢é5

729
425
-314
iv0
221
=463

96
LY
~217

473
~3ai
-72
176
~62%
245
-162
-$1
359
414
248
2:0
~65
33
169
-$1
172
-179
~27
=458

300
169
145
114
eé
-477

2401
2231
2264
2305
2333
2384
2431
2672
2808
2543
2893
249
2686
2766
2610
2865
2916
2983
Ju39
2105
3355
3209
3263
3319
3386
3439
3471
1526
3607
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-224
24
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-96
86
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359
93
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-44
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-241
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186
79
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-134
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-394
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3220
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3335
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43509
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4534
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4725
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4821
44856
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6143
5213
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5439
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5543
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-52
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51
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=352
-44
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48
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158
28
—51
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-65
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