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Introduction to Volume I

The purpose of this volume is to provide documented
copies of computer programs which are llseful 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 floating 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. In 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:

PLOTS
PLOT
FACTOR
SYMBOL
NUMBER

SCALE

AXIS
LINE

initiates plot tape
move pen
used to scale entire plot
plots character string and special symbols
plots decimal equivalent of floati~g

point number
determines starting value and scale for an

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

defined by X and Y coordinate arrays

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

iii





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. Input 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 analysis on FILE 01. 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 90 (1000 km). If
this correction is not desired, enter 9.0 for the variable DEG.

The option IPRNT.GE.O 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 file on FILE 01, set INDEX = O.

INPUT/OUTPUT

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.

PROGRA11 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 FOURI.
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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 ICONTRL = 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 SEISMl: 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 sensitivity 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 consideration
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
period 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. In 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 Name Format Explanation

A. 1-5 IPLOT IS LT.O Seismogram not
plotted

GE.O Seismogram plotted

6-10 M IS Number of points of
Fast Fourier Trans-
form, power of 2.

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

B. 1-5 INDEX IS Number of spectra on
output tape to be
skipped before adding
new spectra on FILE 01.

INDEX = 0 for initiali-
zing new tape.

C. 1-5 ICONTRL IS Instrument response
options

o or negative - terminate
program

1 15-100 WWSSN system
2 30-100 WWSSN system
3 LRSM LP with l2db
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

6-10 IDATA IS 1 one component read in
2 EW read first then
NS, E and N are positive
displacements on seis-
mogram. Wand S 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.
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Card
Sequence

D.

E.

Column

11-15

16-20

21-25

26-30

1-4

5-8

11-20

21-30

Name

ITAPE

IPRNT

I TREND

INTYP

STA

COMP

DIST

DEG

1-6

.Format

15

15

15

15

79H

A4

A4

FlO.5

FlO.5

.Explanation

LT 0 no spectra
written on 01

GE 0 write spectra
on FILE 01

LT 0 do not print
selected spectral
values

GE 0 print selected
spectral values

o 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 Name Format Explanation

31-40 BACKAZ F10.5 Azimuth from station
to epicenter,
measured clockwise
from north.

41-50 TO F10.5 Time digitizing
began in seconds
after origin time

51-60 DT F10.5 Digitizing interval
used or desired.

61-70 CPMM F10.5 Counts of digitizer
per millimeter on
original record
(counts per minute/
millimeters per minute)

71-80 PEAK F10.5 Peak response of in-
strument (has no
meaning for ICONTRL
= 4 or 6

F. 1-12 IDATEO) 3A4 Date of event

16-25 SLOPE F10.5 Trend of record
trace below true
zero line in counts
per DT unit. Can
be ignored, if
11REND = 2 is used
e.g. SLOPE = 0.0

26-35 TMAX F10.5 When 1NTYP = 2, total
length for desired
evenly spaced seis-
mogram. Note TMAX
must be less than
MDT.

36-45 CPM F10.5 Counts per minute.
Used for plotting
1-1 representation
of original
seismogram
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Card
Sequence Column Name Format Explanation

G. Digitized Data

INTYP.NE.2

INTYP.EQ.2

DUMMY (I)

X(I) , Y(I)

l2(F5.0, IX)

l6F5.0

Digitized trace
for equispaced
time values. End
of trace signi­
fied by +9999

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 ICONTRL = 4 the following instrument response data are
read immediately following the digitized data of each trace.

a. 1-5 N 15 LT.O-velocity
sensitivity read
in ABS(N) values

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

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

RESP = velocity
or displacement
sensitivity

2. If ICONTRL = 8 the following parameters of Hagiwara's
equation are read immediately following the digitized data:

1-10

11-20

TS

HS

1-8

FlO.S

FlO.5

Seismometer
natural period

Seismometer damp­
ing factor,HS=l
for critical
damping



Card
Sequence 'Column Name Format Explanation

21-30 TG F10.5 Galvanometer natural
period

31-40 HG F10.5 Galvanometer damping
factor

41-50 SIGMA F10.5 Coupling factor 0 2

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 response of the WWSSN system as listed on
the seismogram, e.g. 1500, 3000. For ICONTRL = 3, PEAK is
the response of the LRSM system at a period of 23 seconds.
For ICONTRL = 4, PEAK has no meaning. For ICONTRL = 5, PEAK
equals 1400 or 2800 for the standard Wood-Anderson Torsion
seismometer. For ICONTRL = 6, PEAK has no 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 01 is UT (tangential) followed by UR (radial)
spectra. For example given a sequence of data SLM Z, SLM 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

3°3

63

C
C
C
C
C
C,..
'-',.
'"c,.
v

C
C
C
C
C
C

C PROGRAM EXSPEC
CHARACTER STA,COMP,LAEEL,IDATE.ICOMP
COMMON/cTA/nATA(4096)
DIM~NSION I8UF(1026),IDATE(J),DUMMy(2050),DATU~(2G4a)

DIMENSION LA9EL(4)
READ(60,63) IPLOT,M

C IPLOT .GE. (i CALCCMP PLOT PREPARED
C M = N0M5ER of PCI~TS OF FOURIER TRANSFORM. POWER or 2

IFIM.EO,O) ~ :: 1024
DO 1 I :: 1':11
t\~ :: 2* .. 1
t\d"i : !',N * 2
IFIM.GE.NN~AND.~.LT,NM) ~ = NN

1 COtl;T H~UE
I F I !~ • GT• 2 0 <1 b) 1\J = 20 4 b
N2 ;; ;"~*2

'\''-)2' :: ;'" /2
N;J~\ = tll/8
!f:"IIPLOT.LT:C):O TC 62
CALL PLOTS(lDUF:l026,10)
CALL PLOTI~.O,-11.0,-3)

CAL. L PL uT ( 0 : 0 ' 3 • 0 ' -:3 )
62 CO~~TI'\iUE

REhU(SO,6j) I~DEX

C INDeX IS TH~ \UM8ER of SETS OF DATA ON TAPE TO ~E SKIPPED REFOQE
C ~F~ITI:~G

CALL TAPEI~(I~nEX.1)

I 'Hi t.: X ;: I ~~ ~ LX + 1
N>' F' 1 T~ :: 1'1 L F. X
R!: t, L: ( D ) • fi 3) I CQi \ TRL • I r:: .~ T ,A , I TAP F , J P f'{ '; T , ! TRENL~ , 1 ~JT YP
WRITE'61,b3)ICO\TRL,ICATA,ITAPE,IPRNT,ITREN~,I~TYP
r OF1 r,AT(6T5)
I F ( I C() \! TRL. • LE • f!) G(\ Tel non
ICC:,TRL Plc,<,S PiWFEh l':t.GqFICATION f~aLnf\:E. SEE: II'~STRrv

IJATA = 1 0 E ~LMpn~E~T A~ALYZED
I .) l\l A = 3 L, n c\... 1'i P 01\ Ef\, TS t, RE R~ Ar I f~ E 'J FIR ST THE l\ rJ S it! I T H TJ,.i J;:
CGNVE~Tla~ T~AT PCSITIVE DISPLACEM~~TS ARE EAST A~D NORTH
P:::Sf'EGT 1VEL Y
7 ~ DOW\ CPMM CA~ bE MACE ~EGATIVF TO CHA~GE SENSE OF
DI SfILACEMi:":':l
ITAcE • GE : U WRITE POSITIV~ FPEQUENCIES O~ SPECTRA ~N TAPe
IPF<I\!T. GE ." PRI'\'T CEfHAIt\ Vtll_UES OF SPECTRA WI1H PHA,SEt.t\r:,
AI~P

ITRENJ = 1 REMOVE DC COMPONENT = 2 cEMOVE DC + LINEAR TREMD
FROH DATA
INTYP.~E.2 EVEGLY SPACEr Y VALUES • D~TA SET E~DED BY 9999
INTYP.EQ.2 ARRAY OF x~ Y VALUES. ENDED BY -9999-99~' IF FIELD OF
X EXC~EDS Q999 AN[ ~EXT COUNT IS 0003 oROGPA~ ADJUSTS TO 10001,
HE~CE X CA~ HAVS RA~GE cr 19999 CTS. ~CTE ~IRST X MUST 8F 0Qra
DJ lOG lTYP~ :: l,IDATA
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EXSPEI;

c
c
c
c
c
c
c
c
c
c
c

c
c
c
c
c

REH;(60.2)
WFnTE C61,2'
READ(60.1U) STA.COMP.tIST.DEGIRACKAlIT~,DT,CPMM,PEAK

S1ft = IDENTtrlCATIO~ CF STATION
CJMP ; IDENTIFICATION OF COMPON~NT

DIST ; DISTANCE I~ KILO~ETERS

DEG = DISTA~CE FROM EPICENTER TO STATI0~ l~ DE~~EES

BACKAZ ; BACK AlI~UTH FROM STATION TO ~PICFNTEn ME~SURED CLOCK~ISE

r ~ C"~ N
TO = TIME wHE~ LIG11IZI~G BEGAN IN SEr~~DS AFTFR ORIGIN TIME OF
EV~" T
o T = TI tv: F I I; TEr:( Ii ;\ L BEH-' EEND I GIT I ZI NG pel NTS n: SEC a ~J c S
c p" '''I = CCu~n S PL: R MIL LIt'" ETER 0FeR I GIN AL RECOP D
PE'G = PEAK MAG~IFICATIC~ OF INSTRUMENT RESPONSE

10 FJR~ATC2A4'2X,7Fl0.5)
R~A~CbO.11) ICA,E(1).IDATE(2)IIDtT~(3),SLOpE.T~AX.CPM

S ... (i r:' E IS THt- T;;;, H' [ eFT tc F Rleo P!J TPAC E bEl 0 \0; THE ZE" 0 L H) E p FR
U"d T ;:;T
IF ()PTIC\ !1·.TYo :: 2 TI'IAX:, TOTAL LE"JGTH DESIRFfl OF DIGITIZED

CP~ = CCU\TS PEG ~I~UTE

CPS = Cr: >vi I t- i, •

11 r O~):: AT ( :' A4 I 2; Y, :) F 1 c . s )
\:~!TE(61,6'
~~IIE(61,7' STA,CCvP.[IST,DlS.PACK4Z.T:,nT,cPM~,PlA~

6 F0PMAT(1H ;~nh STA cc~p nrST KM DEG GACVAZ TG ~T

1 CP~M PFAK~AG ,
7 F;) ~. j-: AT C1 H .!~ ~ ,-4 x• A4 • 3 x•F1 0 • 2' , 2 r 7 • 2 , F 7 • 1 ' F 8 • 3 , F 9 t ? I ~ H • (J )

~' I~ I 1 E ( 6 1 ' b,- .
\Ii KJ TE ( 6 1 I ""/, I CAl E ( 1 ) , 1rAT E: ( 2. ) I I DATr.:: (3 ) • S LOP E , T~' AX, CP M

8 F \j F: i: AT ( j HG• .., x•4 I DAT t • 1? x, ~ I·' SLOr E I 6 X, 4H.,. ~ AX, 7 X• 3 i-i CPr1 I
9 Fi)[:'f ATC:)h .,t,A4,3X.rl0.4,?F:1.Ci.2,

.Ai i~ 1 TE ( " 1 -~ \. - .... , "-. !

2 rO~i;;A Ti '/9M

:3 Fer-lrAl(/I)
C,6. ~. LeA ~i DI • ( DU.A ;.; Y, i'J PTS , I '\ TVP , CP 'I • 1) T , T!!; t. )( )

C cD~VE~Tl~G TO ~CU~TS PER CENTIME1E Q

C(J\:F A: :;; u. :lIeD,'. "1

c ~JO FI;', A~ I t' EL T0 9. 0 Ii EGO R 11'l 0 0 K ,'>
CU\FAC = c~ FAS * SGRT{SIN(DEG~a.0174529»/SQRT(O.15613)

IF(CPS'GT'0) CQ~rAC = CC~FAC * cPS
Do 115 I = l,~P1S
XI ; I - 1
DAT;.. ( I) = TiJ + l 1 * DT

C SPECTRAL A~?LIT~DES ARE IN eM-SEC
rUMMVCI) : lU~vY(I' +SLCPE~XI

IF(CPS.LE,nl GO TO 11 5
DU~HY(I) = CUM~Y(I) / CFS

115 Co~:Tll'iUE
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ExSPEc

c

4001

40C2

4003
5 nr,'v.

119

12"

121
c

122
c

PAGE 3

IF{ITRE~C.GE.l) CALL TRE~D(DUMMY,NPTS,ITREND}

IF(rPLOT.LT:O) GO TC 119
LA8EL(1)=6~TIME I
LArEL(2)=6~~ SEeo
LAEicL (3) =6.-1:·,D5
CALL SCALE(DATA.5.0tNPTS,1)
CALL SCALE(DUMMY,2.0,~PTS,1)
IF{CPS.LE.~) GO TO 50Q
THIS MAKES SEISMOGRAM PLCT 1 - 1 REPRODWCTION OF ORIGINAL TRaCE
IF(DUMMY(NPTS"'2>.LT.DATACNPTS+2» GO TO 4001.

4 2'GO TO CO
DUMMY(NPTS+2) = DATA(~PTS+2)

DU~' :'1 y ( i~ P TS+'"') :: - DL ~" Y , 1\ PTS+ ;: )
GO TO 4U03
CO~Trf\Ul

DATA(NPTS+21 : rU~~Y(~PTS+2)
CO~qIi\UE

Co~: T I f'J UE
CALL AXlS'1:0,~.O,LA8EL,-16,5.0,9C.O,DATA(~PTS+j),DATA(NPTS+2»
leO ii P = 4 Ht ,: P L.

rALL AXIS(O.O'C.O'ICO~p'4'2·n'ldr·8,nUM~Y(~PTS.1)'DUMMY(~PT5 ... 2»
Du~, ~,y ( \) PTS... ~) ::: - CU/' MY C t\ P TS... 2 )
CALL LI~EC~u~~Y,DATA,~pTS,1,o,n}

CAL L ~ Yi'i 8 0 I. l -;-.: • :5 C, 1 .8 S , 0 ,14, ST A, 9 G, 0 , 4 )
r AL. L Sv~, HuL ( - 2 • :. S, 2 • ?:: , C' • 14 , C0 ~~ P , 9 I" • 0 , 4 )

CAL L SY,/, R() L ( - 2 • C. 5 , 1 • 95 , C • 1 r, , ! LA TE<1 ) , 9 r, , 0 ' 4 )
Ci\. Li.. SY:'1 ::l 0L( - 2 . 25 , 2 ' 3:: , 0 •1 r: , I DATE ( , ) , 9!) I 0 , 4 )

CALL SYM90l(-2.~5,~.7C,O.1~IIUATE(3),9~.n,3)
CAL L S y '1 9 GL ( - 2 • :., 0 , 1 • 5 C, J , 1 0 , 3 HD = , 9 0 • r' , 3 )
CALL ~UV8fP(-2.JC,1.9010.1CIDEG,9D.O,1'
CALL SYM80L(-2.GO,2.55,J.10,4HlAZ; ,sr,C,4)
CALL NUM8~~(-~.~Q'~.O~'0'10'P~C~AZ,9r·~'1)

CALL PlOTc<o,n.n,-3)
r'" ~ TI \ UL
'.1 U-, '\ t::

DO 116 I = 1,~rTS

Dur~Y(I) = nU~~\(I) * CC\FAC
1) 0 1 2 0 I = l' I\?
DATi\(l) = C<G
pO 121 I ;; 1,NPfS
J = 2 * I : 1
DATA(~) = T)cMMy'r}
FJR CUNVERS!O~ INTG RADIAL A~r TRA'JSVEPSr,DT MUST 8E THE SA~E

CALL Fnuq2IcATA,~,1,-1)
DF ;; 1.J(r\d~...,T)

D() 1 2 2 1 = 1, i\ ?
DAlkeI) : ~AT~{ 1) * DT
Re'i J VAL 0 F I ~ ST h U~[1\ T RE~ P0 i~ SE
CAL LIN S TR "'1 ( D1\ TII , 1\ , LF , PEA K, ICO~, I TRL ,
r '" STRil i~ ETIJ ,.; ~,j S C, '\I LY FIR ST HAL For ARRAY cOR RES peN DI I\l G TOP ('I SIT! VF
FK~ :~
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:

IF(lTYPE.EQ~IDATA) GO TC 100
DAT0M = EW ANC LATA : NS lRANSrORM WHFN InATA = 2
DO 125 ! : 1,N

125 DATuM(!) : ~ATA(!)
1 0 (l CO~!T I'JU E

F 0 ~1 h ATI o~: cF r~ ADI AL A~ 0 TRH S VERSEC 0 MP0 NE ~! TS I F I DATA• EQ , 2
IFCIDATA.NE:2) GO TC 20U
8ACKAZ = BACKAZ ~ 0_0174533
.A:: SI~IC8A::::'\AZ)

8 :: COS(8AClAZ)
DJ 1 6 01 : 1,f~

RADIAL : -~ATA(l) * B -[ATUM(I) * A
TRt".S = DATACI) 0/:. A - rAH'~dI) * e
DATuM: RADIAL = + A~AY FR0~ EPIC
DATi,(l): T,,'A:\S

16 0 DATuM(!) : ~ADIAL

8AC~AZ = 8ACVAz/o.a1745~3
200 cO\11NUE

OJ 40L ITYP~ ; 1,lDATA
IF(IDATA.N~~2) GO TC 4J5
IFClTYPE.E~.1) co~p = 4~ UT
IF(ITYP~·E~-2) CO~P = 4~ UP

405 IF(lTAPt.Lr.o) GO TC ~25
GO TO ·(ti:l.J,ii?J),rTyFE

41: CALL TAPE~?(DATA ,NC8,~~QIT~,STA,C~MP,CIST,DEG,JAC~AZ,Tu,DT,

lI[liITE,h.PTS)
GJ TO 42 5

420 CALL TAPE~P:DATLM,~re,N~PIT~,STAIC~~P,~lST,DEG,JACKAZ,TO,DT,

lI');iH:.""PTSJ
4 2 5 CQ\; 1 I f~!):~

IF(Ipr;\i"1.i-T.('):;O Te 45(j
GD TO (43u,~4u)'lTY?E

43 f) c!~ L \- PRI ~. ( D" T;. ,~' L ? , STf. , CO f"i P, DIS T, DE= GI F< A:; KAZ, Tr,l , DT,
.j, If)" H:)

r.:j -r n 4:'; n
44J CALL'"'PRI\("",cTi,;IV,N L 2 ,STA,CCf,P,ClST,tEG,SACKAZ,Tc,CT,

1 I ~·,T).i..J~, t:

45C C0~Tl\U[

400 CJkTI,~;Jt

GO TO 3U3
100' CJ1ITJ\UE

~! ,., ~' rTE = i\ ~", ITt; - 1
~~ITE,tl'1~~1) INLEx'~~hITE

1001 FJ~~i'AT(1H0'10X,lorS1Ar\T
IFCIPL.0T.LT:O) GO TO lDG2
CALL PLQTt8:n,O.O,9~9)

1 002 CJ " T11'; UE
S r (1[-'

E ·~:I

c

c

c

SJ :: , \ 0 J T 11\ t. r0 uq r:. ( r: ATA, , i\ , I DUM, r5 rG'.1 )
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C THE COOLEY~TOOKEY FAST FOURIER TRANSFORM IN USASI BASIC FORTRA~I

C TR~j\jSFO;<M(J) = SUtdI:ATA<Y)4lo~J**(CI-1)CJ-1'), WHERE I Af'\D J RUN
C F~OI"i 1 TO '11\ AND h = EXP(ISIGNolf24loPI*SCRTC-1>!Ntd. DATA IS A O~'E:-

C DI~~NSIO~AL COMPLEX ARRAY (I.E., THE REAL AND IMAGINARV PARTS OF
C DATA ARE LOCATED IMMECIATELY ADJACENT IN STORAGE, SUCH AS
C FORTRAN IV PLACeS TbEM) WHOSE LENGT~ N~ IS A PO~ER OF TWO, ISIG~

C IS '*10~ -~, GrvI~G THE SIGN OF THE TRANSFORM. TRANSFORM VALUES
C ARE R~TuRND IN ARRAy DATA, REPLACING THE !NPUT DATA, T~E TIME IS
C PROPORTIO~AL TO N*LOG2(~), RATHER THAN THE USUAL N*_2
C RMS RESOLUTION ERROR 6EI~G bOUNDED BY 6*SQRT(I)~LOG2(~N)*I**(.P),

C WHERE B IS lH~ \U~8ER OF BITS IN THE FLOATING PCI~T FRACTION.
C PR:GRA~ AUT~~ATICALLY OIVIDES TRANSFORM BY NN FOR INVERSE
C Tk A [, SFOr< ~

DIVENSIO\ DATA'l)
~: :: 2 i/o t\ \
I~(lSIG~·EQ·-l) GC TO 1002
Do 10J1 1111 :: i,~

1001 nAT~(lIII) = DATACIIII~/~N
10 02 CU'\ T1:'; ') t:

J :; 1
Do :5 l=l.t\,~

rF ( 1- J ) 1 , 2 ,. L'
1 Ti:~FR = nAT, (J)

TCh'I = DAT/.(J+l'
DMTACJ) :: ]hTA(l)
nil T" CJ +:1. ' :; ....,M T.i'\ ( : +1 )
!) ; T I, ( I) ~ F ~1f:>"(

l)ATI'(l+l) :; Tl.:';FI
2 H :: N/2
:3 IF(J_I"") 5,').4

~1 :: ~~ /2
I ~- ( t', -;~ , ') , .5 , :'

r; J:;;J ... H
r·j HA'< :: i

6 If' ( ,', Mi, X- t\ ) '7 • 1 W • 1 0
7 l::,TI~P= ~ *"tA..l<

THETA: 6'?-'31(}::"30 7 /FLOATCISIG\I*MMAX)
S 1\i TH:: S I , ( pi F T A/ 2 , )
WSTPR:: _ 2 • *S 1 ~.' TH{l S I ',; 1 ~!

\0.' S TPI:; S 11\" T;, ETA)
~;H::l.L

i,.Jl=:j·C
Du 9 Ii :: 1 , 1'1 M~, X, 2
DO b I ='." , ~\ , i S T1= r:
J=l .. Mil~X
TE~PR=WR*DATACJ)-~I.DATA(J+l)
TEMPl=WR*DA1A(J+l)+hl*DAi~(J)

DATA(J,=rATA(!)-TE~PR

DAT~(J+l)=DATA(I+l)-TE~PI
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EXSPEC PAGE 6

DATA(I)=DA!A(l)~TEMPR

8 DATA(l+l) = DATA(I+l)+TE~PI
TcMPR = WR
WR ; WR*WSTPR-Wl~wS1PI + wq

9 WI = WI~WSTPR.TEMPR~WSTPI + WI
Mj,1 AX = ISTE;:
GO TO 6

10 Rt:: TuRi'!
pJD

SUBROuTI~~ lAPF:,ReX,M ,~~RITE,STA,COMP,DIST.DEG.8ACKAZ,TO,DT,

1 IDATE,I\PTSi
CHARACTER SlA,COMP,IDATE
rIMENSIO~ Xll),lDATLe3)
WRTTE~Ol,31[) v,NFTS ,~TA,COMP.DIST,DEG,8ACKAZ.TU,DT,

lID AT t:: ( 1 ) , 1:~ ATE ( 2 ) , I DATE ( 3 )
310 FOR~AT(2I~,h4,1~,A4,lX,5rl0.2,3A4)

DJ .)12 1=1,:
K = I * e
J = K - ;

31? \Inn TE ( O:i. , :3 Lt) \! "R I H: , Cx(L ) , L =J , i< )
311 FURf'ATC!5,"<=1?;,)

\),1 ~ ITt. ; i, ':; ;, I T~ + 1
RL:T0R,~

E D

SUtk 0 uTI ~: E: TP t: '\ L. ex, f\ P TS , I T~ t. ~! D)
Dl"1c"lSIUf\ ~~(1)

S 1T~cNL = 1 JC ~CMPO~~~T QEMOVED
CIT '~ r ~~ L; :.2 L I ,\ EAR r: c I~ FCf\ ~ ,'; T RF. M0 Vt D

S\J~~~ :: ~j' j

Su'11 = tJ.0
~Jl:; >,;p,S/~~

1)0.L 1;: 1,'1
1 SJ ~',J. = :~ Ui ': '\ + Y ( I )

~'21 = \1::.. + ~

Du ~ 1 ::: ;.~.?~: f) T::;
~, SlJH,,-' :: SUi? + X \! )

1\' 2 ;= L P TS - r,! 1
DC ; (SU~l + SU~2)/\PTS

IF ( I H< E;, 0 - 1) 6, 6. 7
6 G = DC

SLP = 0.0
GO TO f,

7 CJt\TI:,Ui:::
SLP = 2. * ( (SUtv: ? I N2) - CSUrrtl N1 ) ) hJ D TS
8 = (SUi';l!':l) - O·ljilN21*SLP

8 CG~; T Ii. Ui.:
DC ~ I : l~\PTS
X, _ "

• - J.
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EXSPEC PAGE 7

C

2r
23

24

25

21

22
2 7

26

"Q
(..

3 XCI) = XCI) - 8 - SLP~X!

WRITE(61,5' DC,SLP
5 FORMAT(1H ,4HDC = , E11.4,4X,7~SLOPE = , E11.4)

RE TURf\
Ef\JI)

SJ8~OUTINE TAPErN(I~DEX, IOTP)
C INDEX IS TOTAL ~UM8ER OF SPECTRA TO BE SYPASSED BEFORE WRITING
C ST JIfHS

IFCINDEX.LE:O} GO TC 2
DC: 1 I:ltl')LE"
Rt J\ J ( 1aTP , 1 C) ~1

Po 1 J=1,i'~

REAw(rOTP,:1G) !CU~
1 C(j ~, TI ;~ U[
? RE: TuRf\i

1 a F C' FI \: AT ( I 5 )
Ef\·.D

s~a~OLTI'~ rHASLeX,Y,PHI)
Ah CLJ ML ~~ T P LI Irs RET l; Rf' E[ AS VARv I NG r R0 r--1 O. C T0 1. 0 C I Rr. LES
IF"') 21,2r;2i
IF"(,() 23,24,2:;'
PHI = 1. 5 * 3'1 4 1 59 2 7
GC' TO 2 t
phI = 0.0
Gl' TO ?b
PHI = 0.5 • 3.1415927
GC TO 21:
PhI = ATA'\('i I );.) + 3.14:1592.7
GO TO 2M
IF(Y) 20,27,27
P 'I I = .~ TA1\ ( Y I X)
G:J TO ?f'
PIi J = Po TA,\ ( YI x, + 2. 0 * :3. 1 41 ~ 9? 7
GeT 0 2d
CG~ilh,Ul:

PHI = PhI / 6:2d31854
P;-,I = Ph! - AI\'l(P~:I)

RETJR"j
E\D

SU9ROlTI~E PRl\{X,M,STA,CCMP,DIST,rEG,RAcKAZ,TD,DT,IOATE)
CHAhAcrER STA,CCMP,IDATE
DIMENSION Xll),IDATEC3,.TC4b)
DATA T/'l' .~ •• 3•• 4 •• 5, .t, .7 • . b, .9'j"1'1'1.2'1'~'i.4'1.5'1.6'1.7,

11.8,1.9,2. ,?:>, 3. , 3.5,4. ,5.0 16. ,7 •• H. ,9. ,10. ,12. ,14. ,16. ,18. ,20. ,
~22.,24.,2b~,28 .• 3L.,35.,40.,50.,60.,7C .• 8l.,90.,lOC./

100 rOR~AT(iH ,4(~X,El1.4»
~JF:ITEC6:L,9~) ST;..,Co~'p.Ir~TE(:t},lD~.TE(2',lDATE(3)
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EXSPEC PAGE d

99 FORMAT(lHO~A4,2X,A412X,~A4)

Wf~ITE{fl,9~)

98 FORMATr1HOll1X,6HPERIOD,13X,9H~REQUENCV,11X,9HAMPLITUCE,13X,
1 5HPHASE, /)
K= 4e

DO 10 I = 3 1 M
pERi = 2.*~.rT/(I-l)
PEI~~ = 2'*'~*DT/l
FREU = 1./ p r:Rl
DO 15 J=1,K
IF{PER1.GT.T(~).A~n.PER2.LE.T(J» GO TO 16

15 CC'H I i\ UE:
GO TO :1.7

16 K :: J
II ; c: * I
III:: II -1
Ai<P = SJRT(,(IY)*X(II> + X(III)uX(JII»
CAL L P~ASE (A ( 1I 1 ) ,X ( I I ) , PHI )
PHI = Pi.I - TL "FRlQ
PhI = PHI - AIN1(P~I)

If <PHI'LT'r» PHl = PHI" 1.0
wf< I TE ( 6 i , :1. ,., r) P [ R1 , FR[; Q , Attl P , pHI

17 CO\T!:\Uc:
1 0 CC\ 1 lid! i::-

Rl TuR,.,
Ef·: r:

SJ ~h 0 tj THY ! NS Th M ( X, ~H\ I r r , P[: M< , ! C0 ~ TPL ,
C TrlIS ~USRCJTINF CCRRECTS SP~CTPA FOR INSTkUMEN1AL RESPONSE

COM~O~/INST/MAGIN,NP,PER(100),RESP(10C)

rG~MO\/hAGI/TS,TG,HS,Hr'SIGMA,PK,FPK

Dl~~cN~IC' Y(1)
C REn~C~D SpeCTRA Fen ZlRC FpEQUE~Cy

" . " "f"! A CI !'i :: .~

X(l) :; e·C
XC;;;) = G.0
~.L,? = ~':\</L

DU lO I=2,'«?
Xl = I - 1
Ff-I[,.;:; xl u DF
J::?'*I-l
i< : 2 * I
GO TO(1,2,~.4,5,6,R,9),ICC~TRL

1 CA.L.L SEIShlcFkEc",FEAK,XF,XIJ
GO TO 7

2 CALL SEISM?'FRF~,FEAK,YR,XI)

GO TO 7
3 CALL SElSM3(FREC,PEAK,XR,XI)

GO TO 7
4 CALL SEISMt(FH~G,PEAK,X~,X!)
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EXSPEC PAGE 9

c...
L,;

c,..

GO TO 7
S CA_L SEISM~{FREG,PEAK,XR,XI)

GO TO 7
6 XR = 1.

XI ; C.O
GO TO 7

8 CALL SEISM7'FR~~,PEAK,XR,XI)
GO TO 7 .

9 CALL SEISMg(F~EG,XR,XI)

7 co'n rr,,'-JE
TE~?R :: XR~~(J) - Xl*X(K)
TEMPI:: XR*X(K) + XI*X(J)
X ( ,J) :: TE tv, PK

10 Xpq :: TEMP!
IF(ICO~T~L.LT,8) RETURN
COMPLETE ~O~MALIZATI0~ FOR HAGI~ARA S EQUATIO~
Pr,~:SQRT(PK )
F"AC = PK/P::AK
DO ?O 1=2, ~';\2

J :: 2*1-1
K :: 2* I
X( ..J)=F'AC*XeJ'
X(\<\:> :: FAC~y.(r('

20 CJ\lI~UE

WRI lE'61,3~)TS,TG,HS,~G,SlGMA,P~,FPK
3: F J :;, ,", A T ( 1 j.J J , L 0H wAG I Vi ARA 5 EQUA T ! (+ , 3HTS:: F 1 n•2 , 4 H TG:: , F 1 (J , 2 , 4~! k' S::

1,FIJ.2,4H ~G=,F10.2,7~ SIG~A::,r6.3,4H PK::,Fl0.3,3H AT,E10.3,34 ~Z)

RET'JR\
Ei\ '",

5 U,: ,,0 LT I ~!: SF lSi', 1 ( r f-i EG, FE AK, XR, XI )
1::)-101:, SYST~M

W,I SS ~~ I t\ S1 q U ME: \' 1 C0 i\ 5 TAt\ TS F R[I 1'1 U. C1-1 A \! CRA, 8 SSAl C; 7 (1 VOL (, (1

P~) 53.;: - ~ 6:3
Pt;!,,( hAGf\;!r:lCATIOI\S ARE 35iJ,7(;f),14IJG,28['O,560C
IF(rR2Q,GT,l.0, FhEG :: 1.0
IF'F~EG.LT'L·Gr:;j) FKEG :: 0'00 5
~~ :: 6'2~31u53*fRtO
I ~~ J t.. X :: Cpr: I~ K + 1.' I 375 ,
GO T0 (1,2,2,3,3,3,3,4,4,4,4,4,4,4,4,5),I~rEX

1 F (v] AG :: 2 7 C •
SlG:-A. = 0.0:.:3
GO TO 6

2 Ft"'I'\~ :: 556.
SlG,-iA = 0.113
GO TO 6

3 FM\J :: 111~.

S i G"' A :: 0, ~ ;. 7
GO TO 6

4 F i'i AG :: 21 9'1 ".
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ExSPeC PAGE 1G

SIG:1A = 0.204
GO TO 6

5 F!"II~S = 395j:
SIG('IA = O.~C5

6 ZE"'A:: 0.93
ZE"Al::1.
WN:: .41 8879

WIH = •06 2 g:51 8 C; 3
AR~ (WE*WE~0N*W~)*(~E*WE-WN1*WN1)-4.*ZETA*ZETA1*W~*~Nl*(j ._SIGMA)

l*WE:*WE
AI=2:*~E.(ZETA1*~~1*(~N.kN-WE*WE)+ZETA*W~*(W~1*WN'-WE*W~»

FACTOR ;: 1./(F~AG*WE*~F*WE)

XR ;: - AI * FACTOR
Xl ;: AR * FACTO K
RE TJR J',
E;,)!:i

SUP~OUTINl 5EIS(2,rREG,pEA~,XR,XI)

C 30-100 SYSTEM
C W~ SS\4 INS T .~ ..'M t: '''f C0 i\ STAt\ TS FRO ~I U. C~ It ',! IJ RA, 8 SSA 19 7 0 V(1 L f a
r: PP ::;,39-563

IFUREQ.GT.l.0) Fii~G ;: 1.0
Ir(FRE:LLT.~J.(j0:.)) Fi'H::G: = 0.005
wE ; o'2S31d53*FRE~
INDeX ;: (P~AK.1.)/375~
GO TO (1,2;~,3Ij,31314,4,41414,414,~,5),INtEX

1 rM,\,.; :: 251.;
S I G;, A :: O. '1 <J 3
GO TO 6

2 F 1"1 i\ G ;; ?J 3 • 1
SIGiiA :: 0.J1.2
GO TO r,

j F Ii: !\ II = 1 aG1. ~ 5
S I GI A = O. 1I} 4
GU TO 6

4 FH,\" = 194<9
SI';1A:: ~.1':t5

GU TO fJ
5 F 11,\ ...; = 224~. ~ 8

SIG'IA :: O.7b7
GU TO 6

6 ZE:: T,~ :: 1. S
ZE1'Al : 1.,
wr,,::; 8'20 9 1\.5 9 ,
WNl = O.~6)o31353

AR:: (i'li E:. ,d~ E- ,,: N-I} '.j ) * ( I" E.. \,1 E- WNl-llo vi ~J 1 ) - 4 •*ZETA «10 ZETA 1.. Wf, * itJ N1* , 1 •- SI G'~A )
l*WEll-WE

AI=~ •• WE.CLETA1.~~1.(WN.NN-WE.WE)+ZETA*WN*(WN1"WN1-~E*W~»
FACTO~ ::; l'/(FMAG*WE*~Eu~E)

XR :: - ~! * FACTOR
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300
301
302
3 03

3
c

5
4

10e

EXSPEC PAGE 12

WkITE(~1,303) ,(PERtI),RPSPCI»,I=l,M)
r 0 P r; AT( 1 H0'; 2 0HVEL 0 CIT Y SEN SIT I VI TY
rORMAT(lHO;24HOlSPLACEMENT SENSITIVITY )
F0 f~ ri AT( 1 H '; 7 X, 3 f-, PEP I 8 X, 4HRES P, 4 ( 9 X, .3 HPER, 8 X, 4HRES P) /
rORMAT(1 H 11nFl~·2)
IF(i\) 3,4,4 '

rDO :,.J l=l,M
CO\VERSIO~ FROM VEI.CCITY SENSITIVITY TO DISPLACEMENT SENSITIVITy
RESP(!) = hESP(I) ~ 6.2S31053 / PER(!)
co~nf·jUf.:

~~ AC: I ~,! = 1
CO~,lIiWf::

IF(FREa.LT.J.OOS) r~EQ = o.uns
T :; 1. / F RtJ'
IF (l.LE-.PEi~(l» T :: PERri)
IF(T.GE.PEP(~» T :: PER(~)

DCJ ;,; 0 c: I =1 , j"

IFIT·GE·P~R(I)·A~[.T.LE·PER(I+1» GO Tn l b C
2 0 Q CG~ T I j,! JF
16 r Xr~' ~ i-': Esp ( r) + Ch r= sp ( I -+ l ) - RES P , I ) , I ( P Fk C I + 1 ) - p f:: R , I ) ) it ( T... P t::~ ( I ) )

Xii;. 1.,XI-<
Xl:. li
RE1"Ri\
E\[

SUEROUTl\E ~FISM5{r~EG.FEAK,XR,XI)

C STt., ,DARL hncD-:\,.I:1ERSOI\ T('1 = 0.2 lr:TA: 0.8
w;~ ;; 1. 25
Zt.: 1 h ;; ij. ,~i

\.I' '" \ L ;; ;, ~., / ~. :' EL.
Xh ;; - ( h i, k I:. ~ f' ;J v t: - 1 . ) / P C f\ r<

Xl ;;-2 •• Z~T"*h\hE/PEAK
R[TLRi
EI\I

r
C

SL;~:hOL.Tp,E sEIS, 7{FREG,FFAK,XK,XI)
LRS kESPG~SE FLR LP SY5TE~ WITh FILTER 6824-1~
Pht~E R~SFr SE (,STAINED rRQM HILBEPT TRANSFORM OF AMPLITUDE
RES~o~sr. GAIN Ncq~ALr2EDfO 1.0 AT T = 25 SECONDS
rl~lN~]O~ r~E(2~),P,2d'~PHJ(2B)
DAT~ FRE/.~[l'.~02, .003, .00 4 , .nQ5,.Qof,.oo7,.oo8,.on9'.01'.02,.U3,

1 • II G • • 0 5 , • C' 6 '. • () 7 , • 0 E;. • 0 9 , • 1 , • 2 • • 3 , • 4 , • 5 , , 6, • 7 , • 8 , • 9 , :1. • I
DAI;:; P / • I) C[, li 15 , • 00 r; ..5 91 , • r 0131 , • nD3 J 0 , • n(; 609 , • 0 j, 06,3 , • n1 713 , • :.J 25:; (. ,

l • Q3 61 b, • 0 4 r. 4 B, • 2 P. U3 J , • f, 75 ~ 3 , :1 • 0 , J • n9 4 4 R, :1 ~ 0 0 4 4 , • 8 (;> 9 b 9 , • 74511. , • A3:; 5
~ 7 , • :;; 4 b 1 ;3 , • j 2 15 3 , • LJ 4 c 3 0 , • ('l 2 7 .~ 1 , • [, 18 2 7 I • n 328, • 01 017 , • 0 G8 05 2 , • 0 06 ~ 45
..5, .D054C4/

DATA PHI/2r5.0,259.1,253.4,248.1,242.o,236.9,230.3,223.4,210.4,
~209.7,1?3.~.lv2.n,54.6,14.4,-16.8,-40.4,... 58.2,-73.3,-85,4.-146.4,
2-153.~,-15~:3,-:56.4,-157,"-159.2,-1fC.6'-162.3,-163.8/

~'; : 2 c'
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DEGRAD = 0.01745329
IF(FREQ~GT.O.5) FREe: C.5
IF(FREQ.LT.J.005) FREG = 0.005
DO 200 I = 1,M .
IF(FREQ.GE.FRE(i).A~D.FREQ·LE.FREcr+l» GO TO 160

2 0 0 CO~: T ! NlJ E
160 pF~ pHICI)tCPHIcI+1)-pHI(I»/CFRE(I+1)_FRE(I»oCFREQ_FRECI,)

PH = PCI) • (PCl+i' - P(I»i(FRE(I+1)-r~E(1»*(FREQ-FHE(I»

PF = PF .. DEGRAD
XR = COSCPF)/(PH*PEAK)
XI = - S!~CPF)/<PH*FEAK)

pETURf\

ENt

SUE: i: 0UTI NEsE 1SIJ; 8 erR EQ, XR, Xl)
C Trn..) s lh, R[J UTI ~,E REA r S II\ A SET (1 r- SE ISM 0GHAP H CON STAN TS r 0 q
C USF WITH h~CIhAnA S EQUATIOfJ AND CORRECTS FOR iNSTRUMENT RFSPO~SE

C0 ~'. i;' ('1';11 r\ S T 11": AS I \I • ~1 , PER C100 ) , Rr:: sp ( 1 0 0 )
C0 IV j; 0 j, I HAG 11 TS, T!"; , HS 11-- G, 5 I G~1 A, PK , FPK
I F ( :' f. GIi\ . 1\:: ~ IJ) L, 0 Tel 0 LJ

REAG(6C,1) TS,HS,TG,HG,SIGMA
1 FOP~AT(5F1J.2)

MACIN = 1
PK:: 1.1 • (':

FPr';;;O.J
1 0 J CU~.l I i; UE

IFCFREQ.GT.l.Q) F~EG=1.0

IF cr RL. Q • l T • ;, • 0C:::) FREG =G• DQ~
WE:t.2231G53*FR~Q
WI'i: 6.2b31iV;)3/ T ;';

WNl = 6.26~1BS3/TG
ZETI, = ,.;S
Zf.";;.1 :: HG
Ak=I W[: * ,~F - '/j * V> " ) * ( \'! t: v ..,1: - )~ Nj * \.J N1 )- 4 • ~ ZETA *ZETA 1 *!'o' N* v.!rJ1 olt e1 • - SI r,"1 A)

J*wr;."Wt
AI~~.*~E*(?ETAloW~]~(~~~k~-wE*~E)+7~TA*W~*C~Nl*WN1-wE~wE»)
F AC10 t\ =1 • I ( ,. t= {:. ,,' :: {~ ., r: >

XR:: -A I * r ACTc'"
Xl: Ah*FAC"cR
XPK=l.leXR*xQ+Yl*XI)
IFC~PK.GT.~() FFK=r~EG

I F ( X PK • GT• p\) p (, =XP "
PETuR\
END

SU8kOU TINE CARnlN(n~M~Y,~pTS,INTVP,CP~,DT,TMAX'

COMMON/DTA/XC20q8),Y(204~)

Dltv',cNSlC~ D\JMhY(l'
DI~L~SION XJUMP(11)
XJl'I,"(l) = ;j.
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ExSpEC pAGE 14

XJU(1P(2) = 1000~.

XJLi~P(3) = 2000L.
XJ Lli P ( 4) = 3 0 (1 ('1 lJ ,

XJU1P(S) ; 40 000,
XJLMP(6) = 5000G'
XJlI\P(7) = bOLJGC.
XJlhP(A) : 70UOu,
XJ L,'1 P ( 9) = [',on 0 I' ,
XJLGP(10) : 9unGO.
XJL~P(11) = 100800.
IF(lNTyP,E~:2) GO TC 2
DO 910 I = 1,~O~8,12

J ::. I + 11
REt u ( 60 • 911 ) CIi U1"'. ~1 YCK) , K=I , J )
WRITE(61.910) (CUKMVCK),K=T,J)

91 9 FOPI'IA1(1~ ,,12(F6. 0 'lX»
911 FOPf'ATC12(f""I:J.O,lX»)

DO vlG K = i , J

IF ( "U h 'H ( K, - 9 99 (, .) 910, 'H 2, 912
910 CC~;T!r\!.JF.
91::' ~; p T ~.; :: K - 1

v: i{ 1 TE ( " 1 ' 9 ,.;;) " f· T S
900 FGR;;AT(l H ,t,Hr,DTS:: ,15)

RET uRj\
? C0 ~.: T I Ii UE

CPS = C~)W/~W.

D0 118 I :: l,2J48,P
J ;: I • 7
Rt:: / :J ( 6 C, 111) « 1\ ( (, ) , Y( K ) ) , K:: I , J'
WRI'F(61,11~)(CXCK),Y'k»,~=!,Jl

111 FOP ;" AT ( 16 r I) • G)
112 FGP.'ATC1 H ,.l.t,F7,'l)

DC 11 t.' !'\ = 1, J
IF (x(f\)+99()~i.) Jl:;;,:1:15,.:lU

liG co iII,UL
11 5 ~J li'~ :: '< - ~

200

90e

r-!fiITE'6.1,9"/) ";d<
FuFi,ATClf-' ,(.iH ·:~.Y = ,1 5 )
JU'i-' :: i
rC ~'OL 1 = c,i\.I~
Q = X ( I) + xJ LJ ',1 f- ( ... LU' P )
IF{f8S(~ x{l-l».:T,~cro.)

X(l) = X{I) + x... U~P(JlMF)
CO~lTIi,Ul

wnIT E ( 61 I 9 t'! d) .J i,,< ~1 P
F() Ri-, AT ( 1 H , 6 H•J '- ~1 F::; I 1 '5 )
TIME-1 = O,i'\
NP'TS = 1
DO :.lOu 1 = 2.,ii\j>
C() ;; TI 1\ UE
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EXSPEC PAGE 15

TI~~ : TIMEl * CPS
JUt~p : 1
IF(TIME.LT.X(I).A~D.TIME.GE.X(I-l» JUMP = 2
GO TO (301;302"JUMP

3 U2 DU~' ~1 YC~) PTS, = Y( I) ... (T I ME - X( 1 , ) * ( (Y( I ) .. Y( ! -1 ) ) I ( X( 1 ) .. X( I -1 ) ) )
NPTS : NPTS ... 1
TIM E1 = TIN~1 + D1
IF(TIME1.GT~THAX) GC TO 500
GU TO 3C15

301 CO~TlNUE­

3 (1 (\ C0 ~ T1rJ Ul::
SOC ~; PT S : ~\ P TS - j

WRTTEC 61,9 Q9) NPTS
R[TJR:\
Ei'~r
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DATA PAGE 1

1
0
1 < 1 1 2 2

ALQ UE 1455.S 13t1 82,4 33S.9 0.25 30,4267 3000.
25 MAR 7fJ 240. 456.1'1
0000 0000 0028 0012 0039'''000~ OO56-000~ 0076 0012 00 92"0006 0111-'0002 0135 00
0171 0023 0193-0021 0217 0030 0240 0026 0252 0019 0282 0051 0312 0021 0337 00
0360 0036 0383"0005 04£4 0038 0"1,5 0057 04;n"0006 0451"0003 0476 0044 0490 00
0508"'0006 0525 0019 05~4 0043 0561"0017 0575"'0008 0584 0001 0597 0034 0607 00
0623"0031 0633"0039 0659,,0011 0654 .. 002D 0666 0008 06S7-0060 06 93-00 4 0 0706 00
0714 001 0727 0030 07'5 0002 0751 0010 0769 00:54 0180 0037 01 91 0026 0811 01
0833 0122 0831 OCi96 0851 00814 0859 007S 0815 0072 OeQ4 0124 0907 0114 0911 01
0926 0059 0937 0084 0955 006~ 0965 0051 0986 03.20 0999 0098 1019 0013 1039 01
1056 0092 1062 0088 10J5 002~ 1094 0068 1108 0086 1122 0108 11 32 0101 1145 01
1151 0~27 1172-0101 11~O,"009G 1185 ... 0068 1211 0213 1217 0204 12 40 0039 1250 00
1259 O~3b :1.280-0043 12~7"'OO6f 1316 0170 1322 0173 1327 0116 1:541 00 4 0 1351 00
1380 0014 1397 ~O82 1415 OOOi4 1428"00,9 1443-0000 1463 0027 1488"'0015 1509 00
1528-0019 1539-0018 15:3 0042 1571 0000 1586"'0032 1612 0042 1637"'0008 1647"'00
1670"'0030 1691 '021 17~7 ooot 1729 0012 1750 8 002;5 1770 oor5 1783 0046 1802"00
1831 0062 1843 0019 19;19 0011-9999-9999

ALQ UN 1455.8 13.1 82,4 338,9 0.25 30,44 3000.
25 ~1A R 76 240. 456.6
0000 0000 0022 0006 OO~3",oooe 0053 0003 0074-0005 0097 001 4 0124 0015 0143 00
0160 0033 0178 0023 0199 0033 0211 004! 0232 0044 0263 00312 0294 0019 0322 1)0
0344 0027 0366 0007 03;% 9 0005 0401 0005 0425 0013 0437 0040 0446 0048 0466-00
0485 0019 0501 0004 05.5 0002 0524 0036 0537 0081 0553 0097 0551 0085 0565 00
0575"0036 0591 0050 05'6 004'1 0601 0107 0611 017:5 0619 0163 0631 0115 0638 00
064? 0105 0651 0064 06¢5 0091 06'11 009S 0681 0188 0699 0009 0'109-0032 0''18 ... 00
0736"'0~O7 0749-('005 07(4 ot OtllS 0764 004~ 0772 0238 0761 0259 0788 0229 0791 01
0807 0119 0814 ~121 08i2 0054 0834-0004 0844-0011 0853-0054 0864"'0004 0811"00
0821 0000 0889"0006 09~1 003~ 0910 0021 0919 0006 0926 001 7 0932 0039 0944 01
0955 0109 0964 'H18 0973 0092 0988 0019 0990 0009 0996-0020 1007"'0086 1015"00
1033 0145 1038 0133 10~O 0047 1061-0013 1071-0008 1089 0045 1103"'0006 1126 01
1151"0053 1163-;j065 11/3 0006 1193 0117 1208 0056 1225"'000 9 124r'l 0048 1252 00
1271 0009 1276 C01S 12i4 0029 1310-0019 1326-0054 1332-0048 1345 0061 1354 00
1378 ... 0043 1391-0025 14'12 0009 1418 0002 1436 0053 1437 0051 1457 0019 1469 00
1488 OJ-11 1512 0014 15~3 0095 1541 0093 1563 0094 1571 0083 1586 0105 1595 01
1611 0082 1624 0081 16~4 0093 1650 0073 1670 0090 1683 0086 1699 C054 1707 00
1725 0042 1741 0114 17~5 0104 1771 0041 li86 0019 1S03 01Ca 1823 0081 1832 00
1867 Ov8l 1879 1')077-9919 ... 999,

4 1 1 ... 1 2 2

OTT UZ 1650.9 14.t 234,0 338,9 0,5 30,6133
25 MAR if,} 300. 459.2
0000 0000 0029 0013 O055 .. 001~ 0082 0013 0118 .. 0003 0148 0006 016~..,n005 0206 00
0225"'0002 0254 0005 0215 .. 00Q1 0303 0013 0309 0011 0328"0019 0340"'C'OO1 0305 00
0375 0001 0392-0005 0423 0001 0454-0001 0490 0002 0491 0003 051A-'OOO2 0538-00
0572 0001 0607-0u01 :16,6 0006 0629 0008 0646'1!'002~ 0685 00j4 0121"0003 0760-00
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PAli, I jil\1,i' , I
I.

0797"000a 0822"'0005 0841 OOOS 0862"0001 0884"'0001 0904 0017 093,3"'0009 0931"'00
0937"'0061 09.9 0054 0964 e OO21 0966 .. 002! 091Jl!IOO6~ 0ge4 009$ 1005-0139 1014 01
1028 0002 1034-0006 1041-0001 10 42"'0009 1061-0103 1049 0137 10 91"'0061 1106"'00
1109"'0015 1127 0031 11~9 oo3e 11'2 0024 1156 0018 1166 0001 1179 001' 1194"'00
1202-0v39 ;1.212 0052 1226.002li 1236-0010 1261 0029 12S3-00U, 1291-00'-3 1307-00
1311 0007 1330-('1041 13~6 001t 1351 0019 1362 0039 1373 0030 1318"'0009 1386"00
1401"0061 1411-0098 1419 0031 1438 0166 1441 015J 1471-0227 14'19"'0226 1480-02
1503 0066 ~508 0079 15~6 005' 1526 0002 1539 0101 1549 017S 1578"'0181 1582 ... 01
1595"0003 ),606 0039 1626.0040 16~7 .. 0040 1644"0012 1660 0064 1612 CO?5 1681"'00
1687"'0059 3.106 0050 111'7 oooe 1132 .. 0069 1149 0043 1110-0045 1778"'0026 1'98"'00
1808 0003 :1.820-0000 18:'4 OOie 1864 0005 1872 ooo~ 1894"'0051 1908"0021 1918 00
1932 0052 ~955·t'o56 19/1\"'0013 1989 0001 200Q 0019 2027·0044 2035·0038 20 58 00
2071 0011 ~092-C055 2115 0029 2129 0031 2152"'006'- 2162-0023 2117 0034 2211-00
2218 e OOO. 2237 0010 225geOO1$ 2276 ... 0011 2302"'0011 2322"'0005 23 31 0006",,9999,..99

.. 16
2. ~;O O. 3 I 600. 4, 1000. 5. 1500~

6. t~;\'OO , 8 • 3500. 10, 5000. 15, 7600~

20. S'500. ~O, 11500. 40. 11500, SO. 10500.
60, 1.0000, eo, BOOO. 100, 680O. 150. 4000.

-1
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o
o·o
lJ)

o
o·

RLQ UE
25 MAR 76

o = 13.1 SAZ= 82.4

o
lJ)+------,-------r------..---__.----------.
1330.00 380.00 430.00 480.00 530.00 580.00

TIME IN SECONDS

o
o·o
lJ)

o
o·

RLQ UN
25 MAR 76

o = 13.1 SAZ= 82.4

o
lJ)+------,------.,-------r---___,.----------,
1330.00 380.00 430.00 480.00 530.00 580.00

TIME IN SECONDS'
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o
o.
o
CO

o
o.

OTT UZ
25 MAR 76

o = 14.8 BAZ= 234.0

o
co-+-----r--------,-------y------,r-------,
1320.00 400.00 480.00 560.00 640.00 720.00

TIME IN SECONDS
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II. 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 9.00 (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/OUTPUT

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 components 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.
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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 SEISM2: 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. If 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 to 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(K)
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 developed by Brenner (1967).

11-2



REFERENCES

Brenner, N. M. (1967). Three Fortran Programs that per­
form the Cooley-Tukey Fourier Transform, Technical
Note 1967-2, Lincoln Laboratory.

11-3



Card
Sequence C:olumn Name Format Explanation

A. 1-5 IPLOT 15 LT.O Seismogram not
plotted on 10

GE.O Seismogram
plotted.

6-10 M 15 Number of points
of Fast Fourier
Transform, power
of 2.

M o defaults to
M = 2048.
M = 4096 is maximum

allowed.

B. 1-5 INDEX 15 Number of spectra
on output tape to
be skipped before
writing new spectra.
Can be zero.

C. 1-5 ICONTRL 15 o or neg. end program
1 15-100 seismograph
2 30-100 seismograph

3-5 read in tabulated
resp.

6 no instrument resp .
. removed.

6-10 IDATA 15 Set equal to 1.
dummy variable.

11-15 I TAPE 15 LT.O no spectra
written on 01

GE.O spectra written
on unit 01

16-20 IPRNT lS LT.O do not print
selected spectral
values.

GE.O print selected
spectral values

21-25 I TREND IS o or neg bypass TREND
1 DC offset removed
2 DC offset and
linear trend removed.

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

C. (cont'd)

D.

E.

Column

26-30

79H

1-4

S-8

11-20

21-30

31-40

41-S0

Sl-60

61-70

71-80

Name

INTYP

STA

COMP

DIST

DEG

BACKAZ

TO

DT

CPMM

PEAK

II-S

-Format

IS

A4

A4

FIO.S

FIO.S

FIO.S

FIO.S

FIO.S

FIO.S

FIO.S

,Explanation

EQ 2 array of X, Y
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
desired 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 Explanation

F. 1-12 IDATE(3) 3A4 Date of event

16-25

26-35

36-45

G. Digitized data

SLOPE

TMAX

CPM

F10.5

FlO.5

F10.5

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.

INTYP.NE.2 DUMMY (I) l2(F5.0,lX) Digitized trace
for equispaced
time values. End
of trace signi­
fied by +9999
punch

INTYP.EQ.2 X(I),Y(I) l6F5.0 X,Y pairs. First
must be +0000
+0000 and last

-9999-9999.

H. Instrument response options.

If ICONTRL = 4 the following instrument response values
are read in:

a. 1 15 N Negative - velocity
sensitivity read
in, a total of
ABS(N) values.

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

b. N/4 8F10.5 PER(l) Period listed in
order of increas-
ing period
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Card
Sequence

b. (cont'd)

Column Name .Format

RESP(I)

,Explanation

Velocity or dis­
placement sensi­
tivity

At this point the program returns to C. to check for more data.
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SPSPEC PAGE 1.
c
c
c

c
c

r
c

c
c
c
c
c
~

c
C
c
c
c

PROGRAM SPS?EC
THIS PROGRAM IS AME~A8LE FOR SHORT PERIOD SPECTRAL STUDIES.
IT CAN CONSIDER A TIME SERIES 4096 UNITS LONG
CHARACTER STA.COMp,LAEEL,IDATE,ICOMP
CO~MON/DTA/DATA(8192)

CO~MON/INST/MAGIN,NP,PER(1~O),RESP(100)

DIM~NSIO~ ~~UF(1026),IDATE(3).DUMMVf4098)

DIME"iSION L.A8EL(4)
READ(60~63) IPLCT,M
IPLOT ,GE, 0 CA~CCMP PLCT PREPARED
M = N~MSER OF POI~TS or FOURIER TRA~SFORM, POWER OF 2
IF{~.EQ,O) N = 204e
DO 1 1 : 1'12
~.)N = ~**I

NM = r'1~1 * ?
I F ".1 G· r: N: ",:- I II" '.. LTN"') ~." = i"',Nf. ; I. '-.: l~. N, ~'! /.,.J • I .. • •. r; 1\ , .

1 r: m~ TI i~ UE
IF(N,GT,4UQ0) \ : 409c
t>J2 : ~Jtt2

ND? : ~':/2

ND(l = NIB
IFnPLOl.L:~O) ::0 rC 62
CAL~ PLOTS(I~~F;102t,lC)
CALL PLOT(0;O,-11.0,-3)
CALL PLOT(~.O,3,O,-3)

62 CO'\1 I !\ju t
READ(60,63, I~D~X

INr~X Is TYe ~UM3ER OF sETS OF DATA ON TAPE TO bE SKIPPE~ QErOPC
WRrTI~,G

CAL. L T1\ FE I '\! ( I r\':JL X, 1 1
INr~x = I\~~X + 1
N vJ F? I TE : 1" ,J Ex

303 RE 1\ j ( cO. 63) leo 1\ TRL , I CAT A, I TAP E , I P Rf\ T , I TRE ~; D, I t<T YP
W~i " TE ( 61 , () 3 ) leo i\ Ti~ L, I rAT A , I TAP E , I PQ 1\ T, I TRE1\, [; , I h TYP

63 F0 1< ,I AT ( [, I ? ,
IF(ICUNT~L.LE.~) GO TC 1000
ICO~TRL DI~~S P~OFE~ ~6G~IrICATION ROUTINE. SEE INSTR~

IJA1A = 1 ~\E :C~PO\ENT ANALYZED
ITAPE , GE ~ J W~ITE POSITIVE FPEQUE~CIES Or SPECTRA ON TApr
IPR~T .GT, P~I~T A~P~ITUUES AND PHASES AT SELECTED PEPInDS
ITRCND = 1 Rc~OVE CC CC~PO~ENT = 2 REMOVE DC • LINEAR TRENr
FRCr< iJA 1 A
IN TYP ~T 2 tV E,\ l Y SPA CttY VAl UES , DATA SET r: i\ DEi) BY 9991)
INTYP:~Q:2 ARqAY OF X, Y VALUES, ~~DEn BY -9999-9999 IF FIElD CF
X EXC~EDS 9999 ANC ~EXT COUNT IS 0001 PROGRAM ACJuSTS TO 10001,
THE RANG~ OF X IS U~LI~ITEn SINCE AlJU~TMENT TO 20000, IS TAKE~

WHEf', r~ EXT ~ f~ (1 P Gee URS • tHHt H· f\. 0T~ tHHHIo * FIR ST X ~iU ST 13 E 00a (\
MAGIN: 0
REJlD(60'2)
WRI,E(61,2)
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SPSPEC PAGE 2

REAu(60,10) STA,CCMF,ciST,DEG,8ACKAZ,TO,DT,CPMH,PEAK
C STA = IDENTIFICATIO~ OF STA1IO~
C COMP : IDE~TIFtCATICN OF COMPONENT
C DIST = DISTANCE I~ KI~O~ETERS

C DEG = DlSTA~CE FROM EPICENTER TO STATION IN DEGREES
C 8ACKAZ : BACK AZIMUTH FROM STATION TO EPICENTER MEASURED CLOCK~ISE

C FRCIf'1 N
C TO = TIME ~hE~ JIGITIZI~G BEGAN IN SECONDS AFTER CRIGl~ TI~E O~

C EVEtH
eDT = TIl', E T i\ TEP VALB ETWEE i\i DIG I TI Z! t-.: GPO I NTSIt>' SEC 0NCS
C CP t,1 ~i : C0 LH TS P E. R MIL l. I r-' ETER 0r 0 RIG I NAl. RECoP C
C P~A~ = PEA~ MAG~IFICATIC~ OF INSTRUNENT RESPONS~

10 rOPtIAT(2A4;;-x,7F10'~)
REt0(60,11) IJATE(1),lDATE,~),IDATf'3),SLOpE,T~AX,CPM

C SLOPE IS THl TREND OF T~E R~CORD TRACE 8ELO~ THE ZERO LINE PER
C UI'd TOT
C IF OPTIU\ l\TYD = 2 T~AX = TOTAL LE~GTH DESIRED OF DIGITIZED
C REcoRe
C CPM = COLN1S PER MINLTE

CP: :: Cp~/~:i.

11 F0 ~ i'i AT ( 3b. 4 ' j x' 3F10 ·5 )
WKITE(6j,,6)
WRjTE(61,7) STA'CCMF~rIST,D[G,BACKAZ,T~,DT,CPH~,PEAK

6 F0 ~ r, AT(11-J , ,'') f-i ST A CO~ P DIS T VMOEG d ACKAZ TO DT
1 CPIV F ~ t' r: ~/A C )

7 F 0 ~; ~. AT ( l H ,;, 4 , 4 i , AI;, , 3 x , FlO • ~ , 2~ 1 • 2 ' F7 • :t •F 8 • 3 , FIi , 2 ' f=" S • 0 )
v~~ITE(61,d)

WKI1E(61,9) ICATE(1),IrATE(2),ICATE(3),SLOPE,TMAX,CPM
8 ~OR~;AT(1HO;4X,4~DATE,12X.5HSLOP~.6V,4HTMAX,7X,3~CP~)
9 FG~~Al(lH ,JA4,3X,riO,4,2F1 0 .2,

',-.:\.\1 TE(6 1 ,3,
? ~ 0 Rii AT C79 H

("
l,'

c

3 F GR,-i.A T ( II )
CALL CAkcI\(nl~My,NFTS,I\TVP,CPN,DT,TMAX)
COI\VEhTr':G TO cC'Ut\TS PeR CE~iTp.q::TFR

CO\~AC: 0.1/:::?/:1
NOR ii ALIZ EDT 0 9, Q !) c: G 0 f1 1 Ql' ~ K/vi
CJ~FAC = C0;rA~ 0 S~RT(SIN(DEG*O.01745?9»/SQRT(n.15643)

IFCCPS'GT'8> CO~FAC= CC~FAC * CPS
Do 11~ I = },~PTS
Xl = 1 • 1
DAT~'I) = TJ + AI * DT
SPECTkAL AMPLITUDES ARE IN eM-SEC
DU~~Y(l~ : JUM~Y(I) +SLCFE~XI

IF(CPS'L~'j) G0 Te 115
DUMMy(I, ; ~UMMy(l) / CPS

115 CO~'lI~JUE
IF(ITHFND.G~.l' CALL TRE~D(DUMMy,NPTs,ITREND)

IF(IPLOT.LT~D) GO TO 119
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SPSPEC

c

4001

4002

4003
50C'

119

118

12C

121

:1.22
C

C
C
C

405
41"1

PAGE 3

LAE~L(1)=6HTIME 1
LABEL(2)=6H~ SEeD
LAE cL (3) =6I01,... D5
CALL SCALE~DATA,5.a.NPTS,1)
CALL SCALE(nUMMY'2.U,~PTS'1)

IF(CPS.L~.C) Go TO 500
THIS MAKES SEISMOGRAM PLOT 1 - 1 REPRODUCTION OF ORIGINAL TR'CE
IF(DUMMY(~PTS+2).LT.DATA(NPTS.2» 30 TO 4001
GO TO 4002
DUI0Y(NPTS+2) = DATA(~PTS+2)

nU~~Y(NPTS+l) = - D~M~Y'~PTS+2)

Go TO 4D03
(" o~, TI ~j UE
5ATA(NPTS+2' : ~U~NY(~PTS+2)
CO~\TIf~Ut

CO\TINUE
CALL AXIse"'.o,~.O,LA8EL.-16,5.~,90.0,D,TA(~PTS+l),OATA(NPTS+2»

leo :ii P = 4HA '~: PL
CALL AXIS(0~O'Q·O'ICO~P'4·2·O'lan·o,nu~~ye~PTS+l)'DJM~Y(NPTS+2»
DU~~YeNPT5.?) : -CU~MY(~PTS+2)

CALL LINEeDuM~(,DATA,~pTS,1,o,n)

CALL SYr'3GL(-2.50,1.B5,C.l d ,STA,90.0,4)
Ct, t. L Sv M:1 0L ( - 2 • ::> n, ? . 5::; 0 • 1. 4 , r; 0 ~l P, 9 a• Q, .4 )

CALL SYM90L(-2.~5'1.9~'O'lC,IDATEC1),9~'O,4)
CALL SYf'lqOL(-2.25'2.35,o'ln'ICAT~C2),90.0,4)
CALL SY~90L[-2.~~,2.7u,J.1G,IDA1E(3),9~.O,3)

rALL SYi>90L{-2.',.;O,1..~U,l).1r:,3Hr;: ,90.1j,3>
CAL... i~ lJ M9ED ( - 2 •.~ 0 , t . 9 C, U• 10, DE G, 90 • n , 1 )
CAL~ SYM30L(-2.~Q,'.55,O.lr,4HBAZ= ,9~.O,4)

CALL f~UMgEq(-2.Dn,3.o5'>]'.lC,,8ACKAZ,9r'1'~'1)

CA~~ PLGT(~~OI1.0,-3)
("U,,1 I' U':...... '. i\ t.

DO 118 I : 1,\PTS
DJ~'r~Y(I) :'~Ui'1>JY(I) * COFAe
1")0 :l2C I = 1'\?n .
" A T:\ ( I) = '1 ~ Q
D0 J.. 2 1 I =1 ,- :, P TS

J : 2 * I - 1
DATAeJ) : ~LM~Y(I)

CAL ... FCGR 2 e[ATA,N,1,-1)
DF :; 1./CN*LT)
Do 1.22 I = i.\2
DAThCl) = lATAC!) * DT
REMOVAL OF INSThUrE~T RESPC~SE

CALL lNSTR~(DATA,~,CF,PEAK,ICO~JTRL'

INSTRM RETuR\S O~LY FIRST hALF OF ARRAY CORRESPONDING TO POSITIVE
FREU. ~QT~ TH; A~P~ITUCE CORRESPONDING TO THE NYQUIST FREQUENCY
1S ~w T PLeT TE jj

IFelTAPE.LT:O) GO TC 425
CAl.L TAPE~R'DATA ,Nc8,~wRITc,sTA,COMP,nIST .OEG,8ACKAZ,TO,DT,
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SPSPEC pAGE 4

f:ND =r:; "', ! .'" , ~' X, 1 0H,=

1 IDATE,!\.PTS>
425 CO~!T I NUE

IFCIPRNT,GT.O) CALL PkI~(DATA,~D2 ,STA,COMP,DlST,DEG,BACKAl,TO,UT,
1 IDATE.)

GO TO 3C 3
1 000 C0 ~' i I NUE

NWRITE ; ~~hI1E - 1
WRJTEC61,1rOl) l~CEx,~W~ITE

1001 FORMAT(l HU'10 X,10 HSTART
IF(!PLOT·LT·O) ~O TC lr02
CALL PLOT'~.O,r,O,9S9)

1002 CO~,iTIi'~UE

STOP
EN::

SU~~OUTI~E TAPF~R(X,~ ,~~RITE,STA,COMP,DIST,DEG,8ACKAZ,TO,DT,

1 1I' ATE, \: PTS j

CHtRACTEP STA,CCMP,IDtTE
DI~~NSIO~ Yll),IDATE(3)
WRITE(Ol,31G) V,NFTS ,STA,COMP,DIST,DEG,~ACKA7,TO,GT,

3. 1t, ATE: ( 1 ), ~; ATr= ( 2 ) , 1r:: p T!:.: ( 3 )
310 FDR~AT(2!5,A4,jX,A4,lX,5Fln.2,3A4)

DO -512 1=1;;.
K = 1*8
J :: K - 7

312 W~lTElOl,31j) \~RIT~,(X(l),L:J,K)

311 ~OP~ATCI5,~~15.f'

~wRITl : ~~~ITF +
RE1 uR~;

SUS :{ 0 UTI 1\' E: TR t: :'L ( X, i\ P ,. S , I TRL~ D)
D1 ~, r:: NS I () ~, Y, 1 )

: Il;::'i.:"llJ; 1 cc CC~1r-:OhEt\i RFt-<1QVEl'.',
CIT;;' c ,! L :; 2 LI f\ EAPe c ~, F0hi ~ NT Rc '10 \l t D

r-,,'1;; i,P1S/i
SUN'l = l,i

SU'/2 ; ~

DO 1 1::1,1\1
:t S U~. 1 = SUr11 + X( I )

~121 = ~Jl ... '1

DO 2 1 :; ~21,~P"S

2 SLlt.-2 = SUM?'" \(C1)
~~ 2 : NPTS - r-d.
DC :; (S0Ml • SUM2)/~PTS

IF(ITRE'D - 1)6,6,7
6 B :: DC

SLF = 0,0
GO TO 8

7 CO~!lIi,lJl
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SPSPEC PAGE 5

SLP = 2.*C(SUM2/N2) - (SGM1/N1»/NPTS
8 ~ (SUM1/N1) - O.5~N21~SLP

8 COl\T!NUE
DO 3 I : l;~,PTS

XI ;; I
3 XCI) = xCI> - 8 - SLP*XI

WRITE(61'5) rC,SLP
5 F~R~AT(lH ;4 HC C = , El1.4,4X,7 HSLOpE = , E11,4)

RETuRN
Ei~ ['

SU8kOuTINE TAPEIN(I~DEX,JOTP)

C INr~X IS 10TAL ~UMRER OF SPECTRA TO Sf SYPASSlD AEFORE WRITING
C SHKT:"

IF(INDEX.LE:O) GO TL 2
DO 1 l=l,I~<;F:X

PE6.C(IOTP'1:i) ',,"
DO 1 J=l,N
RE:I:J(IOTP,~,) ILUrv

1 ClH. T1\ Ut:
2 REl URi"

1 C t" (1 F' I', AT ( I 5 )

S\..J .:' R() uTI " E 1~. STh M( X, N1\ , [r , p L A~ , leo \; TRL )
C T rl ISSu.:) RCUT I I', FCC P i~ ECj SSP ECTP. A F r H pi STr~ UI, ENTAL RES P (i /..~ SE

D1 \! t NSIC \ x ( 1_ )

C RErLC~D SPFLTkA FeR ZEPC FR[OUE~CY
X(1.) = J.o
X( t') ;: o· l;

N ilj :.t = ~< i\ / 2
DO 101=2,';2
XI : l - J.
F r~ [<,I = xI ,~ DF
J = 2 * ! - 1
K ;: ? * t
G0 TO (i,2,4,4,4,6),ICO~TRL

1 CALL SElSM1(F;F~,Pr:AKIXH,XI)

GO TO 7
2 CAl..L SEISI·i?(F;:';E~,FFJ,K,XR,XI)

GO TO 7
4 CALL SElSM~(FR~~,P~AK,X~,XI)

GO TO 7
6 XR ;; 1.0

Xl : O.G
7 CO~JTI~iU[

TEt~ P R = )( R~ )I ( J > - XI * X( K)
TEMPI = XR*)(K> + XI*X(~)

X( ,-J) = TEMPI,
10 XO:) = TE~!DI
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SPSPEC pAGE 6

RETURN
ENe

SUBROUTINE SEISK1(FREG,PEAK,XR,XI)
C 15-10U SYSTEM
C WWSSN I~STRUME~T CO~STA~TS FROM U. CHANDRA, SSSA 1970 VOL 60
C pp ~39-563

C PEAK MAGNIFICATIO~S ARE 350,700,1400,2800,5600
IF(FR cQ,GT,l.0) FR~G ;: 1,0
IF(fR~Q'bT'~'OD5) ~REG ;: 0'U0 5
WE ~ 6'2 "J1 b 53*FREQ
!i\iCEX = (PI.":j.K+1. )/375.
GO TO (1,2~2,3,3,3,3,4~4,4,4,4,4,4,4,5',1~DEX

1 Fi"IA:.i ;: 27b.
S1Gr'i A ;: 0, n ( 3
GO TO 6

2 FMAG :: :;56.
SI·:;t,A;: 0.013
GO TO 6

3 n'it,~ :: 111~<

SIGi'A;: rl.f<..7
GO TO 6

t1 n~f>G:: 219r.
SIGiA ;: 0.2[4
GO TO 6

5 F:iAu:: 39;;;~.

SIG:,A;: 0,'<5
6 ZeT .... :: U,9<

ZE1;:.1::1.
\oJ~J:" 41 8d79

l#o,'Nl = .C6~-~,:<tQ5~

~. Ii :. (;\ E*WE- ., ".! il i,f;, ) ,l ( i"\ E* !,) E- W~"'1 *W1\' 1 ) - 4 , *ZFTA*ZETA j # \~ 1\ iH'; N1* ( t , - S ! 3 M " )

J. {H~ F~~!L

AI=?,*~~.(ZETA1*~Nl*'WNo~N-Wf*WF)+ZETA*W~*(WN1*W~1-~E*~~»

FACTOR ;: 1./(FvAG*WE*nE*k~'

XR : - fI * FACTOR
XI ;: AR * ~ ACT (\ i'

RET ~) Ri\

SU8~OGTI~E SEIS~2(FkEC.FEAK,XP,XI)

C 3D-lOU SYST~~

C \oJ \0\ SSN I [, STD Vi, E ~,; 1 CO" STAf\ TS FRO ~~ U. CH,A ~\' DRA" BSSAl 9 7 r) vUl. ~ 0
C pp ~39-'::63

IF(FRtQ.GT.1.G) FREC, :; 1.u
IF(FREQ.LT.G.OO~) rREG : 0,005
WE ; 6'2831~5~*FREQ
INJEX = (PEK+1 ,)/375.
GO 10 (1,2;2/~~0,313,4,4,4,4,4,4,4,4,5),INDEX

1 FM,AS :; 251.9
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SPSPEC PAGE 7

c
c
c
c
c

SIGj-1A = 0.OD3
GO TO 6

2 n1AG = 503.1
SIGi-1A: O.'H2
GO TO 6

3 FMAG = 1001:5
S I G;'1 A = O. 0 4 4
GO TO 6

4 n',AG ;: 1941:9
SIGHA : 0.195
GO TO 6

5 FMb.G ;: 2241:6
S I G,1 A = O. 7 6 7
GO TO 6

6 ZETA;: 1.:'
ZeT'\1 = 1.
w:.~ = 0.20 9 4.)95
WNl : O.Ob2b31B~3

AR;: (\-; E*WE':' h N>I ~;\ ) * ( v.. E<It !f.J E- Wtil 1*W~.J 1 ) - 4 •*ZETA *ZETA 1.. \oJ f\ *WN1 {l ( 1 • - 5 I GM A)
l*w[ily,'E "

AI=2:.WFa(ZETA1*W~1*{WN*WN-WE.WE)+ZETA*W~*(WN1<1tWN1-WE*WE»
FA~TOR ;: l·/CFM~G*WE*~~.~E)

XR :; - AI • FACTOR
XI :; /lR • FACT('iK
RcLiR\
E \D

Su8 f~ 0uTI 1\' ESE 1Sf' 4 ( F~ EG, pEA K, XR, XI )
MAGNIFICATruN OF TABULATED SYSTEMS. P~ASE RESPONSE ~CT INCLUDED
TA80LATED P~~I0LS MLST BE LISTED I~ ORDER OF INCREASI~G PERIOD
N = NU~jER of PcRIOC-kE~PQ~SE PAIRS
N = NEGATIVE VELCrITY SENSITIVITY READ IN AND CO~VERTED TO
DISPLACEMEvT SF~SlTIVITY

N = PGSITIVE DJSPLACE~~~T SENSITIVITY IS READ IN
CC'.' >: 0 i\, / INS T / MAG 1N • ,~ • PE: P ( ~. 0 C ) , RES P ( j () 0 )
IF(MAGI~.~E:n) ~C TC 10C
~ttL(oO.1.) t,
t1 = IAB~(i\)

R[Au(60,2> (CPE~(I>.RESPCI»,I=l,M'

1 FOR \; AT ( 15 )
2 FOP~:AT(h~lD:5)

IFCN.LT.O) ~RIT~(61,300}

IF('J.GT.O) ",R I Tt:(61.30t>
WRITE(61,31)2)
WRITE(61,3 03) «(PERCl),RESP(I»,I=1,M)

300 FO~MAT(lHO'20HVlLCCITY SENSITIVITY
301 FO~MAT(lHO;24H~lSPLACEME~T SENSITIVITY )
302 FO~0Al(lH ,7X,3hPER,eX,4HRESP,4C;X,3HFER,8Y,4HRESP) / )
303 FO~~AT(lH ,10F1~.2)

IFC;,) 3,4,4

Il-14
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C

20
23

24

25

21

22
2 7

26

28

3 DO 5 1:1,M
C CO VERSION FROM VELCCIT Y SEi~SITIVITY TO DISPLACEMENT SENSITIVITY

5 RE PCI): RESP(I) ~ 6.2831853/?ER(I)
4 CO~TlNUE

MAGIN: 1
100 COt\TI~UE

IF(FREQ.LT,O,005) rREQ = 0,005
T : l,/FREa
IFCT,LE,pER(1» T = pERC1}
IFCT,GE,PERCM» T = PER(M)
D0 2 0 Q 1: 1 .- ,\;
IF(T,GE,P~R(I),ANt,T,LE,PEq(I+1» GO TO 160

200 CO\TII\t)c:
160 XR = RESP(li + CRESP(1+1)-KESP(1»/(PFRCI+l}-PtR(I»~CT-PERCI»

Xf\ = 1./XR
Xl:;; U
pET u Rt~

Ei~r

SUE~OUTI\E pHASbCX,Y,PHI)
A~GUM~NT PHI IS RET~Rt\E[ AS VARYING F~nr 0,0 TO 1.0 CIRCLES
lFD,) 21,2n.22
IF(y> 23,24.'.5
P~I = 1,5* j'lt~59?~

GC TO 2c
p~l = 0,/1
Go ·TO- 2d
Prl! = 0,5 0 3.1~15927

GO TO 26
PHI = ATA~(y/x) + 3,1415927
GO TO 2l
IF()') 26.27.27
Pril : ATAi\(Y/Xl
G(j TO 2e:,
PHI = ATA~(Y/X) + 2,0 * 3.1415927
G'J TO 2L
CO\TI>.UC
Pri! = P~I/6:?8318~4

PHI = P~I - AINTCPHI)
RE:TJRi\
E1\ ~

SUEROUTI~E ~RIN(X,~.STA,CUMF.D!ST,nEG,qACKAZ,TO,DT,IDATE)

CHAkACTER STA,~QMP,!DATE

DI~~NSIO\ X(1).IDAT~(3),T(4H)

DA TAT 1-1' .'.2' ,3, ,4, ,5 •• (:;, ,7, . e, .9, 1 ' '1 '1'1 '2' 1,3, 1 ,4, 1,5'1,6, l' "7 ,
11 • e,1 , 9 , 2 , , '2 • ~ • ;5 • , 3 , 5 , 4 , , 5 , Li • 6 • , 7 , , 8 , , q • , 1 0 , , 12 • I 14 • , 16 • , 18 • , 2 C' ,
222 , • 24 , , '26 : .- 28 , • 3 j • , 3:' : , 4 0 • , 5 (J • , 60 •• 7 D• , 80 , , 90 , , 10 0 • /

100 FORMAT(lh ,4(9 X.E11,4»
WRITE(61,99) ST~,CO~P.ICATE(1),IDATEC2',IDATE(3)

II-IS



SPSPEC F-AGE 9

99 F0 t:: f1AT (1 H0; A4 , 2 X, A4 , 2 ~, 3 A4 )
WRITE(61,9P}

98 FORMAT(1HU;11 X,6HPERIOD,13X,9HrREQUENCY,11X,gHAMPLITUOE,13X,
1 5YPHASE, I) .

K ;;: 48 _
DO i 0 1 = ~ d1
pERl = 2.*H*DT/(I-l)
pEP 2 = 2. * ~~ * 1) TI 1
FREQ = 1./Pt:R1
DO 15 J=t, "<
IF(PER1.GT.1CJ).A~n.PER2.Lf.T(J» GO TO 16

15 ccr'nIi~Ur:
GO TO 17

16 K = J
II ;; t:: # I
III; II -1
AMP;;: SQRTC x CIl )*X(II) + XCIII ).X'III»
CALL PHASEC~'IIl),X(II),PhI)

PHI = P~I - TO a FPEQ
PHY ;;: Pr;J - AIN1CpUI)
IFCPHI'LT'O) PHI = PHI + 1·0
WRYTE(61,l~J) pER1,F REQ,AMP,pHI

17 CO\lINUE
10 rO\lINUc

P~ Tu R;\
E i'i L.'

sU9~ 0 UT Hi E CAfir) 1N CDL. '-H" Y , 1\ piS, I ~n Vp , CP fo-: I rT,T iv\ AX ,
CO~!i,ON/DTA/>~ (4 1'1';'6) I y (4('96)
DI~~NSIO~ '~MMV(1)

Dl~~NSICN YJUMP~10)
XJ UII P ( 1) = .•
X~U~P(2l = 10JO~'

X~U P(3l = ~OOG~.

XJU~P(4) = JCGn~.
v II p;., J. I. (5) = 4 0 Cf'1.i •
XJ iJ "": P ( 6) :: ~) 0 0 Q ~; •

XJ0MP ( 7) : 600"0.
XJ L.',~ P CE' ; 7 0 UQ l' •

XJ UIi; P ( () :; LOG rJ l' •

XJ ~I :-\ P ( 1 G) = 9 COL. ~ •
IF(INlyp.E9.2) G~ rC ~

DO 91G J : 1,4~~6/12

J : I + 11
REA~C60,911) (CU~MyCK),K=I/J)

WRITE(61.9 19) CLU~MY(K)tK=I,J)

91 9 FOR:·:ATC1H "12CF6·(l'jX»
911 F"' OPt'! AT C12 ( r::) • Q, J.. X ) )

DO '110 K = I , J
IF(JUMMYCK)~9999.) SjO,912,912
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SPSPEC PAGE 10

91 0 CO~JT rNUt::
912 NPT~ : K - i

WRITE(61,9n9) ~PTS

9 09 FORNAT(1H ,6H~PTS :: , 15 )
RETURN

2 C0 ~: T I fli Ut::
CPS = CPM / 6u.
DO 110 ! : 1,4"96,8
J::r+7
REAU(60,111) «X(K),y(K»,K::r,J)
WRITE(61,11~)«X(K),Y(K».K=!.J)

111 FOP~AT(16F5·8)

112 FORMAT(i H ;16 F7.0)
DC! 110 r< = I,J
IF(X(~).999~.) 11~,115;110

110 CO~TI!\UE:
115 nLJt-: = K - 1

WRITE(61,9)7) N~M
907 F0RMAT(l H ;0 H \LM = IS>

JU~p = 1
[;0 '=00 I = e.,i,U:
G : XC!) • XJ0~P(~U~P)

IF(A8S(~ - XCI-l»·CT.~OOO.) JUMP : JU~P + 1
X(I) :: XCI) + XJU~P(JL~P)

200 Co;,TlNUF.
WR)TE<61.9:L,) Jl/l1P

908 FO~MAT(lH , 6HJUMP:: ,15)
TI~'t:1 = O.er
~·!F'TS :: 1-
T) 0 3 0 lJ 1 :: 2, 1\ 1 I"

3U15 CJ' Tli\~Jt..

TIML :: TIM~1 * CPS
JLj"'P :: 1
IF(TIME.Ll.x(I).A~n.Tl~E.GE.X<I-l» JU~P :: 2
GO TO (301;~02~,Jl~p

3D? DU~My(NFTS) :: ylr> + (TI~E-X(I»*«y(I)-y(I-1)'/(X(I)-X(J-1»)

NPTS :: i\PTS + :1.
TI~ll = T!~~l + D1
rF(T!MEi.GT.T~AX) Gc TO 500
GO TO 3D:;

301 CO"TIIJUt..
30~1 CO'T I MJF::
500 NPT~ = ~P1S - 1

vi R I 1 E ( 6 1 , 9 n9) /. 'P TS
Rc TUR i~

END

SUBHOUTI\E FOUR2(CATA,N~IIDUM,ISIG~,

C THE COOLEY~TOOKEY FAST FOuqIER TRANsrORM IN USA51 BASIC rDPT~_~

c TRA~SFOhM(J) = SUM(CATACI>*k**«(I-l)(J-l», WHERE r A~D J PU~
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C FhO:11 TO ~JrI, M,JD \Ii = EXPClSIGN o 201loPI .. SQRT(-1)/NN). DATA IS A O\!f::-
C DIMENSIONAL COMPLEX ARRAY (I.E., THE RE~L A~D IMAGINARY PAoTS ~F
C DATA ARE L~CATF~ IMMEDIATELY ADJACENT TN STORAGE, SUCh AS
C FORTRAN IV PLACES T~EM) WHOSE LENGT~ ~N IS A PO~ER OF TWO. ISIG~

C 1& +1 QR -~~ GIVI~S THE SIGN OF THE TPA~SFORM. TRANSFORM VALUES
C ARE RET~RN~D I~ ARRAy DATA REPLACING T~E I~PUT DATA. THE TI~E IS
CPR0 paR T1 (1 NAL TON *LeG 2 C~, ) , , RAT ~ FP ,. HAN THE LJ SlJ AL N.. oIlo 2
C RMS RESOLUTION ~RRO~ BEI\G HOUNDED BY 6*SQRT(I)*LOG2(~N)oIlo2.*(-q),
C WHEhE 8 IS TH~ ~UM9ER OF BITS I~ THE FLOATING POINT FRACTION.
C PHn~RA~ AUTOMATICALLY DIVIDES TRANSFORM BY ~N FOR INVERSE
C THA\SFOf~~

DIMENSIQN DATA(1)
N : 2 ... \! [',

IFCISIG~·E~·-l' GC TO 1002
Do 1001 1111 = 1,N

1001 DAT~(IrII) :: CA1A(IlrI)/~N

1002 CVJTINUf:
J :: 1
DG~, 1=1,f\,2
IF(I-J)1,2,~

1 TEM~R = DATg(j)
TE~PI ::: DATACJ+l'
DAT~(J) ::: DATACI)
DATA(J+l)=n~TA(I+l)

~.,) , T' C1) - T;- M.. U r'\
~ A;..', -; .._-. r ''''-

D"Tr(1+1) :: Tt:;v,
2 M :: N/2
'? IF(J_f';) 5,5.4
.:1 J :: J -II

~':: IJ./ tIF(i-2 :;',3,::
5 J=J+M

~A 1·..1A X ;: £'
6 IF';<1AX-~\)7,lJ,lO

7 1ST cP;:; ;: * .~, A l(

TH~TA :: ~'?:~18~307/FLOAT'ISIGN*~MA~)
S I I, TH;:; S I ,; CT f· ETA / 2 • )
~i STF' R;; _.:: • *S ! \! TH;~ S I \. TH
[.J 5 TF I :: S I fl.' ( Tri F Tt. )
\'FZ:1 • U
~,; I =u • [;
Do 9 ~'i=~, M'''',. X, 2
DJ ;j I::: ~i , ;~ , TS TF. f'

J= I +Mr"IAX
TE~PR;;w'R*DA1A(J)-~1~DATA(J+l)

TEM~I=WRaDA,A(J~l)+~I*DATACJ)

DAT~(J);DATA(I)-TtMPR
DA TA(J+l)=n ATACI+1)-TEM P r
DA T 1:., ( I ) :: DA TI~ ( I Lt TE11\ PR

8 DATACI+l) ::: DATH(1+1)+T~~P!
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SPSPF.C PAGE 12

TE1>1PR = \~R

W.R : wR*WSTPR-WI*wSTPl + WR
9 WI = ~I*~ST~R+TEMpR*WSTpI + WI

t1MAX = ISTEF
GO 10 6

10 RETUR~,

END
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DATA PJ~GE 1

1
0
4 1 1 ..1 2 2

MRGl SPZ ~028,5 9.0 0.0 280.8 0.1 30.6833
25 MAR '16 200. 1841_
0000 0000 001 4-0070-0000 009$ 0012·0064 0026 0141 0042"0249 0056 0091 0076"'01-
0086 0122 0098"0165 01;}.1 0131 0126·0066 01~6 0046 0148-0169 0158 0022 0162 00
0114 0378 0194"0133 0211 0412 0219 0266 0224 0200 0221 0188 0244"0741 0263 08
0286 e 0704 0301 0286 0312,,033~ 0326 098() 0342~123'7 03'6 1046 0378"1335 0389 02
0404",o~eO 0416"0680 0442';'214' 0455 0685 0460 0658 0410 089~ 0488"'0652 049 2"06
0500"0750 0514 1015 05;54-0326 0539-0:510 0546"0518 0558 0160 0561 0175 05i2 O?
0591"'1~30 0605 1004 06(1-0297 0640 1069 06!S2~1304 0671 120 8 0686"'1459 0697 07
0711-0439 0128 0901 O?~6~108S 0'59 0448 0772"0434 O'fP 0642 0802"'0367 0810 ... 01
0814"'0080 0835 0686 0854".1111 OB78 1334 0904".1210 0914 0904 0926 0160 0933 03
0949"'0 701 0962 0288 097411P023e 09a6 0'51 1002""0458 1009 .. 0139 1015"'0164 1029 07
1041 e 0868 1064 1006 10~2~051f 1092"'0430 1098"0515 1112 0893 1132"0612 1142 01
1154"0 336 1169 0488 1188.,0612 1205 091. 122''''081~ 1252 045~ 1214~0512 1290 05
13Q8"'0392 1315-0216 1322·008$ 1~27-0054 1338 0532 1353"069¢ 1361 0759 1388"'07
1408 0523 1430"041a 14~6·000~ 1446~OOO; 1460 0246 1473"0041 148' 0058 1505""01
1505·0132 ~522 0216 15J4.,010J 1546 030$ 156.2·0456 1570 0434 1581~O498 1603 03
16~"'O254 1632"0120 16~8\1!OC8~ 1654 0394 1676"'0398 1696 0349 1116"0360 1'141 tU
1756"0387 1181 0266 17~5·007S 1801 .. 0015 1el''''0~OO 113;'1 021C) 1846"'0276 1862 01
1871"'0051 1880-0024 18~O .. 0111 1906 0190 1915"0022 1929 0244 19 44"0289 1967 02
1974 0182 1991-C339 2012 0382 2021"0367 2042 0287 2052 0032 20 56 0011 2060 00
2071~O156 2086 ~J47 20<fa"0340 2122 0231 2143",03eo 2162 0400 21 81"0338 2187"'04
2209 0°90 ?225"O154 22J5 .. 0300 2255 0291 22'4"0287 22e9 0113 2291 0135 2298 01
2310 0097 2308 0015 2322"'020~ 2328 .. 00e8 2344 0212 23!:)2 0080 2361"0077 2372"'01
2382"'0084 c;389-0040 2404 0248 2425"0222 2428"'0191 2447 0322 2462"C'153 24;7 01
2486 ... 0048 2500 0044 2504 0044 2505 0033 2511"0187 2533 0145 25 5 0"0216 2568 04
2583"'0743 2601 0199 2625,.,05'70 2646 0360 2652 0338 2663-0069 2669"'0116 26'9 00
2693-0222 2710 0237 2719 018S 2735-039B ~75B aJBr 2718"0224 21 90"'0050 2791-00
2807 0326 2825-0292 2843 024E 2859-0064 2864'0022 2877 0044 2892"0085 2910 01
2923"0056 2932"0088 2939~O116 2951 0364 298n"'0301 2998 0148 3004 0122 3012 00
3019 0094 3027 1)048 30~2 0035 3044"'0070 3052"'0050 3060"'0063,. 3014 0016 30i5 00
3097 0134 3104 0141 3116"OO2~ 3122-0008 3136"0256 3158 0441 31'14"'0400 3195 02
3218"'0117 3238 0169 3246 0016 3258 0020 326e-0156 3290 0199 3304"'0015 3322 01
3332 0018 3340-~O04 3354"'016e 3382 031 6 339a~0210 3422 0234 3438"'0192 3458 02
3472-0116 3488 ~219 35j7~022e 3529 0130 3540 0044 3551 0076 35 60 0037 3564 00
3578 0126 3595-0186 36'0 0221 3640 ... 0069 3643 0010 ~660-018a 3663"0048 36'79 01
3696--0031 3116-0071 37S5 0183 3763 ... 0127 3787 0101 3A01"OQ1 4 380A 0022 3821-00
3824 .. 0056 ~846 0181 38'2"008$ 3879 0096 3879 0099 3890 0240 3912"'0317 3937 02
3958"0153 ~978 0222 39i9"'004g 4011"0061 4011"0076 4037 0075 4041 0011 4054 01
4075"'0160 4090 r,051 4096 oce5 4110 019~ 4123""0081 4132"'0107 4152 0155 4168"'00
4170 .. 0023 4181-0075 41.;)4""0076 4192·0082 4204 0097 4207 0116 4216 0181 4237"'00
4236"'0041 4247 0070 42~8~004G 4214 013~ 4292-0060 4308 0091 4324""OoA.7 4344 00
4339 0072 4361-0003 43~8 0039 4378 .. 0031 4395 018a 4411-0109 4434 0168 4446-00
4450 0003 4454 n015 4470 0120 4482-0061 4495 0021 4501-0129 4526 0242 4541 .. oi
4564 0083 4511 0111 45l6 .. 006$ 4610 002~ 4623 0073 4637"0062 4651 CllA2 4674"'01
4677"03.29 4696 ('1247 47.9"OC2~ 4735 005S 4747 .. 0012 4'63 0154 4779"'0012 4184 .. 00
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DATA P4GE 2

4792~OO25 4808 0089 4817 001& 48~O 0183 4846"'0030 4e62 005!) 4869 0011 4818"'00
4881"'0001 .883-0009 48i1""OO1~ 49~O 0084 4926 ... 0051 49:$4 003f3 49 50 "144 4962 00
4970 0014 4975 0011 4994 0041 4995 0051 5009 0055 5010 0039 5022 0011 5030 00
5045 O~48 '056"0172 5016 0223 5100-0081 5108 8 0037 5112"0031 5131 0147 5148 00
5151 0045 ~165"'OO97 51t5 0129 5204-001~ 5221 0071 5232"OO~H 5247 0182 5263-00
5284 005:$ ~289 0041 92" 004'i 5309 OOOi 5328 0089 5329 00941 5348 0009 5:354 00
5366-0022 ~38e 0092 5403 0001 5422 0054 5458"'0015 545' 0111 '481-0017 5480"'00
5494 0113 5507"0013 5531 0151 5541-0049 554'-0063 5556 0004 5518 0103 5593"'00
5610 0129 ~629"O081 56'1 0152 5662 0012 5665"'0035 5681"'0059 5688 ... 00:51 5698 00
5711 O~32 5131·0081 57~5 ... 006~ 5153 0167 5717!!!OO9J 5'94 0118 5799 0104 5812-00
5822 0107 5840-0064 5860 oa5a 5861 0051 58!6 0110 5886 0057 5901"'0007 5908"'00
5917 0050 ~929"OOOl 59~1 0010 5944 0003 5963 01~' 5913 0113 5972 0110 5996"00
6009 0146 6026 0029 60~2 0021 6050 ... 0030 6060 0089 6015 0019 6085 0089 6096 00
6106 0078 6126"0055 6145 0011 6152 0049 6163 015'7 6183 0000 6181 1P OO17 620:5"'00
6200"0018 6209 0064 6222 OO8~ 6235 0040 6241 0023 6248 001) 6253 0001 6272 01
6282 0035 6296-0004 63~6 002'1 6316 0081 6339"0041 6358 0097 63 71 0066 6384 00
6399 0041 6414 0005 644'll'OO26 6445 0133 6463""0055 6484 016e 6507·0095 6525 02
6543"019j, 6562 0161 6574 002~ 6589 0190 6610"0059 6620-0021 6633 0063 6634 00
6650 O~35 6680 0001 6616 0157 6720 0036 6739 0006 61!';1 0025 6764 0039 6767 00
6781 0035 Q782 0039 68 .. 9 C03! 6821 0017 ~847 0040 6853 0022 685' 0030 6e'lo-OO
6896 0096 6910""020 69;1 0066 6941 0076 6956 0011 6963 002 7 697;"!'0019 6989 00
1000 0060 7009 0079 7026~OO2] 7046 0134 706S"'0019 7083 0035 70 99 0160 7116"00
'1134 0078 7137 0085 '7156 0031 7168 0061 7182 0066 7197"0017 7222 OO!2 1241"00
'255 0061 7278 0053 72'11.,0022 7313 0067 7324 OOO~ 7338 0045 7353 0058 7313"'00
7391 0059 7405 0004 7419 005y 7429 0051 1442-0014 74'6 00 44 7419 0060 7496"'00
'513 0095 7533 0047 7561 0050 7559 .. 000~ 7571 0074 7518 OQ75 7589 0087 7602 00
7617 0043 7635"~029-99i9.. 9999

19
0.09 ~)ooo • e.l 925. 0.2 17?~. 0.3 2600.
0.4 ~5250. 0.5 3750. 0.6 4200. 0.7 4500:
0.8 •p 00. 0.9 4800. 1,0 4850 • 1.3 4800,
1.5 41 6 00. 1.7 4250. 1,8 4050. 2.0 3350.
3.0 j. '+ 00. 4.0 740. 5.0 540,

-1
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a
o.
o
CD

MRGI SPZ
25 MAR 76

o = 9. a BAZ= O. a

o
o.
o
CD-+------r-------r-------,.----.----------,
1250.00 330.00 410.00 490.00 570.00 6&el.00

T I ME I N SECOND'S

II-22



4
i

1
-1

a
2

.f
A

CO
M

P
D

IS
T

KM
D

I;G
IA

C
K

A
Z

fa
DT

CP
M

Il
P'e

't<
M

Al
S

M
RU

S
ll

2
1

0
2

8
.5

0
9

.0
0

a.
2

8
0

.8
'.

1
0

0
30

;6
lJ

o.
DA

TE
SI

.O
PE

TM
'X

CP
M

2
'

M
AR

16
o.

ao
o.V

o
18

..1
.0

0

o.
O

.
14

.
..

70
:

o.
9

8
;

12
.

-6
4

.
2

6
.

1
4

1
,

42
.

-
2
4
9
~

5
6

.
9

1
;

7
6

'
;1

2
9

:
8

6
.

1
2

2
,

9
8

.
-1

6 "
;

1
U

.
U

4
.

12
6.

-6
6

,
1

3
6

.
6

6
,

1
4

8
.

-1
6

9
;

i""
2

2
,

11
2

:
"4

;
1

7
4

,
3

7
8

.
1

9
6

.
•7

33
,

aU
.

"1
2

•
21

9.
26

6.
2

2
4

.
2

0
0

,
22

7.
1

8
8

.
1

4
".

-7
4

1
,

aU
,

8
2

3
,

28
6.

-7
0

4
.

3
0

1
.

28
6.

3
1

i.
-3

:1
6.

32
6.

9
8

0
.

:5
42

.
-1

2
3

7
.

3
"6

.
1

0
4

6
.

:1
78

.
:'
~3
:S
5,

3
U

,
2

0
",

"O
ll

,
-6

8
0

.
41

6.
;'6

8
0;

H
e
.

-2
1

..
..

45
5.

60
5,

46
0.

6
'8

,
47

0.
8

9
3

.
4

8
'.

-
6

'2
,

4
'2

,
-6

3
0

.
5

0
0

,
-7

5
0

.
51

4.
10

15
.

5
3

".
-3

2
6

.
53

9.
-3

1
0

,
U

6
.

-5
7

8
,

5
,e

.
1

6
0

,
i6

S
•
•

1"
,

57
2

;
59

4
;

5
9

1
.

,1
12

30
.

0
0

'.
10

04
;

6
2

1
.

-
2

"
.

64
0.

1
0

6
7

,
6

"2
.

-1
3

0
",

61
1.

1
2

0
8

.
61

16
.

-i
4

,9
,

6
"
,

7
0

4
.

7
1

1
,

-4
3

9
.

7
2

8
.

90
7:

74
9.

-l
O

n
.

75
9.

H
8

,
7

7
2

.
-4

H
,

7
8

1
.

U
2

.
8

Q
2

.
·
-
~
6
1
,

8
1

0
,

;1
'5

;
8

1
4

.
-8

0
.

8
3

'.
68

6
.

8
5

'.
-
lU

l;
87

8.
1

3
3

4
,

9
0

4
.

-1
2

1
0

,
91

4
•

9
0

4
:

0
2

6
.

.1
6 0

,
9

3
3

,
3

U
,

9
4

9
.

-7
0

1
.

9
6

2
.

28
1'1

:
9

7
4

.
-
2
~
O
,

g
e6

.
4

H
,

1
0

d
2

.
-4

5
8

.
1

0
0

9
.

-1
:5

9.
1

0
i5

.
.1

6
4

,
10

12
9,

7
0

3
.

1
0

4
7

.
-8

6
8

.
lU

64
.

10
06

;
1

0
e
,.

-"
1

5
.

10
92

.
-4

1
0

,
10

'1
11

-5
1

5
,

11
12

.
80

3.
H
~
i
.

'!
6

U
,

11
4 2

,
11

0,
l1

!U
,

-3
3

6
,

11
69

.
48

e;
1

1
8

1
.

-6
t2

;
12

05
.

9
'4

.
1

2
2

7
.

-8
1

4
.

1
2

5
2

.
45

3,
1

2
H

.
'.

5
1

2
,

12
9

0
,

_5
22

,
1

3
0

8
.

-3
9

2
.

13
1

5
.

-2
16

..
1
3
2
~
.

-
'8

.
13

27
.

-'
4

.
1

3
3

8
.

5
3

2
,

1
3

"3
.

-6
9

6
.

1
3

6
1

.
7

5
9

,
1

3
8

8
.

-7
0

0
.

14
01

1.
5

2
3

.
14

3
0

.
-4

1
8

;
14

49
.

'!
9

,
14

46
.

"5
.

1
4

6
0

.
2

4
6

,
14

7:
1.

-4
1

.
i.

1
l1

.
.

58
,.

15
0

5
;

;1
3

6
;

1
5

0
5

.
-1

3
2

.
1

5 2
2

.
21

6:
15

3
4

•
-1

8
3

.
15

46
.

:5
08

.
1

"
2

.
-4

5
6

,
1

'7
0

.
4

3
4

.
i!

8
7

.
',!

,4
9 8

,
1

6
0

3
,

37
0

,
1

6
1

9
,

-2
5

4
.

1
0 3

a.
-1

2
0

:
1

6
3

·•
-8

'.
16

51
1.

3
.4

.
1

6
7

6
.

-3
9

8
,

1
6

9
6

.
3
4
9
~

1
7

i6
.

.3
6

0
,

"
"
1

;
3

5
5

,
17

'3
6.

-3
8

7
.

1
7 1

11
.

26
6:

1
7

U
.

•'
r8

.
18

01
.

-1
",

18
17

•
-2

0
0

,
1
1
l
~
1
.

21
8.

11
46
.
~
2
7
6
,

18
62

,
1

4 3
,

1
8

7
1

,
-5

1
,

1
8

8
0

.
-2

4
,

1
8

h
.

-l
t3

.
19

06
.

1
9

0
,

1
9

1
5

.
-2

2
.

1
9

2
9

.
2

4
4

.
1

0
4

".
.2

8
9

,
1

9
4

7
,

29
9

,
1

9
,.

.
1

8
2

,
19

9
1

.
-3

3
9

.
20

12
.

H
2

.
20

27
.

-3
6

7
.

20
42

.
2

8
7

.
20

.,
2.

3
2

.
2
~
5
~
.

.
1

1
,

2
0

.0
.

.
3

8
,

2
0

'1
,

-1
5

6
.

2
0

6
6

.
3

4
7

;
2

0
9

'.
-3

4
0

.
21

22
.

2
1

1
.

2
1

4
3

.
-3

8
0

.
21

62
.

'0
0

.
h

il
i.

_3
38

,
21

87
;

.4
4

2
,

H
2

2
0

9
.

6
9

0
,

22
25

.
-1

5
4

.
2

2
3

'.
-3

'0
.

22
55

.
29

1.
22

74
.

-2
8

7
.

22
89

.
li

:5
.

2
2

9
1

.
t3

5
,

22
98

,
16

9
.

1-
-l

2
3

1
0

,
9

7
.

23
08

•
7

",
23

2:
(.

-2
,4

.
23

28
.

-8
8

,
23

44
.

2
1

2
,

23
'5

2.
8

0
.

23
61

.
..

7
7

,
23

72
,

;
1
3
~
;

I N
2

3
8

2
.

-8
4

.
23

89
.

-4
O

.
24

0
••

2
'8

.
2

4
2

'.
-2

2
2

.
24

28
.

-1
9

7
,

24
47

.
3

2
2

.
2

4
6

2
.

'.1
5 3

.
2

.7
7

•
16

7
,

w
2

4
8

6
,

-4
8

.
25

0
0

.
4

.;
2

5
0

'•
~
4
.

25
05

.
:5

3.
25

1
7

•
-1

8
7

.
25

33
.

1
4

'.
25

50
.
~
2
1
6
;

a5
6

8
;

4
1

2
,

2
5

8
3

.
-7

4
3

.
26

01
.

79
9.

2
6

2
'.

-5
'0

;
26

46
.

3e
O

.
26

52
.

3
3

8
,

26
63

.
..6

9
.

26
69

.
-1

1
6

,
26

79
,

'7
,

26
93

.
-2

2
2

.
27

1
0

.
23

7;
2

7
1

'.
1

U
.

27
35

.
-:

5
te

,
2

7
5

8
.

31
17

,
2

7
7

e.
•

22
4;

2
h
O
·
~
'
0

•
2

7
9

1
,

-3,
.

28
07

.
3

2
6

.
2

8
2

'.
-2

9
2

.
2

8
':

l,
2

"
.

2
8

'9
.

-6
4

,
2

8
6

4
.

-2
2

,
28

71
.

".
2

1
9

2
.

_
8

5
,

29
1

0
,

11
4

,
2

9
2

3
.

-5
6

,
29

32
.

.8
8

;
29

3?
-U

6
.

2
9

"
.

3
6

'.
29

60
.

-3
0

1
,

29
08

.
~
'
8
,

3
0

0
',

1
2

2
,

3
0

U
,

ee
,

3
0

1
9

,
9

4
,

30
27

.
48

.
30

34
.

3
5

.
30

44
.

-7
0

,
3

0
'2

.
-'

0
;

30
60

.
·..

6
1

.
3

0
7

4
.

16
.

;S
o"

.
1

0
.

30
97

.
1

3
4

.
31

04
.

14
1;

31
16

.
-2

2
.

31
22

.
.8

,
31

:5
6.

-2
5

6
.

31
58

.
4

U
,

:5
l;

4
.

;'
40

0;
31

95
;

2
4 8

;
3

2
1

8
.

-
a
7

.
3

2
3

8
.

1
U

.
32

4
••

7
6

.
3

2
"
.

1
0

,
3

2
6

8
.

-1
1

6
.

JU
O

.
1

9
9

.
3

Ji
j4

.
;'

7
5

,
3

3
2

2
,

1
3

2
.

3
3

3
2

.
11

'1.
33

40
.

-4
;

3
3

5
!.

-U
8

.
3

3
e2

.
3

1
6

.
3

3
.8

.
-2

1
0

,
3

4
2

2
.

2;
1"

,
3

'3
8

.
_1

9 2
;

34
15

8,
20

3;
3

4
7

2
.

-1
1

6
.

34
88

.
21

9.
35

01
.

-2
2

8
.

3
'2

9
.

no
,

35
40

.
4

4
,

3
'5

1
.

7
6

.
3

1
6

0
.

3
7

.
3

5
6

',
3

0
.

3
5

7
8

.
1

2
6

.
35

95
.

-1
8

6
:

3
6
2
~
.

2
2

1
.

3
6

.0
.

-6
9

,
3

6
4

3
.

1
0

,
36

60
.

-1
8

8
.

3
.6

3
.

;4
8

;
3

6
7

9
,

16
5

;
3

6
9

6
,

-3
1

.
37

16
.

-7
1

:
3
7
3
~
.

1
8

3
.

37
63

.
-1

2
7

,
3

7
8

7
.

1
0

1
,

3
8

0
1

.
';1

";
3

8
0

8
.

.
2

2
,

3
8

2
1

,
-
.
~
,

3
8

2
4

.
-5

6
.

38
11

6.
18

1;
3

8
6

'.
,;e

e.
38

79
.

9
8

.
38

79
.

9
9

,
38

90
.

24
0,

3
0

1
2

.
.3

1
7

,
3

9
3

',
29

"
,

3
9

5
8

,
-1

!1
3.

39
78

.
22

2.
3

9
9

'1
.

.4
0

.
40

11
.

·6
1

.
40

11
.

-7
6

,
40

37
.

7
'.

40
41

.
7

1
,

.0
5

4
,

16 '
,

40
75

.
-1

8
0

.
'0

9
0

.
51

:
4
0
9
~
.

'5
.

"1
1

0
.

1
9

7
,

41
23

.
-8

1
,

41
32

.
-1

0
7

.
"i

5
2

.
15

!1
,

41
68

,
-1

3,
41

70
.

-2
3

,
41

81
.

,
,
"
~

4
1
8
~
.

-'6
.

41
9a

.
"1

2
,

4:
11

1"
.

9
7

;
42

07
,

11
6

,
42

16
.

t8
1

,
'2

3
1

,
-:I

f'
4

2
3

6
.

·'4
1.

4
'4

1
.

70
;

4
2
5
~
.

-
~
O
.

42
74

.
1

8
5

,
4

"'
2

.
·.

0
,

43
08

.
9

1
.

4
~
2
4
.

_8
7,

43
44

,
7

./
4

3
3

9
.

7
2

,
"3

61
•

-3
.

.J6
'.

lI
9.

43
78

.
-1

7
.

'3
9

5
.

U
8

.
""

11
•

-1
0

'.
"
3

4
.

1
6

8
,

..6
6,

_
"1

,

"'a
.

3
.

4
4

5
".

1
';

41
47

0.
2,

20
.

44
82

.
-6

1
,

4
1

4
".

2
1

,
4

'0
1

.
-1

.2
'.

41
26

.
24

12
,

4
"
7

,
!U

',
""

.
8

3
.

4
''
'.

11
'.

.,t
t.

•!
5

.
46

10
.

1
9

,
46

23
.

7
3

,
4
6
~
7
.

,.
6

2
.

46
51

•
j8

2
,

6
6

7
4

,
.
1
"
~
!

4
6

7
7

.
-1

2
9

.
46

9
6

.
24

7;
4

1
1

'.
-2

2
.

4
7

3
'.

,e
,

47
47

.
-7

2
,

4
'6

3
.

1
'4

;
4

;'
9

.
-1

2,
"
'4

,
-7

,
47

92
,

-e
5,

48
08

.
89

;
48

17
.

t8
.

41
83

0
•

1
8

3
,

48
46

.
-3

O
,

4
8

6
a.

5
5

.
"
6

9
.

1
1

,
4

8
1

8
,

.
~
,

68
81

.
-1

,
48

83
.

·0
.

41
11

'17
.

..
t4

-.
49

10
.

A•
•

"'U
.

-'
7

,
.9

3
4

.
3
8
~

"
5

0
.

lU
!

.9
6

2
,

2
,

49
7O

,
1

4
.

49
75

.
1

1
.

4
9

U
.

'1
.

4
9

9
'.

U
.

!J
00

9.
!I

5
,

'0
1

0
.

3
';

51
12

2.
11

!lO
SO

,
29

,
'0

4
5

.
1

.8
.

!l
O

!"
•

-1
7

2
;

"0
7

6
.

2
2

3
.

"1
0

0
.

-8
1

,
,,

"0
8

.
·
~
7
.

5
1

1
2

.
-u

5
i3

i.
-'

7
'

51
+

8
,

'1
,

1
.'

91
51

.
""

.
5

1
6

'.
-9

';
51

85
.

U'
.

'2
0

4
.

-1
4

.
'2

U
.

7
1

,
5

2
3

2
.

~
~
,

5
2

4
7

.
18

2
,

52
63

,
_6

',
U

8
4

.
5

3
,

56
89

.
41

.
!l

29
7.

U
t

":
S0

9.
7

,
,u

e.
",

5
3

2
9

,
94

!
I
~
4
~
.

•
0

,
5

3
5

4
,

4
',

'3
6

8
.

-2
2

.
5
~
8
'
.

92
;

~
4
0
1
.

1
.

5
4

2
2

.
'4

,
"
4
~
8
.

-1
5

,
5

4
"
.

1
il

!l
U

l.
-1

7,
5

4
'0

,
-
~
O
,

'4
9

4
.

1
1

3
,

5
'0

7
.

-1
:5

.
"!

JH
.

it
l.

5
U

1
.

-",
.

5
5

4
7

.
-6

3
,

'''"
.

4
5

U
8

.
iQ

3,
5

5
'3

,
.9

,
'6

1
0

,
1

2
9

.
56

29
;

-8
1

:
5
6
!
1
~

•
1

'2
.

56
62

.
1

2
.

5
6

6
5

.
-l

I5
,

5
6

8
1

.
~
,
9

,
~
t
l
l
I

•
.1

11
,

5
6

9
8

,
."9

,
5

7
1

1
.

1
3

2
.

57
31

.
-8

1
:

5
7

3
'•

-!
i9

.
57

53
.

16
'.

5
'7

1
.

-9
3

.
5

7
9

4
.

11
8

"7
9

9
.

iO
'.

5
8

1
2

.
-3

1
.



"
2

2
.

1
0

7
.

51
14

0.
.61

1;
,S

6W
.

1J
3.

5
8

6
1

.
!H

.
5

8
1

6
.

U
O

.
5

8
U

.
5

7
,

5
9

0
1

.
-,;

5
9

0
8

,
-
~
,

'91
'.

!)
O

,
5

9
2

9
,

"C
'"1

1.
'
5
9
~
1
.

tO
t

'5
94

4,
3

.
5

9
n

.
12

1.
,9

n
.

to
.

,,
-;

;.
h

O
,

5
9

9
6

,
."

,
6

0
0

'.
U

6
.

6
0

U
.

;!,
;

6
0

H
.

",
60

50
.

-1
0

.
6

0
6

0
.

U
.

6
0

"
.

1
9
~

6Q
S

;.
.1

9
,

60
96

,
_3

',
61

06
.

'8
,

6
1

2
6

,
-'

5
,

6
1

4
'.

h
.

61
52

.
1

1
.

61
63

.
U

7
.

61
11

3
•

°~
6l

~"
.1

',
62

03
,

.2
4

,
6

2
0

0
.

"1
8

.
6

2
0

'.
6

4
.

6
2

2
3

.
n

.
62

35
.

4
0

.
6

U
1

.
23

.
62

41
.

1'.
6

'3
.

1
,

U
7 2

,
10

;,
6

2
8

2
.

3'
.

62
96

.
"
4
~

no
•.

27
.

63
16

.
81

.
6
n
9
~

·4
1

.
n

,8
.

9
';

6
~
i
i
,

6
6

,
6

3
"
',

3
~
,

63
99

,
4

7
.

6
4

1
4

.
,;

64
27

.
;,u

.
6

4
4

'.
111

3.
6

4
n

.
.",

64
84

.
1

6
8

,
6!

1
0

'•
';"

,
6

5
2

5
,

2
0

',
65

43
.

-1
9

1
.

6
5

6
2

.
1

6
1

.
6!

J'
~.

2
3

.
"
e

••
1

'"
.

6
6

1
0

.
-1

9
,

66
20

.
·2

1
.

"
3

3
.

6
3

,
6

6
3

4
,

6
9

"
5

0
.

13
'.

66
80

.
~~

:
6

6
"
.

1
5

1
.

61
20

.
so

,
6

7
3

'.
6

,
6

7
'1

.
2

5
;

6;
6-

.
n

,
6

1
6

1
,

U
' -,

67
81

.
35

.
6

1
8

2
.

6
8
0
~

•
U

.
6&

21
.

1
7

,
6

8
4

'.
60

.
68

53
.

2
2

,
61

".
_3

D
.

6
8

'0
.

-1
,

61
96

.
9

6
.

69
1

0
.

"2
O

.
6
9
3
~
.

1
6

.
69

41
.

1
6

.
6

9
'6

.
1

1
.

69
63

.
2

7
.

"?
g'

~
1
9
,

69
";

8
3

,
1

0
0

0
.

6
0

.
1

0
0

9
.

7
9
~

;0
2

4
.

~
2
1
.

1
0

4
6

.
11

11
4,

70
68

.
"1

9
,

1
0

8
3

.
3'

;
'a

9
,

1
6

0
,

7
1

1
6

,
-~

3'
71

34
.

7
e.

71
31

.
c,

.
7

1
'i

.
37

.
71

68
.

6
1

.
7

1
1

2
.

6
6

.
H

9
1

,
"
i7

,
12

22
.

8
2

,
72

4 5
.,

-1
,

'2
5

5
.

6
1

.
?i

n.
53

;
7
2
9
1
~

,,
22

.
'3

1
3

.
6

7
.

73
24

.
,.

1
3

3
$

.
",

7
:
i
,
~
.

5
8

,
1

3
7

3
,

-2
3

.
73

91
.

5
9

.
74

0
'.

4
,

H
U

.
'9

.
74

29
.

",
74

42
.

-l
.4

.
1

4
5

6
.

44
.

'1
;9

.
6O

,
1

4
9

6
,

"
4
~
;

"13
.

9
5

.
"
3

3
.

'7
.

7
"'

1
.

'D
.

",
..

&
9.

1
1

lH
.

'4
,

"'8
.

'5.
he

•.
8

7
,

7
6

0
2

,
2

1
.

"
1

7
.

43
.

71
13

5.
-2

9
;

.
9
9
9
~
.

-9
9

'9
,

O
.

0,
o.

°,
o.

o.
o.

O
.

o.
0:

NU
M

,
5

.2
JU

M
P

•
1

N
P'

S
!'

21
10

0
DC

•
0

.2
f4

2
E

00
S
~
O
P
&

&
0

.1
5

2
4

;.
0

2

D
IS

PL
A

CE
M

EN
T

SE
N

SI
TI

V
IT

V
Pl

iR
R

iS
P

PE
l

RE
SI

'
PE

R
R

IS
f'

PE
R

R
l!S

"
"S

R
R

eS
p

11
.0

9
!)O

OO
'O

O
D

U
O

'2
'.

0
0

0
,2

0
1

7
1

5
,0

0
0

.3
0

~
6
G
D
,
0
0

ll
.4

0
32

50
;0

0
0

.5
0

3
7

5
0

.0
0

D
U

O
42

00
.0

0
0

,1
0

45
00

.0
0

o.
ao

47
&

0.
00

0
,9

0
4

8
0

0
.0

0
1

.0
0

4
e'

l0
.0

0
lp

O
41

10
0.

00
1,

'1
0

46
00

.0
0

1
;7

0
'2

'0
,0

0
1.

eo
4
0
5
0
~
0
0

2
.0

0
3

3
'0

,0
0

3
,0

0
1

4
0

0
.0

0
4

.0
0

74
0.

00
'1

.0
0

5
1

0
.0

0
·1

0
11

0
0

0
°

ST
AR

T
"

1
.

Et
vD

•
1

H H I N .f>
-



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 01, 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

A.

Column

1-5

6-10

11-20

21-30

31-35

Name

INDEX

NDSET

TMAX

SIZE

ISKP

Format

IS

IS

FIO.S

FIO.S

IS

Explanation

LT.O end program

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

Number of sets of
spectra on data tape
to be plotted after
the skipping process
is completed.

LE.O, the data itself
sets the scale of the
period axis.

GT.O no spectral
amplitudes with
periods greater
than TMAX are plotted.

A number 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 long,
etc. If SIZE .LE.O or
SIZE .GE.1.0, SIZE is
set equal to 1. 0

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

Afte:r the above plotting operations are completed, the
prog:ram reads another control card until it finds one with
INDEX .LT. O.
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C
C TMAX ,LE. 0
C
C , GT, 0
C
C

DATAPL.T PAGE 1

C PROGRAM DATAPLT
CHARACTER LABLE,L.SEL,MeOEL
COMMON/DTA/X,Y,NPjMCDEL
COMMON/SKIP/ISKP
DIM~NSION X(2060),Y(2Q60),fBUP(1026),LABEL(3',LA8LEC3)
DIMENSION MODEL(5)
CALL PLOTsciBUr,1e26,10)
CALL PLOT(O~O,-11'O,-J)
C'LL PLOT(O.O,2.0f·J)
LABiL(1)=6HPERIOD
LABEL(2)=¢~ (SEC)
LA8LE(1)=6HAMP (0
LA8LE(2)~6HM-SEC)

Rt:WINP 01
1003 CONTINUE

Rt:AD(60,l) tNDEX,~DSET~'MAX.SlZE,ISKp
1 FORMAT(215,2Fl0.5.15)

W~ITE(61,2) IND6X1NDSET#TMAX,SIZE.ISKP
2 FORMAT(1H ,215,2r10,3~IS)

C
C SIZE = CALCOMP SCALING fACTOR
C sIZE = 1,0 3 CY~LE LOS - LOG 2.~ INC~ES PER CYCLE
C SIZE = 0.4 3 CyeLE LO~ - LOG 1.0 INCHES PER CYCLE
C

IF(SlZE.LE,O.OP.SlZE,GTi1.0) SIZE : 1~O

CALL FACTORCSIZE)
IFCISKp,LE.O) ISKF=2

C TO SAVE PLOT TIME EVERy OTHER SPE6TRAL POINT IS PLOTTED.
C TO SAVe MORE TIME, ~AKE JSKP,GT,2.

IFCINDEX.LT.O) GO TO 1061
CALL TAPEINCINDEX,n1)
DO 1000 KK=1,NpSEl
CAI.1.. TAPERD

PERIOD AXIS IS SCA~ED fROM THE MAXIMUM SPECrRA~

PERIOD GIVE~ BY SUBROUTINE TAPERD
MAXIMUM PE~IOD IS TMAX, PERIODS GREATE~ THAN TMAX ARE
DROPPEr

IF(TMAX,LE.O) GO TO 400
DO 401 I ;s 1,NP
J :: I
IF(XCl),LT.TMAX) .0 TO 402

401 CONTINUE
402 DO ~O~ 1 = J,NF

K::I .. J+1
y(~:) l: YCI)

403 X(IO = XCI)
NP ; NP .. J + 1

400 COt\TINUE
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OATAP~T PAGE 2

105

115

101
100

111
110

XX :; ALOG10(X)
yy !!! ALCG10(Y)
XMtN ; XX
XMAX ;; XX
yt"iIN ;; YY
yMAX :; YY
CALI. AMAXMINeX,Y,t\p,XMA1',XMIN.YMAX,YMIN,J.3)
AMAXMIN FORMS A~OG10 or x AND Y AND RETURNS AS X AND Y
XAXL.Et'i ;; 7.535
YAXL.EN II 1,507
D~LTAX ~ 3.11~535

DELTAY ~ 3.11,501
SCP ;: 0,03 • YAXL!N
TTL = (XAXLEN - sep~20.'/2.
Lot'I Ax = XMA X
IfeXMAX~LMAX)100,100,101

LMAX = LMAX + 1
CONTINUE
LMIN = LMAX - :3
X~ ;; I.MIN
nO 105 K = 1,NP
IfeXeK),LT,X1) X(K) = X1
CONTINUE
U1AX :: YMAX
IF(YMAX - LMAX) 110,110,111
LMAX :: LMAX + 1
cON'fINUE
LMIN = LMAX .. 3
Y1 ;: I..MIN
DO 11~ K = 1,NP
IfCYCK),LT,Yl) Y(K) = Vi
CONTI~UE
CAL~ ALOGAXES(XAXLE~,YAXLEN,3,3,L~8EL,LABLE,12,12,Xl,Yl,DELTAX,

1 DEL.TAy)
X(NFI+l) = X1
VCNP+1) = Vi
XCNP+2) = DELTAX
V(NP ... 2) = DELTAY
CAL~ LINE(X,V,~P,1,O,O)
CALL. SYMBOL(TTL.Y~XLEN+G,25,SCP,MODEL(1),O,O,4)

CALL SYMBOL(TTL.4i*SCP,~AXLEN+O.2"SCP,MODEL.(2).O.O,4)

CALL SYM80L(TTL+8.*SCP,YAXLEN+O.25,SCP,MODELl3),O.O,4)
CALL SYMBOLCTTL.li,.SCP«VAX~EN+Ot25,SCP,MODEL(4),O,O,4)

CAL~ SYM80L(TTL.16 •• SCPIYAX~EN+O.25,SC~,MODEL(5),O,O,4)
CAL~ PLOT(12,O,O.O,~3)

CALI. fACTORC1,O)
CALL PLOT(2,O,O.0,~J)

CALL PLOT(O~O,-11lo,·3)
CAL~ PLOTCO,O,2,O,-3)
CAL~ FAOTORCSI7E)

c
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1000 C(mTI~Ue

G() TO 100~

1001 C()NTINUE
CAL~ PLOT(10.5,O.O,999)
s~rop

END

SUBROUTINE TAPERD
cHARACTER MODEL
COMMON/DTA/X,Y,NP,MODEL
CC1MMON/SK I PI I SKP
DIMENSION X(2060)iV(2060),MODEL(SI,Z(4096)
R~AD(01.310) M,~WaITE.MeDEL(1).MODE~(2),OlST;DEG,aACKAZ,TO,DT,

1 MODE~(3),MODEL,4t,MOtE~C5)

310 fORMAT(2I',A4.1X.A4.1X~!Fl0~2.3A4t
0\1 31~ l=l.M
K = I * 8
J = K .. 7

312 READC01,311) NWRITE.(ZC~),L~J,K)

311 fCRMATC!5,BE15.8)
M = 04 * M

C THe PERIODS = INfINITY AND 2.*MOoOT ARE DROPP~D

L=O
DC :s l=3,M,ISKP
J : 2 * I
K : J .. 1
L=L·1
yell ~ SQRTCzeJ)*zCJ) + ZeK).ZCK)}
IfC¥CL),EQ,O,O) YiL) ; 1,oe.38

3 X(L) = 2,*M*DT/CI~1)
NP=L.
RETURN
END

SUBROUTINE TAPEIN'I~DEX,IOTP)
C INDEX IS THE TOTAL ~U~8ER Of SPECTRA TO BE BYPASSED BEfORE READING
C STARTS

Ir(lNOeX.LE.O) GO TO 2
DO 1 1 ;1, INDEX
READ(10TP,10)N
DO 1 J=l,N
REAOclOTP,10) IDU~

10 fORMA'(I5)
1 CONTINUE
2 CONTINUE

RETUR~

END

SUBROUTINE AMAXMI~(X,Y,~N,XMAX,XMIN,YMAX,YMIN'NOCX,NOCY)

DIMENSION X(1),VC.)
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DATAP~T PAGE 4

IfCNOCX.EQ.o) GO TO 102
00 10. 1 :: LNN

101 X(I)=.A~OG10(XCI»

102 HCNOCY.EQ.O) GO TO 104
DO 103 1 :; 1,NN

103 Y(I)=ALOG.OCY(l»
104 00 1 1=1,NN

Ir(X(l).GT.XMAX) )MAX =. X(1)
IF(Y(I),GT,YMAX) ~MAX - Y'l)-
If(X(l),LT.XMIN) ¥MIN =. X( 1)
If(YCI),LT.VMIN) ¥MIN , Y(!)

1 CO NT It'-lue
RETURN
END

SUBROVTINE ALOGAXeS'XAX~EN,YAXLEN.NOC~,NOCY.TTLX,TT~y.MTX.MTy,Xl,

l'1~,DE~TAX,nELTAY)

CHARACTER rTLX(1)iTTLYC1)
S~T :: 0~02*YAXLEN
SST =. 0,01 ~ YAXLEN
SP :: ~O.06oVAXLEN

S5 =. O,035*YAXLEN
SSp;: sp + SS - 0;06
TT~P ~ ~O,11*YAX~eN - 0;1
STTL =. O.035*YAXL~N
XNUM ;: 1
'11" ~ Yl
YU l:: Vi + ANOey
IF (AB~('1L).GE.10 •. OR, A8SCYU),GE.10, )XNUM =. XNUM * 1.
If(A8~(YL).GE.1QO•• OR, ~8SCYU),GE,100~)XNUM z XNUM ~ 1.
IfCV1,LT,O) XNUM ; XNU~ + 1,0
CALL PLOT(·SLT,O,~,2)
CALL PLOT(O:O,-SLI,3)
CALL PLOT(O:O,O,O,2)
XPo ;: X1
YPO = '11
IF(NOCX,EQ.O) GO TO 4
ANOCX ;: NOCX
FACTX ;: XAXLEN/ANCC~

CALL SYMBOL(·,6~S~,SP,Si,2Hl0,O,O;2)

CALL ~UM8ER(999"SSP,O.$*SS.Xl,O.O,~1)

CALL PLOTCO~O,O.O~3)
00 3 .J :; 1,NOCX
DO ~ J = 1;10
X = I
X = A~OG10CX) *FAcrx • ~J~1)*FACTX
IfCl.EQ.1)GO TC 2
CAL~ PLOT(X;O.O,2)
CALL PLOT(X.~SST,~)

2 CALL PLOT(X~O.C.3)
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C~LL PLOT(X;-SLT,~)

CALL SYM80LCX•• 6~tS.SP.SS.2H10,O.O,2'
XPO I: XPO • l~O
CAL~ NUMBERC999"SSP,O.'*SS,XPO,OjO,·1)

3 CALL PLOT(X~O.O~3t
XTL :: MTX '
XTL I: eXAXLEN-XTLeSlTL)i2,O
CALL SYMBOLCXTL,TTLP,STlL,TTLX,O,e,MTX)
GO TO 6

4 CALL AXIS(O.O,O,O,TTLX.;MTX.XAXLEN,O,O,Xl,DELTAX)
6 CALL PLOT(O~O.o.Oi3)

IFeNOCY,EQ,O) GO '0 10
ANOCY :: NOCY
SP ~ Sp ~ (XNUM • 1,5) ti O.~ • S5
TTLP I: TTL? • (XNUM~1.).O.5~SS

rACTY I: VAXLEN/ANCCY
CALL SYM80LCSP-O,;,~O~5.5S,SS,2Hl0,O,O,2)

CALL NUMBE~C999,,15'SS~106,.5*SS,Yl,O~O,-1)
CALL PLOT(O.O,O~O.3)

nO 9 J III 1;NOCl'
DO a 1 ;: 1;10
Y :: t
Y :: A~OG10(Y) ~ r~CTY + (J-1).rACTV
!FCI,EO.1)GO TO 8
CAL~ PLOT(O.O,V,2)
CALL PLOT(wSST,V,4)

8 CALL PLOT(O~0,V,3)

CALL PLOTC-SLT,Y,i)
CAL~ SYM80L(SP-,4iY~.5*SS,SS,2Hl0~~,OJ2)

VPO :: "(PO • 1
CALL NUMBER'999.,Y •• 5,SS-.06,.5*SS,YPO,O,O,~1)

9 CALL PLOTC~.O,Y.32
Yh.=MTy
yTL :: (YAXLEN-YTLeSTTL)t2jO
CALL SVMBOLCTiLP-.2,YTL4STTL,TTLV.90.,MTV)
RE'TUR~

10 CALL AXlS(O~O,O.O~TTly,~Ty,YAXLEN.90 •• V1,DELTAY)
Rt:'fURt\
ENI)
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MRGl SPZ 25 MAR 76

u 10-3

l..L.J
CD

I
L
U

CL
10-4:L

cr:

10 -5 ~-"---"---r-T"T""T""1..."...--.--r--r""""I'"'TTT---'---'--r-T"""~
10 -2 10 -1 10 0 10 1

PERIOD (SEC)
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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
quencies 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 4To ' where To 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 01. FILE 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:

F(w,r) exp (iwt)dwf(t,r)

00

= 2; j
-00

00

1 J=li
-00
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where w is the angular frequency, k j is the wave number
of the j'th mode, Aj is the complex amplitude of the
j'th mode, and M+l ~s 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(w) centered
at an angular frequency w = wo ' and then to take the
inverse Fourier transform to generate a complex time
function. The Gaussian filter is defined as

__ {ex

o

p
H(w)

The resultant filtered time series is

g(t,r) =~ /7fM
Y -- E

2n a j=o

2
exp [_Wo

4a
(t - rlu ,)2]

OJ

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 = wo ' and Uoj is the
group velocity of the j'th mode at w = woo This
expression for the filtered signal is valid under
the conditions that

lal w >2·o

and
a
,,' 2 »Wo

From these conditions, it is seen that the filter
bandwidth we is not a free parameter but is in
fact a function of a and wo0

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

IV-2



at the time t = r / Uoj ' 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(-n) of the
maximum. In terms of a and wo '

where To is the period corresponding to the angular
frequency WOo If the maxima of two modes are
separated by a time greater than 2 t d 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

To ~Ig(t,r) I max

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

In this program a = l6n , and Wc = 0.25 Wo .

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. ~, 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 period is
flagged by a minus sign in the printer output.

SUBROUTINE TAPEIN : This subroutine is used for
skipping through the spectra listed on the input
tape of FILE 01 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
point FFT may be used. If the data tape was written
by SPSPEC, up to a 4096 point FFT may be used.
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INPUT DATA

Card
Sequence Column Name Format Explanation

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

6-10 NDSET IS LE 0 End program

GT 0 Number of con-
secutive data sets
to be ana1y'ze.d.

11-15 NPER IS Number of frequen-
cies at which the
analysis will be
performed. If
negattye uae preYi~

ously inputted set
of frequencies.

21-30 SIZE F10.5 CALCOMP scale factor.
o <SIZE 2- 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
a default value of SIZE
= 1.0.

B. WN(J),J=l , NPER 8FlO.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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a 1 1 2 2 3
•••• 5 •••• 0 •••• 5 •••• 0 •••• 5 •••• 0

a 2 3 1.0
.25 .2 .1
1 1 -1
a -1
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FILTEi-\ PAGE: 1

C PRGGRAM FILTER
C THI~ PROGRAM PERFORMS MULTIPLE FILTER ANALYSIS ON STORED SPECTRUM

CHARACTER L~BEL,LABLE,MCDEL

C0 i~ f'l aNION EI SA'liE, NP, 1". 0 eEL ( 5 ) , DIS T, DE G, 8 ACK,A Z , TO, DT, NPTS
C0 :~ haN I TWO I LAG El ( 3 ) , LAB LE ( 3 ) • X1 ' y 1 ' DEL i AX, DEL TAY, I BUF ( 1 0~ 6 ) • X
DI~ENSION OATA(2,4096)~SAVE'2,2048),WN(100)
CALL PLO TS (iBUF,1026,10}
CAl • PIOT("'O -°1'" -~)._~ ... '" :..:.' J.• u, v

CALL PLOT(a~O,2.0,-3)

LA2~L(1)=6~PERICD
LA!? [L ( 2 ) :: 6 i! (S Ec )
LAG LE(1):6 HAMP CC
LA~LE(2):6~M-SEC)

XA YL E f~ :; 7. 5 3 5
Y/; i LF t\ :: 7.:5 0 7
D~LTAX : 3./ 7 .53 5
DELTAy: 3./7.507
F~ E: '.) 11'-J Li 1

100:3 CG'; TI IH) E
REf:.«(..C,l) INCE;<,,~.f)~ET,I\PER,SIZE

IF[~IlE·LE:·u·OR.SIZl.GT'l·O)SIZE = 1'0
r~ ~ FACTO~(SIZE)

c
C S I Zt~ = CAL ('; CMP ::: Ct. LIN G FACT (J R
C S P l: = 1. C j eYe LE LOG - l 0C; £'.5 pi C1-4 ESP FR eYe LE
r SI7L = L.< 3 CYCLE LOG - LnG 1 0 INCHES PER CYCLE
c

IF(GDSfT.Lr:o) sn TC 10u4
Ir(~p~p.~~.U) GL 10 100~

NS ~. \' t= ::: NPF r,

PLA-(tin'2) (~~(J)'J=1'NFER)

1 FD::"AT(~I5,:,x,r':.n.5}

2 F0 :; '" ,\ 1 ( b F1 i, : 5 )
IN t-j;' X ::: L,.

iA! II 1 ,- :: ": 0 LJ

L'D' ~;Ou :~l: ~Pi:s
I F ( hi ~! ( J ) • LT. I.; i< J ;,) :~ r-' It>.;; I; N( J )
I ~- ( ;" ~~ ( J ) • GT • i~)Vi p. I,,) ';,..J t-' AX = k ~,j ( J J

80t: CO-"TI~Ul
Th l', ;; 1. / ,;:. AX
Tf'; J j = ie, LOr, 1 I) ( TI' I ~, )
u~ ; = 11''1''
Xl = L ~1 I ~,

I f ( T~1 I ~; • LT. L• G) X1 ;; ~ 1 - 1.
1 005 C0 ~ T I i\ UE

~!pE:\ ::: ~~SA\!f::

CAl. L TAP F. I '.' ( I f\ f1t X, 1 )
DJ lOUD ~N=:,~r~El

C4LL TAPER::
~~ 1<1 ~ ~ * i\ ~
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FILTER PAGE 2

, F 1 .- • :; , I )...' '....

DETER~JNED BY SPECTRA IN FREQUENCY RANGEc
c

Mh2 = 2 * ~H1

WRrTE(61,4) (MOLEL(I).I:1,5),DIST,~EG,8ACKAZ
4 FORHAT(lHl;~A4,5X,Fl0~?,5H K~ ,Fl0.2,5H DEG ,Fl0,2,9H OEG(BAZ>

1 ,/)
VERTICAL SCALI~,IG

COi\SIDERED
YMAX = 1.(')[':'38
D0F : 1 ~ I C~nl *DT )
DO cO:;, J : t'~d'
)(J ;; J - 1
Fr<r 'J : xJ ~~ DDr
IF(FREQ.LT.'1.75*wvr~.OR,FREO.GT.1.25*WMAX)GO TO 805
Di"l H = Si,VE{~ ,JH~SA\lt(l~..;)'" Sf\\![(2,J)*SfVE(2,J)
IF(JMM.GT.V~AX) Y~AX : [~M

805 CQ~nli\Uf:
HI A;.< : c. 5 ~, /J l. CG1 !i , YMA X )
LI'JA/~ = yMAX
IF(YMAX,GT.LMAY) LMAX = LMAX + 1
Utllr, = LMA,~ - 3
yi :; LMI~!

CAL~ ALDGAX[S(X(XLE~,YAXLEN'~'3'LA8EL'LA8LE'12'12'Xl'Y1,nELTAX'
.1. cc.L.TtY)

CAL L. SYt~ BJ I (:1. 6 j , YAXL E ~J + , [) j , a, 2 1 , ~'i (1 eEL ! :1 ) , 0 • 0 , ~ )
Ct, L. L SY r' q o!_ (2 • 4 '1 , YAXLE ~,! t • 01 , :' • 21 , ~1 (\ DEL ( 2 ) , 0 • n, 4 )
CALL SYM OOL(3,3J,YAXLENt,01,O.21,MrrELC 3 ),O,O,4)
Cf..l_ l. SY f"i 8 0 L ( 4 , 1 7 , y ~.. ;.: L E ~i + , C1 ' 0 • :? :~ , t': C1 ~ EL C4 ) , 0 • 0 ' 4 )
CAL L SYi: 8 0 l ( 5 • !1 1 , (t. J( L Et J ;. , 01 , 0 , 21 , Mn,'E L ~ 5 ) In. 0 , 4 )
l' U t· 9 c. J UI" rJ - 1 1\~ PEi1!"J .7., v ! -._ , • < ~

PL R : 1, j(~ 'J ( J LJ I~ e )
\o!hITE(61,5~ PlQ

5 r u~: ,]A. T ( 1 H iJ ~ j 6 h!="' I LTF R FF RIO:J =
P t l\ = ALrJ GL: ( p F;.., )
X = (ptf<; - Xl)/LELTAX
DlJ 10[1 1 = LiY
DO 10\..1 J = 1,?

1001 DA'A{J, I' = G,e
Fh[Jl!P = 1~~5 * 1'!f,( .. LJMP)
F h fJ L h : O. 75 {;. '.J i ( ..; In' P )
we : 0.25 ~ Wh(~U~P)

~o = ";~"JU"~p)

DC 10G~ r=LNP
XI ;; I - 1
Ff~r=u = I~I *DDF"
IF(FREU'GT·FR~QLP·n~·FREG'LT·FREQL~) GO TO 1002
F lC 1 : - 50 , 27* ( , FIi EG- h~! ( ..; UMP) ) I , \.1 i\! ( J t! t'! P , ) ) **2
FIL T = [:XPCrAC T)
DA;A(l,I) = FII_T * SAVE(1,I'
DATA(2,I) = FILl * SAVEC2,I)

1 0 0 2 C0 ":1 I t~ l)E:
CAL.L FOUR2 t ]'A TA.' MI'I, 1, +:1.)
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Dr;:: 1.IOT
C NOTE DF IS 1./N*DT BUT FACTOR 1./N IS ACCOUNTED FOR I~ FOUR2

DO 122 I = 1,~"W

DO 122 J ;:: 1,2
122 DATA(J,I) = DATA(~,I) 0 CF

CALL MAXVAl(DATA,~~,WC,~O)

999 corn I NUE
CALL PLOT(1~.O;0.0,~3)

CALL FACTORtl f n)

CALL PLOT(2~O,O.o,-3)
CALL PLCTCi'D'-11'G,-3)
CALL PLOT(~.bt?fO,~3)
CALL FACTO~(SIZL)

1 COG CUi, TI ;\ UE
GO 10 1003

1.004 CU~ 1 I :"LJt=
CALL PL:'jT(~L'1.~,'.:.LJ,999)

STOP

SUPROUTIN~ PLT(GDV,AMP,KK)
C,i Ar; ACT t R LI. g f:: L, LAr~ LE
CC) f'ii'W ;; ! TWO,' L t> b F. L ( 3 ) , LAB L f ( ~ ) , X1 , Y1 • DJ: L T AX, DEL T" Y, I f3 UF" ( 1 02 6 ) , X
DIN~NS10~ GPV(~),Ayp(l, .
DO 30;) J :: 1.I'\K
G = Grl/e J )
A~',P(J) :; A~4::;(Ai"~r(",»)

I F ( /\ 1'-1 P ( J ) • Lr . G) GeT 0 3;j 0
y :: ALOulCC,:,"'1P(J»
IF(Y.LT.Yl) Go TO 3L-O
Y = (Y-Yl)/nEL TAY
C1\ L L SYii RO!_ ( X , Y, I) • n7 , 3 , C: • 0 , -:t )
CAL L :j Ui :BE i~ ( X+ :' • f) y , y , () • Q5 , G, 9 U• 0 , 2 ,

300 G()\TI:~!Jf
RcTJR\
t:iJC

DATA(2,1).DATA(2.1'
~ATA'?,2)*DATA(2.2)

, l Pl::lli . .3, l P3El1. t.»
DATA(j,t)oCAT/I'1.,1) +
LATA(1,2)*LATA(1,2) +Ai'~ P2 =

KK ;; J
Nril = iJPTS - 1
r 0 ::' 0 J 1 :; 3, f\ t< .:.
AM~~ = ~A1A(1,I)~CATA(1,I) + lATA{2,I)*DATA(2,I)

SU~~OUTl~E ~AXV~L(n~TA,~,WC,WD)

CHt. j~ A;; T!:: R '.0 UDi:: L
CUt'MON!UNE J SAVr(40 0 6),NP,MODEL(5),nrST,DEG.8ACKAZ,Tu.CT,NPTS
D1 r i:: 1\J SID ~J ,~ 4 TA( C ' 4 ~ 'j 6 ) , T I ~~ E ( 6 0 , , GP \J ( 6 (j , , A~< P ( 6 0 ) , PH AZE ( (I, 0 )

1 C r Uf' i'l AT(3 (3X• 4hT 1~1 L• t X, 9 t' GFH)LJ P vEL, 2 x • 9HAM PLIT UD£: , 3X, 5 hPHAS F ,
1 ~x),/)

11 Fufii':A T (3 (lH
At-'·1P 1 =
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FILTEh

400

402

4 L' t

50C

997

Ir(AMP2~GT~AMPi.A~D.AMP2.G~.AHP3)GO TO 400
G8 TO 401
AMPq :: DATAC1.r+l'*CATA<1,I+1) + DATAC2,I+l)*DATA(2,I.l)
IF(AMP2.LT.AMP4) GD TO 401
X)<. :: DATA(i.!)
yy :: DATA(2d>
CAL~ pH,sEexx,yy.pHI)
pH! = pHI - Wo • TO
PHI:: PHT - AINT(PH!}
IF<Pl-lLLT.IJ:O> PHI;; PHI + 1
Kf\ :: r\K + 1
PHAZECKK) :' PHI
TIM[(KK) :: TO + (I-i) * CT
GpV(K~) :: ~lST/TIMECKK>

AMrIK~) = SGRT(~MF2) • 4./WC
IFCKK.LT.60) Gn TC 401
CALL PLT(GPv,~MP,KK)
I<r( :: U
JtL', A=l

F ,'1 At. =G•
DD .30(1 J=1,6C
It-(~Mf-'(J).GT.Ah·i'X) ",MAX= ..'
Ar1/ i\ :: t. t"i P ( J '/, A X )
ClJ ~ T I ;~ LiE
AMr(J~AAl=-AMP(~M~X)

Ui..Tc'61 "·r! 1:",) ,..)

Wh f TF ( f i , :1. 1, ) C( T 1f1E ( .... ) , GP\j ( J ) , :.. '-1 P CJ , , Ph A7 E ( .J ) ) , J :: 1 • f 0 )
Mi P1 :: id" r 2
.hhP~ ;; M'P'~

eY'1 I !;Llt: '

IF(t\K.E-Q.Ul GO 10 997
Jh/X=l
Ai-] / / .. =f) •
DO ,)01 J::l.i<K
I ~ (i,. Mr' ( J ) • Gr· f~ ) t' X) .J MA)( :: J
A1'; I, );:: MY ( ..J' 1;.. X)
CO:' : I :d,1 L
tMP(J0tX)=-AMP(~MAX)

~ r< l -; E ( "1 , 1 " )
~kITF(61,11) (llIM[CJ).GPV(J),A~P<J),PHAZE(J»,J=l.KK'

CALL PLTIGnV,AHP,KK)
CU1,,- I ! Ut:
ReT LJ Rr:
E[;!'

SUFHd"JUTlt't p'HASL':(X,Y.FHI)

C ARGJM~NT PHi IS RETLR~EC AS VARY!~G FROM G.O TO 1.0 CiRCLES
I F ( ;,) ? 1 • ~ C. 2 2

20 IF(Y) 2S,24.?~

2~5 PHI = j .5* 3';1.4 j S92 7
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F'ILTfR F'AGE 5

GO 'ro 28
24 Pl'lI = o.0

GU TO 26
25 PHI = 0.5 ~ 3.1415927

GO TO 28
21 PHI = AiANey/X) + 3.1415927

GO TO 28
22 IF ( Y) 26,27.27
2 7 PHI = ATANCY/X)

GO TO 28
26 PH! = ATANCY/X) + 2.0 * 3.1415927

GO TO 2b
28 CO t'iT I I~UE

PHI = PHI/6~2831854

PHI = PhI AI1\~TCPHI>-
RE-:-URf'.J
HiT:

SUPkOJT[~E TAPFIN(I~DEX,IOTP)

C INrl X IS rHl T0TAL ~UM8EF OF S~EC1RA T0 BE BYPASSED BEFORE
C R[~JING SThRTS

!F(lN[EX.U~~O) GO TC (:
DU 1 I =l'Ii,IXX
RL!iJ(InTP'~_UH,

DO 1 J=l,r\
Rl ' > ( l' 0 TP .,'j) I ., UIV

; \ 1...1 , ..L L! "-' I

1 [, F0 F' j AT( I 5 )
j cut TI iWe
(; CO\lI'.UE

RE:Tu~i;

Su: h ell :T I ~, L TM FFr
CH. tAL T[ R~ : Dt: L
CU!' " o~ / 0 t\, E/ L C4 n~: 6 ) , 1\ P I Her:: F: L ( ~ ) , r 1ST. [1 FG, 8 A0; AZ , 1 0 , DT, i\ PTS
Rb{0(Uj'~10' M,~PTS ,MCDEL(j ),MODEL(2),DIST,DEG,BACKAZ,TO,Dl,

1 tl:-jEL(.),f,-.. nCL(4),~'or.:EL(:':'~
31r FOR1AT(2I~,~4,1~.A4,lX,5Fl0.?,3A4)

DO ,5121=1",
K = I * 8
J = K - 7

312 Rt: /I ~ ( (I 1 , 31 j j r, :,' F: I TF , ( £. ( L ) , L ~ J , K )
311 rUPMAT,!5,8F15.J)

NP :: 4 il M
RETURI~

E~\ !)

SUB;W UTI Nt: F0 L: R2 ( LA TA•m. , NnJ~ ,Is I G~.! )

c
C THE C0 CLEY - T UKEY F AST FCL f\ I E: R TRAN 5 FOp f1 p; USA SIB ASIC F ('\ f( Tf\ II !\j
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FI LTEf, PAGE 6

c
c TRtNSFORM(Ji,J2" •• > : SUM(UATA(Il,I2,.,,>+W1**(I1-1}(Jl-1»)
c .. II 2 t' .. ( I 2 - i ) ( J 2 -1 ) ) * , . , )
r, \oJ Ii I~ F, E 11 A 'J U J 1 RL N FRO ~ 1 Ta II) N ( 1) AND W1 =t: XP ( 1SI GNoll- 2 .. P I*
C SQ;n (-1) !t',~! (1) ), ETC
C
C DATA IS A ~ULTILI~E~SIO~AL FLOATING POINT ARRAV ALL OF WHOSE
C DIMlNSIC~S ~RE POWERS OF TWO. THE LENGTH OF EACH DIMENSrO N ys
C STr'1RED IN THE If TEGER ARRI\Y ~m, OF LENGTH NDIM. ISIG~\ IS
C +1 uR -1, GIVING THE SIGN OF THE TRANSFORM. THE REAL AND
r IHAGINAHY PARTS OF A rAT~M ARE I~MEUIATELY ADJACENT l~ STORAGE
C SUCH AS FORTRA~ IV PLAC~S THEM. TRA~SFOR~ RESULTS ARE RETURNFC
C IN ~RRtY DATA, REPLACING TH~ ORIGINAL DATA. TIME IS PROPOqTIO~AL

r TO t\*LOG?P'), RIT~EM THAt'-. THE USUAL N**2. NOTE THAT IF A F('lR\~ARL
C TkANs~nRM IS FOLLOWED BY AN INVERSE TRANSFORM, THE ORIGINAL DATA
c ~ILL REAPPEtR ~LLTIPLIEr BY NN(1)*~~(2) •• , .• EXAMPLE--
C F (J Ry, AF,1" r 0 l) id E0 TRAt\ SF CRt-A 0 F 1\ TWO - r 1~ Er\i S I ('1~, Al. ARkA Y p.! FOR TRA>.1 1 I
C D1~,[ NSTC~: rAT A ( :~ , 64 , 3;2 ) , f\ !~ ( 2 )
C ~.' ij ( :...) :: 64
C N;~ ( 2) : 32 ,
C Do 1 1:1,61;
r DO 1 J=1,3~
C DA~A(l,l,J) = RtAL PART
C 1 DA~h(~,I,Jl = !rAGr~A~Y PART
C C1\ L L F 0 L R2 ! ;; A1 A , t,l f\ , c: , -1 )

r:
c
r
C
C

c
c
c
c:
r
c
c
c
c
c
c
c
c
c
c
c
r,

SA~l [XtMPll 1\ FOplRA~ IV
D1 ~', t i\J S10 !\ L h TA ( t 4 , ,~;c ) , ~Ji\ ( ;..: )
COHLf:X DA1/.
LA'" F f., 1\: /6 4 ,. 3 2 I
Dc- . 1-" 6''..l - 1., #-.!

tU :.L J::: 3~

:). DAT I, ( I , J) : CU-.' PLE- ~~ V1\ Ll, E
CAL L F 0 LJ R'- ( ; ,A TA I 1\; f\ I 2 , - j )

PhCllR;:Y ElY [,Oh"d,' Bf-<Eid\JER F'hCHl THE hASTe PR(JGRAM bY Ct-ARLEs
RAt~R, ~AY, 19t7. lHE ICEA FOR THE DIGIT REVERSAL ~AS SUGGESTfC
BY;'" ALP HAL TER, Dec - r ~ A CL EI~ R1~! GH0II SF"? 7 .... n19 " THREE FIJ rn:~ Ai~
Ph C' '" RA'1 S TH k T Pt; RFCh~' T f- F r [) 0 LFY- Tl) K' EY FCI.J R1ER TRHJ Sr CRrl H1,/

~, M. 8RE~~~R, MIT ~UL t7

TH! S VEhSI (,), GF Tl- F. FA ST F0 l; RI r: f( TRA1\1 Sr 0RHIS THE r ASTEST KN0 it-! \:

Tel HE: f\ UT'1 cR. Leo KIM; UPS 1q: S fl r'![i ens I NES HJ A TA8LEI NSTEA D 0F
C0MPUTl~G T0E~1 ~OLLL CEC~EASE RUNNI~G TIM~ SEVE~ PERCENT,
SEE--IFEE ALDIO T~A~SACTIONS , JUN 67, SPECIAL ISSUE OF FFT

FOR N = lC?4 N~ = 1 TAKES 1.53 SEC ON CDC 3300

DIMeNSION rATA(l),~~(l)

I F' ( r·,o I M-1 ) 7 DO, 1 , 1
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FILTER PAGE 7

1 !'!TOT = 2
DO 2 lDIM=1.,NDJri
IF(NN(IDIM»)70C,70C,2

2 NTOT ;; ~TOT*N~rrDrM)
IF(lSIG~.EQ:_l~ GO TO 1002
X~i :: i~ TOT 12
DO 1001 1111 = 1,f\TCT

1001 DATA(lIII) ; DATA(IIII) I XN
1002 CO~nIi'';UE:

RTHlF = n.7J71D07E12
T~OPI :: 6.~j31e~307C

c

C'

c
c
c
c

c
c
c
c
c
c

10£1

110

120
:L3C
140
15 n

16C

NP1 = 2
DC 600 IrI~ = 1,N[J~
N;; ~n:(rnI'ij

NP? = ~,pl*::

IFIN-l)lOU,eOO'lOG

Sri lJ ~ FLErA r A bY R I T Rt: VERSAL, SIt' CF ~:! = 2 * *K • AS THE 5 HUF I=' LIN G
Cr\ \: 8l D0 i\ F 8 Y ? I ~ FLEI l' TERe Hp,-' r; F, ~.., 0 \:J 0RK J r GAR RAY I S t'j ~ Er ::: r

NP('hF :: ~:P2/2

J = 1
DL' 1 6 J 12 :: 1. ~y 2 , ~ F1
I F ( J - 1e. ) ;1,,1 l:' , 1 3 ~ , 1 3 c'
11~:hX = Jc:""pl _ 2
DC 120 11 = I2'11~A~'2
DC 12C 13::Il,~T~T,NF2

Jj ; J + 1~ - Ie
TE~'F-'R:: !:.'/~Tt..(I~)

T I:: !", t' I :: rAT,\ ( l:);-~, )
D,; '1 h ( I 3) :: ~, ATA\ J:3 )
DPT/,<I:-S+J):: L:UA(J~+1>

nAT •• ( .J 3) ;; TE r.> r f'
Dt T {(J3+1) :: TF~pl

t), :: Nf;;!HF
IF ( J -I' , J. 0(" , 16 U, :l 5 u
J=J-~'

M :: H/~

I ~ ( I, - i~ P J ) 1 t [ , lt, " , 1 ~ L
J = J + M

i-i,tlh LOOP. PEfIFLRt". FoL:rIER TRA~SFOpMS or LE~GTH rouR, ~ITH O~iE (,If."

LE ~~ L Tf, TVi 0 I F ~ L: ELF J: • TrET WID t LE FA0 ,. CR W :: EXP ( I S I GN~ 2 i~ P I *
SWRTC_l)~N/{4*~·AX)'. CrECK FOR T~E SPECIAL CASE w=rSIGN*SQPTC-l)
A~D R~PlAT FOR ~=~*(1~ISIGN*SQPT(-1»/(SQRT(2).

NF1TW = NP1+NP1
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FILTER

310
320

330

34C
35 0
36 C
37r

380

390
400

41C

42C

43C
440
450

47 0

475

FAGE 6

IP.Ak ; 1\
IF(IpAR-2)35n,3~a,320

IPAR=lPAR/4
GO TO 310
DO 340 It=1.NPj,2
DO 34C Kl=Il,NTCT,NF1TW
K2 = Kl + ~'!pl

TE~:PR=DATA (1<2)
TE~. F I =DJI TA ( K2+1 )
DATA(~?)=DtTA(Kl)-TEMrR

DA TA(K2+1):DATA{Kl+J )_TE~PJ

DATA(Kl)=VATA{Kl)+TEMFR
DhTh(K1·1):CATA(Kl+1)+TE~PJ

Mr"t f.. = f\Pl
I F ( r, ~1 AX• " P2 f! F ) ::c -; c, 6 L 0 • r (j 0
UtA >;=~:A xo (t'Pl H, ~'I"f, ~ /2)
DC :;7C L=i\P:1,V·'i~X,~:rlj[.'

~1 = L
IF(MMAX-"P1} 4~l,42L,3eo
THE1A=-TWOPI*FLCAT(I")/FLCAT«(.~~AX'

IF(lSlGi\)40('39~'39L
Tr';tTA = - THETA
Wk ;; COS(Tf.-iETA)
~' 1. ;; srf\ ( T~. [ Th ,
WCR = W~*WR-WI*~I

vi2I=2'*I'R*\AiI
w3R=W2R*W~-~2I*i 1
W3I;W2R*WI.~2I.~R

DO 53L 11=LNP1,2
KMI" = rPAP *M· I 1
IF(MMAX-'P1)4~0,43t,A4Q

Kt";l, = 11
KDIF = IPAR * V~Ax

f<'STEp : t. * KeIF
DO :-20 Kl= Kfv lt",'·.TCT,KSTEP
K2=i\1+KCTF
K3=r\2+KLIF
K4 =i\ 3 + K1: I F
IF(~MAY-~Pl'46LI46~,4ec
U1R;DATA(Kl,+CATA(K2)
Ul1~DATA(K1·1)+L/.Tl(K2+1}

U2~;DATA(K~)+DA1A(K4)

U~!;DATA(K3+1)+LATA,K4+1)
U3R;DATA(Ki)-[~'A(K2)
U3I;DATA(K1+1)~rATA'K2.1)
IF(lSIG~)47D,475,47:;

U4p=DATA(K3 t 1)-LATA(K4+1)
U4I;DATA(K~)-DATA(K~)

GO TO 5111
U4R=DATA(K4+1)~[ATA(K3+1)
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480

49!i

SOC

510

54 0
5 "' .-0

560

570

600
700

PAGE 9

U41=DATA(K3)-DATACK4)
GO TO 510
T2~;W2R*DATACK2)-W2I.CA'ACK2+1)
T2I:W2R*DATA(K2+1}+~2I*rATA(K2)
T3~:WR*8ATA'K3)-WI*CATA(K3+1}

T3 I =WR*DATAC K3+1)+W I .DATACK3)
T4k;W3R*DATA(K4)-~31*rATACK4+1)
T4I=W3R.DATA(K4+1)+~31*CA1A'K4)
Ul;:;=DATACK1,+Tl'h
U1I=DATACK1+1)+T21
U2R=T3t"{+T4Q
U2 I :T;SI+T4I
U3 R:;DATtd Kj )-121-1
U3I;DATA(K1.1)-T21
IF ( S I ~ )'........ 5 0 (' - ,,"'.I ;_1 \ "+ "/' ~i , i i..ti , :; tl l

U4R:;T3I-T4!
U4I;:;T4R-T3'~

GC TO 510
U4R=T4I-TjI
U4I::T3R-T4~

DA1 !\ CK1 ) =U1 ~;+ iJ 2 I'

DAlhCK1+1>=ulI+L?I
OAT i\ Ck. 2 ) ;; lJ ;'; ioi ... LJ 4h

nAl~(K2+1)=G3I+v41
Df>. T fa C1'<3) ;U 1 ~\-U?h

Di\ T;:, Cr\ 3 ... 1 ) ;; ~J 11 -l2 I
DAT.". ( r\ 4 ) =U ~~ f~ - l, 4 ;,
DAT/< C\" 4 +t ) =" 3 1- L £\ I
KH I ;\ =4* ( K~; 1i\ - 1J ) ... 11
KLdF=KSTEP
IF ( f, D1F", NP? Vi r ) 4:;' Q , 1.1 :;; 0 .530
CO!, T 11\UE:
M=~. 0+- L ~"A X
I F C. - hv1 p, X) 1':: <; 0 , '14 a, 5 70
IF (ISIG~)55:,5{)0,5fl

HY?R;;!·l~

It.! h ;; ( \4 f{ ... II 1 ) ~~ " Th LF
~J I;; (q I-Tf.Mr~ .... ) *PTHLr
GU TO 410
TE"PR=\o.;r;
WH: ( !~ K- v, I ) *f. THL~
WI=,TlMpR+0I)*qlHLF
GU TO 41r)

corn I I.Uf::
I P.Ai<::3-! PA"
MMAX=1''' ~1 A X+ ,.~ i AX
GO TO 36~
NP1::NP2
RETuR~:

E1'; ['
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F"lLTEk PAGE 10

SU8ROUT!~E ALOGAXES'XAXLE~,YAXLEN,NOCX,NOCY,TTLX,TTLY,MTy,MTy,Xl,

lYlIJELTAX,D~LTAY)
CHI, i'; ACT ER T 1LX( l ) , TTL Y( :1. )
DIMENSIC~ TTLXC 10 ),lTLY(10,
SL- = O'02~YAXLEN
SST = 0,01 e YAXLE~

SP ; -o~n6oYAXLlN
S5 ; G.035*YAXLEN
SSP = SP + S5 - C.Ub
TTLP = -O,11*VA~LE~ C.1
STTL = Q.O~5*YAXLE'

X\U>i = 1
YL ;; 'f1
YLi ;:.: V1 ... f, ,oey
IF(ABS(YL).GE,lL •. rh.A8S(YU),GE,10.)X~U~ = XNU~ + 1.
rF ( i; 8 S( VL ) • GE • 1 (~, D•• CR, ABS ( Yl' ) • GE • j f' fl .) )( NUtv' = XNUt'i ... 1,
IF'Yl.LT.n: XI\'Ji = "NL'1 + 1.('1
CAI..L PLOT(-~';LLL.i.J,,=)

CALL PLOT('.O,-SLT,~)

CAL~ PLOT(~:n,~,n,?)

XF:: = XJ.
YP!:' = '1'1
I F ( ~,O ex, F. Q , i.J) -; ( T0 4
A, ,"", X - 1\' 0 ,. :'""liI"._ '., .... : i.. :

F k ~ ! X : XA 'I: E1\, / ~. ~,r' r,'

Cf\ _l~' S Y:.\ gO L, " -. ~, :;5s'; sp , SS , 2 H:~ 0 , 0 , 0 , 2 )
CA_L ~UMP~~(9~9.,~S~,0.5*SS,Xl,0.D'-1l

CALL PLCT«O,0.0,:n
DU j ,-I = 1, ,.0 CX

nu ~~ I : 1,10
X :;; J
X : ALOG10(~) ftFACTX + (J-1)*~ACTX

I F' ( ; • [ 0 ' 1 ) '1 ':; T') 2
CAL~ PLCT(X.O.:,2)
CALL PLU T O,._SSi,2)

2 CALL PLD T (Y,O.C.3)
C~LL PLOT(X.-SLT,2}
CALL SYtv,80i_ (X-. ti~SS, SF, 55, ?Hie, C, C,?)
XPC = XPO + 1.~

CAL~ NUM8Eq(999.,SS~,O,5~SS,xpo,o.n,-1'
3 CALL PLO T (X,O,O,3)

XTL = ~q X
XTL = (XAXLFN-XTL*STTL)/2.0
CAL L S Y;V Ret. ( XTL ' TTL F , S1 TL' TTL l( , D' C' ~j T)( ,
GO TO 6

4 CALL AXIS(~~o,n.o,TTLx,-~TX,XAXLE~,C.O,X1,DELTAX)
6 CALL PLor{c:o,n,O,3)

IF(,OCY.EQ,u} GC TO 10
/,NC'CY = ,\OCY

IV-16



fILTER PAGE 11

SP = ~p - (XNU~ - 1.5) 0 0.5 * 55
TTLP = TTLP - ( X~UM-l~)*O.5*SS
FACTY = YAXLE~/ANCCY

CALL SYM80L(SP~U.4,-O.5~SS,SS,2Hl0,O.O,2)

CALL NUM8ER(999.,.5~SS-,06,.5*SS'Y1,O.O'.1)
CALL PLCT(~:O,O.O,3)
DO c;. J = l~~~OCY

DO b I = 1,"10
Y ::. I
Y = ALOG1 0 CY) * fACTY + CJ_l)*FACTY
IF(I'EQ'l)GO TO 8
CAL~ PLOTCn:O,Y,2)
CALL FLOTC_ SST ,Y,2)

8 CALL PLG TC O:O,Y,3)
CALL PLOT(~SLT.y.2)

CALL SYM80L(SP-.4,y-.~*SS,SS,2Hl0,O.n,2)
YPC = '(PO ... 1
CAl. L j\,[J h 8 bi ( 9':1 9 • , y + .5* 5S- • (' 0, .5* SS, yPC, 0 • 0 , "'1 )

9 CALL PL CT cr:o,V,3)
YTl_::: t'"n Y
YlL = (YAXLEN-VTL*STTL)/2.r
CALL SYM8CL(TTLP-.2,YTL,STTL,TTLY,9n.,~TY)
RETL,Rt,

iC CALL AXIS(r':O,G.O.TTLy,f"TY,YAXLE~I,9C.,v;L,[;ELTAY)

RLTuRi"j
E!\~r
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DATA p/\GE 1

o 2 22
.25 ,,~

.0 7142857 '10625

.03333333 ,,02857143
o ..1

0.7
.16~66661 .1428571 .12' ;11111111 .1 ~0633333
.05555555 .05 .04545454 ;041 666 '7 .03846154 ~0357142
.02~ .02222222 .02 ;01666666 .01 428571 .0125
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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/OUTPUT

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 drawn
by the SUBROUTINE NODPL.

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 projection.

INPUT DATA

Card
Sequence

A. Title Card

Column Name Format Explanation

2-12

B. Mechanism data

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

1-10 DEL FlO.5

V-I

Azimuth of Taxis.
If LT.O end
program



Card
Sequence Column Name Format Explanation

11-20 BET FlO.5 Angle T axis makes
with +z axis
(downward)

21-30 ALP FlO.5 Azimuth of P
axis measured
clockwise from
north

31-40 GAM FlO.5 Angle P axis
makes with
downward posi-
tive z-axis

41-50 TIC FlO.5 GT.O N,E,S,W
tics as well
as N, P, T
symbols and
title included
on plot

EQ.O only mech-
anism drawn

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

51-60 RAn FlO.5 Radius of focal
circle in
inches

61-70 XX FlO.5 x-coordinate
of center
of mechanism
on plot

71-80 yy FlO.5 y-coordinate
of center
of mechanism
on plot
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Card
Sequence Column Name Format

C. First motion data

2...5 ISTA A4

11-20 AZ FlO.3

Explanation

Station code

Azimuth of
polarity
point on
plot

21-30

31-40

41-44

46

ANGI FlO.3

DIST FlO.3

IPHASE A4

IPOL Al

Take-off angle
for P wave
data point.
LT.900

Epicentral dis­
tance in kn1

P phase identi­
fication. e.g.
I PN or E p*
etc.

P,+, or C an
octagon is
plotted

M,-, or D a
triangle is
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 which would appear on the upper
focal sphere, just add 180

0
to the azimuth, give it a

take-off angle between 0 - 90°. The equivalent observa­
tion is then plotted on the lower hemisphere.
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FPDPLT PAGE 1

C THIS PROGRAM PLOTS P WAVE FAULT PLANE SOLUTION DATA
COMMO~ I CALCI 18UF(1026)
DIMENSION ITTL(3)
DEGRAD = 0.017452329
CALL PLOTS(IBUF,102 6 ,10)
CALL PLOT(C.O,-11.0,-3)
CALL PLQT(O.O,O.O,-3)

4321 READe60,S) (ITTL(K),K=1,3)
S FORMAT(lH ,3A6)

WR!TE(61,9)(ITT~(K),K:l,3)

9 FORMAT(l Hl,20X,3A6)
READ(60,4) DEL,8ET,ALP,GAM,TIC,RAD,XX,yy
Ir(OEL.LT,O) GO TO 9999
WRITE(61,7) DEL,B~T,ALP,GAH

C DEL: AZIMUTH OF TAXIS
C BET = ANGLE T AXIS MAKES WITH Z AXIS
C ALP = AZIMUTH OF P AXIS
C GA~ = ANGLE P AXIS ~AKES ~ITH Z AXIS
C TIC = LT 0 N E S ~ TICS AND P T SYMBOLS NO INCLUDED
C RAD = RADIUS OF FOCAL CIRCLE IN INCHES
C eXX,YY) COORDINATES OF CENTER OF FOCAL CIRCLE

DEL = DEL * DEGRAC
BET = 8ET ~ DEGRAD
ALP = ALP * DEGkAr
GAM = GAM ~ DEGRAC

4 FOR!";ATe 8F1t;.5)
7 FORMAlelHO,20X,4Fl0,3)

HT = a.05 * RAD
CALL NOC P L(DEL,8ET,ALP,GAM,TIC,RAD,XX,VY,ITTL'
IP ;; lHP
11'-'1 ;; if/-
IX = l HX
IHALT = 4hH ALT
WRITE(61,5)

4300 REAj(60,1) ISTA,AZ,ANGI,DIST,lPHAS~,IP~L

IFelSTA.EG.IHALT) GC TO 9996
WRJTE(61,;S,

3 FORf,~1 (iH )
1 FORIIAj(l H ,A4,5X,3Fl0. 3 ,A4'i X,A1)
5 FOR r·~ AT( 1H(J , 20 X, I; H5 TA , 5 X, 6X, 4HAZ , 2X, 8HDIS T( K,... ) tl X, 9 t- DIs T(Df G) ,

12 X,6HIO (DEG) )
2 FOR \1 ATe 1H , 20X, A4• 5X, 4F 10 •1 , 1H , A4, 1X, A1 )

DELT = DI5T/111,195
WRITE(61,2) ISTA,A7,DlST,DELT,ANGI,IPHASE,IPOL
AZ : AZ 410 DEGRAD
ANGI = A~GI 410 DEGRAC
SQTwR : 1,414214
R = RAD * SQTWR * SIN(A~GI/2.)
Y = yy + R f COS(AZ)
X : XX • R * SI~eAZ)
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FPDPI..T

4299

9998

9999

PAGE 2

INTf.Q = 0
IF(IPOL.EQ.IP) INTEG: 1
I~CIPOL.EQ.1H+) INTEQ = 1
IFCIPOL.EO.1HC) I~TEQ : 1
IFCIPOL,EQ.IM) INTEQ = 2
IF(IPOL.EQ.1HM) INTEQ = 2
IF(IPCL·EQ·lHD) INTEG = 2
IftIPCL.~Q.IX) I~TEQ = 4

IFCINTEG,EQ.O) GO TO 4299
CALL SYMBOL(X,y,HT,INTEG,O,O,-l)
CDNTINUE
GO TO ~30C

CAl~ PLOT(11.0,O.O,-3)
GO TO 4321
CO~:TI:\UE

CALL PLOTCC.O,O,O,999)
END

SU8ROuTINE DIPDG(X,Y,Z,PHI,DELTA)
rWPI = 6.2831b53
ceG! = :i7.?9578
VNOhM = SGRT(X*x+y*y+ZoZ)
IFCi.~T.O) GO TC 10
X = -x
y = -y
Z = -L

10 IF(A8S(X)'~E.O.Q001.A~n.ABS(Y)'LT.O,D01) GO TO 20
n~LTA = ARSIN(Z/V~OR~)

I FCA8SCx).LT,O,W001) GO TO 21
PHI = ATAf\(V/X)
IFCx,LT.O) FHl : P~l + ThPI/2,
IF(FHI,LT.C, PHI = PHI + TWPI
30 TO ~C)

21. IF (Y,L.T,O) pHI ; -T~PI/4. + n~PI

IF(Y.GT.Oj ~Hl = TWPI/4
GU 10 3u

2C DELTA = T~PI/4.
PHI = ('

.sCi PHI = prd * ceef,
DELlA = DbLTA*CCO~

CELTA = 90. - DClTA
F'E:TuRh

SuB 1< 0UTa.;E: NOD PL (C El ,6 ET, ALP, GM'; , TIC, RAD, XX, YY, ITT L)
DI~~NSION X(365),Y(365),DELTA(2),GAMMA C2)
DIMENSION ITTl(3)

C TIC .GT, 0 0,E,s,w TICS INCLUDED AS WELL AS N,P,T SYMBOLS AND
C TI TLE
erIC .EQ. J ONLY MEC~A~IS~ 15 DRAWN
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FPDPLT PAGE 3

C TIC .LT. 0 TITLE ANr CE~TER + TIC ARE INCLUDED NO OTHER TICS NESW
C OH PT
C R EQUALS RADIUS OF FOCAL CIRCLE
C (XX,YY) = COORDINATES OF CENTER OF FOCAL MECHANISM
C DEL = AZIMUTH OF TAXIS
C BET = ANGLE OF T AXIS WITH RESPECT TO • Z AXIS
C ALP = AZIMUTH OF P AXIS
C GAM = ANGLE OF P AXIS WITH RESPECT TO + Z AX1S

IFeTIC.EQ.O) GO TO 109
HT ~ (,.1 olt hAD
OJ) = 0.06 .. RAD
XXX = XX - 0.3 * HT
yyy = yy + 1.2 * RAD
IF(TIC'LT'~) GO TO 110
CALL SVM80LeXXX,YYY,HT,lHN,O.O,1)
CALL PLC T(XX,vy.RAD+DD,3)
CALL PLUTeXX,YV+RAD-DC,2)
CALL PLOT'Yx,YY-RAn·DC,~,

CALL PLOT(~x,yv-RAD·QC,2~

CALL PLLT(~X+RAL+LD,YY,3'

C~LL PLOT(Xx+RAC.DD,YY,2)
CALL PLoTe~X-RAC+CD~YY,3)
CALL PLCT(XX-RAC-CD,YY,2)

110 CJNTIN.JE
C4LL SYMBOLeXX,YY,H1,3,O.O,-1)
yyy = YY + 1.5 • RAe
XKX = xxx - 4. * HT
CALL SYMBOL(XXX,VYY,HT,ITTL,O,o,9)

1 09 CJ ~ T! i'~ UE
D~G~AD = J.C1745232;
DJ liJ 1=1,;)61
A~G{ : DEG~AD 0 I - 1 )
XC!) = xx + RAn olt CCS(A~GI)

111 Yel) : YY • RAD * SINeA~GI)

X(362) == 0.0
Y(362) ; O.D
X(363) = 1.0
Y(363) :; 1.C
CALL LI~EeX,Y,301,1,O,')

SQT~R = 1. H,42t4
IF(TIC.LE~U) GO TO 112

C PLOT P, T SYM80lS
HT :; 0.07 flo RAD
R :; SQT~R * SINeGAM/2.) * RAD
X : XX + R olt SI~(ALP) - 0.3 0 HT
Y = YY • R ~ COS(ALp) - 0.5 0 HT
CALL SYM80LeX,Y,HT,lHP,O.O,1)
R : SQT~R ~ SIN(BET/2,) * RAa
x = xx + H * SI~(CEL) - o.~ * yr
Y = YY • R * Co~eDEL) - o.S ~ ~T
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FPDPLT PAGE 4

CALL 5YMBOL(X,Y,HT,lHT,O,O,1)
112 C(; NTI I'J LJ E:

T~PI : 6,283185,3
DI~C = ~,

NF = 179
Xl :: SIN(8ET)~COS(DEL)

Yi = SI~(BFT) 0 SlN(DEL)
Zl :: COSCBET)
X2 = SIN(GAM)*COS(ALP)
Y2 :: SINCGAM)*SIN(ALP)
Z~: :: COS CG.\ M)
CALL UlpDDCX1.X2,Yl.V2,Z1+Z2,GAMMA(1),DELTA(1»
CALL DIPDD(X1-X2,Yl-Y2,Z1-Z2,GAMMA(2),nELTA(2»
WRITE(61,1, (CGAMMA(L),CELTACL»,L=1,2)

1 FURMATC1H '2nx'4Fl0,3)
DU 2 1 = l,2
GAM~ACl> : GAMMA(!) - 180,
IFCGAMMACI',Ll,u' GAMMACy) :: GAMMACI' • 360,

2 CO'JTINUE
DO .LOO K = 1,2
IF(DELTACK),GE'l" GO TC 50
NPO 1NT = i\jP.2
DO 40 I::1,fJPOI'H
T~ETA :(GAMMA(K)-90,+II-1)oDINC)*DEGR Ar
IF(THETA,LT,O) THETA:: ThETA ... TWP!
IFCTHETA,GT,TwPI' ThETA = THETA-TWPI
XCI) = RAD 6 SI~(THETA) • X~

V( 1) = f~AJ u C'SCTHt:rA, + yy
4 J CON rI i\i Ld:

Go TO 9c
5J P·CA8S(D,=L.Ti,C~O-9u,>'GF.,1.)GO TO 70

NPOINT = .2
DO cO 1=1,2
THE TA :: ( GA'~ HA ( :< ) - 90 • + ( I -1 ) 01'30 , ) *Dr:: GRAn
IFCTHETA,LT,O) THETA = THETA • T~PJ

1F(THETA,GT.T~PI) T~ETA = THETA - TWPI
XCI) = RAD • SI~CTH~TA) ... xx
YtI) = RAG. CrSCTHlTA) • yy

6J CONTINUl .
GO TO '-10

70 TrlETA = CGAMMA(K)-qO,) * DEGRAD
Ir(THlTA,LT,O) THETA: THETA + TwPY
X(l) = RAD * SI~CTHETA) + xx
Y(l) : RAD * Ca5CT~tTA> + yy
THETA=cGAM"1A(K)+90,> * CEGRAn
IFCTHETA,GT.TWPI) TbETA = THETA - TWPI
X'NP+2' :: RAD * SIN(THETA) • xx
V'NP+2) : RAD * CCS(T~ETA> + YV
NPOI NT = 1\; P + 2
TANI : TAN (90.-CELTACK»*DEGRAD>
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FPDPL"T PAGE 5

DJ 80 I~l,NP

T~ETA = GAHMA(K)-90 •• l~DINC
IFCTHETA,~T.O) THETA: THETA + 360.
IFCTHETA.GT.360.) T~ETA : THETA - 360,
A~PHA : CTHETA-GAMMACK» * DEGRAD
XJ : ATAN(TANI/COSCALPHA»
R = SQTWR * SIN(XJ/2.) * RAD
X(I.l) = R*SINCTHETA~DEGRAD) + XX
Y(I.l) =R*COSCTHETA*DEGRAC) + YY

80 CONTINUE
90 CONTINUE

X(NPOI~T+1) = n,o
Y(NPOINT+l) = 0.0
XCNPOINT+2) = 1,0
Y(NPOI~T+2) = 1,0
CALL LINE(X,Y,NPOINT,l,C,O'

100 CONTINUE:
RETURr..;
END

FUN CT 10 t~ T f,. \ ( Z )
TAN = SINCZ)/CDSCZ)
RETURi\i
E;~D
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DATA P'AGE 1

03 APR 7~1 ...

17;3.22 76.01 266.1' ".Q1 1.0 2.0 0.0 5~5
_AM 42.3 40. 55t.O X
aLO 64.~ 6'1. 149.4 'D
ILA 102.8 41, 68~,e D
CPO 1~6.2 49. ~99.~ C
exr 194.e 49. ~68~O )(

CGM 222.3 49. 191,1 0
GRV 230.2 4~. 266,5 D
!tOL. 2;e.5 49. 340,8 D
'TVS 261.e 4el. 21e~o D
SLM 271.~ 49. 188.8 0
GOL 274.7 47. 1498.' D
loIAL"

.1.
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03 APR 74

173,220 76.01e 266,180 16,010
219.988 ?o.ooa 309,98$ 90.000

STA AZ DIST(KM) DlSr(PEG) 10 (CEG)

AAM 42.3 551.0 5,0 49.0 X

8\"0 64,4 149.4 1,3 61.0 P

B\..A 102,8 689,8 6,2 47,0 I)

CPO 146.2 399,4 3,6 49,0 C

oXF' 194,8 468,0 4,2 49,0 X

CGM 222,3 191.1 1,1 49,0 0

GkV 230,2 266,5 2,4 49,0 D

ROL 258,5 340.8 3.1 49,0 0

'ns 267.8 218,0 2,0 49.0 0

S\..M 271,5 188.8 1,1 49,0 D

GOL 214~' 1.498,8 ~3,5 47.0 0
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VI. EDABAC

PROGRAMMER

PURPOSE:

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

This program accepts epicenter coordinates together
with station coordinates and calculates epicentral distance,
azimuth, back azimuth, P and S arrival times, P and S
take off angles at the source, angles of incidence of P
and S at base of crust, P and S wave mantle attenuation
factors, and P and S wave geometrical spreading factors.
Up to 150 stations can be used for a given epicenter.

INPUT/OUTPUT

The epicentral coordinates, orlgln 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 01. 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

STA

EPIDIST
KM

EPIDIST
DEG

P WAVE
H M S

S WAVE
H M S

AZ
DEG

Number of the station in order of initial
input

This is a four letter identification code for
the station.

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

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

Predicted Jeffreys-Bullen P wave arrival time
for given origin time and focal coordinates
at the station.

Predicted jeffreys-Bullen S wave arrival time
at the station.

Azimuth in degrees from epicenter to station.
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BAZ
DEG

IDP
DEG

10 P
DEG

GEOM
SPREAD P

ATTEN
FACTOR P

IDS
DEG

10 S
DEG

GEOM
SPREAD S

ATTEN
FACTOR S

Back az::i.J:Iluth. ~rQI!1 s.tatton to epicenter in
degrees.

P wave angle of incidence at source

P wave angle of incidence in degrees at the
free surt'ace.

P wave geometrical spreading factor. (See
below}.

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

S wave angle 6f incidence at source

S wave angle of incidence at the free surface

S wave geometrical spreading factor. (See
below).

S wave anelastic attenuation factor due to
Q 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-1-1enahem (1965).
They stated tha~the total dimunition of amplitude along
a ray is

D exp (-wg ( lS..;h) )

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

D = I
r

o

sinh dih
cos i sin IS. dIS.

o
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where r is the radius of the earth's crust = 6338 km,
~h ~s tRe angle of incidence of the ray at the source,
~ ~s the angle of incidence of the ray at the base of
tRe crust, and ~ is the epicentral distance in degrees.

The anelastic attenuation factor was approximated by
the relation

h)
r o sin (ih - i o)

v(a) sin i h

-310 sec.

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

REFERENCES

Ben-Menahem, A., S. W. Smith, and T. Teng (1965). A
procedure for source studies from spectrums of long
period seismic body waves, Bull. Seism. Soc. Am. ~,
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. LQ, 5157-5170.

PROGRAM UNITS

PROGRAM EDABAC
link.

This is the main input-output control

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 S 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.

SUBROUTINE PANG : This determines the P wave angle of
incidence at the source.
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SUBROUTINE GEOMS : This calculates the geometrical spread­
ing factor and the ane1astic attenuation factor for P
waves together with the angle of incidence of the P
wave at the free surface.

INPUT DATA

Card
Sequence

A.

Column

1-3

Name Format

NOPT10N 13

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.

B. 1-4

5-13

14-22

23-25

29-31

ENAME

EP

EL

CNTRL

lOR

A4

F9.3

F9.3

F3.D

13

VI-4

Epicenter identi­
fication

Epicenter lati­
tude, N =
positive

Epicenter longi­
tude E = positive

LT 0 end program

EQ 0 use stations
previously read
in

GT 0 read in
station cards

Origin time
hour



Card
Sequence Column

34-36

39-43

44-48

54-56

59-61

64-66

Name

10M

OS

H

IDAY

IMO

IYR

Format

13

F5.1

F5.0

13

13

13

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

C. If CONTRL GT 0 read in the following data cards

1-4 STN A4 Station abbre-
viation

5-13 STNP F9.3 Station lati-
tude N =
positive

14-22 STNL F9.3 Station
longitude
E = positive

Continue reading until last card of station set has STNP
GE 100. This tells the program that all stations have been
entered.

At this point the program returns to B to read in a new
ENJU1E, EP, EL, etc. data card.
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EDABAC PAGE 1

C PRC~RAM EDA8AC
C THIS PROGRAM IS FOR CALCULATING AZIMUTH, EPICENTRAL DISTANCE

DI~ENSION pv(14),SV(14)
DIM~NSION JPC1'Q,1 4 ),JSC122,1 4 ) ,DEL(122)
DI~~NSIC~ STN(150),ST~P(150),ST~L(1~O)
COMMON ST~,ST~P,STNL,EPILC,EPIPC,RAD,ESG1,JS,JP,DEL,W,R,H,OT,A~IGl,

lPV,SV,VP,VS~EPIPR
DO 715 1=1,120
RE{DCG1,71J) (JPCI'J)'J=1'14)

71 0 F0 F1 ,"; AT ( 1 4 15 )
715 co~q P'iUE

DO 725 1=1;122
RE4JC01,721) CJS(I,~),J=1,14),nEL(!)

720 FORMAT(14I~;r6.1)
7::5... CO\TI'WE

READC01,70) CPV(I),SV(I),I:1,14)
70) FORMAT( 7(r5.2,~4.2»

RE; t, J 403 , ~ "j PTI o!\

4 03 F0 ~i.; ATCI 3 ,
C NOPTI0N=1 IS TO CALCULATE DlSTA~CE AZI~UT~, BACK AZIMLTH, P + S
C TRAVEL TIMES.
C NJPTlr,:2 I~ ADDITIQ~ 10 A9QVE QUANTITIE3 TAKE OFF ANGLFS Or p + S
C WAVES ARE CALCULATFC.
C NOPl IO~;3 IS FnG ALL A8CVE GUANTITIES + ATTENUATION + GEOMETRICAL
r; SP;~t:;Aj)I'"G'

300~ R[~D 1, CNA~c,EP,EL,C~TRL,IOH,In~,oS,H,IDAY,IMO,IY~

1 FDR~ATCA4,~~.3,F9.3JF3.0,3X,I3,~X,I3,2Y,F5.1,F5.0,5XJ I3,2X,I3,
12,; .. 13) ,
IF(CN1RL.~T.O) GO TC 26
PH:'.T 2 72' ENI\"~E, IDAY, It'O, IYR

272 FOqMAT(lHl;26HF~IC~~TEP INDENT. NO. IS ,A4,5X,3HUfY,2x,y3,3X,
15 ti'" J NTH, 2 x; I 3 , 3;, , 4 flY EAR, 2 x, I 3 )
p~<: n 273 ,FP,EL

273 FO~MAT(lH ,11HLCCATIO~ ,F~.3,2X,4HLAT.,3X,F9.3,2X,5hLO~G.)

PH :: ,iT 275 ,-J, I O>J, I C~1 , os
275 FOPMAT(lH ;16HDLPTH OF rccus: ,F7.0,1X,2HK~,2X,13HORIGINTIME: ,

lI3.1x,4HHJjR,I3,1xJ~H~r~,F5.1,1x,3HSEC,lX,3~GMT,//)

IFCCNTRL) ?D,20~1,2000

2000 Dc j 1= 1'1 5 0
RE i~ J 2, ST~j ( I ) , 5T1\ D CI ) , STNL( I j

2 F0 f, ,i AT CA4 , r 9 • 3 • F 9 • 3 j

IF{STNP(I'-10U.) 3,2009,2009
3 CO tiT L, UE:

2009 N= 1-1
2001 ESQ1=O.~932315

IF ( ,,0 P TI 01\1 - 2) 5 ~i 0 , I)!:; 5 , ~ 6 a
550 PRluT 565
565 FORMAfC1 H ;iOX,15HEpICIST EpIDIST,3X,7HP WAV E,5X,7HS WAVF,~x,

C2H,~l,4Xj3H9AZ)

PR).j T 570
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EDABAC PAGE 2

570 FORMAT(lH ;oH~O.STA,6X,3HKM.,5X,3HDEG,4X,4HH M,4X,5HS H,2X,6HM
C S,4 X,3HDEG,4 X,3HCEG I)

GO TO 573
555 PRJ;. T 571
571 FORMATC1H;10X,15HEPICIST EPIDIST,3X,7~P WAVE,5X,7HS WAVF,6X,2HA

CZ,4X,3HBAZ;3X,4HIC p,3X,4HIO p,3X,4HID S,3X,4HIO S )
PRJiH 57 2

572 FO~MA1(1H ;6H~O.STAI6X;3~KM.,5X,3HDEG,4X,4HH ~,4X,5HS H,2~,6H~

C S,4X,3rlnEG,4X,3HCEG;3X,3HDEG,3X,3HDEG /)
GO TO 573

560 P~P-.iT 9002
9002 FDRMATelH ,lOX,~5HEPIDIST EPIDrST,3x,7~P WAVE,5X,7HS WAVF,6X,2HA

CZ,<x,3H~AZ;'~X,4HIC p,3X,4HIO p,5X,AHGEOH,6X,5HATTEN,5X,4HID S,3X,
~4~IO s,4X,4rlGE8~;,6X,5hATTEN )

pr;I.T 9 0 0 3
9 a0 3 FOr.:;, AT ( 1 H , 6 h \' C• 5 TA , 6 X, 3 HKM• ,5 x, 31i DEG, 4 X, 4 fo-i H M, 4 X,5 h S L.j, 2 x, 5 HM

~ s,jX,3HD~G,6X,jHLEG,3X,3Hr.EG,4X,3HDEG,4X,8HSPREAD P,3x,AHrAcTOR
i" P,t::X,3Hr;E:;.3X,-SHL:F.G,3X,eHSPREAD S,2X,8HFAcTOR S /)

573 RAr=O.017453~9

EPTr-:R = EP {} hAC
EPIPR = 90.~RAJ-ATA~(ESC1.(SIN(EPIDR'/CCS(EPIPR»)
EplrC = FpIpR/RAD
IF(~L) 200;~Ol,~Ql

20C EP;LC = 361.+EL
G;j TO 2,)?,

201 EPJLC=Et..
2 0 2 "J h :: 10 f4 * (; 0

N~, :: , I 0 \1 + \ i-' , it ~ ,)

305

310
315

904

101
106

01 :',-,M+OS
JFr0-S3. )3~G,3Ju,305
J-1
VP~; r" v ( ,J ) 0+ ( p V ( J +1 ) - p v( "" ) )*H /3 3 •
VS :: ':.i V, J ) + , S v ( J +1 ) - SIf e "" ) )H/ 33 •
GCJ TO 9:)4
Do .510 I\L=1.12
Ai\.:: ,;L

Q=~; .5 • ... A'" * t 3 ~ 3 b

I (( . 1"1'·~ 1 '"' '7 ~ '" (1 ",r r"1-l...... -', 1.1J.'; t I..J u
C0 t JTJl\JUF
Jd(L+l
R=H-Q
R :: At.: S ( R )
VP:PV(J.l)+(pveJ)-pvcJ+ 1 »*R/63.3a
VS=SV(Jtl).(SV(~)-SV(J+l')*R/63·38
Do h, 1- 4 N

~ - ... ,
CALL AZE:.P(r~/,NG~.AZ,cA2;I'

IF Ch-97. 'ltl,lOl,lry6
rr!ANGI -107.)141,141,147
IF (H-287. )111,1:11,116
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111
116
121
126
131
146
151
1 41
32 0

325
33C

335

P,6.GE 3

IF(ANGI -106.)141,141.147
IF(H-540.)i21,i21,126
IF(ANGI ~105~)14t,141,147

IFtt-!-667. )131,131,146
IF(ANGI ~104~)141,141,147
IF(h-80U.>lS1,151,147
IFCANGT _103.)141,141,147
IFCANGI -10.)020,335,335
W=2.
DO .5 2:; ~,N:: 1 • 2 U
A,'~:: :. N
Ar... =fIN*.:;'

IF(ANGI -AN)330,330,325
CJ~Tli'.Uf:-
K;:\,,+t;:

GO TO ;.tt·O
W=l.
00 -.54:: ,,,M:tD,107

IF(ANGI -AN)3~O,350,345

345 CO "'1 I P~UE
35 C K; \:11+12
3BC CA~L STl~E ,ISHJU,ISMIN.SS~C,K,J,I'

IF(~OPTIQ~-l' 305,390.325
3 8 l:.: CA:..L SAt,GlSl,N,i.(,J)

Hlr-cl ?',.50t3._
3 C KDl,', ;: ",

GO 10 4 J
3 ~. KL L! 1,1 =6
4 f, Cl.J~lli'Llt:

CALL SA~GLSAN1,KDLM-4,J)

CAl.L SA),G{Sd!2,r-DLM+4,J)
DI t'iJ S=(sM,:( - S A~;. ) / ( LEL C;q) u~'" 4 ) - Lr: L Ct"< DU~ - 4 ) )
CIll. L Gtv, r1 MIj ( r; [ US S , .A T TEt\ S , SIS UP, SId: , DI 1:'10 S , DEL CK[i lW ) )

c r lJ i' GL:. 0 ~i F Tt( I r AL SF REA CI t\ Gil:'; DA PFRO XIt.': ATE MAN TLE HI [ Ul STTC
C A. T: L ~~ U I, Tr0 \! St: E TE \! GAl,! L bE i~ - ~H: ~; t, HE t', J GE0PHYS Rt: S, \I [) L 7 f\ ,

C OCT 6~, P ~157

C IT IS ASSv~~n THAT ~(ALPHA' = QCBETA)
3 9 ,; I F ( t! - ~~ 3 .) 1 GO' 1 i) (1 , 1 u5
10'" IF lANG! ':'105. )14'11140.145
105 IFIH-287.)11n,iiO,115
l1C rrlANGI ~104.)140,14Q,145

il? IFIH-54Q.)12C,1~n,j~5

120 IFlANGI -1n3.)14Q,140,145
125 IFlH-60u.)130,i~O,145
13G IFlhNGI -1n2.)14J,140,14~
14C CALL PTIME(ipHnu,IP~It\,FSEr,K,J,I)

IF(NOPTION-i) 4:5,490,4e~

485 Ci~ LL FAr, r; ( PAN, K,J )
I F ( K- 6 ) ~. 5 , ? >; , 2 c::



EDABAC PAGE 4

15 K;6
25 Cor,! TI i\ Ut:

CALL PANGCPAN1,K-4,J)
CALL PANGCPAN2,K+4,J)
DIDD;tPAN2.PAN1)!COELCKt 4 )-DELCK.4»
CALL GEOMS(GEOSP'ATTE~,PISUR,PAN,DIDD,nELCK»

GO TO 49(1
147 ISHOU = 0

ISt-iIN = 0
SSEC = 0·0
SM! = 0.0
SrSu R = 0.")
GEOSS = ('I. ')

ATTcNS ;; lJ~J

145 IPHOU = fl
I P'-I!"J = (l

PSEc = D,G
P Ar'j = I). (1

PlSJR = !'J.J
Gd'SP = 0.,.,
ATTf:r~ = D.!",

490 IFC·,OPTION-2) 5..;O,510,s,ono
50 0 P F~ 1 ,; T 5 -3 0 ' I ISH! ( I ) , RAN GE , ANGI , I PH 0 U, I P~ IN' PSEC, ISh 0 U, I S ~1 IN, SSE

CCd,Z,bAi
GO TO :;

5 3 [) FUF\ I' AT ( 1 H , I 3 , A4 , F1 GI 1 , F8 • 1 , 2 r3 , F:> • 1. , I 4 , I 3 , F5 I 1 , 2F7 • 1 )
51 ~ PK J "T 5J 5 I r, ST',1 ( I , I R~~Gf , A'J GI ' rPH 0u, rPM IN, PSEC, I 51- 01I, I S!vi r N,

~SSEC'AZ,3AZ,PA~IPIS~RISA~,SISUR
535 FD?~AT'iH , 13,A4,F10.1,F8.1,213,r5.1,1 4 , J3,FS.1,6F7.1)

Gu TO 5
9 0 0 0 P r, :: '" T ~ ,i rJ 1 I 1 , ST1\ Cr ) , PA"J GE, A\! GI , I PH() U, I PMI 1\ , PSEC, ISH 0 I), ! S~ I 1\) , SS

CEC'AZ,gAZ,DAN,PIS~p,GErSP,ATTE~!,SA~,SISUR'GEoSS,ATTENS

900:t F~):, >1 AT' 1 H ; 13 , /J 4, FlO. 1, F 8 I 1 , 2 13, r 5. 1, 1 4 , 13 , r 5 .1, 4F 7 • 1, 2F j 1 • 7, 2r 6. 1
c,2 f-l0.6)

5 ell iT Idt
,'] t:J r0 3 Li i"l U

26 CJ " T J h'lt::
E:~'~

SU2RGJTINE AZEp(RANGE,AZ,BAZ,I)
DI~~~SIJN JP(12u,14),~S(122,14) ,DEl(122)
DI~ENSIO~ STN(150),ST~P(150),ST\LC150)

Dl~E~SIQ~ Pv(14),sv(14)
C0~MON ST~,STNP,STNL,EPILC,EPIPC,RAD,ESQ1,JS,JP,DEL,W,R,H,OT,A"GI,

lPV,SV,VP,VS;EPIPR
STPc=STI"P (I )*kAJ
STNP~ = 90.~RAD-ATA~(ESG1*(SIN(STPC)/COSCSTPC»)
STPC=ST:\iPR/FiAD
IFCSTNL(I» 211.212,212

211STLC=S6U.+STNL(!)
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EDA8A': PAGE 5

GO TO 213
212 STL.C=ST\ll(I)
21~ IF(STPC-180:0)69,68,68

68 ANSI =lb~~O-~PIPC
Ai =100,0
SAl :0,0
GO TO 998

C CO\VEkT STA~ CauRCI~ATES TO RADIANS
69 PA\G :: A8SCSTLC - EPILC)

IF(PA~Ge180,o)71,71,70

70 PA\G=36U.O-PANG
71 PA!\ G=PA,~ G* RII n

A"G 1 :: CI) S ( EPIP k ) * CCS ( ST1\ PR ) + S p~ ( H' 1P R ) *SIN ( S T~:P R ) *COS ( PAN G)
S;', A" G = SQQ T ( A9 S ( 1 • - A1\ G1... A"G I ) )
A:, ~ I :: .t.. TA,.! ( S~, A:\ GI A~ G1 )
IF(ANGI '220,~21.221

22J ANSI :A\81 +3.1415927
221 Ai ; (CCS(STNPR)-COS(~PIPR).COS(ANGI »/(SlN(EPtPR)*Sl~(ANGJ»

S:~.~Z = SQKT (AbS (1. -AZ"'''Z»
Ai = ATA~(S~AZ/AZ)

IF(AZ ) 230,221,231
23~ Al =AZ +3.1415927
231 AZ =57,2n~7bO*AL

E':.,2 =. (C 0 S ( LPI? r; ) - CCS , S T" PR ) oj} COS ( A\1 GI ) ) I ( 5 I 1\. ( S T t\ Pk ) t'S I 1\1 ( A~H; I ) )
S~2HZ = S~~T(AgS(1.-8AZ~RAZ»

gAZ :: ATA\(S~b4Z/~AZ)

IF(DAZ ) ~4C'~41'~41

24J pAZ =~A~ +3,141~927

241 SAl =~AZ *57.295720
A.,,(;l =A,V;I ~;57.t:957t('

IF(~T~C-EPILC)72,74,73
72 IFlbTLC-~PILC+1eO.n)90,77,Pl

7.3 I ~ ( ;., T~ C- EP Tl C - 1 ~, 0 • .~. c0 ~, 7 7 , a1
7 4 I F I ::, T ~' C- EP T fJ C ) 7 -' , 7 ( , 7 c
75 Ai... =c.

PAL' ::1 8 0'
G,.. '10 9 r . s::l

~, ,. ? '-'

7 6 I' 1 =j. t" 0 •
1::. ? L'
1_ la, - V •

CU To 9ge
77 IF(~TPC+EPIPC-160.0)7b,76,79

7;;' AZ =0.
81\Z =J'
Go TO 998

79 AZ =160.
SA'Z :180.
GO TO 99 P

80 8AZ =~60,J-bA2

GO TO 998
81 AZ ::360.0~AL
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EDABAC F-AGE 6

998 RAi\iGE=Ai\.G I
RE TURi;
Ei,,<[i

*li1.1S5

SUBR00TINE STl~E(IShOU~ISMIN,SSEC,K,J,I)

DIMENSION JP(120,14),JSC122,14) ,DEL(12~}

DIMENSION STN(1~O),ST~P(15~),ST~L(150)
DIM~NSION PVC14},SV(14)
COMMON ST~,ST\PISTNL,EPILC,EPIPc,RAr,E5Q1'JS,JP,DEL,W,R,~,nT,A~GI,

lPV,SV,VP,VS.EPIFR
SJ :1. ;; J S Ct< , J )
SJ1.SJ1Jl0.
S.J2':JSC'<+l;J)
SJ2,=SJ2/1U,
SJ:';:=JSC K ,J+l )
SJ~:::SJ3/10,

SJ <, ::; J S Cr< +1 , ~, + 1 ,
SJ'i:SJ4/10,
ST1=SJ1+(SJi-SJ1)*Wu(ANGI _DELc K»
ST2=SJ3+(SJ~-SJ3)*~~(ANGI -DELCK')
IF(J-l)390,390,395

390 ST=ST1+ CST2-ST1 l *H/33.
GC 10 3':1~

395 Sl=~T2+(ST1:S12)*R/63.3B

398 51'1":01+::,T
SO::SA T 1~~01
I S ~~ J U ' ::; S6·' ,
S r,:: 1S j-- r u
S:·,;J.:; CSO-Sh' ",6 D.
1S ~', 1~ ;; S ~~ l
Si:;?:=ISiI;IN
S ~; F.; =(S h :1 - S r 2 ) {" 6 J ,
IF ClSHOu-24l~3n,53~.531

531 I SHGU;;' I SH()U-?';
53'1 J SHJ U=I SI- O'J

P f:: TGR1\

~- :'
'," .: ,,'

SJQ~O~Tl'~ ~A~G(SAN,K,J)

DI"::.::~,i:';I01\ J,-l(12 ..u14), ... SC122.14) ,D~l.Cl?2)

rl~EN3TJ~ STN(j,O),ST~PL150),ST~L(150)

rlMlNSlO~ PV(1i),SVC 14 )
CU,~ :'1 O!, SThi , ST~, P, S1 \I L , EP 1L C, EPIP C, RAD, ESC 1 ' J S, J P , DEL, W• R, H , r') T , A~! GI ,
lPV,SV,VP,VS.EPI~R

SJ~5=JS(K-2,.J)

SJ ';=S.;5/10,
SJ6: J SU'+2;.J)
SJS=SJ6/1J.
SJ7=JSCt<-2;J+l'
SJ7=SJ7/10,

VI-II
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600

601
602

516
517

PAGE 7

SJH:JSCK+2;J+l)
SJ!3: S J8/10 ~
Hl::SJ6-SJ5
H2::SJ3-SJ7
IF(J-l)t OU ,bO J ,oOl
BH::Hl+(H2-~:1 )*1.1/33.
GO TO 6U2
BH~H2+(Hl-~2)*R/63.38

U=8~*VS*637i.ICCDEL'K+2)-DEL(K-2»*111.195*(6371.-h')
U:: At3S(L'
rr(u- 1 • '511.51 0 .516
SIi N = ATA i\ ( U/ SQRTC:t. • - L* L.. ) )
GU TO 517
S~;\!:;l.570&
S A ,~ ;: S I~ '4 {,57 • ;.; 9 5 R
Rl TuR i,
E,-iI)

SUEh 0 UT 1l'; E ~) MM'1 (G SP , FRAT, A; JGS, Q, DI r:-~! , D,
DI ''; t: NSIC; 1\ J r' C1 2 J , 1 4 , , .. S ( 1 2 2 , 1 4 ) • DE !. , 122 1

DluCNSIOt\ P\(14),SVC14)
DlvE~SIOi\ STN(1~O)15Tt\P(151)'ST~L(150)
CU~~ON ST~,ST'\P,STNL.EPILc,EPIPC.RAD,ESG1,JS,JP,DEL.W,R,H,OT.A~GI.

Ipv,SV,VP.VS.FPr pR
(]]:::"'*K't\l,

S :: 4. 6 ~t ( 63 71 • _·i ) * SIN C:'J G) 1 ( VS* 6 :3 3 8 • )
S:: AcS'S)
1to- I: S-:i • , t D, 1 5 I 1~)

150 1::1.57
GO T020

10 C,J\'Tlr"UE:
C :: SQRT ( i . - S{, S )
or :: I-\TA~(S/C)

DJ:: D"f.{,~r

I..n :: 3'141-UQ
GSp ;; ( SQRT Cb, [: S ( S 1~ ( hI) {( DI F '\ / ( C{~S I !\' ( j D) ) ) ) ) 16336 •
F~fT ;: '6.~JR/4.6)*A8S(5IN(nJ-OI)/SIN(~I»
S:J 10 21

2[1 GSP = n.n
F '~I\ T ;: u. [J

2 1 r; J rH I ~\: U[:
PS ;: 3.5*(6J71.-H)*SI~(GC)/(VS*6371.)

PS : ABSCPS)
IFCPS-l') ?5'3~'30

30 ANG~ ;: 1.5"7
GO TO 3~

25 CJ~\. TI NUt
CS ;: SQ~T(1:-PS*PS)

A~GS = ATANCPS/CS)
:~5 A,JnS = A~jGs,,~ 7. i;958

VI-12
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R="URr~

SJ8ROUTI~E PTIME(IPhO~,IPMIN,PSEC,K,J,I)

DIMENSION p V( 14),SV(14)
DIMENSIO~ STN(150),ST~P(15C),STNL(150)

DIMENSION JPC 12G ,14),JS(122,14) ,DEL( 122 )
COMMO~ STN~STNP,STNL,EPILC,EPIPC,RAD,ESQ1'JS,JP,DEL,W,R,~,OT,A~GI,

lPV,SV,V?,VS,EPIPR
PJl;;JP(K,J)
P J 1 ;; P J :1. /1 0 •
PJ~~=JpCK+l,J)

PJ~):;P .12/1 (J ~

P.13:JP(K,J+l)
PJ~;=PJ3/10•
PJ~!;;:,)P(K+l,J+l'

PJ~~=p..J4/10 •
PT1:PJt+CPJ2-PJ~)*W*CA~GI -DELCK"
PT?:P..J3+CPJ4-PJ3)*~*CANG! -DEL(K»
IF'J-l)391;S91,396

3S1 PT=PT1+(PT2~PTt)oh/j3.

G,I TO 397
396 PT=PT2+(PT1:PT2>*Rlt3.3e
39 7 PJ..T=OT+PT

HJ :: ~- ATr~ 6 G!'l :
Ir'HCU =h C
P'1:: I Pr~OL,

R"i :1. :: Ci"i G- PH' *6 u •
I F'~ 1N=RI" 1
P ,1 ~~ ::; I p ~J; I r-..:

P .:l Fe::; ( p >; 1 - i:? ,2) {l to.
IF f lPriO u-24)52Q,520,521

5 2 1 I P>W U=I PH0 ~ ) .:. ? 4
5 2 C 1P fJ VJ =I P I-' Q':

RE'r JR '..
E',Ii

SJ ~l r; 0 lJ TI ~.' E PA I, G(PA~! , K, ,J )
nIMENSIO~ ~V(14),SV(14'

DI~l~SION Sl~(150),ST~P(150),ST~L(t5a)

!J I ~'; t: NSID f\ .J P ( :L ~ v , 14 , , J S ( 12? , 14, , D1= L( ~. ? 2 )
CO~MON STN,ST~P,STNL,EPILC,EPIPc,R4D,E5Q1,JS,JP,DEL,W,R,h,OT,A~IGI,

lPv~sV,VP,VS,EPIPR

P J :>;; J F ( t\ - 2 , ...: )
PJ~j;:PJ5/1u •
PJ6=Jp(~:+2,.J)

PJ't;~P 16 J1U
.I" \J. i "

PJ7:;;JP Cr:-2,...;+l'
PJ7=PJ7/H' •
P J ~3 :; J P ( r; + 2 , ~i +1 ,

VI-13
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500

501
502

515
518
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PJEI=PJ8/10.
Gl::PJ6-f-'J5
G2::PJ8-PJ7
IFIJ-l)500,50G,501
G=Gl+(G2_Gl).H/33.
GD TO 502
G=G2+(G1- G?)*k/63.38
C=G.Vp*6371:/((DEL(~+2)-DEL(K-2»·111.195*(6371.-H»
Y :: A8S' C)
IF('(-1.)51:'\.5 15,515
P i\ 'J :: AT.A N ( y / SQRT (1 • - y ~ y ) )
GO TO 518 -
P,,:·J=1.570.;i
P Ii \ ;: PA\! *5 7 • :? 9 5 8
Rt: TuR i\
Ei'~ n
SUE; h 0 UT 1~; E GEO'!, S ( GSf, FRf; i , A!~ GS, G, DI FN, D)
Dl~~NSICN JP(120,14),JS(122,14) ,D~L(122)

nI~ENSI~N PV(14),SVC14)
DH' d-J S I Cl " ~ HJC 1 SO) • S T~ p ( 1 ~, 0 ~ , S TN L ( 1 S 0)_
CU" ,'1 0 i~ S TN, S T[\ P , S r ~,L • I:: P I LC , EPIP C, RAD, ESQ1 , J S , J P , Dt: L. , W, R, ~! • ('I T , ,~ \ GI ,

~PV SV VP V~ EPrFR
~ J' , I .,. .

Q:J ::J * i:\ .!I L
S~7.7o*(6371'-~J*ST~{~Q)/(VP.6338. ,
S :: AF' S ( S )
rr(S-1·)lu'15'1)

1501::1.57
GO TO 20

1 J CJ ~, TI \ Lk
C :: SL,;rn(l.':'s*S)
or :: ATAr-d~/C)

'I);)::l.i*;\AD

,,0 ::~)'1 'H -G')
GSP;(SQ~T(AjS(SIN(~1)*DIFN/(c*sI~(nD)"»/6338.
FRAT=.S1675;*AqS,Sr~(hl-Cl,/SIN'HI)
GO TO 21

2J GSP::O.Q
Fhll1=G.

21 ro'n PdC:
PS=j.6*'6371.-H)*SI~(GQ)/(VP*6371.'

P:'" ;;: A3sCPS,
U'<PS-l· l25'3lJljO

30 ANGS=1.57
GO TO 3:;

25 r,o'n I h:UE
CS ; SQRT(1~-PS~PS)

At~GS=A TAN (P6/CS l
35 Ai,G~=A,'~GS*t:;7.29:58

RE Tuti:,;

VI-14
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Ei'JD
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TABLEPS PAGE 1 (LOCATED ON FILE 01)

-76 -46 93 190 275 354 429 503 574 639 704 764 824 884
-4 .s 114 202 283 360 434 50 7 577 642 706 766 826 8~6

68 54 135 214 291 366 439 511 58['1 645 708 768 828 8~8

140 105 156 226 299 372 444 515 583 648 710 770 83" 890
211 177 204 258 323 391 459 5(>7 593 657 718 777 836 8l:):;
282 248 267 306 360 423 464 548 61f'1 672 731 78S '346 903
354 32u 329 360 406 458 516 576 634 692 748 803 A59 91.5
426 391 398 421 457 503 554 609 663 7 iE' 771 823 877 930
497 46.3 467 484 513 5l:i'"' :;;97 646 697 748 798 847 8913 949.t:.

568 5:34 536 548 571 604 644 689 734 781 828 875 923 97'~.&..

639 6J5 6)4 613 632 660 6~4 734 775 817 862 906 951 997
71') 676 672 678 694 717 747 782 819 8~7 897 937 983 1024
781 747 741 744 756 775 801 833 865 899 935 973 1(114 1054
852 bj 7 S09 51U 820 835 857 884 913 943 976 1009 1~4B 10 R6
922 687 877 h76 883 895 914 937 963 989 1018 1048 1082 1119
993 '150 946 943 947 956 972 992 1014 1036 1061 1089 112' 1153

1063 102u 1016 1.. U1.0 1Q11 10:1.8 1('131 1048 1065 1084 1106 1131 1159 :1189
1133 1U90 1084 1:.;77 1(175 1080 1~9Q 1104 1118 1133 1152 1174 lt 9 9 12?6
1203 1167 11.:52 1143 114n 1142 11 4 C) 1161 1171 1183 1198 1217 124n 1265
1273 1237 1220 1209 1205 12tH 1208 1218 1225 1233 1245 1262 128? 13f)S
1342 1300 1287 1275 1269 12~6 :1.268 1275 1279 1284 1293 130 7 1325 13 4 5
1411 137j 1355 1:.541 1333 1.32c 1328 1332 1333 1335 1341 1353 136R 13 Ao
148J 144 .. 142::'. 14D6 1397 1390 1388 1390 1386 1~~86 1389 1399 1412 14?7
161 7 1;:,,31 15~6 1.:J37 1525 1514 1508 1506 1493 1 4 88 1487 1491 1500 1512
175") 171 L· 16d9 1.667 1651 163e 1628 1618 1599 1589 1586 1586 1159" 1.598
1887 105J 1321 1/96 1776 1760 174 7 1729 1705 16 91 1685 1681 16 8 1 16.~;

2019 1:;~1 19:>0 1923 j,9QQ 1b81 1863 1836 180t') 1792 1782 1776 1772 1773
215r; ?112 2)79 ?u4i 2023 2D01 1970 1940 ltil1. 1892 1879 187l 1864 1562
228 (: 221:1 22J5 ?173 2144 2113 2:')76 21::141 2012 1 9 90 1975 1964 195') 1951
2407 2,367 23d9 2295 226") 221C; 2150 2142 211? 2087 2069 2055 204r::; 2040
2532 24;12 24:-5? '<ill 2365 2322 228:] ';1243 2211 2184 2163 2147 213r.; 2120
2655 2QJ.'~ 25:'15 ?:>16 2467 242;: 2 :3[, 1 2341 230~ 2279 2256 2238 2?25 22:1..t
2770 27~' S' 2671 2c; 19 :2569 25?2 2471) ?438 24['3 2373 2348 2323 231~ ? $1'15
2874 2t;?J 2773 "719 2668 2620 21376 2534 2497 2465 2439 2418 240? 2390
~975 29 ?:; i87? 2("117 276~ 2717 2672 2629 259/'1 25 57 2530 2508 2491'\ 2477
3074 30;:( 2969 ".~; 14 2862 28j2 2765 2720 268:\. 2647 2619 2596 2577 2563
317:1 31 ;:::;, 3:1..:>5 3U1U ~.956 2905 2857 2811 2771 2737 2708 2684 2664 2 1J4 ';I
3268 32? ,,' :H62 'h04 3049 2996 2947 29 (11 2861 2826 2796 277l 275" 2 734
3362 3 ,H 0 3255 ~~_ 9 7 3141, 3J87 3('138 2991 2951' 2 9 14 2884 285d 283~ 2819
3454 34(H 3347 ~288 3232 3178 3128 3080 303'-' 30')2 2971 2944 292't 29ry3
3545 349~ 3438 3379 3322 3261: 3217 3163 3126 3090 3057 302 9 3006 2987
3635 3c-i3.j 352 7 ~46d ,5411 3356 3305 3255 3214 3176 3143 3114 30911 3071
3725 3677 3616 3;)57 3499 3444 3392 3342 33t'l~ 32~2 3228 3199 31 74 3154
3813 3766 3704 3t145 .5586 3531 347e, 342 8 3386 3347 3313 3283 375 7 32~7

3901 3!:J'54 .3791 3732 3673 361.7 .3564 35j.4 3471 3432 3397 3367 33 41 33:19
398-9 3941 3878 ~61e 3759 3703 ,3649 3599 3555 3:>16 3481 3450 3423 34f'11
4075 4C:27 3904 3903 3844 3788 ,5734 3684 3639 3 6 00 3564 3533 3505 34;~2

4161 4113 4049 398b 3929 3872 3818 3768 372~ 36A3 3647 361 5 3587 3563
4246 4190 4134 4G72 4013 3956 3902 3852 3806 3766 3729 3697 3668 3644
4330 4~S2 4219 4156 4097 4040 3965 3935 3889 3848 3811 3779 3749 3724

VI~16



TABLEPS !.) AGE 2

4414 4.$66 4301 4240 418'1 4123 4Q68 4017 3971 3929 3893 3860 383r, 3804
4498 4441 43b4 4323 4263 4205 4150 4099 4053 4010 3974 3940 3910 3883
4581 453:2 'i 46 7 440~ 4345 42R7 4232 4181 4134 4091 4054 4020 3989 3961
4663 461 '5 4549 4487 4427 436; 4313 42~2 421~ 4171 4134 4099 406~ 40313
4745 4697 4631 4!)69 4508 4450 4394 4342 429~ 4251 4213 4178 4145 4115
4827 4779 4713 4650 458Q 4530 '~4 74 4422 4374 4330 4291 4255 4222 41 Ql
4908 4860 4794 4730 4669 4610 4554 4501 4453 4408 4369 4333 42 99 4267
4989 494C 4.:374 4610 4748 4689 4633 45AO 4531. 4480 4446 440 9 4374 4342
5068 5 (12 u 4953 438'; 4827 4767 4711 4658 4608 4563 4522 4485 4449 4417
5147 5093 5032 t967 4904 484, 47&8 4735 468~ 4639 4598 4560 4524 44~:L
5226 5177 '110 5045 4982 4922 4c65 4311 4761 4715 4673 4634 459B 4564
5303 5254 5187 5122 5058 4998 4Q 4 1 4887 4836 479(i 4748 4708 46 7 t 4637
5380 5331 S264 51913 ::134 5073 5016 4962 4911 4864 4821 4781 4744 47r,9
5456 54")7 534,J 5274 5209 5147 5090 5036 4985 4937 4894 4853 4B16 4780
5532 5482 5415 ~j49 5283 52~1 5164 5110 5Q5f.l 5010 4965 4924 4P8~ t; 8!".; U
:;,607 5557 5490 5423 5357 5294 5237 5183 5130 5081 5036 4995 4956 4919
5680 56~1 5563 3496 5430 5.366 5309 5255 5201. 5152 5106 5065 5026 49~8

5754 5704 5636 556~ :5502 5432 5360 5326 527? 5222 5176 5134 50 9 4 5056
5826 5770 5708 Sh41 5573 5509 5451 5396 53'12 5291 5245 5202 5162 51?3
5898 5:54J 5779 ~711 :::644 5579 55e?f) 5465 541 (j 5360 5313 5270 522Q 519 C
5969 5 9 13 5949 5781 5714 5649 555q 5533 547P 542f 5381 5337 52 9 '3 5256
6038 598J 5 9 18 5051 5783 57it Sf-58 5600 5545 5495 5448 5403 5361 5321
6107 6u57 :i9d7 '5019 5851 5786 57215 S667 561~ 5561 5514 5469 5426 5396
6175 612::' 60="5 :;'187 591H 58t:;3 5791 5733 567.0 5627 5579 5534 549" c;450
6243 619.,: 6122 (.,)54 :;;985 59-.9 5857 579S 5744 5692 5644 559c 5554 5514
63D9 6259 6139 612J 5)51 5'184 5922 5-364 Seo9 5756 5708 5662 S6iR 5576
6375 6.524 6254 (\18, 6116 6J49 59[j6 5928 5R73 5 8 20 5771 5725 56 8 C 5639
6440 6\.~3lj 6319 "?5.J 6180 6113 60;;~ t;992 5936 5883 58;34 5787 5742 5700
6504 64'3::; 635:3 6.:i14 t.244 6176 6113 6055 50.98 5945 5896 5d49 5803 5761
6568 6516 6446 1-,377 630 7 62~; 6176 6117 60b~ 6007 5957 5909 5864 5921
6631 6:;;7; 6508 ".~ 3 'I ,.1369 6.3 rH 6237 6.170 61?1. 6068 6017 5970 5924 5880
b693 66 4 .1. 657 'J 6::00 b431! 6362 6298 6239 6181- 6128 6077 602 9 5Q8~ 5939
6754 670.-.:; Q631 ' , A' 6491 64?~ 0359 6299 6241 6187 6136 6088 61') 4 2 5997':'l )" .I.

b815 6760 6691. ·';fj21 0551 6483 641~ 6358 6300 6246 6194 6146 6j,On 6054
6875 "b2~2 67:;1 :~ .~' p, U ,~61 t 6~ -4~ 641~ r,4:1 7 '~I';~ 6304 6252 6~O3 6157 61110", _' ,

6934 A' < 68 v 9 6739 ~: 6 71 6 [; r, 'd 6537 6475 6416 6361 6309 6260 6213 6166" () j c.
6992 (. 'oj 4 u f. A' A 6797 C' 72 S 66611 6595 6532 647~ 6 417 b~65 6316 6?6~ 6222.' , .) "

70~D 6)Q:: t925 6",,54 0785 67~7 665? 6588 61:;"" 6473 6421 6~Ol 6323 62't)- .. (;

71 Ij 7 7u5::, 69t? 691u 1::841 677~ 6 7 CJ8 6644 6584 652f 6476 6426 6~77 633U
7163 7" 1 ',' 7 j 3,~ 6~66 (! 89 6 682e 6763 6699 6~3'? 6582 6530 6'179 6431 6383.l.~<.

721P 7:..67 7(i9~ 7021 (;951 6bR3 6A17 67S3 6693 66~6 6583 6533 648~ 64~5

7273 7) ') .. 7148 7;}75 7005 6936 687Q 6J('16 6746 6689 6636 6585 6536 64~7c:... £. '-

7327 72 7 (, 72J2 7129 1'0:58 69R9 6923 6b59 679R 6741 6688 6637 6587 6538
7360 7S2~ 7255 7182 7111 7041 6975 691:l. 6850 6793 6739 6681:: 663~ 6588
7432 7 7 ',:/- 73 ') 7 7234 7162 709:3 7")27 6962 6901 6843 6790 6739 6688 66~tJV.'J..

7484 743i 73:;8 7;A5 7?14 7144 7')77 70 1 ~~ 695j 6894 61-340 6788 6737 6697
7535 748:5 74 w9 7335 7264 7194 7128 7063 7001 6943 6889 6838 678f, 6736
7585 7533 7458 7:)85 7314 7244 7177 7112 705('\ 6992 6938 6886 6834 67~4

763:- .7 522 7507 7434 7363 7293 7225 7160 709'3 7040 6986 6933 6881 6831
7684 7o~<" 75:36 7482 7411 73'H 7'?7'3 7208 714~ 70~7 7033 6980 692B 6873

VI-17



TA8LE PS FJASE 3

7732 767i 7604 7530 7458 7388 7321 7255 7193 7134 7080 7027 6975 6924
7780 7727 765t 7577 7505 7435 7367 7302 724r 7181 7127 7073 7021 6970
7827 7774 7698 7624 7552 74R2 7414 7348 7286 7227 7173 711; 7067 70:1.6
7873 7821 7745 7b71 7598 7528 746(1 7394 733::' 7273 7219 1165 7113 7062
7919 7867 7791 1717 7645 7575 7507 7441 737S 7319 7264 7211 71 59 71!')o
7965 7915 7837 7763 7691 7621 7553 7487 7424 7365 7310 7257 7205 7153
8011 7953 7382 7dOB 7736 7666 7598 7532 747 0 7411 7355 7303 7251 71 Q9
8057 8004 7928 7854 7782 7712 7644 7578 7S1r; 7456 7400 7348 72 96 7244
8103 8049 7973 7899 7827 7757 7690 7624 7560 75 01 7445 73q3 73 41 7299
8148 8u9S 3019 7945 7873 7f303 7735 7669 7606 7547 7490 7438 7386 7335
8193 8140 8064 7~9() 79H1 7648 776f) 7715 7651 7592 7535 7483 7431 73 Ao
8233 81~;) 6110 Fl:) 36 7964 7e94 7826 7760 7696 7637 7500 7528 7476 7425
8284 82~H &155 8081 6009 7939 7871 7804 774t 7682 7626 7573 752t 7470
S329 8276 8200 ~H26 b054 7984 7915 7848 77Sr:, 7726 7670 7617 756Ci 7514
8374 8321 G244 ~i70 8098 8028 7959 7892 7829 7"70 7714 7661 7609 7556
8418 836, 8288 ~c14 ;.:;142 8072 3003 7936 787~ 78 14 7758 77·)4 7653 76":2
8462 840') cl33? 1',258 2186 8116 3047 7980 7917 7858 7802 7749 7697 7646
8506 845.5 8376 "302 <':230 8160 .3091 8024 796:1 7902 7846 7793 7741 7690
855(\ f\497 G42~ fL546 6274 El204 813, 8068 80(':; 7946 7890 7837 7785 77~4

6594 8:>41 0464 11390 c31~ 824E 3179 8112 8n40 7990 7890 7d37 7785 77~4

.. 147 -86 158 331 485 627 765 896 102? 1145 1?:>9 1371 1478 1582
-2!"l .:> 197 ..554 5UO 639 774 904 1029 1150 1264 1375 148:, 1596
107 92 236 377 515 651 763 912 1036 1155 1269 1379 148~ t 5Q C'
234 181 275 408 530 66~ 792 920 104~ 1160 1274 1383 149('1 15q4
361 30J 358 ,;157 574 c97 819 942 106:'3 1176 1289 1396 1502 16~4

488 43j 466 )41 639 748 ~63 979 1094 12 a~~ 1312 1417 152j j621
615 561 572 638 719 1:15 921'1 H128 1136 1241 1344 1446 1?46 1644
742 bRu 695 744 811 895 ge7 1087 l18P 12~7 1384 1482 11575 1673
869 61::' 81S 855 911 9~'" 11)65 1155 124~ 1340 1432 1524 161~ 1 7"17_t::.

996 Si4~ 941 969 1014 lL76 1149 1230 1315 1 400 1486 1572 1660 :1.746
1122 1 L, 69 1064 1;) e 5 1122 1175 1239 1311 138D 146(; 1546 1626 170 0 j791
1249 "" -t 0 .... 1187 12111 1232 1(::78 1333 1397 1466 1536 1610 1684 176~ :1841.J...J. .. ..J

1375 1,521 1311 1319 134.1 13~2 1430 1466 154t:? :1.612 1678 j74'3 182" 181.:')4
1501 1'~ 4 '7 1434 j438 14?7 1489 1530 1578 ::'63~ 1691 17~1 1813 1~81 t9r:;c
1626 157,l 1557 1~57 :571 1597 1632 1674 :1724 1774 1827 1893 1946 2Qrl9
1751 1697 16GQ 1[76 1686 1707 1736 1774 1816 185') 1Q06 1956 2009 2070
1876 1J?1 1302 1796 1801 1817 1811 11:\75 190<4 1 946 1987 2031 208? 2134
2001 194t 192'5 1916 1916 1'128 1'.)47 1976 2004 2035 2071 2108 21. 54 22['u
2126 2u70 2')47 :?:' 3 5 2032 2039 2054 2077 21CO 2125 2156 218g 2228 22t;9
2251 2195 2169 2154 2147 215U 2161 2180 2197 2216 2242 2269 2~O4 ?34C
2375 2j19 .2291 ?272 226? 2252 226Q 2283 2294 23\18 2329 2352 23 81 2414
2499 2 ti 4 3 2412 2.590 2377 2374 2377 2367 :?392 241')1 2417 2435 245') ?4~9

2622 2:; 6.:> 2';32 ?50t ~492 2486 2486 2491 249n 24 q4 2505 2519 2538 256::;
2867 2i11J 2772 2743 2723 2710 27 02 2700 268 7 2681 2683 2089 27 00 27t9
3111 3053 3011 ~977 295? 2933 2918 2909 28P~ 2868 2860 2859 2864 21375
3353 3294 3248 3210 3179 3154 3134 3110 3076 3052 3n37 3030 302=3 3033
3592 353;,) 34:n 1440 ;S403 3373 3350 3308 3267 3236 3215 3201 31 9 3 3192
3829 3769 3719 3068 3626 3591 3552 3501 3456 3419 3391 3370 3357 3351
4064 4(Jn2 3946 3d94 3848 3806 3745 3690 364('\ 3598 3564 3537 351' 3510
4295 423,3 4173 4117 4065 40112 3935 3876 3821 3774 3735 3704 368? 366~

VI-18



TA9LEPS i;) AGE 4

4523 446) 4394 4336 4267 4193 4123 4058 3997 3945 3903 3869 3844 38?7
4749 468;> 4614 4;,40 4458 4380 4306 4235 4170 4115 4070 4032 4004 3985
4971 4Y 0:) 4816 4727 464"'3 4561 4483 440 8 4341"! 4282 4235 4194 4163 414:1.
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VII. LISTER

PROGRAMMER: R. B. HERRMANN / Jan 1977

PURPOSE:

This program lists a check of cards ina 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

A. Page Header.

Column Name Format Explanation

1-4

5-8

B. Deck to be copies.

JTL A4 End program
JTL = II / /
Otherwise

KTL A4 JTL and KTL
form the
header

1-72 ITTL

VII:-l

l2A6 List card unless
ITTL(l) =
******. In this
case return to
Point A.



LISTER PAGE 1

C THIS PROGRAM LISTS A petK IN A FORMAT or 55 LINES PER PAGE AND
C N~M8ERS THE PAGES

CHARACTER jtL.KTL,ITT~(f3)
999B CONTINUE

READ "O.JTL~KTL
10 F"ORMAT(2A4)

IF(JT~.EO.4~1111) GO TO 9999
PRINT 1

t F"QRMATC1H1)
IPAGE = 1

200 cONTINUE
PRINT 2,JTL;KTL.IPAGE

2 F"ORHAT(lHl,!OX,2A4,5H PAGE,13111)
IPAGE = IPAGE + 1
LINE = 0

250 CONTINUE
LINE = LINE + 1
READ 3,(ITTL(I),I=l,13)

:3 FORMA T(13A6)
IF(ITTL(1),EQ.6~******) GO TO 9996
IF(ITTL(21.EQ.6HSUBROv) LINE = LINE + 1
IF(ITTL(2).EO.6HSUBROU) PRINT 4
IF(IT TL(2),EQ.6HFUNCTI) PRINT 4
IF(ITTL(2).eQ.6HFUNCTI) LINE ; LI~E + 1

4 FORI"1AT(lH )
PRINT 5,(ITTL(I),I=1,13)

5 FORMAT(1H ,iOX,13A6)
IF(LINE.GE.SO) GO TO 200
GO TO 250

9999 CONTINUE
STOP
END



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 rom/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.

THEORY

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

PROGRAM DESCRIPTION

PROGRAM 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 FOUR: Fast Fourier transform for use by FILT
subroutine.

VIII-l



INPUT DATA

Card
Sequence Column Name Format Explanation

A. 1-5 ICONTRL IS LE.O end pro-
gram

6-10 IDATA IS EQ.l one compo-
nent read in

EQ.2 EW read in
first then NS,

E and N are posi-
tive displacements
on seismogram.
Wand S 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 IS Not used.

16-20 IPRNT IS Not used.

21-25 ITREND IS o or neg bypass
TREND

1 DC offset re-
moved

2 DC offset and
linear trend
removed.

26-30 INTYP IS 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 Column Name Format Explanation

A. (cont'd) 31-35 IFILT 15 GE.1 Filter in-
put series.

B. 79H An identifica-
tion card.
Usually blank.

C. 1-4 STA A4 Station identi-
fier.

5-8 COMP A4 Component iden-
tifier

11-20 DIST F10.5 Station distance
from epicenter
in kilometers.

21-30 DEG F10.5 Station distance
from epicenter
in degrees.

31-40 BACKAZ F10.5 Azimuth from
station to epi-
center, measured
clockwise from
north.

41-50 TO F1O.5 Time digitizing
began in seconds
after origin time.

51-60 DT F10.5 Digitizing inter-
val used or
desired.

61-70 CPMM F10.5 Digitizer counts
per millimeter
of original
record. (counts
per minute/milli-
meters per minute)

71-80 PEAK F10.5 Peak instrument
response.
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Card
Sequence Column Name

D. 1-12 IDATE
(3)

16-25 SLOPE

26-35 TMAX

Format

3A4

FlO.5

FlO.5

Explanation

Date of event

Not used.

When INTYP=2,
total length
desired for
evenly spaced
seismograms.
Note, TMAX must
be less than
1024 DT.

36-45

E. Digitized Data.

CPM FlO.5 Counts per min­
ute. Used to
convert counts
to time.

INTYP .NE.2. DUMMY(I) l2(F5.0,lX) Digitized
trace for equi­
spaced time values.
End of trace sig­
nified by +9999.

INTYP .EQ.2 XCI) ,
Y(I)

l6F5.0 X,Y pairs. These
will be linearly
interpolated to
form a trace of
amplitude for
equispaced time
series of length
TMAX and spacing
DT. The first
pair must be
+0000+0000 and
the last
-9999-9999.

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.l or if 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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Pl..TSEI

CPLTSLI
C THIS PROGR~M READS IN l~D PLOTS A DIGITIZED SEISMOGRAM rOR A WWSS
C 15~100 SYSTEM, AMPLITtDES ARE NORMAl..IZED TO A GAIN OF 3K, IF
C hORIZONTAL DATA ARE EN1ERED, THE TRANSVERSE AND RADIAL COMPONENTS
C GROUND MOTION ARE FORMED AND PLOTTED,. PLOTS ARE MAGNlrUED 2 X
o DATA CARDS ARE EXACTLY AS FOR EXSPEC nR SPSPEC.

DIMENSION nATA(10~6),DA'UM(1026),IBUF(1000)
DIMEN~ION T(1026)
DIMENSION !CATEC3)
CALL PLOTS(!8UF,1000,10)
CAL~ FLOTCO.O,-11.G,-3)
C~L~ PLOT(~.n,3.0,-3)

303 RlAD(60,63)ICONiRL,lDAT~'ITAPE'IPRNT,ITREND,INTYP'IfILT
C IFI~T = IFILT + 1

63 FCf~I"iAT(7I5)

!F(lcONTRL.LE.O) GO Te :LOOO
DC lOU ITYPE=l,JDATA
Rh~DCtO,2)
Pk,(:\T 2

? rCq;:MAT (79H
J.

READC bO,10)STA,COMP,DIST,DEG,BACKAZ,TO,DT,CPMM,PEAK
1 '1 FCf~ ,1 Ale 2 A4 , 2 X, 7FlO • :; )

REAUCfO,11) !CA~E(1),lDATE(2'.IDATE(3),SLOPE~TMAX,CPH

11 FLR~Al(3A4,3X,3~10.5)

Cf-S = CPM/6i.J.
Pt; I ,\j T 6
PKI~T 7,STA,co~r,DIST,DEG,BACKAZ,TO,DT,CPMM,PEAK

6 FCPMAT(lH ,SOH ~TA CCMP DI5T KM DEG BACKAZ TO DT
1 CPM~ PEAK~AG )

7 FOQMA' (lH ,A4,4r,A4,3X,f10.2,2r7.2,F7,1,F8.3,F9.2,F8.Q)
Ph 1:;1 8
PkINT 9,IDATE(lJ,IDATE(2),IDATE(3),SLOPE,TMAX,CPM

8 F0RMA1(11-l0;"iX,4hDATE,12X,5HSLOPE,6X,4HTMAX,7X,3hCPM)
~ FORMAT(lH ,3A4,3X,FlO.4,2F10.2)

P 1'1 i\ T 3
3 FeR it. AT ( I / )

C~\ L L. L AHD1,I (DAT1\ , 1\ PTS , Cf ~ , DT, TMAX )
C C~~VERT TO CENTIMETERS PER COUNT

CONFAL = O.1/CPMM
C PLOT AT 30 MM/MIN

ct"StC = a,rs
C ALJ~ST FOR INSTRU~E~T TC NORMALIZE TO A 3K INSTRUMENT

CVNFAL = CONFAC * (3000./PEAK)
Dv l15 I = 1,~PTS

T'1) = (1-1) * :'T
DilTACI) = DATA(l)*CC~!FAC /2.54
T( I) = Tel) * C,'1 SEC /2 •54

115 CC~:TI I\UE
Ir (ITkEND,GE.l) CALL TReNDCDATA,NPTS,I1REND)
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PLTSEI PAGE 2

c
C

110

200
C

CAL~ PLOTEM(T,DATA,hPTS)
IF(ITYPE.EQ.!DATA) GO TO 100
D0 12~ I = 1,NPTS

125 DATUM(!) = DATA(I>
C DATA: NS AND JATU~ = EW

100 CONTINUE
C FORMATION OF RADIAL A~D TRANSVERSE COMPONE~TS IF IDATA.EQ,2

IF(IDATA.NE.2> ~o TO 20&
8~CKAZ = BACKAZ * 0,0114533
A = SIN(8ACKAZ)
8 = CCS(8ACKAZ)
DC 11U I = 1,NPTS
Tt<,t.J~S = DATACI)*A - DATUH(I)*B
RADIA~ =-DATAC!)*8 - CATUM(I)*A
DATA = TRANS = + CLOCKW1SE FROM EPIC
DATUM = RADIAL; + AWAT FROM EPIC
DATA( 1) = TRt-NS
DATUM(I) = ~ADIAL

CAL~ PLOTE~(T,DATA,~PTS)

CAL~ PLOTEM(T,DATUM,NPTS)
CONTINUE
FILTEh SIGMAL AS [O~E FOR SyNTHETICS
IFCIFILT,GE.l) CALL FILTCDATA ,NPTS,DT)
IF C1F1LT. GE. J.• AI, D. II: AfA ': EQ • 2) CAL L FI LT ( DATUM, NPTS, DT)
IF(IFILT.GE.1) ~ALL PLOJEMCT,DATA.NPTS)
IFCIFILT.GE.1.A~D.lrATA~EU.2) CALL PLOTEM(T,DATUM,NPTS)
CALL PLOT(3.n,O.O,-3)
GL TO 303

lOGO CCNTII\UE
C~L~ PLOTC8.0,O.O,999)

1002 CONTI~\UE

STOP
PD

SL8RoLTINE FILT(V,N,DT)
CCMr:Oh/DTA/UATA(2,1024)
nIMcN::'IO/\' Vel)
DC lOW 1 = 1,2
DG lOU J = 1,1024

100 DATACI,J) = o.n
Del a1 1 = 1, i~

101 DhTAC1,1) = VCI>
CALL FOUR(DATA,1024,-1,tT,DF)
Dli 2DU I = ~,51J

J = 1u24 + 2: - r
T : 1,/(CI-1)*OI-)
nCT.GE.3.") GO TO 200
IF CT.GE.2.5.AND.T.LT.3.S) rAC = Ow8+0;4*(T~2~5)

HCT.GE.2.0.AND.T.LT.2.~) rAe = O.5+0~6*CT-2~O)
It (T,1..T.2.0) FAG = u.O
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DATA(l,I) = FAC*DATAC1,1)
DATA(2,I) = FAC*DATA(2,1)
OATAC1,J) = FAC~DATAC1.d)

nATA(~,J) = rAC*DATA(2,~)

200 CONTI~UE

CALL FOURCDATA,1024,+1,tT,DF)
DO 30C 1 = 1,N

300 Y(I) : OATA(1,I)
RET~R~

END

Sl8RoUTINE PLOTEM(X.V.N)
DIMEN~ION X(1),Y(1)
X(N+1) = XCi)
XCN+2> = 1.G
Y(~·l> = Q.D
Y(N+2) = -1.0
CAL~ ~INE(Y~X,N,l,O,O)

C~LL PLCT(4.n,O.O,-3)
R~l~R~

E~l)

S~8ROWTINE TRENLCXt~PTSIITRE~D)

DIMEN~ION XCi)
C !TRENC = 1 DC CCMPONE~T REMOVED
C I1R~NL = 2 Ll~EAR CCM?ONENT REMOVED

50M2 = J.O
S~Ml = 0.0
Nl = ~PTS/2

Dv 1 1 = 1,~1

: SLMl = SUM1 + X(!)
N21 = N1 • 1
DO 2 1 = ~21tNPTS

? S0~2 = SUM2 + Xl!)
~~ = ~PTS - ~1

DC = (SUMl + SU~2)/~PTS

!~ (IThEND - 1)6.6,7
6 R : DC

S~~ = 0,0
G0 TO B

7 Cu~T!~UE

SLP = 2.o«(SUM2/N2) - (SLM1/Nl»/NPTS
8 = (SUM1/~Jl) - O.?oN21~SLP

B CG\l!~UE

D0 3 I = 1,~PTS

XI = 1
3 Xl!) = X(l) - 8 - SLpoXl

pRINT 5,DC,SLP
5 FORMA1(1~ ,4HDC = , E11~4,4X,7HSLOPE = , El1~4)

R~TUR~
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SL9RO~TINE CARDIN( DUMM~,NPTS,CPM)nT,T~AX)

CGMMO~/DTA!X(1024),Y(1024)

DIMEN~ION DU~MY(l)

DIMENSION XJUMP(11)
X-.JUMP(l) = o.
XwUMP(2) :: 10000.
X~UMP(3) = ~1000.
XJUMP(4) = 3000u.
X~UMPl5) = 40000.
X~UMP\6) = ~OOOJ.
X~UMP(7) :: 6000J.
X~U;~P(8) = 7')OO~.

X~UMP(9) :: 60006.
X~UMP(10) = 90000.
X~UMP(11) : 100000.
CPS = CPM/6Q.
DG llV I :: 1,2048,8
J :: 1+7
R~AU(bO,111) «ACK),YCK),K=I,J)
PhI~T 112, C(XCK),YCK»,k=I,J)

111 FCRMATCl6F5.0)
112 FGRMAT(lH ,16F7.0)

DC; .L1U K = I,J
It (X(K)+9999.) 115,115.110

11'; ClNTlf\UE:
liS "JLM :: K - 1

P r, I "T 9 0 7 , ~J u t1
9(,7 FCPI"iATC1H ,f'lH "iui'-1:: ,15)

JLMP :: 1
DU c: ai" 1 :: ~, 1\ Ui-',

Q :: xc!) + XJ~MP(~U~P)

IFCAB~CQ - x<I-.I.».GT.geoo.) .jUt<p = JUMP + 1
XlI) :: xCI) • X~U~P'JLMF)

20 0 Cl~n I ~'UE:

PhI:~T 908,Ju!.J,P
9 G[) FL RI"~, A"\ C1 H , 6 HJ L. Mp:: ,I 5 )

TI~~,El = 0.('
"J f-' T;; :: 1
DU -3 0 ~ I :: 2, f\ U/";

3G5 C0NTI~UE:

TIM~ = TIMEl * CPS
JUMP :: 1
If CTIME.LT.XCI).A~D.Tl~E.GE,XeI-ll)JUMP = 2
GO TO C301,302),JLMP

302 DUMMV(NPTS) = yel> + CT1ME-XCI»*«VCI)-Y(I-1»!eXCI)-XCY-1»)
NPTS = r~PTS + 1
TIMEl = TIMEl + DT
H (TIME1.GT.TMAX) GC TO 500
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GC TO 305
30:1. CUNTI!\UE
300 CuNTII\UE
50n NPTS = NPTS - 1

Pklf\T 909,r'~PTS

909 FCRMATC1H ,6HNPTS = ,15)
Ri::. TIJRt,
E~·D

SU8ROvTINE FOUR(DATA,NN;ISIGN,DT,DF)
C THE CUOLEY-TOOKEY FAST POURIER TRANSFORM IN USASI BASIC rORTRAN
C TkANSfORMej) = SUMeDATAII)~W*~«t~1)(J-1», WHERE I AND J RUN
C FKOM 1 TO N~ ANC ~ = EX~(lS!GNo2~PI*SQRT(-1)/NN). DATA IS A ONE-
C DIM~NSIONAL COMPLEX ARRAY (I.E., T~E REAL ANn IMAGINARy PARTS OF
C DATA ARE LOCATE); IM~ECIATELY ADJACENT IN STORAGE, SUCH AS FORTRAN
C PLACES THEM) WHuSE LE~GiH NN IS A POWER OF TWO. ISIG~

C I~ +1 OR -1' GIVI~G THE SIGN OF THE TRANSFORM. TRANSFORM VALUES
C AkE R~TURNED IN ARRAY DATA, REPLACING THE lNPUT DATA. THE TIME IS
C P~OPOkTIONAL TO NoLCG2(~), RATHER THAN THE USUA~ N**2
C R~S RlSOLUTION ~RROR 8ElNG BOUNDED BY 6*SQRT(I)oLOG2CNN)*2*o(-B),
C 8 IS lHE NUMBER OF bITS IN THE FLOATING POINT rRACTIO~.
C P~OGRAM AUTOMATICALLY D1VIOES TRANSFORM BY NN FOR INVERSE TRANSFOR

DIMEN510N DATA(1)
N = 2 * tiN
HCLT.EQ.U.lJ) Di :: 1./(l\N*DF)
It (DF.Eo.G.eJ) DF :: 1./(I\I\*1)T)
IF (i) T • NE • ( ~,Ji\ *DF' j) DF ;: 1. / ( NNit DT )
J = 1
DC ~ 1=1.N,2
UCI-.,;)l.2,2

1 TL~PR = DATA(J)
TtMPI :: DATAlJ+l)
DAT~(~) :: D~TA(l)

D~TAC~+l)::DkTA(r+l)

Di-'TA(1) :: H:HPR
DATA(1+1) = TEMPI

? 1"i = N/2
3 IF (J-t"',) 5,5,(
4 J :: j-M

M ;: M/2
IF C~L~)5,3d

5 J=j+M
M~AX :: 2

6 IF (f";MAX-f\) 7,10.10
7 ISTEp: 2 Of~MAX

ThETA = 6,2b31B5307iFLOATCISIGN#MMAX)
SINTH::SI~(THETA/2.)

WSTPR=-2.*SI~TH*SINTH
WSTPl=SlNCThE1A)
Wf,=l.u

VIlI-9
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~!l=O.U

D(J 9 f'll=1,MMAX,2
DO b I=M,N,ISTEP
J=IltMMAX
TEMPR=WR*DATACJ)-WI~DAr~CJ+1)

TEMPI=WR*DATACJ.l)+~I.D~lA(J)
DATA(J):DATA(I)~TEMPR

DATA(J+l)=DATACI+1)-TEMtI
DATA(l):DATA(l)~TENPR

8 DATA(I+l) = DATA(I+1'.TEMPI
TEMPR = WR
Wh ; ~R*WSTPF-Wl*~STPl + WR

~ WI = ~I*WSTPR+TEMPR~WSTFI + WI
MMAx = lSTEP
GU TO 6

10 COnII\UE
n CISIGN.LT.C) GO-TO 1092

C FkEQUiNCY TO TI~E DCMAI~

DC 10 01 1111 = 1,~

1001 D~TA(IIII) = DATA(IlII) * DF
RtTi,,;Ri.

10C2 CGNT It,UI:::
C TIM~ TO FREQUENCY DOMAI~

Du lQL3 1111 = 1,~

1003 DATA(IIlI) = CA~A(IIIl) * Dr
R t:. Tu~ 1\

Ef·D
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DATA PAGE 1

1 2 1 1 2 a
ALQ WE 1455,8 13.1 82.4 338.9 0.25 3",4267 3000.
25 MAR 76 240, 456,4
0000 OVOO 0028 0012 0039-0CO~ 0056-0009 0076 0012 0092-0008 0111"'0002 0135 OC
0171 002~ 0193-0021 (1217 0030 0240 0026 0252 0019 0282 0051 0312 0027 0337 CO
0360 0036 0383-0005 0404 0038 0415 0057 0433-0006 0451-0003 0476 0044 0490 00
0508-0006 0525 0019 0544 0043 0561-0017 0575-0008 0584 0001 0597 0034 0607 O£;
0623-0031 0633-0039 0649-0017 0654-0020 0666 0008 0687-0060 0693"0040 0706 at
0714 001 0727 0030 0745 01J02 0751 0010 0769 0034 0780 0037 0791 0026 0811 01
0833 0122 0837 0096 (.J8S1 0084 0859 0078 0875 0072 0894 0124 0907 0114 0911 oj
0926 0059 0937 0084 (J955 0(i6~ 0965 0057 0986 0120 0999 0098 1019 0073 1039 01
1056 0092 '-062 0088 1075 002~ 1094 0068 1108 0086 1122 0108 1132 0101 1145 oi
1151 0127 ~172-a101 1180-009G 1185-0068 1211 0213 :1217 0204 1240 0039 1250 00
1259 0136 1280-0043 12tH-0061 1316 0170 1322 0173 1327 0116 13 41 0040 1357 oc
1380 0014 1397 0082 1415 Ou04 1428-0019 1443"'0000 1463 0027 1488-0015 1509 co
1528-0019 1539-0018 1553 0(,;42 1571 oeoo 1586"0032 1612 0042 1637-0008 1647-00
1670"'Ou30 1691 0021 1707 0006 1729 0012 1750-0023 1770 0005 1783 0046 1802-00.
1831 0062 1843 00:1.9 1919 OU1<i-9999-9999

ALQ UN 1455,9 13.1 82.4 338.9 0.25 30,44 3000.
25 MAR 76 240, 456.6
0000 0000 UQ22 1)006 0033 .. o00e 0053 0003 0074"0005 0097 0014 0124 C015 0143 Co
0160 0033 0178 0023 0159 OQ32 0211 0041 0232 0044 0263 0032 0294 0019 0322 00
0344 0027 U366 n007 \.1389 0005 0401 0005 0425 0013 0437 0040 0446 ~048 0466-00
0485 0019 0501 Ou04 0515 01,;02 0524 0036 0537 0081 0553 0097 0557 aOP5 0565 00
057S-0l13Q 0591 0050 G596 0047 06Gl 0107 0611. 0173 0619 0163 0631 0115 0638 00
0642 0105 0651 0064 U6b5 0091 0671 0095 0681 0188 0699 0009 0709-0032 0'718-00
0736"'0107 0749-0005 1.:754-0015 0764 0049 0772 0238 0781 0259 0788 Q229 0797 01
Q8Q7 0119 0814 0121 (;822 005-4 0834 .. 0004 084 4 -0011 0853-0054 0864""('1004 0871-00
0881 0(.;00 0889-0006 09U1 0032 0910 0021 0919 0006 0926 0017 C932 0039 0944 01
0955 0109 0964 0118 C973 009E 0988 0019 0990 0009 0996-0020 1007"0086 1015-00
1033 0145 1038 Mi33 1050 0047 1061-0013 1071-0008 1089 0045 1103"00Q6 1126 01
1151-0053 1163-0065 1173 0006 1193 0117 1206 0056 1225-0009 1240 0048 1252 00
1271 0(,;09 1276 0015 1294 002C; 1310-0019 1328 .. 0054 1332-0048 1345 0061 1354 CO
1378-0043 1391"0025 14u2 0009 1418 0002 14 36 0053 1437 0051 1457 0019 1469 00
1488 0111 1512 ac74 1533 0095 1541 0093 1563 0094 1571 0083 1586 I'll " 5 1595 01
1611 QL82 1624 OuSl 1634 009J 1650 0073 1670 0090 1683 0086 1691'1 0054 1707 00
1725 Ol,J42 1741 1114 1755 0104 1771 0041 1786 0019 1803 0108 1823 OORl 1832 00
1867 0(, 81 1879 0077-9999,,999<1
.. 1
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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 a1 (1972). Luh (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 FOUR: A fast Fourier transform which numerically
approximates the Fourier integral.

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

SUBROUTINE AMPRIME : Seismograph amplitude response is read in
as a function of period, 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 t then the phase response is
K * 90 degrees.

SUBROUTINE ASHIFT: 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 t Bull. Seism. Soc. Am. ~, 1665-1672.

Herrmann t 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.~,
957-969.
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INPUT DATA

Column Name Format Explanation

1-10 Xl FlO.3 Lower comb limit.

11-20 X2 FlO.3 Upper comb limit.

21-30 H FlO.3 Comb spacing

(The values used Xl=-7, X2=+7, H=0.2
work. Smaller Xl or larger X2 may lead
to word overflow.)

A.

Card
Sequence

B. 1-10 DT FlO.3 Digitizing
interval for
plot.

MMMIN FlO.3 Millimeters per
minute for
plot

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

1-10 F FlO.O Period in sec­
onds

EQ.O Terminate
program

y FlO.O Amplitude re­
sponse

K II GT.O signify
end of data
set

After one data set, program returns to Point C for
another.
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HIL8RT PAGe 1

C PkOGRAM IMPULSE
CGMMO~ IONE/DATA(2,1024)
COMMON /TWO/F(37)
DIMENSION ISUF(1000),X(!026),Y(1026)
DlMENSION V(200),AC200);S<2QO),C(200),nC200)
REAl. MMMIN
PI = 3.1415927
PlI = 1./P!
pIH = P1I2.
RAD = l80./PI
DO 44 I = 1,9
XX = 1
DO 44 J = 1;4
If '~.t:Q.l) yy = 0.001
rF(J.tQ.2) yy = 0.01
I~(J.~Q.3) 'IV = 0.1
IF(~.EQ.4) yv = 1.0
L = (J-1)*9 +

44 F(L) = XX*vy
F(37) : lO.
NF = '.j7
CALL PLOTSCIBUF,1000,10)
RlAD 10,Xl,X2d4
PK I i~ T 10, X1 , X2 , H

1~ F0RMA1(3Fl~.3)

CALL INTVAL(V,X~'X2'H,M)
CALL LNCOTHeV,C,M,H)

25 CG~:T I f\UE
Rr::: H, 1 C, DT, h ~1 MII,
PkINT 1

:l FCPMA1(1Hl)
CAL~ AMPRIMl(A,~,t,~,~,KJU~P)

IFtKJ~MP.E~.1) GO TC 9999
C~LL PLOT(O.C,-:1.0,-3)
C~L~ FLOT(O.r,4.0,-3)
DC ;so I = 1.~JF

\-! :: F <r )
CALL AS~!FT(A,B,VIH.W.Mlyyy,D,Z)
rASE : PII~DOT(~,C,V,M,~) + YYY~PI~

PhASE = FASE * HAC
If(! .~Q.1) PRINl 43

43 FORMA1(1Hl/1~lO,ZQX,10HF~EQ (HZ) .11 X,9HPHI <DEG),9X,13HMAGNIFICAT
lIC~j II)

pRINT 41 ,W.PHASE,Z
41 FOPMAT(lH ,lUX,L20.5,f2U.5,E20.5)
30 ceNT I f\UE

DO 50 I P = 1,4
t<J :: 1024
Df :; l./CN*DT)
M~ ;; ~Ol
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HIL8RT PAGE 2

NP = 512
~Wj, = 513
DC 100 J=1,2
DO 100 I=1,1Cl24

iOC DAlAeJ,y)=o.o
DATAC1,82) : 1./(4~~OT)

DATAC1,83) = 1./C2.*OT)
DATAel,84) = 1.IC4.tDT)
CAL.L. fOLJRCDATA,ii,-1,DT,tF')
DA1A(1,1) : 0.0
OATAC2,1) = 0.0
DC 200 I = 2,NP:
~i :: 0-1) * DF
CALL ASH1FTCA,B.V,H.W,H,VYV,D,Z)
FASE: = PIlctDnTCf:,C,V,M~I;-) + VYV*PUoI
IF( !.~Q.2) FASESV= FASE
XR ~ i ~ COSCFASE)
Xl = L * S!N(FASE)
Tk = LATAC1.I)
Tl = DATACc.!)
DATAC1,I) = XR*fR-XI*TI
DAT AC2,1) = XR*TI+XI*TR
Xh = U,O
Xl = (.J. 0
Wf' = 2. * PI" ..
If IIP,EO.l' XR ~ 1.0
If CIP,EQ.2) XI = -1./~W

IF CIP,E~.3) XR ~ -1./CWh·~W)

Ir (IP,EG.4) XI • 1,IC~W*~W*WW)
Tf-; = DArA(l.I)
TI = IJATAC2,I)
DPTAC1,!) = XR.TR-XI*Tl
Dt""A C2, I) = XR*T!+XI*TR

?CC CG~;TIl\Uf.:

Du ;2 02 I = (,; P1 , i'

J :: N+2-r
D~TAC~,I) = DAT~Cl,J)

DI-TACl:::,I) = -DATAC2.J)
202 CGrn n'UE

DATAC~,NP1) = 0,0
n(IP,EQ.4,MIIJ.t>B~CFASE5V-27('1.),LT,10.)DATA(l,l) = DATAC1,2)
CJ<l.L FOURcnATA,i.,+l,DT,tF>,
M)\ f.. = c. 0
Dc'; 40v I = 1,f'.;
vex> = DATAC1,r)
IF(ABSCYCl».GT.AMAX) A~AX = ABS(VfI»
XCr) = (I-i) ~ LT

40C CONTINUE
PR:(NT 42,A~AX

42 F0RMATCI/I///// lH ,E2n~5)
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HILGRT

DC, ,Ou 1 = 1,MM
yq) = y(l) I AMAX

5CC XCI) = X(1)~MMMIN/(cO~*25~4)
j = MM+l
K : MM+2
X(j) = 0,0
Y(J) = 0.0
X(K) = 1.0
Y(K) = -i.e
CAL~ LI~E(Y.X,MH,l,O,C'

CAL~ PLOr(3.0,O.O,-3)
50 c(i"TII'.UE

CALL PLOT(12.0,O.P,-3)
G(; TO 25

9999 C0 ~'T I r, ut:
CALL PLCT(~.O,O.O,9S9)
STC1f'l
ELD

FUjCTIOi~ TALH(X)
Ir (X.GT.9.0) GO TO 9
If (X.LT,-9.u> Gi.J TO 10
Y ;: E>'P(X)
w;; 1,/y
TANH; (Y-W)/(Y+W)
Rt.-TuRf,;

9 T I:, r" rl = 1.. 0
Rl'rURi\

1 C T f:. t,' H = -1. '"
Rl=TiJR~,

E i\1)

S~BkOUTINE FOUR~DATA,NNIISIG~,DT,Dr)

C 11 IS BETTFR TO PRES EN tF = Q OR TO TRUE VA~UE SOME COP-P DF = INDE
C Thi: CLOLE Y- joe Kl. Y r A5 T F 0 URI ER TRA~} Sr 0 R1'1 I NUS A5 I 8 A5 I C r 0 RTRAN
C TkA~SFOPM'J) = ~U~(LATA(I)oWo*«1-1)(J-l», WHERE I A~D J RUN
C Fhat: 1 TO I'H, ANL ~ = EXP(ISIGN~2*PI~SQRT("'1)jNN). DATA IS A O~.;E ...
C Dl~1EN5IO~\AL COMFLEX ARRAY (I.E., THE REAL AND IMAGINARy PARTS OF
C DATA ARE LOcATEL IM~EVIATELY ADJACENT IN STORAGE, SUCh AS fORTPAN
C PLACE~ THE~J WHuSE LE~GlH NN IS A POWER or TWO. lSIG~
C I~ +1 OR -1, GIVI~G T~E SIGN or THe TRANSfORM, TRANSFORM VALUES
CAkE RtTURNFD IN ARRAY DATA, REPLACING TH.E INPUT DATA. THE rIME IS
c PkOPOhTIONAL TO N~LOG2(~), RATHER THAN THE USUAL N**2
c RMS R~SOLUTI0N ERROR 8El~G BOUNDED BY 6*SQRT(1)*LOG2(~N)*2**(-P).

C B I~ lHE NUMBER OF BITS IN THE FLOATING POINT FRACTION.
D!M~NSION DATA(1)
N = 2 * NN
IF (UT,EC.O.O) 1"'I=l./<I\N .. cr)
IF CCF,EQ.O.O) DF=l./CMjCl[)T>
IF (D T•NE. ( ~~ N</;. Dr» 0F = :1. / (NN*DT)

IX-6



HILBRT PAGe 4

1002
C

lCGl

1003

c

J : 1
DC 5 I:1,N,2
IFCI-J)1,2,2

1 TEMPR = DATA(J)
T~MPI = DATA(J+~)

DAT~(J) = DATACi)
DATACJ+l)=DATACl+l)
DATA ( I) = TE~j PR
DATAC!+l) = TEMPI

2 M = N/2
3 IF C,j-h) 5,5,4
4 J = J-M

t-'I = M/2
I r- ( 1'1 - '= ) 5 , 3 , 3

~ J=J+M
MhAX = 2

6 IF(MMAX-~') 7,10,10
7 rSTEP= 2 *~I",AX

ThETA = 6,2f318;307/FLO~T(ISIGN*MMAX)
Sl~TH=SI~(ThETA/2.,

WSTPR=-2.*SINTHoSINTH
WSTP r=S I t\ C ThFTtt)
Wh:l,LJ
WI =(,J , U
D0 9 ~··=1,M~~AX,2

DO L I=M,t\,ySTEI--
J=r*Mi"AX
TL~FR'::WR*DATACJ)-hI"DATACJ·l)

TE~PI:WR*DATA(J~l)+~I*D~TA(J)

DJ,lI.'iC",)=DATACI )-TEMFR
DhTAC~+l).::rATA(I+l)-TEMel

nkTA(I)=rAT~(I)+T~MFR

S D~IACl+l) :; DATACI+l)+TE~pI
Td'PR = ~!R

wh = ~R.W5TPR-Wl*HSTPI + WR
9 ~l .:: ~I*WSTPR+TlMFR*WSTEI + wI

tHtX:; lS1FP
Gl r0 6

iC CC~'TI"Ut:
IrCISIGN,LT,O) GO TC 10e2
F~EQU~NCV Tc TIME DCMAI~

DC 1001 IIIl=l,i\
DATA(IIII):LITA'IIII)*DF
Rt;:1URf\
C0 ~1 TI 1\ Ul
Tl~\E TO FRFr~llENcY DOMAn
DO J,003 IIII:l,f'.
DATA(IIII)=D_TA'IIII)~DT
Rf:: 'r l;Ri\
E!\D
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HIL8RT PAGe 5

SU8RO~TINE INTVAL(X.X1,~2,H.M)

DIMENSION X(1)
C Xl .LT, 0

Ml="'Xl/H+2.
Ml=Ml+l ... MOD(Ml,2)
M =X2/H+2.
M=Ml+~ +1-MODCM ,2'
X(1):-0l1-0.5)*H
DC 10 I:2,~1

1C X(I)=X(I-l'+~
RE-TURt\
Ef\t~

SU8ROUTIN~ AMPRIME(~,X,~,M,~,KJUMP)

DIMENSION A(1),X(1).W(1),F(200),Y~200),Be200).C(200),Ce2DO'
KJUMP :: 0
DC 10 I=l,?cC'

C R~AD IN PERICD,fMPLIT~D~ PAIRS IN ORDER OF INCREASING PERIOD
REA D ~, F( I ) , YCI ) , K

5 FORMATe2F10.O,11)
UeF(1).EQ.o.O) K..Jl;t-'P = 1
IFeFeI).EQ.O,O) RETLR~
Y(I)::ALOGCYCI»
F' I )=-ALOGCF C I»)
IF(K,~E.O) GO rr 15

1 r: CD~ TH'UE
15 N=I

Nh:N/2
K=r..,'+l
DC 20 I::l,t\lH
J=~:-I

Z:rCI)
F'l)deJ)
F( ..I):L
Z:Y(J)

Y\I):Y(J)
2C Y( ..J)=L

CALL SPLI~cel,~,F,y.8,C~D)

N~~(F(1)-XC1»/H+l.

NH~M-l,-CX(M'-F(N»/H

Z=l.05*8(1)
Z=El(l)
K=NL+l
DO 25 I;:l,~:L

J:: f( - I
W(.J)=Z

25 ACJ)=Ye1)+Z~(XCJ)-F(1»

Z=~LI05*8(N)
Z=BCN)
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HIL8RT PAGE 6

DO 30 l=NH,M
\oJ q) =2:

30 A(l)=YeN)+Z~(X(!)-F(N»

Nh=NH-1
.)=1
DO 45 l=K,~,)H

35 IFeX(!).LT.Fe.)) GO TC ~O

.)=",,+1
GO TO 35

40 L= ..1-1
Z=X(U-FCL)
WCI>=B(L)+Z*(2.~C(L)+3.~Z~D(L»

45 A(I)=Y(L)+Z~(B(L)+Z~(C(L)+Z*D(L»)
Z=C,5/H
DC 5 O. I::; K, '; h

5n W(I)::;£~(A(!~1)-A(I-1»

pRINT 1,NH,r~L,M

1 FORMA1(1H ,4~NH =,I5,4H~L =,I5,4HM ::; ,15)
RElURh
Er~r

S~8ROLTINE ASHIFTCA,B,X,H,W,M,V,C.E)
DIMLN~ION A(1),L(1',X(1',C(1)
D=~,I,.OGC~,)

Z=t,bS(D)/H
I D:: L
Z=2'-IL
Y=([)-Xel)'/H+l
N::Y
Y=Y-N
E=EXPCC(N)+YO(C(N+l)-C(~»)

Y=A(N)+Y*(A(N+l}-AC~»

HeD.Ll.O.' GO TO 30
N=t"-l-Il)
Dli 10 1=1,'.;
J=I+IU

10 8(J )=A(J)+Z~(A(J+l)~A'J)-V

N=N+l
DO 20 I=N,M

20 8 q)=AOO-V
Rf::"URi\

3" Z:t.-Z
10::1D+1
N=rD+l
DO 40 1:1,1D

40 B(J:)=A(U-V
DO 50 l=t\,H
J =l: - 1 j,;

50 8(r)=A(J)+Z~CA(~.1)·A(J»-Y

RE:'rURf\

IX-9



H1LBRT PAGE 7

Ei\;D

SU8RO~TINE LNCOTH(X,C,M;H)
DIM=N~ION X(j),C(1)
IF(x(M).GT.rX(l» GC TO 30
N=-(X<1)+X(M) )/1-;

IF(ASS(N*H+X(M)+X'1»,GT.l.E-4) NtN+l
Da 1. 0 I:: 1, "!

10 C<I):-ALOG(TANHC-O.5*X(1»)
J::M+1
K:: X( M)j H+1 • + ~I

N=N+l
DO 20 !=N,K
J::J-l
C~J):-ALOG(TANH(-u.5*X(1»)
Cq)=(;CJ)

20 CuNTlhUE
RET I,JR r\

30 N::(X(~)+X(1»/H

Ir (A85(~*H-X(1)-X(M),GT.l.E-4) N=N+l
K=-X(l)/H+l.
J=K+K+l
DC 40 I=l,K
J=J-l
C(J}:-ALOG(T~~H(-O.5*X(1»)

4; C\1)=(..(J}
K=~+l

DC 50 J=K,l>A
50 C(I)=-ALOGCTtNHCO.5*XCI))

RL TURI\
Ei'L

Fl~CTION DOTCA,b,),~,h)

DIMENSION A(1),E(1),X(1)
DG 10 I=ld'!

11", A'U=A(I)*R(I)
M;;··)( (1) IH+l.
Dcr=A(l)
Dl: 20 I:3,~~.t'

20 Dcr=DCT*4,*AC!-l)t2.*AC1)
DG'r=DGT-A(H)+A(f+l )
M;; t' +3
DC 30 I=M,"J.?

3C DOT=Dur+4.*ACI-l)+?*A(1)
DOT=H*(DOT-ACN»)/3.
RE'fURr\
Ef'l:O

SUBkOLTINE SPLINC(Nl,N2.X,Y,S,C,D)
DIMENSION XCj),Y(1),B(1),C(1),D(lt
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Ml=Nl+1
M2:!\;2-1
M3:Ml+M2
S=O,
DO 10 K;:N1,M2
D(K)=XCK+l)-XCK)
R=(Y(K+l)-Y(K»/DCK)
C(K) = R - S

10 S=R
R=O,O
5=0,0
C(N,l)=O,O
C(t\2)=O,O
DO 20 K:~H,M?

C(K) = CCK)+R*C\K-l)
B(K)=l,/«XCK-l)~X(K+l»)*2,·R*S)
S=D(K)

2" R=S*B(K)
DO 30 K=~',1,/'I,2

L=M3-K
3r C(L):dCL)*CrCL'~CCL+l)-C(L»

DL 40 K=Nl,M2
B(K)=(Y(K+1)-Y(K')/~(K)~(C(K)*2,+C(K+1»*D(K)
D(K):<CCK+l)-CCK»/C(K'

4" C~K)=3,*C(~()

R=X(N~)-XCH2)
B<~2)=B(~2)+R*(~,*C(M2).3,*R*D(M2»

c<N2)=O,
D<N,::) = a,r)
Rr:TURt\
EhD
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DATA PAGE 1

- '7 ,
0.25

2.5
5.0
6.67
10,
12,5
14,29
16,67
20,
22,22
25.
28.57
33,33
40.
50,
66.66
10(; •
111.;'1
125.
142.06
166.[7
333.333
500.

1000.

7.5
0.0703
1,125
3.56
18.
45.
75.
135.
240,
300,
~60.

~70.

320,
195.
100.
34,
6.716
4.406
t::.751
1.613
0.8704
,05439

.~10746

.00067j6 1
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Impulse Displacement

Impulse Velocity

IX-l3

Impulse Acceleration

Step Acceleration



F'FlEQ (HZ)

D,,~OOOD&';'Oa
o!,20oooe~o~
o,,~OOOa!;O~
O,,~OOOOE .. 02
D,,~OOOOe·02
O,,60DOOe .. 02
O,,7oo00e';'oa
O"800001!,,,02
O,,90000e .. 02
oIt10000!~01
O,,2oo00e;Ol
O,,~oOOOe-Ol
O,,4ooooe.. o~
o,,50000e;'01
o,,6oo00e';'01
0" ?oOOOe~Ol
o'I eOOOOe~01
O,90000e .. Ol
O,10000e 00
O,2ooooe 00
O,~OOOOE 00
O,40000e 00
O,~OOOOE 00
O,~OOOO! 00
O,7ooooe 00
0,80000& 00
O,90000! 00
D,10eOO! 01
0,20ClOOE 01
O.30000! 01
0,400001 01
O,'-ooooe 01
O,60oooe 01
O.70oooe 01
a.eODooe 01
0.90000e 01
O,10000e 02

O.J0249E 02

O,'2552,E 02

PHI (DEG}

3!"~445B'
342,?~14'
333,91441
326,01651
31,.~396.
301.35212
291,.e'4i5
289,;959'
280,26886
21S.,5D56~

169.03246
63,3220e

...3'~3468'
...107.1:$58'
'... 1" .1969*
...190,64494
... 214,'40e9
..232.9Q68a
·.246.6372$
..304.25502
..~22.9211$

-.. 3J~, 02555
.. 33".59146
.341.29862
.343,9171$
..3~~,9651'
"34'7,472'$
-... 3~«L 7681.
... 3!54,2605V
"'356.,11119
-351,0455'
··357,60168
;"35'1,96860
~3!5a,2217'
··3!58.42483
,·3!5S ~ 58312
';'35L1.7011&

l,X-14

M.~NH'IeATION

O:61160Ew:oa
O:10".6E~01
0;54~90E·01
0.11187E 00
0:41964E 00
O;tl1048E 00
0;16129E 01
O;21'12e 01
0;44059E 01
O:61159E 01
O:9"46e 02
O:31e07E 03
0:34130E o~
0;23110e 03
O;132111! 03
O;74935E o~
O:44e68E 0,
O;2'801E 02
O;1eoooE oz
O:11251E 01
0:22191E 00
O;7030QE"01
O;28822E ... o1
O;13911E .. 01
O:7!5135E;;Oc
O;44068E"'O'
O;21'25e-Oi
O:18067E"'02
0;113266 tt 03
O:22.11E",04
0;10996e .. 05
O~29108E"'05
O;14048Eo!05
0:75819E".06
0;44'04E-06
0:21798E",06
0:18246E-06



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~ receiver 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.

SUBROUTINE SIGNAL: Computes the theoretical spectra and seis­
mograms.

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

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

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

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 m~nl.mum and maxi­
mum values, prints these values out and then adjusts the
values for the use of EZPLOT2.
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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 FOUR2 : This computes a FFT. This is really
FOURl 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 DTI + 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 SV 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 - HASKELL us£s 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 DOEF : 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.
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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.i~Hudson's equation
3.5. The expression defining h c is in fact notnc .' r
h but rather - F(w) K as can be verified by a
s6lution of equation 2.! using equation 2.7)
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INPUT DATA

Card
Sequence

A.

Column

1-5

Name

MMAXS

Format

I5

Explanation

Number of layers
of source crust
including half­
space

B. Source Model (MMAXS cards)

1-10

11-20

21-30

31-40

DS

AS

BS

RHOS

FlO.3

FlO.4

FlO.4

FlO.4

Layer thickness
in km

Source layer P
vel km/sec

Source layer S
vel km/sec

Source layer
density gm./cc

C. 1-5 MMAXR I5 Number of layers
of receiver
crust, including
halfspace.

D. Receiver model (MMAXR cards)

1-10

11-20

21-30

31-40

DR

AR

BR

RHOR

FlO.4

FlO.4

FlO.4

FlO.4

Layer thickness
in km of re­
ceiver crust

Layer P vel
km/sec

Layer S vel
km/sec

Layer density
gm/cc

(Note MMAXR and MMAXS can be no greater
than 10).

D. 1-10 TMMN

X-4

FlO.3 Minimum time
value for time
history plots
(LE. 0)



D. Cont'd)

Card
Sequence Column Name Format Explanation

11-20 TMMX F10.3 Maximum time
value for time
history plot

21-30 FMIN F10.3 Minimum frequency
for spectra plot

31-40 FMAX F10.3 Maximum frequency
for abscissa of
spectra plot

E. 1-5 NN 15 Number of points
to be used in
synthesizing the
input time series.
The plotted output
time series varies
from t = 0 sec to
t = (NN-1)*DT sec
NN.LE.256.

11-20 DT F10.5 Digitizing interval
256*DT sec are
synthesized while
NN*DT sec are out-
putted.

21-25 IEQEX 15 LE.O double couple
earthquake source

GT.O center of com-
pression used for
source

F. 1-10 H F10.3 Focal depth in km.
Must not be in
halfspace of model.
e. g. must be within
a layer. (LE.O ter-
minate program)

11-20 DIP F10.3 Dip of fault plane
in degrees (00 ,90

0
)

21-30 STK F10.3 Strike of fault
plane. Fault dips
to right when look-
ing along strike.
Measured clockwise
from N.
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F. (conLd)

Card
Sequence Column Name Format Explanation

31-40 SLIP FlO.3 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.

41-50 DTI FlO.3 Duration of posi-
tive slope of
trapezoidal
source pulse.

51-60 DT2 FlO.3 Duration of zero
slope of trape-
zoidal source
pulse

61-70 DT3 FlO.3 Duration of nega-
tive slope of
trapezoidal
source pulse.

71-80 XM0l1 ElO.3 Seismic moment
in dyne-em

G. 1-5 IFORM 15 LE.O go to Point F
for new source

EQ.l P wave synthesis
EQ.2 S wave synthesis

6-10 ITYP 15 .EQ.l 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.
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G. Contrd)

Card
Sequence Column Name Format Explanation

11-15 ISPEC 15 GT.l Ground
motion output

LE.l seismograph
output
(at present
15-100 WWSSN)

16-20 IATTEN IS GE.l attenuation
(non-causal in-
cluded)

LT.l not included

21-25 IZ IS LE.O skip
GT.O. and .LE.2

seismogram
GT.2 spectra of

Z component
(for ITYP=2
this equals
mantle P or SV
according to
IFORM)

26-30 IN IS LE.O slip North-
south output

GT.O. and .LE.2
seismogram

GT.2 spectra of
NS component

31-35 IE IS LE.O skip east-
west output

GT.O. and LE.2
seismogram

GT.2 spectra of
EW COlJlp.

36-40 IR IS LE.O skip radial
output

GT.O. and.LE.2
seismogram

GT.2 s?ectra of
radial compo

41-45 IT IS LE.O skip trans-
verse output

GT.O.and .LE.2seJ.smogram
GT.2 spectra of
transverse compo-
nent (SH)
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G. (Cont'd)

Card
Sequence

H.

Column

46-50

2-5

11-20

21-30

31-40

41-50

51-60

61-70

Name

IPOL

ISTA

DEL

BAZ

C

GEOM

GEOMS

BETSS

FOI1llQ.t

15

A4

F10.3

F10.3

E10.3

E10.3

E10.3

F10.5

Explanation

LE.O do nothing
GT.O plot SH vs SV
particle motions
when IFORM = 2.

Identifier--contro1
returns to Point G
when ISTA=HALT

Azimuth of station
w.r.t. source

Back azimuth from
station to source.
Used in making N
and E time histories
from Rand T

Phase velocity of
arrival (km/sec)
determined from
travel time curves.

Geometrical spread­
ing factor for P
wave--see Bullen
or EDABAC.

Geometrical spread­
ing factor for S
wave.

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.
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HASKE~

C PROGRAM HASKELL(INP~T,ObTPUT,TAPE60:INPUT,TAPE61:0UTPVT,rtLMPL)
C THIS PROGRAM GENERArES p, OR S WAVE GROUND OR SEISMOGRAM TI~E
C HISTORIES rOR A PARTICULAR SET OF SOURCE PARAMETERS

ChARACTER XL,VL,TL,YLS,iHL,SVL,FL.I0U1,IOU2,IOU3,IST
COMMO~ I SRCMOO I OS(10), A5(~O), 85(10), RHOS(10), MMAXS

COM~ON I REC'-lOD I DR(10), AR(10), BR(10), RHOR(10), MMAXR
COMMO~ I CONTROL I IFORM,lTYP,ISPEC,IATTEN,IZ,IR,IT
COMMON I SOURCE I SAVEll 258),C,H,OIP,STK,SLIP,OCFC3),DCN(3),I5RC
COMMON I PULS I X(258)~Y(258),~N
CO~MO~ I FOURI DATAC 512),N,DT,DF
COMMON /PLTLIM I TM~N,T~MX,fMIN,FMAX

CO~MO~ I PLTTTL I XL(8);YLe8),TL(a),FL(e),YLS(8),SH~(8).SVL(8)
DIMENSION Z(258),~N<258),UE(258),R(258),T(25e),USV(258)

DIMENSION I8UF(1000)
DIMENSICN XX(4),YY(4)
CAL~ PLOTS(!8UF,1000,10'
CAL.L. I"'ODELIN
DC! 33 I :: 1,56

33 XLfl) = 6H
FL(~) :: 6HFREQ~E

FL ( 3):: 6H{~ CY (H
FL(4) :: 6HZ)
YL Cl.) :: 6HAI"PL IT
YL-I:2) = 6hULE SP
YL (3) = 6h~tTRUr,

YL':4) :: 6HCh-SEC
XL(1.) = 6H T1
XL( i.) :: 6 Hf" f= (S E
XL.(J) = 6HC)
YkS(l) :: 6H AMPLI
YLS(2) :; 6~TUDF C
Yl..S(3) :; 6HCM)
51"01.\2) :: 6:-4 S~

5\':-(2) :; O;.j SV
DLG~AL :; O,U17452329
R~AD(60,1) TMMN.TMMX,FM1N,~MAX

1 FJRMAT(7Fl~,3,El0,3)
X ~, I ,'J ;; TMWJ

X~.AX = TMl"X
RcAw(cO,4) NN,DT,IEGEX

4 FURMAT(I5,5X,Fl0.5,2I5)
I~RC :: 5

IF(ItQEXtGT,~) ISRC :: 6
IF ClE(;EX.GT,O) IOU1 :; 4l:iEXPL.
IFCIEGEX,GT.O) IOU 2 :; 4~OSIO

IF(lEGEX.GT~O) 10U3 :; 4~N
IF(lE~EX.LE,O) lOLl :: 4~EART

IF(IEGEX.LE.O) IOL2 :: 4~HQUA
IF(lEQEX.LE~O) IOL3 :: 4bKE
WRITE(61,14) NN,DT,10Ul~IOU2,10U3



HASKEL. PAGE 2

14 FORMAT(lHO,4HNN = ,I5,5X,4HDT = ,f1.2,5X,3A4/)
4002 CONTII\UE

READ(6Q,1) H,DIP,STK,SL!P,DT1,DT2.CT3,XMOM
IF (H.LE.O) GO TO 9999
Wk ITE(61,11) H,DIP,STK;SLIP,DT1,DT2,DT3,X MOM

11 rORMAT(lHO,3HH ; ,f7.2,4X.5HDIP = ,f7.2,4X,5HSTK = ,F7.2,4X,6HSLIP
1 = ,F7.2,4X,5HDTl = ,F7~2,4X,5HnT2 = ,r7.2,4X,5HDT3 = ,F7.2,'X,
2SHMOM = ,E10.3/)

H = H ~ 1,OE+5
CA.U. TRANS

4001 CONTIl\UE
RcAD(60,2) IFOR;-1, ITYP, ISPEC, IATTEN, IZ, IN, IE, IR, IT, IPCL

2 rCR'MA'/ (1015)
TF(IFORM.LF~O) GO TC 40e2
rr(IFOR~1.NE.2) IPOL = 0
\~ k I 1E( 61 , 12 ) I FaKM, I TYP,IS PEe , U TTE~! , IZ , IN, IE, I R, IT , 1POL

12 F0RMA1(lH ,H'15/)
C r~ORM = 1 P WAVe SY~THESIs = 2 S WAVE SYNT~ESIS
C ITyP .EG. 1 RESPONSE CF SOURCE AND REcEIVeR CRUSTS
c .EG. £ RESPCNSE CF SOU~CE CRUST ONLY -- TELESEIS~Ir P OR S
C .EG. 3 R~SPCNSE OF RECEIVER CRUST ONLY
G IbPbG GT 1 GROU~D MCTIO~ OUTPUT
C LE 1 SEISMOGRAPH CUTPuT
C IATTE~ ,GE, 1 ATTEN~ATIGN INCLUDED .LT. 1 NOT INCLUDED
C Ii Z LE 0 SKIP L~ 2 SEISMOGRAM GE 2 SPECTRA
C If, N LE ~ SKIP LE 2 SEISMOG~AM GE 2 SPECTRA
C It E LE L SKIP LE 2 SEISMOGRAM GE 2 SPECTRA
C I i~ R LEO SK1P LE 2 5E ISM 0GRA M GE 2 SPEe TRA
C IT T LE D SKIP LE 2 SEISMOGRAM GE 2 SPECTRA
C IPCL. GT. 0 PLOT SH VERSUS SV

~~ :: 2? 6
CkLL PULS~rx,Y,hN,DT,LT1,DT2,DT3,XMOM)

C~LL MI~MAX( Y,NN,S~I~,SMAX)

Ti..(2) :: 6HSOURCf:
TL(J):: 6~ PULSe
CAL~ ~ZPLOT2(X, y,N~,U,~~IN,XMAX,SMIN,SMAX,XL,Y~S,TL,l,l)

Dr = 1./(I""~DT)

4003 C0~TII\UE

RLAD(60,S> IST,D~L.8AZ,C,GEOM,GEOMS,BETSS

5 FORMAl (1H ,A4, 5X,3Fl0.!,2El0.3,F1Q,5)
IFC1Sl,EQ.4HHALT) GC TO 4001 .
WkITE(61,5) IST,DEL,8AZ,C,GEOM,GEO~S,8ETSS

C = C§1,OE+~

TL(2) :: 1ST
IF(lFCRM,EQ.l) SCALE = GEOM
IF(IFCRM.EQ.2) SCALE: GEOMS
DtLAY :: 0.(\
IFClfCRM.EQ.1> CALL PULtLYCDELAY>
N2 = i\ ~ 2
DO lOuO I :: 1,N2
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H.ASKEl..

1000 DATA(i) = 0.0
DO 1005 I = l,NN

1005 DATA(2~1~1) : YCI) * DT
CAL~ FOUR2(OA1A,N,O,-1)
CAL~ kESP(DATA,Dt.N.lf06M,ISPEC,lATTEN,SCAL~,DE~AY)
DO 2314 I = 1,258

2314 SAVE1(1) = DATAC!)
CAL~ SIGNALlZ,R,T,DEL)
Cb = GOS(8AZ~DEGRAD)

DW 70UO I = l,Nt\
Uf;(I) = - CO .. RCI) + S6 .. T(l)
Ui::(l) = - 58 * R(I> - Cij .. T(I>

7000 CONTII\UE
H (lPOL.LE.O) GO TO 5000
DC 40 u6 I = 1,,!
IF(ZeI).Nf.C.O) 5GN = SlGN(l,O,Z(I»
Ir (ZeI).EQ.O.O) SGN = S}GN(-1.0,R<I»

4°°6 USV~I) : SGN * SQRT(Z(I)*Z(I) + RCI)*R(I»
CALL MIN~AX'USV,N~,SMIN,SMAX)
CALl.. MINMAXCT ,N~,SSIN;SSAX)

DuM = ABS(ShAX)
IF(DU~.LT.ABSCSSAX» DUM: AeSCSSAX)

SMAX = DLt'I
11..(1) = 1ST
Tl..(2) = 6HS POLA
TL(3) = 6HRIZATI
TL(4) = 6hOi\,
CAL~ ~ZPLOT2(T,USV,t\N,O,SMIN,SMAX~S~lN,SMAX,SHL,SVL,TL,1,3)

CAL~ kAD(STK,DIP,SLIP,DEL,8ETSS,D,3)
CAL~ kAC(STK,DIF,SLIP,DEL,SETSS,E,2)
S~O~A~G = ATAt\2(E,D)/CE~RAD

:Aj HllE<61,6) SPOLANG,E,D
6 F(,; Hiv, AI (1 H , c: HSpeL. =, F6 • 1 ,5 X, 4HSH ;;, E1 0 • 3 ,5 X ,4 HSV =, E1 0 • 3 ,

s~ ; ~IN(SPOLANG*CEGRAn)

CC = COS(SPOLANG*DEGRAD)
Rl :;; 0.75 * SMAx

R2 = 0.95 * SMAX

XX(2) = R2 .. S5
YY(l) = Ri * CC

YY(2) = ~2

1 * CC
CAL~ ~XCURV2(XX,yy,2,O)

XX'(l> = - XX(1)
XX(2) = - XX(2)

YY(1) = - YY(l)
YY(2)=-YY(2)

CAL~ NXCURV2(XX,YY,2,O)
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HASKEL PAGE 4

n·Cl) = 6H
TL(2) = 1ST
TL(3) = 6H
TL(4) = 6H

5006 CONTI1-vUE
IFCIZ,LE.O) GO TO 5001
TI..(3) = 6HZ
IF(ITYP,EQ.2.AND.IFORM,EQi1} TL(3) = 6HP
JF(ITYp,EQ.2,AND.IFORM.EQ~2) TL(3) = 6NSV
IF(IZ,GT.2) GO TO 6001
CALI.. MINMAX( Z,~N.SMIN.S~AX)

ctLl.. ~ZPLOT2(X, Z.N~,O.XMIN,XMAX,SMIN,SMAX,Xl,V~S,TL,l,l'
6 0 01 CUNTp, UE
500:1. CON1IhUE

IF (IN,LE.O) GO TO 5002
TI.. ( 3) = 6 H~J

IFCIN·GT.2) GO TO 6002
CALL ~INMAX(UN,~N.S~Ih,SMAX)

CfLl.. ~ZPLOT2(X,U~.N~,O.XMIN,XMAX,SMIN,SMAX,XL,VLS,TL,1,1)

6002 cu,\T P,UE
500? Cl'1\ TIi\UE

IF(IE,LE,U' GO T0 5003
TI..(:5) = 6HE
IF(IE,GT,2) GO TO 6U03
CALL MI~MAX(UE,~~,S~I~.$MAX)

CALL tZPLOT2(~,UE,N~,O,XMIN,XMAX,SMIN,SMAX,XL,VLS,TL,1,1)
6003 CUf\TlhUE
5003 C:"'\Tlf\UE

n OR,LE,O) GJ TO 5U04
TI•. (;) = 6hR
n (ITYp,EQ,2.AND,l~CRM,l:Q.1) TL(3) = 6HP
If CITYP.EQ.2.AND.IFCRM.EO.2) TL(3) : 6~SV

IF (IR.GT,2) GO TO 6004
CALL ~INMAX( R,~N,S~I~,SMA~)

CkL~ tZPLOT2(X, R.N~,O.~MIN,XMAX,SMIN,SMAX,Xl,VLS,TL,l,l)
6004 cu~TIi\UE

50C4 Cv~.:TIf\UE

IF(IT·LE,O, GO TO 5005
T1-(.) = 6hT
Ir (IT.GT.2) GO TO 6005
CALL MI~MAX( T,f\N.S~I~,S~AX)

CAL~ tZPLOT2(X, T,N~,O,XMIN,XMAX,SMIN,SMAX,XL,VLS,TL,l,l'

6005 CO~, TI r"UE
5005 cCr--,lI!>,UE

GO TO 4003
9999 cG~iT I r-.UE

CALL PLQr(12.0,O,O,999)
STep
END
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ChARACTER XL,YL,TL,YLS,iHL,SVL,fL
C0MMO~ I CONTROL I IFOR~,ITYP,ISPEC,IATTEN,IZ,JR,IT
CuMMO~ I SOURCE I SAVE1( 25B),C,H,DIP,STK,SLIP,DCr(3),DCN(3),ISRC
CCMMO~ I FOURI CATA( 512),N,DT,OF
COMMO~ /PLTLIM I TM~N,T~MX,fMIN,FMAX

COMMON I PLTTTL I X~(8);YL(8),TL(8),FL(8),YLS(8),SHL(8),SVL(8)
COMMO~ I SAVE I SAVE2(2~8),SAVE3(258)

DIMEN~lON Z(258),R(258);T(258)
Nfl = N/2 + 1
N2 = h + 2
nC lOu 1 = 1,1';2
SAVE:2(I> = 0.0

SAVE3(1) = 0,0
ZCI> :: 0.0

R(I) = 0,0

999
leOD

C

c

.1 o. 0
100 CCt\TI[\UE

IF (ITYP.EQ.3) GO TO 1001
Dw love INDEX = 1.2
I~DEX = 1 P WAVE SO~RCE INDEX = 2 S WAVE SOURCE
I~ (lFORM,NE.!NDEX) GO TP 1000
D0 99S 1 = 1,NPl
FREQ ; (I-i) * DF
j::2 it I-l
K : 2 * I
IF(FRtQ,E~.D.O) ~REG = 1.De-os
IffIZ.LE.C.AND.IR.LE.O) GO TO 994
CkL~ SVSRC(FR~O,C,AR,AIIDCF,DCN,ISRC,H,PHI,INDEX)

S~VE2(j) = SAVE1(J) * AR - SAVE1(K) * AI
S~VE2(K) = SAVEleK) • AR + SAVE1eJ) * Al

99 4 C(; f'~ TI f\ Uf::
IF 'lN~Ex.EQ.1) GO TC 99S
IFOT,LE,U) GO TO 9':19
CALL SHSRC(FREQ,C,Ah,AI,DC~,DCN,ISRC,H,PHI)

SkVc3(J) = SAVEle~) * AR SAVE1(K) * Al
S~V~3(K) = sAVEleK) * AS + SAVE1(j) * AI
CU ~~ T I :~UE
Cull; TI t\ UE
AT THIS POl~T SAVE2 = MAKTLE P OR SV AND SAVE3 = MANTLE SH
IF(ITYP,EQ.2) GC TO 3001

10U1 CPHlhUE
Dv ~ovo INDEX = 1,2
n- (IrURM tNE~ INDEX) GO TO 2000
DO 1999 I = 1,NP1
J : 2 * 1-1
K: 2 * I
FKEQ = (I-i) * DF
IF(FR~Q,EQtO.O) FREG = 1,OE-05
IFCIZ,LE,O.AND.IR,LE.O) GO TO 1994

X-13

T ( t) =



HASKEL PAGE 6

C~LL DELSV(FREQaC,A~R,API,AWR,AWI.INDEX)

GO TO C1991,199l,1993),lTYP
1991 zeJ) = SAVE2eJ) ~ AhR - SAVE2CK) 0 AWl

Z(K) = SAVE2eK) * A~R + SAVE2CJ) 0 AWl
R(J) = SAVE2eJ) 0 AWR - SAVE2CK) * AUI
R(K) = SAVE2CK) * AUR + SAVE2(J) * AUl
GO TO 1994

1993 ZeJ) = SAVE1CJ) 0 AwR - SAVE1CK) * AWl
Z<K) = SAVE1eK) * A~R + SAVE1(J) ~ AWl
R(J) = SAVEieJ) ~ A~R - SAVE1CK) * AUI
RCK) = SAVE1(K) * AUR + SAVE1CJ) * AUI

1994 cGNTINUE
If- ONLEX.EQ.1) GO TO 19i9
IFCIT,LE.O) GO TO 1999
CALL DELSHCFREQ,C,AR,AI)
GO TO (1981.1981,19u3)~lTYP

1981 T(J) = SAVE3(J) 0 AR - SAVE3(K) * AI
T<K) = SAVE3(K) * AR + SAVE3CJ) * AI
GO TO 1984

1983 TeJ) : SAVE1CJ) * AR • SAVE1(K) * Al
T(K) : SAVE1(K) * AA + iAVE1(J) * AI

1984 CONTINUE
1999 CONTINUE
200D CONTIl\UE

GO TO 3002
3001 00 29~9 ! = 1,V2

Z( I! = SA VE2 C1)
PCI) = SAVE2(1)

2999
3002

C

3011

3012

3013
C

TCI) = SAVE3CI)
CONTI!\l)E
C(N TI i\ UE
S~ECTkA PLOTTED IF SO CALLED FOR
HCIZ.LT.2) GO 10 3011
H.. (.,3) = 6HZ
Ir (rTYP,EQ.2.A~D.lrORM.EQ.1) TL(3) = 6~P

IF(IT~P.EQ.~.ANC.lrCRM.eQ;2) Tl(3) : 6HSV
CAL~ ~PECCJF,N,Z)

IFCIR,LT,2) GO TO 3012
Tt..(3) : 6HR
IFCITYP.EQ.2.AND.IFCR~.EQ.1)TL(3) = 6~P

If ( IT YP, EQ• 2 •ANL. I FeR tl •EQ• 2) TLC 3) : 6H5V
C~lL ~PEC(Df,N,~)

IF(IT·LT,2) GO TO 3013
Ti..(J) = 6HT
CAL~ SPEccnF,N.T)
cOr--n IfI.UE
SeI~MQGRAMS NOW DETERMI~ED FROM THE SPECTRA
IFCIZ.LE.~.AND.IZ.GT.O) CALL FOURTRCZ)
IFIIR,LE.2.AND,IR.GT.O) CALL FOURTR(R)
IF (IT.LE.2.AND.IT.GT.O) CALL FOURTR(T)
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RcTURi\
E:"'Q

SuBRouTINE FOUR1ReX)
COMMO~ / FOuRI DATA' 512),N,DT,DF
Dl~1ENSION X(i)
N2 = 1\ + 2
00 loe I = 1,N2

100 DATACl) = XCI)
MM : t\/2 + j

DU ),015 I: MM,t'
J = N + 2 - !
DATA(2~I-i) : DATA(2*J-!)

1015 DATA(2*1) = - DATA(2*J)
D~TA(':*MM) = 0.0
D~qA(2) : Cl.O
CALL fOUR2(DATA,N,O,+1)
DG 10e::O I : ld~

J=2*I-l
1020 XC!) :; DATA(J) ~ CF

R[ TL,JRI\

Sl8KOl,)Tl~E TRANS
CCM~OI' / SOURCE I SAVE1( 2~8),c,H,DIP,STK,SLIp,DCF'3),DCN(3),lSRc

D0 lOI,) I = 1,3
DCF(!) : D.u

lor! DGNCI) = 0.0
H (IShC.LT.4.0R.ISRC.GT:5) RETURN

C IbRC .EO. 4 DCF:; CRIE~TATION OF X-AXIS
C DC~ :; CRIE~TATION OF V-AXIS
C !~qC .EQ. 5 DCF = CRIE~TATICN OF T-AXIS
C DC\ :; CRIE~TATION OF P-AXIS

10 F~RMAT(1HO, 5~X = (JF10.7,lH,.Fl0.7,lH"FiD.7,lH)
1 5x ShY:; ()Fl0.7,1H,.F10.7,lH"Fl0.7,lH) ,
i 5X, 5~Z = ()F10.7,lH,~F1D.7,lH"r10.7.1H) )

11 F l; f<' f-iA 1 (1 H ,? HT :; (, Fill .~ 7 , 1 H, , r 1 0 • 7 , 1 H, , FlO • 7 , :1 H) ,
l ~x, ~HP = (, Fl0~7,1H"Fl0.?,lH"Fl0,7,1H) /)
D~GRAL = O.G174~232;

SINS:; SIN(STK*DEGRAD)
cess; CQS(STK*CEGRAD)
SIND = ~IN(UIP*DEGRAD)

eLse; CCS(DIP*CEGPAD)
SlNF = SlN,SLIP*DEGRAC)
COsF ; COS(SLIP~DEGRAr)

All = COSF*COSS + SlNF~COSD*SI~S

A12 = COSFoSINS - SINF*GOSD*COSS
A1J = - SlNF*SI~D

A21 = - SlNS*SI~D

A2.,~ = COSS * SILD

X-IS
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A23 - - COSD
A31 = CQSS.SINr - CDSD*COSr*SINS
A~2 = COSD*cOSr~ccss * DINr*SINS
A33 = CQSF.SIND
WRITE(61,ln) Al1,A12,A1J,A21,A22,~23,A31,A32,A3J

IF(ISkC.EQ.~) GO TO 100~

DCFCi) I: Aii
CCF(2) = A12

DCF'(3) : A13
DeN(!) : A21

DCt\(2) - A22-
DCN(3) = A23

Rf:TLJRh
lCQ5 CUNTlt'-Uf

T1 = All ... A21
12 = ~,1 2 + A22

T3 = A13 ... A23
T~OkM = SQRT(Tl~Tl + T2~T2 ... T3*T3)
IF CT3.Lr,O.tJ) H.OR\1 = -T~ORM
DlF(l) : T1/T~CRM

DCF(2) = T2/TNORM
DCF'(3) = T3/T~ORM

P1 = Ali - A21
P2 = A12 - A22

p~ = A13 .. A23
P"CKM = SQPTCP1*Pl ... F2-P2 ... P3*P3)
II" (P3.LT,O.O) P[\ORM = - PNORM
JL~(l) ; P1/P~ORM

DCNt2) = p2/PNORM
DCN(3) = P3/P~ORM

W~ITE'61,11)DCF'1).LCF(2),DCFC3),DC~(1),DCN(2),DCN(3)

Rt:TLJRi\
E\!t

Sl'8 r<ouT I ~.'E HE SP (OA TA, CF # t\, I F ORr"" I SPEC, I ATTE N, SeA LE, DE L.A Y)
nlrcNSrON DATA(~)

I~ (IFCRM.EQ.l) TO = 1.0
C TIC = 1.0 FOR P WAVES (~ELMBERGER)

Ir (rFCR~.En.2) TQ = 3,0
C T/~ = 3.0 ~OP S WAVES (~ELMBERGER)

~1 : N/2 + j.

DC lO I = 1, M
Xl = I .. 1
FRE.Q : XI * [;F
ARC = 6.28318 53G7 ~ FRE' * DELAY
FAe: = 1.0
IFCIATTEN,LT.l) GO TO 9,
FAe = EXP("3.1415927 * TO * fREQ

99 C0 ~.JT I r. UE
J::2*1-1
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SF = SIk(ARG)
DATA(J) * CF - tATA'K)
DATA(K) * CF + tATA(J)
= TEMPR it FAC
= TE::MPT il FAc

K = 2 * 1
It(ISPEC.GT.1) GO TO 10$
IF(FREa.EQ.O.O) FREe = l.oe-5
CAL~ 5EISMAG(FRFQ,3000.,XR,XI)
GO TO 101

100 XR = 1,0
Xl = O,C

101 CONTINUE
TtMPR = XR*DATA(J) ~ XI*DATA(K)
TEMPI = XR~DATA(K) + XibOATA(J)
DATA(K) = TEMPI * SCALE
DATA(J) = TEMPR it SCAL~
cF : COS(ARG)

Tt::!'w1PR =
Tt.t-.1PI =
DATA(J)

10 D~qA(K)

Ri::TURt\
EI\D

SU8RO~TI~E PULDLY(DELAV)
C T~IS SUBROUTINE GIVES TWE DELAY TI~E. IT IS ON~Y VALID rOR
C C .GT. THE MAXIVUM F VELOCITY

C0 tJ ~1 0 f\ leo i,i TRai.. I I F0 F\ t"h I TVP,IS PEC, I ATTEN, I Z, I R, I T
CC~, ~I 0 l\ ISO UReEl S AVEl ( 258 ) , C, H, DIP, STK, S I,. I P , DC F ( 3 ) , DeN ( 3 ) , IS RC
COMMO~ I SRC~OD I nS(10),AS(10),BS(10),RHOS(10),MMAXS
CG~MO~ I REc~OD I nR(10),AR(10),BR(1C),RHOR(10),MMAXR
N~AxR = MMAXP - 1
Dt:LAY = O.,j
I FCITYP.EG.2) GO TO 101
DC 100 I = 1,~MAXR
S I ~: D ; AR( 1) I C

iCC DlLAY = D~LAY + DR(1)~SGRT(A8SC1.~SINB*SIN8»/AR(I)

lel CG~.;Tli\UE-

IF(lTVP.EQ.3) GC In 2~1

DL F) = 0.0
NMAXS = ~MAXS - 1
DG 2QU I = 1.~YAXS

DLU~\ = DS CI )
DH1 = DE.P
Dlp = DEP + DOUt-:
IFCH.GT.DEP) GO Tc 200
IFCH.GE.DPM.AND.H.LE.DEP) nDUM = DEP - H
SINE = AS(I) Ie
D~LAY = DELAY + DCU~ • SQRT(ABS(l. - SIN8*SlNB»)/ASCI)

20C CUNTIf\UE
2 01 CGtH I 1\ UE

PI; 'ruR/'
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SUBROUTINE MODELI~

COMMO~ IRECMOD I DR(10);AR(10),BR(10),RHORC10),MMAXR
CCMMO~ I SRCMODi CS(10),ASC10),SS<10),RHOSC10),MMAXS
WkITE(61,2C)

4 FORMATC1H ,~OX,4Fl0.4)
5 FORMATC1H ,50X,3F1C.4)

20 FuRMATC1Hl,l,lH ,51X,20~SOURCE CRVSTAL MODEL ,11H )
21 FORMATC1H ,42X,~OH THICK P VEL S VE~ DENSITV 11HO)
19 FORMATC1HO,I,lH ,50X,22~RECEIVER CRUSTAL MaPEL ,/iHO)
44 FORMATC4Fl0.4)
55 FURMATC10X,3F1C.4>

WhlTE(61,21)
Rt: ADC6 0 , 1 > t", ~1 AX:;;

1 FGR~i ATCI5 }
L = Mrv'AXS - l
DC 30 I = i,l
READ(cO,44) OS(] ),ASC1),BScl),RHOSCI)
WkITE(61,4' DSCl),ASC!),8S(I),RHOSC!)

30 CUNTP"'UE
REA D( t,; 0 , 55) AS ( t~ MAX5 ) , 8S CMMAXS ) , RHO S( MMAXS,
Wr:( I TE (61,5) tIS (H111XS), 85 (MMAXS), RHOS (MMAXS)
ri rqTF.(61,19)
WhITE(6l,21)
RtA L,. C6 0 , 1) HI AXr~

L : M~; AXR - 1
DC 40 I : 1.l
RlAD(bO,44) DRC:),Ak(I),8RCI),RHORCI)
WhITE(61,4) nRCI),ARCI)~8R(I),RHOrqI)

4G CUt\1I!\UE:
RtAO(60,55) ARC~MAXh),8~CMMAXR),RHOR(MMAXR)

WfITE(61,S' ARC MM AXh),8R(MMAXR),RHORCMMAXR)
nr.Cr1MI",XR) = o.a

DStt 1MAXS) = D.C
C MCril PARA~ETERS CO~VER1ED TO CGS UNITS FROM MKS UNITS

Du 10~ 1 = i,MMAXR
D~(l) = DRCI) * 1.0E+5
A"(l) = ARCl) 0 1.0E+5
Sktl) = 8ReI) * 1.0E+5

iPS Cut\i P~UE
Dw 101 I = 1,MM~XS

DS(l) = D5(1) * 1.0E+5
ASC!) = ASCI' * 1.DE+'
BS(l) = 8S(I) * 1.0E+5

101 CCNTIf\UE
RL i URi\

SU8RO~TINE HADCSTK,tIP~SLIP,DEL,BET,AMp,INDEX)

DtGKAL = O.0174~232~
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SINS: SINCSTK*DEGRAD)
COSS ; COSCSTK*DEGRAD)
SIND : SIN(DIPoDEGR~D)
CWSD : COSCDIP*DEGRAD)
SINF : SINCSLIP.DEGRAD)
CvSF : COSeSLIP~DEGRAD)

SlN8 : SIN(bET*DEGRAD)
COSS : COSe8ET*DEGPAD)
SINDL : SINeDEL~DEGRAD)

COSUL : COS(DEL~DEGRAD)

All: COSF*COSS + SINF*COSD*SINS
A12 : COSFoSINS - SINF*COSD*COSS
A13 = - SINF*SIND
A21 : - SINS*SI~D

A22 = coss ~ SI~D
A23 : - COSO
AJ1 = COSS*SINF - CCSD*~OS~*SINS

Aj2 = COSD*COSF*COSS + SIN~*SINS
A-S3 = COSF*SIND
xP = SIN8*CuSDL
yP : SINR*SINDL
ZF' = LOSS
X = All*XP + A12*YP + A13*ZP
y = A21~XP + A2~*YP + A23*ZP
Z : Ajl*~P • A3i*YP + A33*ZP
R~ ; X*X + VoY + Z*L
Gl TO e1,2,j),li'~DEX

C p AMP~ITUDE

1 AMP = 2,*x*Y/R2
Rl T~Rr\

C s~ AMPLITUDE
2 AMP = -5,196oCCA11*Y+A21oX)*SINDL - eA12oY+A22oX)*COSCL)/R2

R~TURi\

C sv
3 IF (SI~8,EQ,D.O' GC TO 30

A~P = 5,196~(2,~X*Y#COSE - A13*Y " A23~X)/(R2*SINB)
RE:TURr\

3C A~P = 5,196 ~C(A23*Al1+A21*A13)oCOSDL+ (A12~A23+A13*A22)*SINOL)/
1 h2

Rt:1URi\
Ef.,[

S08RO~TINE MINMAX(X.N,X~IN,XMAX)

Dl~ENSION X(1)
X~iAX = -1.0E:+38

DO lOCi 1 = 1,r,
IFeX(I).GT,XMAX) XMAX = XC!)
HeX(l).LT,XMIN> XMIN ~ XCI)

100 CV\TINUE
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WRITE'61,1) XMAX , XMIN
1 F0RMAT(1H ,6HXMAX :: , E10;3,5X,6HXMIN = , El0,3)

IF(XMAX.EQ.C.O.AND.XMIN1EQ.O.O) XMAX z 0.001
IF (XMAX.EQ.xMIN) XMIN = - XMAX
Yf", AX = XMAX

lrCABSeXM1N).GT.YMAX) VMAX = ABS(XMINl
XMAX :: 2.0 ~ Y~AX

XMI~ ; • 2.0 ~ VMAX
RETURN

END

SuBROUTINE SEISMAGCFREQ,PEAK,XR,X!)
C ThIS RESPONSE GIVES A PCS1TIVE DISPLACEMNET fOR A POSITIVE IMPU~SE
C l~-lOO SVSTtM
C PEAK MAGNIFICATIONS ARE 350.700,14DO,2800,5~OO

WE :: 6.2831853*FREQ
t~DEX = (PEAK+l~)/375.

G0 TO'1,2,2~3,3,3,3,4,4~4,4.4,4,4;4,5),INDEX

1 Fi''iAG:: 278.
S1Gf'lA :: 0'.003

GO TO 6
2 P;AG = 556.0

3IGMA :: 8.0:1.3
GO TO 6

·3 FhAG = 1110.
SIGMA :: 0.047

GO TO 6
4 FhAG :: 2190.

SIG~1A ;; 0.2(14
GO TO 6

5 FhAG :: 3951'1.
SIGMA :: 0.805

6 ZlT;:,=1.I.93
ZETA1:1.

itlN=.418879
l~Nl::. 062831853

Ah:: (~E*WE-WN*WN)*(WE~Wt-I~Nl*WN1)~4.*ZF.TA*ZETA1*WN*WN~*(1,-SIGMA)

l*i'iE*Wt.
Al=2.*WE#(ZETA1*W~1*(WN*WN~WE*WE)+ZETA*WN*eWN1*WN1-WE*WE»

FACTQk : FMAG*WE*WE~WE I (Al*AI + AR*AR)
Xk = - AI * FACTOR

xl = · FACTOR * AR
Rt TURt\
Et; D

SW8ROUTINE FOUR2(CATA,N~,IDUM,ISIGN)

DIMENSIO~ DATA(1)
N = 2 * t\N
J :: 1
DO 5 1=1,N,2
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IF (I-J)1,2,2
1 T~MPR = DATACJ)

T~HPI = DATA(J+l)
DATAeJ) = DATA(!)
DATAeJ+1)=DATA(I+1)
DATA( I) : TEt~ PR
DATACl+1) = TE~PI

2 M : N/2
3 IF(J-M) 5,5,4
4 J : J-M

M : M/2
!FcM-2)S,3,3

5 J=J+M
Ml"'A,X :;: 2

6 n (MMAX-N) 7,10,10
7 ISTEP= 2 *MMAX

ThETA: 6,2b318S307/FLOATCISIGN*MMAX)
Sl~TH=SI~CTHETA/2.)

W~TPR=-2.*SlNTH~SINTH

WS1PI=SIN(THETA)
Wh:l.O
Wl:0.0
DCJ 9 t"=1,MMAX,2
DO 0 l=M,NdSTEP
J =I + Mt>,A X
TEMPR:;:WR*DATA(J)-~I~nATA(J+l)

T~MPI=WR*DATA(J+1)+~I*DITA(J)
DA'AC~)=DATA(I)-TEMFR
DATAe~+l)=~ATA(I+l)-TEMPI

DATACl)=DATACI).TEMPR
~ DAi"ACI.l) = DAT~Cl+l)+TeMPI

TUIPR = WR
WR = ~R*WSTPR-WI*~STPI + WR

~ wI :;: wI*WSTPR+TEMPR#WSTPI + ~I

Mi'iA\X = ISTEP
GO TO 6

11 RbTURi\
E\D

SU8RO~TINE PULSE(X,Y,~N~DT,DT1,DT2,DT3,XMOM)

C ThIS SUBROUTINE GENERATES A TRAPEZOID OF AREA XMOM
DIMENSIO~ XC1',Y(1)
T :: - DT
Tu :;: tTl + OT2 + CT3

T1 :;: TO + DT1
T2 = T1 + DT2

T~ = T2 + DT3
AREA = 0,5 ~ ( UTi t cr2 + DT2 + 01 3 )
HT : XMOM I AREA
DC J.OO I = 1,NN
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T : T ... DT
Xq) = T
IF(T.LE,TO) YCI) : 0.0
IF(T.GT.TO.AND.T.LE.T1) Y(l) = ~T'(T·TO)/DTl
lFCT.GT.Tl~AND.T.LE,T2) YCl) = HT
IFCT.GT.T2~AN~.r.LE.T3) VCI) = HT * (1. - (T~T2)/DT3)
rHT.GT,T3) Y(I' : 0.0

100 COt\TIr~UE

RETURI\
E~D

S~8RO~TINE uELSVCFREQ,C,AUR,AUI,AWR,AWI,INDEX)
C HASKELL FORMULATION OF 8ESPONSE AT SURFACE or LAYERED HALF SPACE
C TO INCIDENT PLAI,E P WAVE (INDEX=l) OR TO INCIDENT PL.At',E SV WAVE
C ( H'DEX =2)

CU~MO~ I RECMOD I 0(10), ACiD), 8(10), RHO(10), MMAX
hVhO = 6.2b318529 ~ FREQ I C

All = 1.0
Al,~ = C.o
A2j. = 0.0
A~,~ = 1,0
A3~\o = 0.0
.A3;~ = o,a
A4:L = 0.0
A.~~~ = 0.0
DC 13 4 6 ~1 : 1, t"UAX
Cell A : CI A( I'; )
ClJ'Id = C/8(~')

GI,lY = 2./cnV8o*d
G/q'H11 = GAM - 1.
RA = ~QRTCA8S(CnVA*CoVA - 1.» + 0.0000001
R~ ; SQRT(ABS(cnV8*COVB - 1.» + 0.0000001
H : RhOCM) ~ C ~ c
If (M-I"MAX) 7001,7002.7002

7001 p = WVNOoD(~)~RA

Q : WVNO * DCM) * RB
IF (C-b(M» 1211,1221,1231

1231 SINQ : SIN(Q)
y = SlNQ/R8
Z = Ro ~ S I r>JQ
COSQ : caS(Q)
GU TO 1242

1221 Y = WVNO*D(M)
Z = 0
COSQ = 1.0
GO TO 1241

1211 EXQP : EXPCQ)
EXQ~1 : L/EXOP
Y = (~XQP-EXOM)/(2.*RB)

Z = Rb ~ <ExQM-EXQP)/2.
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coso = (EXQP+EXQM)/2.
1241 EXPP = EXP(P)

exp~1 = 1, /EXPP
W: (EXPP-EXPM)/(2.oRA)
X = RA ~ (EXPM-EXPP)/2.
COSP : (EXPP+EXPM)/2.
GO '-0 124

1242 IFCC-A(M»1241,122,123
123 SINP = SINCP)

W : SINP/RA
X = RA .. 5 Ir\JP
CGSP = COSCP)
GO TO 124

122 W = WVNOoD(M)
X = 0
casp : 1

124 811 = GAM~COSP - GA~Ml*COSQ

B~2 = GAMM1~W + GAM~Z

Bl3 = -(COSP-CQSQ)/H
bl"r = (W"''Z)/H

821 = GAM*X ... G~MM1*Y
B~2 = -GftM~1*COSP + GAMijCOSQ
BZ3 = -(X+V)/H
8 ~ 1 = Hit GA~.~ .. GAM t' 1* (COS P~ COS Q)
832 = H*(GAMM1*GAMM1*W ~ GAM*GAM*Z)
841 = -H*(GAM*GAM*X + GAMM1*GAMM1*Y)
EA11 ; B11*A11 * 812*A21 ... B13*A31 • 614*A41
EA12 = 811*A12 • 812 o A22 + 813*A32 • a14*A42
EA21 = 821*Al1 * b22*&21 823*A31 + 813oA41
EA22 = 821*A12 • 822*A22 B23*A32 ... B13*A42
EA3l = b310A11 + 832oA21 • 822*A31 • B12oA41
EA3~ = 831*A12 ... 832*A22 + 822*A32 • B12*A42
EA4~ : 841*A11 • 831oA21 + B21*A31 • Bl1*A41
E~42 : 841*A12 + 831*A22 + 821*A32 + Bl1*A42
All : EA11
A12 = EA12
A21 = EA21
A~2 = EA22
A31 : EA31
A.32 : E.A32
A41 = EA41

1346 A42 = EA42
7002 Ell = -GAMoCOVA~COVA

E13 : 1./(RHC(MMAX)*A(~~AX)*A(MMAX)
E22 = GAMM1~COVAOCOVA/RA
E24 = E13/Rt.
E44 : 1./(H~GAl'I)

E33 : - E44/R8
E~1 : - E33oGAMM1*H
E42 : 1.
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EJll = E11*A11 * E13oA31
EJ12 = El1*A12 • E13*A3~

E~21 ; E2~*A21 * E24*A41
EJ22 : E22*A22 • E24*A42
EJ31 : E31*A11 • E33*A31
EJ32 : E31*A12 ~ E33*A32
EJ4~, ; E42*A21 E44*A41
EJ42 : E42*A22 E44*A42
IF(COVA,GT.1.0) GO TO SeOD
AA :: EJ11 - EJ2~
Bb :: v,a
Et::: 0.0
FF :: E:Jl? - E-J22
GO TO 5001

500a CONTINUE
AA •• E:Jll
88 .. EJ21
EE .. -EJ2~

n .. E:J12
5003 CC .. - EJ42

DC :: t:J32
GG .. t:J31
HH .. E:J41
GO l' 0 5002

SOC1 IF (COVB.GT .1.0) GO TO Se03
cc .. - EJ32 - EJ42
DL:: U.o
G... :: 0.0
Hh 0:: t;J31 ... E=J41

5 0 02 CO r'H F" UE
XH ~ AA*CC - BS-DC - EE*GG • FF*HH
Xl ~ AA*DD • B8,ce - EE~HH • FF*GG
DINVR: XR/eXRo>R.XI*XI)
DINVI : -X!/(XRcXR.XI*X1)
Xf~:: r:I~~\lR

XI = DINVI
GO TO (6001.60D~),I~DEX

60~1 AuR = -2.*CCVA*'CC*~R-Dt*XI)

AUI = -2.*COVA*(CC*XI+Dt*XR)
A~R = -2.*COVA*(GG*XR-HH*XI)
A~l = -2.*COVA*(GG*XI+H~*X~)
RtTURf\

6002 AUR =-COV8*(EE*XR-FF*XI)
AU! =-COV8*(EE*~I.FF*XR)

A~R = -COV8*(AA*XR-8B~XI)

AWl = -COV9~(AA4XI+88*XR)

Ri:: TlJRt\
EI\D

SUBRO~T!~E DELS~(FREQ,C;AR,AI)
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C HAS~\E~L FORMULA1ION OF ~ESPONSE AT SUBrACE or LAYERED HA~PSPACE To
C A~ INCIDENT PLA~E S~ WA'e IN THE HALFSPACE

COMMO~ I REc~OD I DC1D); ACiO), 8i10), RHO(10), MMAX
WVNO = 6.28318527 * PRES I C
All = 1
A21 = 0.0
DC 1340 M = 1,M~AX
COVc; : C/8(M)
Rb ; ~QRT(ABS(COV6*COV9- 1.»
H = RHOCH) ~ 8(~) * SCM)
H (H-hMAX) 7001,7002,70G2

7001 Q : WVNO*DCM)*RB
p (i>bO',) >121101221,1231

1231 SlN~ = SIN(~)

Y = SING/Kg
Z : Rb * S H.G
CCSG : COS(Q)
GC TO 1242

1221 Y = WVNO*D(M)
Z : 0
CGS) ; 1
GC TO 1242

1211 EXQ~ = EXPCQ)
EXQ'1 = 1./ExQP
Y = (tXQP-FXQM)/(2.*RG)
Z : RL.(EXQ~-EXQP)/2.

CCSj : (EXQP+Ex~M)/2.

1242 EA11 ; COSQ-All - Y*A21/H
FA21 = H*Z.A11 t COSQ*A~1
All = EA11

134~· Af.:l = EA21
70C2 FAC = H*Rb

DbNOM = FAC.FAC.Al1*Al1 + A21.A21
A~ : 2.*FAC.rACoAl1/DENCM
Al = - 2.*FAC*A21/DtNCM
RtTuRi\
Ei\D

S~BROlTINE SHSRC(FREQ,C1AR,AI,DCF.DCN,ISRC,DEPTH,PH!)
CUM~O~ I SRCMOD / D(10); ACiD), 8(10), RHO(10). H~AX

CO~PLtX SU H .SC(3,2).SS(3,2),EIP(3)
CGMPLtX FL,HS(3),HC(3)
CCMPL~X DM11,D~12.D~21,tM22

C~MPLtX EJ11,EJ~1.EI11,aI22,EL11,EL12,EL21,EL22
COMPLE:X EYE
DIMEN~ION DCF(3j,CC~(~)

DtGRAL = 0.017452329
EIP(1) = CMPLX(1.0,O.O)
EIP(2) : C~PLX(O.O,1.0)

EIP(3) = CMPLX(~1.0.0.0)
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EYE = CMPLXCO,O,1,O)
PH ~ PHI 0 DEGRAD
IF(FREQ.EQ.O.O) GO TO 9669
WVNO = 6,28318527 * rRE; I C
Al1 = L 0

A21 = 0.0
AP1:L ;; 1.0

AP21 = 0.0
AP12 ;; 0.0

AP22 = 1.0
DEP = 0.0
DC 1340 M = 1,MM AX
C0V3 = C I E(M)
R~ ~ ~V~O *CSQRTCA8SCCO'8*COVB-1.) • 0.0000001
GAM = 2./COV8**£
FPC = RHO'~) * &AM/'2.*~VNO~WVNO)
If- ('1-!'\MAX) 7001,7002,7002

70C1 Q = Rc * CC~)

D~'M = DEP
DE:P = DEP + DC~)

I r (DEPTH. GE. DPM. At\D. DEP.TH.L T. DEP) LSAVE = M
nCDEPTH.GE.rPM,AI\D,DEPTH.Lr.OEP) DEPM I: DEP ... DEPTH
IF CC-b(M» 1211.1221,1231

1211 EXQ~ = EXp(Q)
E,l\QM ;; 1./EXQP
Cas] ;; 0.5 * (E~QP+EXGM'
SINJ ;; CEXQP-E~QM)/2.

Y : SlNQ/(Rc*FAC)
Z I: Rb*FAC*SIt\Q
GO TO 1242

1221 CUSQ ;; 1. 0
Y = D(M) I FAe
z : 0,0
GC TO lc::42

1231 COSQ ;; COS(:)
SlNQ ;; SINC,,)
Y = SlNQ/(qG*FAC)
Z = -he * rAe * sING

1242 C0NTI!\UE
EA11 = COSQ * Ali + Y * A21

C Ek12 = coso * A12 + Y * A22
EA21 = l * Ali + COSO * A21

C EA22 : Z * A12 + COSQ * A22
A:1,l = EA11

C Al2 = EA12
A21 = EA21

C A22 = EA22
IF(DEPTH.GT~DPM) GO TO 1340
EA11 = COSQ * APil + Y ~ AP2l
EA12 = COSQ * AP12 * Y I AP22
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EA2:L = Z ~ AP11 + COSQ u AP21
EA22 ;; Z * AP12 + COSO , AP22
AP1;l :: EA11
AF1:2 ;; EA12
Af'21 :: EA21
AP2:, ;; t:A22

1340 CONTI"UE
7002 CCNTlf\UE

CORM;; C/BClSAVE)
Rb :: wVNO*(SQRT(ABS(C08M*COBM-l,») + 0.0000001)
GI't'1 ;; 2. /C08M**2
rAe ;; GAH/(2.*WVNC*~V~O)
Q :: Rb * DEP~

IFCC-C(LSAVE» 1411.1421,1431
1411 EAQP ;; EXP(Q)

EXQi1 = 1./EXQP
COSQ ;; 0.5 * 'EX~P+EXQM)
SlN~ ~ Q,5*CEXQP-EXCM)
Dl1R ;; COS~/RHO(LSAVE)

D121 = 0.0
D221 ;; 0.0

D12R = -SI~G/R~O'LSAVE)

Dclk ;; rAC*R8*SING
Dc2R :: -FAC*RB*COSQ
Gl TO 1442

1421 n11R :: 1.0/R~O(LSAVE)
D12ri' ;; 0.0

D21P ;; 0.0
D12I :: 0.0

C22R ;; 0,0
D221 ;; 0.0

G" TO 1442
143j CvSQ ;; COSCJ)

Sl~CJ;; SIN(Cn
011~;; COSQ/~HOC~SAVE)

012("\ ;; w.O
0121 ;; - SI~Q/Rha(LSAVE)

D~lR ;; - R8.FAC_SING
DI::,''';; O.U
0221 ;; - R8*FAC*CCS~

1 442 CC; ~i TI 1\ UE
Dril ;; CMPLxC011R,O.O)
D~' :l. 2 ;; eM PL x(D12 R, D.12 I ,
D~21 = CMPLX(021R,O.O)
DM22 = C~PLX(D22R.D22I)

SINT = t:HMMAX>/C
COST = SQHT(A8S(1.-SINT*SINT»)
SINT = 6,2831853*FREQ/8CMMAX)
COST = RHO(MMAX) * COST
EA11 : Ail ~ COST
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EA21 : A21 * SINT
EJ11 ;: CMPLX(EAll,O.O)
EJ21 ;: CMPLXCO.U,EA21)
FL :: l:J11 - EJ21
EI11 ;: CMPLX(COST,O.O)
EI22 ;: CMPLX CO.O,SINT)
EL11 = AP11*DM11 + AP12dDM21
E~12 = AP11 * DM12 + AP12 * DM22
EL21 ;: AP21 * DM11 + AP22 * DM21
EL22 = AP21 * DM12 • AP22 * DH22
D~cl:t = ELll

DM12 ;: EL~2

DM21 = EL21
DH22 = EL22

ELll = Ell1 * DMil
EL12 = Eli1 * nr 12
E~21 = EI22 * DM21
EL22 = EI22 * DM22
RtB = SGRTCA8SCll./(C*C,)-(1./CBCLSAVE)*B(LSAVE»») + 0.0000001
ChL~ ~HEXCCFREQ,WVNO,RB6,DCF,DCN,ISRC,A(LSAVE),B(LSAVE),c.SC,SS)

DC 8700 N = 1,3
HSC~) = CEJ11*EL21-EJ21,EL11)*SSCN,1)

l • (EJ11oEL22 - EJ21*EL12) * SSCN,2)
HLC~) = CEJ11*EL21-EJ21*EL11)*SCCN,1)

l T (EJ11*EL~2 - EJ21*EL12) * SCCN,2)
870J cGNTIi\UE

SlM : CMPLX(O.O,O.O)
DC 67~O N ;: 1,3
,Ai,G = (N-1) * PH
SuM = SUM + (HC(N)*SI~(~NG)-HS(N)~COSCANG»*EIPCN)

8751 CUNTI!\UE
SUM = SUM/(RHOCMMAX)*B(~~AX)*FL*EYE)

Ah ::: REAL(SJM)
AI :; AIMAGCSU~)

Rt:Tl,iRf\
9669 C0NT I HJE

L~AVE = MMAX
R~8 ::: SQRTCA8S(1./(C*C»-(1./(8CLSAVE'~8(LSAVE»») + 0.0000081
C~L~ SH~XC(FREQ,~VNC,R8e,DCF,DCN,ISRC,A(LSAVE),8(LSAVE),c,SC,SS)

S~M ::: CMPLXeO.O,o.O)
D\.. 97JQ N = 1,3
AI\G ;: el\j-i) * PH
SlM ;: SUM + (SC(N,2)*Sl~(ANG) - SS(N,2)~COS(ANG»*EIP(N)

9700 CCNTlf'UE
AG =-REALCSUM)/,RHOCMMAX)*BCMMAX)*B(MMAX»
AI = 0.0
RETURf\
EI'D

Sv8RO~TINE SHEXC(FREQ,WV~O,R8,F.N,ISRC,ALP,8ET,C,SC.SS)
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COMPLEX SC(3,2),SS(3,2)
COr-1PLt:X VB
CCMPLc.X EYE,ONE
REAL N
DIMlNSION ~(3),N(3)

C I~RC = 1 S!NGLE FORCE I~ DIRECTION CF1,F2,F3)
C ISRC = 2 DIPOLE I~ CIRECTION (Fl,F2,F3)
C 15RC = 3 SI~GLE COUPLE PORCE (F1,F2,F~) OFFSET (Nl,N2_N3)
C ISRC = 4 DOuBLE COUPLE ~ITHOUT MOMENT X-AXIS (F1,F2,F3)
C Y-AXIS (N1,N2,N3)
C 15RC = 5 DOUBLE DIPCLE T-AXIS (Fl,F2,F3) P~AXIS (Nl,~2,N3)
C I~RC = 6 PURE COMPRESSIO~AL SOURCE . .

EYE = CMPLX(O.Q,1.0>
O~E = CMPLX(l,O,J.O)
P14 = 12.5663706
P14C = PI4*C
FAe = 1./(RET*8ET*12.56137Q6)
Wv = 1./C
DC ;LOu I = 1,2
DV :l. 00 N~~ = 11 3
SC(NN,I) = CMPLX(U.O,O.O)

1 COS S ( I'm, I) = c t-I PL X( 0 • U, 0 • G)
It (FRtQ.EQ.o.O) GO TO 200
I~ (e.Gr.BEr) va = C~PLxtO.O,RB)

IF (C.LE.8ET) v8 = CI'IPl..X{R8,O.O)
Gl TO (1,2,3,4,5,6),ISRC

1 CC~Ji I i\UE
sc(2,~) = (_2.*F(1)*FAC) * EYE! VB
SSl~2,2) : (-2.i~FAC~F(2) ~ EYE I V8
R t: TWR i\

2 SC(~,l) = (-2.*FAC*F(1)~F(3»*O~E
SS(2,1) = (-2.*F(2)*F(3)*FAC'*ONE
SC(3,~) =crAC*CF(2)**2-fC1)**2)*kV )IVB
S~(3,2) = (-2.*FAC*wV *F(1)*F(2»/VS
Rl 'r UR l\

3 SS(l,i) = CFAC*WV ,CF(2)*NC1)-F(1)*N,2»)/VB
SC(2,1) :(-2.*FAC*F(1)*5(3»*ONE
S~(~,l) = (-2.*FAC*F(2),N(3»,ONE
SC(j,~) : (~V ~FAC~(F(2)*N(2)-F(1)*~(1»)/VB

SS(3,2) = (-FAC*~V *(F(1)*N(2)+F(2)*N(1»)/VB
RLTIJRI\

4 SC(2,1) : (-2.*FAC*(F(1)*N(3)+F(3)*N(1»)*ONE
SSC~,l) : (-2.*FAC*(F(2)oN(3)+F(3)*N(2»)*ONE
SC(J,2) : (2.*FACoWV *CF(2)*N(2)~F(1)*N(1»)/V8

SS(~,2) = (-2.*FAC*~V -CF(1)*N(2)+F(2)*N(1»)/VB
Rl rURI\

5 SCCi,l) : (-2.*FAC*(F(1)*FC3)-N(1)oN(3»)*ONE
SS(2,l) : (-2,*FAC*(F(2)*F(3)-N(2)*N(3»)*ONE
SC(3,2) = (FAC*WV o(F(2)**2-F(1)**2-N(2)**2+N(1)**2»!V8
SS{3,2) = (-2.*FAC*~V *(F(1)*F(2)-N(1)*N(2»))/VB
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WVNO ... OMEGA I C

RE=:1'URf'.
6 RtTURfI

200 GC TO (11,12,13,14,15,t6),ISRC
11 SC(2,2) : (-2.*F(1)/PI4)*EYE

S~(2,~) = (.2,*F(2)/P14)*EVE
RE:TURI\

12 5C(3,2) : (CF(2)**2 - Ftl)**2)/PI4C)*ONE
55(3,2) = (-2.*F(1)*F(2)/pI4C)*ONE
Rc T\,iRf,

13 55(1,2) : «r'2)*~(1)·Ft1)*N(2»/PI4C) * ONE
5[(3,2) = «F(2)*~(2)·Ftl)*NC1»/RI4C) * ONE
5S(3,2) = (.(Fel)oN(2).t(2)*N(1»/PI4C) * ONE
Rt: 1 Li RII,

14 SC(3,i) = (2.*eFC2)*N(2)-FC1)*~(1)/PI4C) 0 ONE
S~(3,2) = C-2.*(Fe1)oN(2)+FC2)*N(1»/PI4C) * ONE
Rl: lWR~'

15 SCej,Z) = '(F(2>**2-F(1)**2-N(2)**2+N(1)**2)/PI4C) * ONE
SS(3,2) = (-2.*(~(1)*F(2)-~(1)~N(2»/PI4C) • O~E

RL lUR'\
16 Rt1'\.JRt\

E/\;[J

S~8ROUTINE SVSRCCFREQ,C#AR,AI,DCF,nCN,ISRC,DEPTH,PHI,!NDEX)
COMMO~ / SqCMOD I D(10); A(10), 8(10), RHOel0), MMAX
CCMPL~X 5C(~,4"SS(3,4)~5UM,EIPe3)

CG~PLEX ZERc,Fl,F2,F3,r4,FR,HS(3)~~C(3)

C0~'iPLE X VB
CL~PL~X EJ(4,Z),ELC4,4),DP(4,4),EI(4,4)
CC~Ji PU: X EYE, 0NE
D1MEN5ION AA(4,2),AP(4,4),Bb(4,4)
Dl~ENSIO~ E~(4,4)

DIMENSION nCr(3',DC~(3,
D~GkAL = 0.017452329
EIP(l) ; CMPLXC1.O,O.O)
EIP(2) ; CMPLxeu.O,l.O)
~ IF' ( 3) = C'~ FL, X e-1. Q, 0 , 0 )
oI, E = EI P ( 1 )

EYE; EIP(2)
ZlRU = CMPLXCO.O,o.u)
Ph ; PHI * DEG~AD

OhEGA : 6,26318:;27 * FREQ

DC 101 J = i,2
DC. lOw I = 1,4

100 AA(!,J) = n~o
101 AA(J,J) = 1.0

DC 102 I = 1,4
DO lOoS J = 1,',

103 APCI,~) = ".0
102 Af'fl,l) = 1.0
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DEP = 0,0
DO 1346 M I: 1,MMAX

A~P = A(M)
BET - 8 (M)..

DEN = RHO(M)
DM = DeM)

DEP = DEP ... reM)
CQV8 = C/BET
GAM = 2./COV8**2
GAM M1 = GA'1 - 1.
RA = SQRT(ABS(j./(C#C) ~ 1./(ALP*ALP») + 0,0000001
R~ : SQRTCAbS(l,/(C*C) ~ 1./(BET*8ET») + 0,0000001
IF(DEPTH.GE.DPM.A~D,DEPlH.LT.DEP)LSAVE = M
IF(DEPTH.GE.DPM.A~D,DEPTr.LT,DEP) DE PM = DEP .. DEP1H
IF(M-~MAX) 700 1,7002,7 oe 2

7001 CONTIi\UE
CALL CO&F(OMEGA,C,WVNO,ALP,8ET,DEN,DM,RA,R8,GAM,GAMM1,BB)
DO 60~2 1= 1,4
D~ 6052 J = 1,2
EHl,.,i) = n.D
DG 6Q 52 K : 1,4

6052 E~(l,~) : EA(!,J) + 8B(1,K,*AA(K,J'
['C bO=:;3 I; 1,4
[1\, to?3 J : 1,2

6053 A"(l,~) = ~A(r,J)

IF ( l. EfJ TH • GT • DP'1) GOT G f 3 4 6
DC 60~4 I = 1,4'
DC; 60=-4 J = 1,4
EACI,.J) = 0.0
DC, 60~4 K = 1,4

6054 EAfl, ... ) = El~(l,J) .BE,'!,KJ*AP(K,J)
DC 60~5 I = 1,4
DC 00:;'5 J : 1,4

6 () :;; :-;A~' I: I ,..i) = E: A ( I , J )

13 4 6 C(.; ~J1 I i\ UE
70C? corn P'UE

U!(C.L.E,8(~:-;AX» VB = CMPLXCOMEGA*R8,O,O)
IF (C.GT.8(~~AX» VR = CMPLX(O,O,OMEGA~R6)

DC: 60 49 I = 1,4
DC 00 4 9 J = 1,4

604Q EI(l,~) : Z~PO

E1 :L = - DEN" GAt~

E42 = DEN*GAM/(~V~OoWVNC)

E~2 = -DEN*GAMM1/(O~EGA.RA)

E24 = WVNO~~VNO/(OMEGA~BA)

Ej l = DEN*GAMM1/(0~EGA*Re)
E33 = -l./CCMEGA*RB)
El(l,l) = CMPLX(El1,O,O)
EI(l,~) = O!~E
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El(4,2) = CMPlXCE42,O.O)
EI(~,4) = CNPlXC-l.0,O.G)
IF (e.GTIAl?) GO TO 6331
El(2,2) = CMPlXCE22,O,O)
El(2,4) = CHPlXCE24,O,O)
GO TO 6:S32

6331 E~(2,2) : CMPLX(O.O,-E22)
EI(2,4) = CMPLXCO I 0.-E24)

6332 IF(C.GTIBET) GO TO 6333
El(3,1) = CMPLXCE31.0,O)
El(3,J) = CMPlXCE33,O.O)
GC TO 6334

6333 EI(3,1) : CMPlX(OIO,-E31)
El(~,~) : CMPlX(O.O.-E3a)

6334 CCf\T I [\UE
AL.P = ACLSAVE>

BET = e(lSAVE)
OEN = RHOCLSAVE)

CCVb = C/BET
GAM: 2./CoVB""2

GAt-1M1 : GAM - 1.
RA = ~QRT(A8S(1./(C*C)~1./(ALP*ALP») + 0,0000001
Rt = SQRT(A8S(1./(C*C)-t./(BET*BET») + 0.0000001
CALL LOEF(O~EGA,C,WVNC,ALP,8ET,DEN,DEPM,RA,R8,GAM,GAMM1,DP'

CAL~ 5VEXC(OMEGA,wV~O,R~,RA,OCF,DC~,ISRC,ALP~8El,C,SC,SS)

DC cO'1 I : 1,4
DC 60~1 J = 1,2
E.JC1,J) = 7~RO

DC 6051 K : 1,4
6051 E-..i(l,J) = EJ<I,,J) + EICl,K) .. AACK,J)

DC 60 5 0 I : 1,4
Dl 60~O J = 1,4
E1-(1,..J) : ltRO
DC bO,O K = 1,4

6050 ELCI,J) = EL(I,J) + APC1,K) .. DP(K,J)
DC bO'6 I: 1.4
DC bO'6 J : 1,4

6056 DP(I,~) = EL(I,J)
DC 60'7 I = 1.4
D0 60~7 J = 1,4
EL(I,J) : Zf:=RO
D(,.; 00:;'7 K = 1,4

6057 EL(l,~) = EL(I.~) + El(l,K)~DP(K,J)

GG TO C6041,6042),II\D(J(
6041 CIJNTlr--UE

CALL UETER(F1,EL(1,1).EJ(1,1).EJ(1,2),E~(2,1"EJ(2,l),EJ(2,2),

1 EL(3,1)-EL(4,1),EJ(3,1)-EJ(4,l),EJ(3,2)-EJ(4,2»
CALL DETER(F2,ELC1,2).EJ(1,1).EJ(1,2),E~(2,2),EJ(2,1),EJ(2,2),

1 lL(3,2)-ELC4,2),EJ'3,1)-EJC4,1),EJC3,2)-EJ(4,2»
C~LL LETER(F3,EL(1,3),E.C1,1',EJ(1,2),EL(2,3),EJC2,l),EJC2,2),
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1 EL(3,3)~EL'4,3),EJ(311 ••EJ(4,1),EJ(3,2)-EJ(4,2»
CAL~ DEIER(V4,EL(1,4),E~(1,1),EJ(1,2),EL(2,4',EJ(2,1),EJ(2,2),

~ EL(3,4).ELC4,4),EJ(3,1'·EJ(4,1),EJC3,2)-EJC4,2»
GO TO 6043

6042 CCNTlf',UE
CALL PEiER(Fl,EL(2,1)~EL(1,1),EJ(2,1)~EJ(1,1),EJ(2,2)-EJ(1,2),
lE~(3,1),EJ(3,1),EJ(3,2);EL(4,1),EJ(4,1"EJC4i2»

CAL~ DETER(F2,EL(2,2)·E~(1,2),EJC2,1).EJ(1,1',EJ(2,2)-EJ(1,2),
lE~(3,~),EJ(3,l"EJ(3,2)IEL(4,2),EJ(4,1),EJC4,2»

CALL CETER(F3,EL(2,3)-EL(1,3),EJ(2,l'!EJC1,1),EJ(2,2)-EJ(1,2',
lEL(3,3),EJ(3,1),E~(J,2);EL(4,3),EJ(4,1),EJ(4,2»

CALL CETER(F4,EL(2,4)·EL(1,4),EJ(2,l)~EJC1,1),EJC2,2)-EJ(1,2),

1Ei.. C3,4), EJ (3,1), EJ (3,2) I EL (4,4), EJ (4,1), EJ (A, 2) )
6043 CCNTIfl.UE

Fk : 'EJ(1,1)-EJ(2,1»~{EJ(3,2)-EJ(4,2»-(EJC1,2)-EJ(2,2»~

1 (EJ(3,1)-EJC4,1»
DC. ti700 N = 113
HSCN) = Fl*3S'N,1) • F2~SS(N,2) + F3~SS(N,3) + F4*SSCN,4)
HlC~) = Fl*SCC~,l) t F2*SC(N,2' + r3*SC(N,3) + F4*SCCN,4)

870' Cu~: TI i\UE
SWM = CMPLXCO.O.O.O)
DW 67~O ~ : 1,3 .
A[, (j = (N - 1 ) *PH

SlM = SUM + CHC(N)*COS(ANG) + HS(N'~SIN(ANG) ) * EIPCN)
87:» CO'-,TlhUE

GO TO(9301,9302), INCEX
9301 SlNT : ACMM,X) I C

cOST = SQRTCA8S(1. - SlNT*SI~T»

SGM = SUM*COST/CACMMAX)*RHO(MMAX>*fR*EYEoSINT)
Ah : kEALCSU~n

RETURN
930? SUM = SUM * V8/(8(M~AX)*RHOCMMAX)*rR*EVE)

Ah : t~EAL(SUM)

AI = A1MAGCSUM)
RETURN

S08ROlTINt COcF(OMEGA,C~WV~O,ALp,8ET,DEN,DM,RA,R8,GAM,GAMM1,8B)

DIMENSI0~ Bd(4,Q)
WVNOSG : wV~O*wVNC
RtE; = OMEGA <It Rd
RAA = RA * OMEGA
P : RAA * DH
Q = Rt:B ~ D~~

IF (C-bET) 1~11, 1221,1231
1231 SINQ = SINce)

COSQ :; COSec.)
Y = SlNQ/R88
Z = -R8!:H~SH.Q
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G0 TO 1242
1221 COSQ = 1.0

Y = DM
z ;: 0.0

GO T6 1241
1211 EXQP : EXPCQ)

EXGM : 1,/ExQP
COSQ = O.5~CEXQP+EXGM)

SI~Q : D.5~(EXQF-EXCM)

Y : S HJQ/k86
Z : Rb80S Hi Q

1241 EXPP = EXPCP)
EXPh = 1./EXPP
CCSP = O,5oCEXPP+EXPM)
SlNP = O.50(EXPf-EXPM)
W = SlNP/RAA
X : RAA .. SHiP
GC TO 124

1242 U (C-ALP) 1241,122,123
123 SINP : SINCF)

C0SP = COS(P)
\~ = SlNP/RAA
X = -kAA"SYi\P
GC TO 124

122 W = Div
,

X : 0
CO SF = l.D

GO TO 124
124 C0NTlt\UE

8p(l,l) =Bt:- (1,~ ) :

BL (1 , ~ ) =
BL (l. , 4 ) =
8t.: ( 2 , 1 ) :

8c'(2,~) =
Pt. ( 2 , J ) =p .. U ,4 ) =......
8L ( 3 , 1 ) :
6 t; (3,t:) =
Bb(.),3) ;:

BLi(,3,4 ) ;:

8t(4,1 ) :

Bb(4,£) =
BI.l(4,J) =
Rt( 4 , 4 ) ;:

Rt:TuR~'

G~M * casp ~ GAMM1 ~ COSO
-GAMM1*W + GA~*Z/WVNOSQ

-(caSP-COSQ)/tEN
(~V~OSQ*w-Z)/tEN

GAM*X - WVNOSCoGAMM1*Y
-~AMM1*casp ~ GAM*COSQ
(-X + WVNCSQ*Y)/DEN
-I'-V\OSQ*Bb(l,~)

DEN*GAM*GAMM1~(COSP-COSQ)

DEN*(-GA~~1*GA~M1*W + GAMoGAM*Z/WVNOSG)
E~d(2,2)

- \-J'JNOSC*BB(1/2)
DcN*(GA~*GA~*~/WVNOSQ - GAMM1-GAMM1*Y)
- 83(3,1)/WVNOSQ
- P3(2,1)/WVNPSQ
"b(l,i>

E~!L

Sl8RO~TI~E SVEXC(OMEGA,hVNO,RB,RA,~,N,ISRC,ALP,BET,C,SC,SS)

CGMPL~X SC(3,4),SSCJ,4)
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Ce" MPLEX VA, V8 , 0 I, E
COMPLEX EYE
RE:AI_ t\
DIMENSION F(3),N(3)

C ISRC = 1 SI~GLE FORCE IK DIRECTIO~ (Fl,F2,F3)
C I5RC = 2 DIPOLE 11\ CIRECTION (F1,F2,F3)
C ISRC : 3 SINGLE COUPLE tORCE (F1,F2,F3) OFFSET (Nl,N2,N3)
C ISR: : 4 DOUBLE CCUPLE ~IT~OUT MOMENT X-AXIS (F1,F2,F3)
C V-AXIS (N1,N2,N3)
C ISRC = 5 DOU8~E DIPCLE T~AXIS (F1,F2,r3) P-AXIS (Nl,t\2,N3)
C I~RC = 6 PURE CCMPRESSleNAL SOURCE

OhE = CMPLX(t.O,o.O)
EYE = CMPLX(O.O.1.0>
FAe = 1./12.5663706
wV : 1./e
P!4C : FAG * 't/V
DC l.OC II : 1,4
Du lOW NN = l,3
SC(~N,II) = CMPLXCO.O,O.O)

100 SS(~N, II) = CMPLXCO.O,O.O)
IF(C.GT.ALPj VA = C~,PLX~O.O,RA)

P (C.LE.ALP) VA = Ct-'PLX~RA,U.O)
IF (C..GT.BE:T) VB = Ct'lPLxtO.O,RB)
IF(C.LE.8ET) VB = CMPLxtRB,0.0)
GO TO C1,2,3,4,5,t),!SPC

1 CLNT 1HIE
SCC 1 ,1) = ~2. * F(3) ~ PI4C ~ EYE
S~Cl,~) = 2. ~ F(3) * PI4C * EVE / VB
SC(2,2) = ~2. * ~(1) • PI4C ~ WV * EYE / VA
SS(2,2) = -2. * F(2) ~ PI 4c ~ WV * EYE I VA
SC(2,4) = 2. * F(l) * r~c * EVE/OMEGA
SS(~,4) = 2. * F(2) * rAC * EYE / OMEGA
Rt:. 1URr.

2 CCldII\UE
5 C(1,2) =PI4C*(~V*WVo(1~-3.*F(3)*F(3» + 2.*F(3)oF(3)/CALP*ALP»

1 I VA
5C(1,4) = -PI4C*(1.~3.*E(3)*F(3» ~ ONE IOMEGA
5S(2,1) = -4.*PI4C*WV*F~2)o~(3) * ONE
SC(~,l) = -4.*~I4C*wV*r(1)*F(3) * ONE
SC(2,~) = 2.*FAC*F(1)*F~3)*(RB + WVoWV/RB) I O~EGA

5~(~,3) = ?~FACoF(2)*F(3)*(R8 + WV*WV/R8) IOMEGA
5C(3,2) =P!4C*WV*~V*(F(~)*F(2)-F(1'*F(1» / VA
S~(~,,) = -2.*F(1)*F(2'*PI4CoWV*WV I VA
SC(3,4) = -PI4C*CF(2)*FC2) - F(l)*F(i» * ONE / OMEGA
S~f3,4) = ?*F(1)*F(2)*P14C* ONE / O~EGA
REl'URf,

3 CUNTINUE
SCr 1 ,2) =P!4C*F(3)*~(3'.(2./(ALP*ALP)~3.*WV*WV)/ VA
S~Cl,4) = 3.*F(3)*N(3)*E14C * ONE IOMEGA
SLt2,1) = -2.*PI4C*~V*(rCl)*N(3)+F(3'*N(1)} 0 ONE
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2.*PI4c.r(3)*~(3)*(2./(ALP*ALP) ~ 3,*WV*hV) / VA
6.*F(3).N(3).P14C * O~E IOMEGA
-4.*P14C*~V~(F(1)AN(3)+F(3).N(1)' * ONE
-4.*PI4C*~V*(P(2)*N(3)+F(3)*N(2» * ONE
2.*FAc*(r(1)*k(3)~r(3)*N(1»*(VB + WV*WV/VS) IOMEGA
2.*FAC*(F(2)*&(3)*F(3,*N(2»*(VB + WV.WV/VS) IOMEGA
2.*PI4C.WV*WV,(F(2).N(2)-r(1)*N(1»/VA
-2.*PI4C*~v*wv.(r(1'*NC2) + F(2).N(1) ) I VA
-2.*P14C*(r(2)*NC2) - r<l)*N(l» * ONE I OMEGA
? * PI4C*(F(1)*~(2) + F(2)*N(1) ) * ONE IOMEGA

/ OMEGA
I OMEGA

= -2.*PI4C*~V.(r.(2)*N(3)+F(3)*N(2)' * ONE
= 2.*FAC*(F(1).~(3)*VB ~ F(3)~N(1)*WV*WV/V8)

= 2.*FAC*(F(2).~(3).V8 + F(3)*N(2)~WV*WV/V8)

= PI4C*wv~wv.(r~2>'*N(2)-r(1).N(1» I VA
=-PI4C*WV*WV*lr(1)*N(2)+F(2)*N(1» I VA
= - P14C*(F(2)·~(2)~r(1)*N(1» • ONE I OMEGA
= ~I4C * (r(1)*~(2)+F(2)*Nt1» * ONE / OMEGA

S5(2,1)
SC(2,3)
5S(2,3)
5C(3,2)
SS(3,2)
5C(3,4)
S~(,3,4)

Rf:TuRI\
4 CUN 1I !\UE

SCC1,2) =
5CC1,4) =
5C(2,1) =
55(12,1) =
SL:('2,~) =
5~(;2,.5) =
SC(,3,~) =
SS(..),;:) =
5[(,3,4, :
5 5 (,3,4) =
Ri:T:,JR~'

5 CCNTII\UE
~C,1,2) = PI4C*(F(3)~F~3)-N(3)~N(3»~(2./(ALPoALP)-3.*WV*WV)/VA

SL(1,4) = 3.*PI4C*(F(3)*r(3)-N(3)*~(3» * ONE I OMEGA
A = F(1)oFC3) - \jCU*t'dt3)
8 = r(3)OF(Z) - N(2)*~(3)

SL(2,1) = -4.*PI4C.~V*AoONF

55(2,1) = -4.*PI4C*wV*B*ONE
S~r2,~) = 2.*FACOA*(V8 + WV*WV/VB> I O~EGA

SS(2,3) = 2 .•FAC*6*(V8+~V.WVIVB) IOMEGA
A = r(2)*FC2) - r(l>*F(l) - N(2)*N(2) + N(1)*N(1)
8 = F(1)*F(2) - N(1).N(2)
SC(3,~) = P14C.~V*WV*A/~A

SS(J,~) = -2.*PI4C*~V*WV*8/VA

SC(3,4) : -PI4C.A*O~E/O~EGA

S~C~,4) = 2.*PI4C*B*Ot\E/OMEGA
Rl;TlJRi\

6 Cl..I;'!T I i~ U(;
SlCl,~) : '.*PI4C I(A~P~ALP.VA)
Rt=. TURi\
Ef',D

SUBkOLTINE LETERCF,Al1,A12,A13,A21,A22,A23,A31,A32,A33)
CLMPLtX r,Al1,Al?,A13,A21,A22,A23,A31,A32,A33
F = Al1*(A22*A33-A32*A2~) + A12*(A23*A31-A21*A33)

1 + A13*{A21*AJ2-A22~A31)
RETURf\

SWBHO~TINE DOEF(O~EGA,C~WVNO,ALP,8ET,DEN,DM.~A,RS,GAM.GAMM1,DP)

CJMPLtX DP(4,4)
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CCMI:lLt:X ZERO
Z~RO = CMPLX(O.O,O.Q)
WVNOSQ = WV~O~WVNC

Rb8 = OMEGA .. RI:i
RflA = RA .. OMEGA
P = RAA .. PM
Q : RbB .. Dfv\
IF(e-bET) 1211,1221.1231

1231 SINQ : SIN(Q)
COSO = COS(Q)
Z = -k88*S!\Q
GC TO 1242

12t;1 COSt,; = 1,0
SlN(~ = 0.0
Z = o,n

GG TO 1241
1211 E~QP = EXP(Q)

E',Qi<j = 1./EXQP
COS~ : O.5*(EXQP+EXGM)
SI~Q ; O.5*CEXQP-EXGM)
Z : pbS" SINf.

1241 EAPF = EXP(P)
E;~FM = 1,/EXPP
CCSP = O.5*CEXPP+EXFM)
SlNP = C.5*CEXPP-EXFM)
X :: RAA * SIN P
Ge 10 124

1242 I r (C-ALP) 1241,122,123
12~ SINP ; SI~(P)

CCSP ; COSCP)
X :: - kAA* SI iI' P
GL TO 124

122 X :: 0
Sl\'F = 0.0

caSP = 1. 0

12 4 CGIn I 1\ UE
p13 = -RB5*cOSQ/DE~
P~3 = -wVN05Q*SlNG/CE~

P~3 = -GAM*~8D*CI)SQ

P4 3 = -GAMM1*SI~Q

P1 '2 : S If\, PIDE r~

GO TO 124

l GAM*kAA*CrySP/WVNOSG
If" (C-bEl) 1<ll:i.d421.143:t

1411 DF(l,~) = CMPLX(P13,O,O)

P32 = GAMM1*SlNP
P42 =
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1421 DP(1,3) = ZERO
DP(2,3) = ZERO

DF(:!,3) = ZERO
DPC4,3) = ZERO

GO TO 1500

1521 D~(l,~) = ZtRC
DP(2,t:) = ZERC

DP(3,2) = ZERO
DPC4,2) = ZERO

GO TO 1600

GO TO 1600

GO TO 1500

DP(2,3) = CMPLX(O~O,P23)

PP(4,3) : CMPLX(O~O,P43)

DPC2.2) = CMPLXCP22,O.O)

DPC4,2) = CMPLXCP42,O,O)

DP(2.2) = C~PLX(O.O,P22)

DPC4,2) = CMPLXCO.O,P42)

1500 IFCC-ALP) 1511,1521,1531
1511 D~(1,2) = CMPLX(P12,O.O)

1431 DP(1,3) = CMPLXIO.O.P13)

DP(~,3) = CMPLX(O.O,P33)

16(;] CeN TI I, UE
Df(l,l) -.
DF"Cl::,l) --
DF-(3,l) =
OP(4,l) =
Di-(l,4) =
N(c,4) =
DF(3,4) =
DF C4 , .:; ) =
Rt: TURi,

CMPLX'-COSP/DE~,O.O)

CMPLX~-X/tEN,e.o)

CMPLXC-GA~Ml~COSP,O,o)

CMPLX(-GA~*X/~VNOSQ,O.O)

Cr~. PLX' ZIDE N, 0 ~ 0 )
CHPLX{WVNCSG*COSQ/DEN,O.O)
C!";PLX{GAM*z,Oa)
CNPLX'GAM~l*CCSQ,O.O)

E'.;"'.

Sl8HO~TINE SPEC(DF,~,CATA)

C ThIS SUBROUTINE PLOTS A~PLITUDE SPECTRA ON 2 X 3 CYCLE LOG-LOG
C SLA~E

DIMEN~ION DATA(1),X(25R),Y(258)
ChARACTER XL,YL.TL,YLS,5HL,SVL
COMMO~ /PLTLIM/ TMMh.TM~x,rMIN,FMAX

CUMMO~ IPLTTTLI XL(8),VL(8),TL(B)~r~(S),VLS(6),SHL(8),SVLC8)

CALL PLOT(7.0,O.O,-3)
CALL PLOT(~~C,-11.0,-3)

CALL PLOT(O.O,2.Q,-3)
NP :; 1":/2
NP = f\p + 1
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XhIN = nlIN
Xf'/;A;~ = FHAX
Y~, A:~ = 1.0 E':'3 8
J = 0

C THE Z~RO FREQUE~CY FaINT IS NOT F~OTTEn

DC ::i7UO I : 2.NP
J : J + 1
X<J) = (1-1) * DF
IF(X(J).LT.XMIN) X{~) : XHIN
IF(X(J).GT.XMAX) X(..!) - XMAX
K = 2 .. ! - 1
L = 2 .. I
YCJ) = SQRT(A6SeDATACK)ODATA'K) + DATA(L)*OATACL»)
IF(Y,J).GLn1AX) Yt-\AX = Y(J)

5700 CGNrpljUE
YY = ALOG1nCYMAX)
LY :: vy
YY =i... Y
n CYY,GT,LY) YY = LV ... 3:
YM1~ = 10,**CYY - 4,)

YMAX = 10,**YY
N = J
DC ,7u1 ! = 1.N
IFCY(1).LT,YMIN) Y(1) = YMIN

5701 CG~JlIf\UE

X'::'XL.Ei\ = 4.D
Yr:.Xl-EI\ :; 4.u
DlLTAX = 4.IXAXLE~
D~~TAY : 4./YAXLE~
Xl = ALOG10CFMIN)
t',)CCX = 4
\jlCY = 4
Y1 :. YV - '·w Cy
MTX = 24
MTV = 24
CALL ALOGAX~SeXAXLE~,YAXLEN,NDCx,NOCV, FL , YL ,MTX,M1Y,Xl,Y1,

lDLLTAX,DELT,..V)
Di..! ~7C3 I : l'~J

Vel) = ALOG10eV(!»
5703 XCI> = ALuG10eX(I»

XlN+l) = Xl
xCN+2) = DELTAX
Y0.1+1> : Y1
YOJt2) : DELTAY
CAL~ LINE(V~y,N.l,O.O)

STTl = 0.035 * YAXLEN
TTLP = - o,~o * YAXLE~ ~ 0.1
XlL = CXAXLEN - 24. * 5T1L)/2.
CALL 5YMBOLeXTL,TTLP,STTL,TL,O.O,24)
RcTURf\
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SUBF:OuTINE ALOGAYES(XAXLEN,VAXLEN.NOC~,NOCV.TTLX,TTLY,MTX,MTV,X1,

1Yl,LELTAX,DELTAV)
ChARACTER TTLX(1),TTLYC1)
5~T = O.02*YAXLEN
S~T = 0,01 * VAXLEN
SP ~ -O,06*yAXLEN
5S ~ ~.035*YAXLE~

SSP = SP + 5S - C.Oe
T1LP ; -0,11~YAXLEN - O~l

STTL : O.03~*YAXLEN
Xi· U~1 ;: 1
Yi.. :: Y1
Yl :: Vi + A(~OCV

I~ et,B5 <YL).GE.1C •• CR. ~eS(YU).GE.10. )XNUM = XNUM + 1.
I~(A8S(YL).GE.1CD•• CR. ABSCYU).GE.100.,XNUM = XNUM + 1.
IF ey1.LT.O) x~u~ ;: XNLM + 1,0
CAL~ PLOTe-sLT,G.U,2)
CALL PLOT(D.O,-SLT,3)
Cr,U. FLOT(~.O'().O,2)

XPO = Xl
yPO : Yl
nei',QCX.EQ.U) GO TO 4
A"OCX = ~<OCA

FACTX = XAXLE~/ANCCX
Cr L ~. ~ YM8 0L ( - • 6*5S, Sp , SS, 2 H1 (1 , C• 0 ,. 2 )
C~Ll ~UM8ER,999.,SSP,O.6*SS,Xl,O.O,-1)

elL ~. p LOT co. c , n•0, 3)
Dl, ;: ... ;: 1, f\ 0CX
OL ,: 1 ;: 1,10

X = I
X = ALOG10eX) *FACTX + (J-l)~FACTX

IFeJ.~Q.1)GO TO 2
ChLl PLOTeX,C.O,2)
CKLL PLOTeX.-SS1.2)

2 CALL FLOT(X,O.O,3)
CALL PLOTeX,-SL1,2)
CAL~ bYM80L(X-.6~SS,SP,SS.2Hl0,O.O,2)

X~O = XPO + 1.0
CAL~ hUM8ERC999.,SSP,O.6*SS,XPO,0.O,-1)

3 CAL~ PLOTeX,D.o,3)
XTL = ~1 T)(
X1L = (XAXLEN-XTL*STTL)/2.0
CAL~ ~YMBOL(XTL,TTLP,STTL,TTLX,O.O,MTX)

GO TO 6
4 CAL~ AXIS(O.O,O,O,TTLX,7MTX,XAXLEN,D.O,Xl,DELTAX)
6 CAL~ PLOT(O.O,O.O,3)

IF(~OCV.EQ.o) GC TO 10
A~.. OCY = NO~Y
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SF = Sp - (XNUM - 1.5) * 0.5 0 55
TTL? = TTLP - CXNUM-l.)~Oi505S
r~CTY : YAXLEN/ANOCY
CAL~ SYMBOL(5P-O.4,-O,5fSS,SS,2H10,O.O,2)
C~L~ ~UM8ER,999.,.5~SS-~06,~6oSS,¥1,O.O,-1)
CAL~ PLOT(n.O.O.O,3)
DO 9 J = 1,~0CY
DO 6 1 : 1,10
Y = I
Y = ALOG1U(Y) ~ FAeTY + (J-1)*FACTY
IFCI.~Q.l)GO TO 8
CAL. PLOT(C.O,Y,2)
CALL PLOTC-SST,Y,2)

A CAL~ PLOT(C.O,Y,3)
CALl PLOT(-SLT,Y,2)
ctL~ SYMBOLC5P-.4,Y-.5*SS,SS,2Hl0.n,O,2)
VPQ : YPO + 1
CALL ~UM8ERC999.,Y+.5*SS-.06,.~*5S,YPO,O.O,.1)

9 CfL~ PLCTCO.O,y,3)
V1L=M1Y
vlL = CYAXLEN-vlL~SlTL)/2.0
CAL~ SYMBOLCTTLP-.2,YTL.STTL,TTLY«90.,MTY)
R~TUR~

10 C~LL AXISCO.O,O.O,TTLy,~TY,YAXLEN.90.,Yl,DE~TAV)

RLTURN
E~D

S09~OUTJNE EZFLOT2(X,Y,~,LS,XM!N,Xt~AX,SMIN,SMAX,XL,YL,TL,NI,MI)

C0MMO~ IPLTSEI/ Xl,tELTAX,Vl,DELTAV .
C~ARALTER XL(l),YL(l),TL(l)
DIMENSION X(1),Y(1)
C~L~ PLOTC7.0,O.O,-3)
CALL PLOTCO.O,-lj ,0,-3)
CML~ FLOTCO.D,2.C,-~)

Xl ~ ~Ml~

D~LrAX = 'X~AX - X~IN) I 2.
DELTAX = DELTAX / 2.
X(N+l) = XMIN
XCN+2) = DELTAX
XAXLE\ = 2.0
Yl ~ SMIN
DLLTAY : SMA X
DtLTAY = DELTAY / 2.
Y'~~l) = SUIN
ylN·2) = DELTAY
C~LL AXISCo.o,n,O,YL,18 , 4.0,90.0,Y1,DELTAY)
CAL~ AXlS(O~D,O.Q,XL,~lS,4.0,0.U,X1,DELTAX)

CALL LINEC~.Y,N.l,O,O)
HT ~ 0.14
X1L : (XAXLEN - 24.~Hl)/2.

X~41



HASKEL PAGE 34

V1L = - 0,75
CALl SYM80LCXTL,YTL,HT,IL,O.O,24)
Rc HiRr,
E~TRY NXCURv2(X,Y,N,LS)
X, N~'1) = X1
X(Ntt'2) ; DELTAX
y ( ~! ~. 1) = y 1
YO.,;·2) & D'=LTAY
CAL~ ~lNE(X.y,N,1,O,O)

RbTLJRI\
EI,D
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2
40 • () 6.0 3.55 2.8

8.0 4.67 3.3
2

4li.O 6.0 3.5~ 2.8
b.O 4.67 3.3

iJ • I; 40.0 1.00UE .. o2 1. OOOE 02
160 lJ.25

20. 45. 0.0 90, 1.0 0.0 1.0 1
~ :L 2 0 1 e 0 1 ~ 0...

TEST C.0 180. 16. 1.000E 00 1.000E 00
HALT

1 ') 2 0 1 Q 0 1 0 0.-
TEST l' • 0 18 1J • 16, 1. COCE 00 1.00DE 00
HALT

1 ,5 2 0 1 0 0 1 , 0
TEST () .() l8C. 16. 1.oaOE 00 1.OOOE 00
HALT

2 :L 2 0 1 Q C 1 1 1
SHSV \.; .0 180. 20.44 1.000E"10 1.00DE-iO 10,
HALT

" 1 2 0 1 0 0 1 1 0(.

TEST 45. 22:;. 16, 1.000E 00 1.000E 00 12,82
HALT

2 ,:I 2 C 1 ij 0 1 1 Q

TEST 45. 225. 16. 1.000E 00 i.OODE 00 12.82
HALT

2 ,) 2 fj • 0 0 1 1 0.L

TEST 45. 225. 16. 1.00CE 00 1, OOOE 00 12,82
HALT
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XI. SEISDIS

PROGRAMMER, R. B.. HERroWm I .,Tune 19.78

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.

PROGRAM DESCRIPTION

PROGRAM SEISDTS: This is the main control link.

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.

SUBROUTINE 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

A.

B.

Column

1-48

1-10

11-20

21-30

Name

ITTL

RAn

ANGI

PNCH

Format

8A6

F10.2

F10.2

F10.2

Explanation

Title for plot.
If the first six
columns are
******, end pro­
gram.

GT.O Radius in
inches to use for
curvilinear correc­
tion.

EQ.O Do not correct
for curvature.

NE.O correct for
skewness. ANGI
is the observed
skew measured
clockwise from
true positive
Y axis

EQ.O no skew
correction

GT.1.0 correct for
non-uniform trans­
lation.

LE.O no correction.

C. 1-10

11-20

SCALEX FlO. 2

SCALEY F10.2

Counts per inch
along x-axis.

Counts per inch
along y-axis.

D. Digitized trace.

XCI),
Y(I)

16F5.0 X,Y pairs. The
first pair must
be +0000+0000
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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C PROGRAM ~O PLO~ SEISMCG5AMS
COMMON I TWO I X(2002',!(2002),SC~LEX,SCA~EY
CHARACTiR t~TLC.)
DIMENSION xxx(i~O),YYY(friO)
DIMENSION tiuFe,OOO)
CALL PLOTSC1BVF,1000,iO)

iooo CONTINUE . .
CALL PLOT(6~o,·'1.0,-3)
CALL PLOT(O.o.6,5,~~)
READ(60,1) (ITTLCI),t~1;e)

1 FORMATC,A6) .
WRITEl;6i~1) ITTI"
IF(lT1LC1)~'Q,6M** •• *~) GO TO 999'
REAO(60,111) RAC,ANGI~pRCH
WRITE'61;112) RAD/ANGI,~NCH

112 FORMA TelH ,5HRAD ;,f10.!,5X,6HANGl :::,Fl0,'/5X,6~PNCH ~,F10.2)
CAL L I; ARDINe NUM)
IMX ::: XCNUM)+6.5
XMX ::: 1MX .. .. ~
CALL SEIPLtCX,Y,NUM.ITT~,XMX)

DO 110 I = 1,40,4
J ::: I + 3
REAoe60,111) (eXXXCK),V!VCK»,K=I.J)
WRtTE(61,111)(eXXXCI(),VIYCK»,K=I.J)

111 FORMATCIF16.2)
00 .1 iO K ;: I,J
IfeXXXel().LT.O.Q) GO TO 115

110 CONT I i~UE
115 N :::1( - 1

00 116 I( ::: 1,N
116 YYYCK) ~ YYy(I(>/SCALEX

wRITE C61,111)(eXXXCI(),V!VCI(»,K;1;N)
CALL TIceXXx,YYY,N,XMX)
IPNCH=PNCH
TESTR ::: ABScRAD) - a.oct
TEST::: ABSCANGI) - 0.00$
IteTEST.LT.O.O. AND.TiSYR.LT.O.O) GO TO 1000
If(TESTR,Gt.O,O) CALL u~cURVCX,Y,5UM,RAO)
IFCTESTR.GT.O,O) CALL SetPLTex,y,~UM,lTTL,XM~)
If{TE5TR,Gl.0.0)_CALL T~t(XXX,VYY;N,XHX)
IF(TEST.GT.o.O> CALL UN~LNTCX.Y,NWM,ANGl)

IF(TESr ~Gt.o.O) C~LL $~iPLT(X~Y,5UM,lTTL,XMX)
If(TEST .Gr.o,o) CALL T~C(XXX,VYY.N,XMX)
If(lPNC~,Gt.O)CALL SPAC~(X,Y,NUM,iXX,yyy,N'
WRtTE(61.11~) C)(CK),YCK),K=l,NUM)

113 rORMATciM ,16f8.3}
IfCiPNCH,L~.O.O) GO TO icoo
1M F. XeNUM) + 1
xO ;: XXX(1)
DO 201 l:;l,JM



SIISDIS PAGE a

YYY (I) !; 1 ... 1
201 XXX(!) • I .1 • XO

IMX =XCNUM)+'.'
XMX ,; IMX
CALL SEipLT(X,y,NUM,lTT~,XMX)
CAL~ lICCXXX,YYY,N,XMX)
GO TO 1000

9999 CALL PLOT(XMX,O.O,999)
STOP
END

SUBROWTINE eARDINCNUM)
COMMON I TWO,I X(2002),rC20Q2),SC~LeX,SCALeV

DIM~NSION XJUMP(10)
READ(60.1) SCAL~X,SCA~e!
WRITE(61,1) SCALEXiSCALMY

1 rORMA1(2F'10.2)
DO 2 I ; 1,10

2 XJUMP(I) ; (i~l) *1000'.
DO ~10 1 e i,2000,8
J;; ! + 7
READC60,il11 (CXCK),Y(K»,K=!.J)

111 fORMATC16F5.0)
WRITE(61,112) «XCK',VCK)},K=I,J)

112 fORMA1(1H ,16r6.0)
00 110 K :: 1 , J
IfeX(K).9999.) 115,i1~,tl0

110 CONTINU'
115 NUM = K .. 1

JUMP : 1
DO 200 1 :; 2,NUM
QQ =~(I) • XJUMPCJUMF)
IFCABS(QQ-X(1~1».G'.90GO.) JUMP' JUMP + 1
XCI) = XCI) + XJUMP(JUM~)

200 CONT n"UE
DO 300 1 ;; 1,NUM
XCI) = XCI) / SCALEX

300 Y(I) ~ Y(l) / SCALE¥
WRITE(61,3) «X(K),Y(K»,K;;l,NUM)

J fORMA1(1H ,16P7~3)

RE TUR~I

END

SUBROUTINE.SEfPLT(X,V,NDM,tTTL}
CHARACT6R ITTL(l)
DIMENSION X(l),Y(l)
CALL SYMBOL(O.O.10~O,O.!1.ITTL,0.8,48}
CALL PLOT(O.O.4,51~3)
X(NUM+l) l; 0.0
X(NUM"2) ;;: 1.0
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Y(NUM"l)·;; 0.0
Y<NUM lt 2) :; 1.0
cALL LINE<X;Y,NUM,1,OiO)
WRITE 161,3) NUM .

~ FORMA1(6HNUM ~.r5)

RETURN
END

SUB R0~l TIN r: .TI C( )( , Y, N, XMX)
DIMENSION *(1),"(1)
CALL PLOT(O.~,: •• O,3)
DO 12CI 1= 1,N
yy :; " ( I )
xx ;; )qI) .
YV2 = YY ... 0.1
CALL PLOT(~y,w4,O,2'
CAL~ PLOT~yy,ft3.8,2)

CALL NUMBER(YY2f ...3.7,O:~4,XX,O.O,~1)
CALL PLOT(YY,·4,O,3)

120 CONTINUE
CALL PLOt(O.O,-il.0,-~)
CALL PLOT(XMX,O.5,~J)
RETURN
END

SUBROUTINE UNCURV<X,Y,NJRAO)
DIMENSION X(l),Y(l), XX'181),YY(1$1)
DO 100.1=1,181
ANGl=(t.1)*O.017453293/~.
XX(I)~RAD·(i~ftCQS(ANGS)'
YT(I)XRAO*SINCANGI)

100 CONTINUE
DO 200 1:;1.t-1I
DO 300 J=1.,180
JJ=J .
IF(ABS(Y(I».GE.YY(J);ARc.ABS(Y(I.).L'.YY(~.1» GO TO 301

300 CONTINUE
301 CONT U\Ui ..

OANGl~(A!S(~(l»-Y"(JJ)I/(YY(JJ+l)-YY«JJ»
OX=XXCJJ)·DiNGI.(XX(JJ+~)8XX(JJ»

x(1) =j< ( 1 )"0)(
SIGN;: 1.0
IFCY«I).LT.O.O) SIGN 111.0
Y(I)=(FLOATeJJ ft l)+OANGl)*O.011453B93*RAC/2.·
Y( I ):'( (1 ).SIGN

200 CONTINUE
RETURI~

END

SUBROUTINE UN$LNT(X,Y,NfANGI)
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T~ANSLATION RATE

600

1005

1000

1001
C
C

OlM~N51CN X(1),"1)
C T~IS PROGRiM UNiLANTS~ SKEWED SEiSMOGRAM, ANGt IS THi ANGLE or
C sKew, POSITIVE CLOCKW1SH WITH RESRecT "TO POS1TIVE X.AXtS

OEGRAtl=O.01?4'3293 .
COSl=COS(D~GRAO*ANGl)
SlNl=Sl~[DeG~AD.ANGl)
TANl=5INI/toSl
DO 100 1.1,~
XX.XCI.)
yY=Y(I)
X(t)=XX~YY·TANI
Y(I)=Y(l)/~OSI

100 CONTtNUE
RETURN
END

SUBROUTINE SPACieX,Y,NU~,XX,YY,N)

DIMENSION X(l),Y(l),Xxcf),YY(lJ
DIMENSION IX(2000),IYC2.00)
THIS SUIAOUTINE CORRECTS FOR NON-WNIF$RM
JJ=l
Y~=(YV{JJ+l)-YY(JJ»/(X~(JJ+1)-XXCJJ)~

DO 1000 J=l,NUM
IFeX{J).GT.YY(N» GO To 600
IFeXeJ).LE.yyeJJ+l» GO TO 600
IFeXeJ).Le.yyeJ+1» GO Yo 600
IJ = JJ + 1
IFelJ~GE.N) GO TO 600
JJ = JJ + 1
YJ=<YYeJJ·l)~YY(JJ~)/'X~(JJ.l)-XX(JJ)'
CONTINUE
rRAC= (xeJ).yyeJJ»/YJ
fRAC= FRAC+XX(JJ)
X<J)=fRAC
CONTINUE
XO=X(l)
XMAX=O.O
YMAX=O.O
DO 1001 J=l,NUM
X(J,=X(J)-XO
IF(ABS(XeJ».GT,XMAX)XM~X=ABS(X(J)

IF(ABS(~(J~).GT,YMAX)YM.X=ABS(Y(J)
CONTINUE
SCA~E rOR CARD OUTPUT
X IS NoW IN MINUTES. Y Is IN INCHiS
DO 10D, J'l,NUM
IX(J)~8000*X(J)/XMAX
lYeJ)i 5000*Y(J)/YMAX
CONTINUE
NUM1=NUM+l

C
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IX(NUM1),"9999
lY(NUMi)''''9999
CPMM=50DO./(YMAX*25.4)
CPM;;BOOO./XMAX
TMAX=XMAX*60.
WRITe(4a~3)CPMM
WRITE(43.3)CPMM
WRITE(4~,4)tMAX,CPM
WRtTE(42,4)TMAX,CPM

4 rORMAT(25X,F10.2,F10.3)
3 rOAMAT(60X,1PE10.3)
2POAMAT(1615)

WRITE(43,2)«lXCI),IY(1),i=1,NUMS)
WR!TE{42,2)(!X(I),lYCI'),I=1.NUH1)
ReTVRN
END



0180 00
024~ DO
0$33 00
038* 00
0421 00
0472"'00e,a, 06
0548 00
0'7 00
0612"'00
0648 .. 00
069~ 00
0'30"'00
0161 00
0813 06

~~:: ~~
094~ 00
099'''00
1038 00
1079 .. 00
;d.1~ 60
1~63."O~
1181 01
ll9~ 00
j,21j; ... OO
1263 .. 03
1208 05
1290-134
1238 oi
1~44 02
127?.,00
1:500 08
1:529 .. Q2
1350 ... 02
13'0"01
1;J6~ th
i.13, 03
1365 03
1418.. 00
116a-i.
1.61"'03
14 40 06
1471-00
1621"'08
1511... 6j
1522 09

0173 0007
0239 0003
0309 0001
0375 ooo~

0415 0012
0466 0019
0506 0005
0545 0019
0511 000'
0604 0023
0645-0002
0687·0020
07~2 0008
0764 0008
0808"'0028
0855"'0028
0890"'0009
0935-0012
0992 0007
1036 ... 0010
1072 0037
1110 0060
1159·0045
1117 0271i
1205"'0061
1201 0107
1279-0419
1204 0372
127;~03e4

1230 0419­
1253 00'70
1290"'0166
1286 0702
1313"'0122
1332 ... 0113
1334"'0074
1315';'0249
1434"'0517
1318-0035
1403 00'15
1719"'1325
1505"'0561
1450 0833
1466 0027
1574-062;
15:$3-033,
1508 088.

0117 0001 01$2 0003 01'5 0001
0213 0001 0217 000. 0226 ... 0001
0279 0006 0293 0003 0305 0003
0361 000' 0367 0001 0371 000'
0402-000$ 0405 0015 0410 0001
0449-0021 0454 0023 0463-0015
0490 000$ 0493 001. 0500~oooe

0528·0011 0531 0011 05'0~001Q

0'61-0005 0562 0011 0568 0005
0592.000~ 0597-0000 06Dl~0001
0631.002$ 0616 0016 06_1~ooo9

0666-0011 0611 000' 0680 0015
0711 000' 0715 0006 0720·0006
0749 0006 07$2 0017 0760~0012

0790 000$ 0196-0007 0198 0024
0836-0015 08'2 0009 0645 0025
Oe74 002. oe81-0001 0884 0016
0921 002J 0929-0009 0931 0005
0968 0031 0916 ooo~ 0987~0031
1017 0019 1019 oo~o 1025 0021
1061 DOli 1066 0000 1068 0025
1100 0012 1105 0002 1105 0062
1142.0029 11.8-0055 11'1 0005
1181 000' 1117 0121 1114 0202
1247.040' 1221-0268 1214-0157
1193 0569 11'2 0394 1195 0252
1270-0451 12$9-0548 1317~0670

1213 0054 1207 0175 1204 0286
1230·002i 1241-014~ 1259-0266
1239 002' 1234 01351228 0269
1310-043. 12$4-0268 1266~0098

1270-0046 12$7~0187 1308-0325
1277 0181 1213 0291 1277 0541
1283 0419 1266 0235 1294 0067
1295 0271 1304 0127 13~2~0091

1311 015~ 1321 0065 1329·0031
1442-0639 1407~04i4 1403-0434
1372-017' 1410-0418 1460~0654
1357 013e 1354 023~ 1355 0319
1396 079i 13'1 055~ 1393 0261
1579-090) 1653 p 1147 1688-1245
1586-091' 1561-0818 1537-0716
1423 041' 1430 0612 1439 0745
1450 038' 1413 0252 1461 0122
1552-0549 1580"0674 1612-0794
1603-071' 1516-0589 1551-0490
1479 04011486 0612 1495 0159

0100 OOO~

0206 oOO~
027~h,00Oi
0:556 OOOi
0396 Doof
0442 0021
04S51tO001B
0521 0005
U559 .. 0ooi
0588 ODO~
0623 001'
0661 Qoot
0709 0012
0145 .. 001'
0786-000*
0831 00li
0872-0021
0917"'OOl~
0964"'000~
1011 0022
1055 OOif
1099';"0049
1135~OOQ~
1186':'0091
1225.. o26d
1189 0.,1
1255.0:J5~

1224';'001~
;1.221 009.
1247·00e~

1284 ... 0i8'
1256 013£
1283 001;
1292 070'
1296 os,e'
1313 010t
1399~O~4~
136i~o07e
1366 ... 002'
1411,0971
.525... 0'l1f
1627';'105'
1423 Oi5!
1447 Oi15
~532':"044e
164,':"01e8
1481 024'

DEN Wl~CHERT "TOP 16 AUG ~1 TlxAS
6.392 .3~91 1.0
781.33 7i'2,125
0000 0000 D036 0001
Q186 0001 0195 0003
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Card Output in Format for Input to EXSPEC or SPSPEC

1.048E 02
927.86 517.322

0 0 42 3 116 3 136 6 154 10 180 3 202 24 209 6
216 3 227 10 240 3 ~48 6 253 13 263 ~3 278 10 290 3
303 13 310 6 317 -3 325 10 341 10 355 10 360 3 388 6
403 3 408 13 414 3 420 17 427 3 432 17 437 10 444 l'
4'0 -24 457 34 461 3 467 -17 473 51 1,77 ~ 484 '11 490 3
498 48 504 -"'3 !>16 72 521 ·76 530 79 538 -51 544 65 549 -51
555 -31 560 51 ~64 -41 571 10 576 48 582 -27 590 17 594 44
598 -62 602 -13 tooa 17 b15 -38 620 38 629 -55 637 65 639 -3
6<44 -10 64& -38 to5? -3 654 -10 657 38 663 17 667 13 668 -6'
677 51 683 3 687 24 691 -24 697 0 701 -24 707 79 713 -65
718 6 723 -3 i29 62 735 -79 744 55 748 -31 754 ~6 757 °762 -41 770 48 773 3 777 -38 785 17 796 51 801 -100 810 48
816 0 B21 -Jf! 830 41 63<: 17 f37 2~ 84" -20 8"5 27 853 -20
860 55 864 -3 t7t1 -48 e7i 20 881 58 888 -41 895 27 898 44
904 -51 911 41 920 -3 925 17 931 -24 ~36 82 943 -96 9'2 3~

957 -17 964 -:':4 "'74 48 y7~ -44 987 31 991 81! 999 -96 1007 4~

1012 -3 1017 6 H19 -72 H2!> 82 1031 -24 1036 55 10041 -31 104 7 65
1055 -134 1G62 117 1,,72 -!>1 tt79 72 1086 -31 1089 17 1093 -41 1104 3
1112 6::' 1120 51 1126 -10 113.. 1 il7 1141 3 115C -127 1159 24 1165 -17
1169 38 1176 -6 1182 76 118<,; 58 1193 138 1198 72 1208 -34 1213 62
1217 6 1227 -44 14132 38 ~<::h 44 1243 0 1247 86 1253 127 1258 -10
1263 -176 1271 -55 1<:77 -169 1<.8.5 41 128!l 6 1292 214 1298 207 1300 25~

1309 13 1316 13 1 13 22 -17 132t> -jtlO 1332 -190 1341 17 1346 -155 1353 -48
1359 51 1363 -100 l J 12 -328 131; 17 1378 418 1378 698 1383 950 1382 <It"
1386 -82 1390 -556 1;:96 -919 1~9"'-14lil 1390 -926 1397 -542 1397 -210 1396 190
1396 643 1394 1134 1 395 164" 1395 1971 1400 1363 1403 8 71 1405 369 1408 -38
1410 -"94 1413 -923 1 416-123" 1417-1560 1"19-1897 1424-2322 1422-1658 14?0-1335
10419 -992 1418 -625 1 417 -259 1 4 15 179 1415 604 1 414 995 141" 1286 1414 1894
1419 1234 1422 746 1 427 331 11.2<; -b9 1430 -"94 1434 -919 1437-1328 1439-1564
1440-1127 1442 -708 1 443 -293 1443 li6 1444 406 1441 930 1443 1449 1451 653
1454 :t62 1453 -6il8 1 460 -985 1466-1501 1463 -926 1463 -338 1 462 241 1459 791
1461 1418 1466 9!>0 1'169 452 1473 -1~8 1477 -646 1 482-112" 1483 -573 14'12 -197
1482 266 1483 7~8 1 492 51 149; 646 1493 1006 1493 1873 1492 24;)4 1492 2973
1496 3596 1494 3103 1499 2452 1~04 1443 1507 812 1509 231 1514 -421 1518 -822
1520 -428 1517 127 1!;17 !-46 151e 937 15;>3 438 1528 -314 1530 -598 1534-1034
1533 -577 1532 -120 1 532 359 1533 '528 1539 224 1541 -107 1543 -255 1548 -663
1557 -483 1559 -715 1566-1<;36 1~7;-~207 1569-l~40 1572-1501 1569 -860 1569 -452
1568 -34 1569 279 15 74 -209 15 70 -fli4 1583-1446 1591-2267 1591-179 0 1590-1373
1588 -916 1567 -511 1;84 -69 158 .. 477 1584 809 1587 1103 1597 -120 1598 1082
1598 196C 1599 4!6;1 It.o;; ::'399 1~09 ~766 1622 1922 1630 923 1634 259 163 7 -342
1644-1072 1648-1835 1652-2 4 116 1662-~131 166b-4000 1670-4350 1674-4636 1681-5(100
1675-4482 1674-3912 1 670-3657 1060-3180 1665-2840 1664-2483 1664-1943 1660-1089
1664 -570 1666 1 72 1664 888 1~64 1443 1664 2120 H63 2584 1666 2892 1671 2308
1676 1734 1681 1366 lt88 1783 tt.95 1332 1698 1'71 1703 421 1705 93 1706 -262
1711 -7'6 1113-10 79 l i 17-1550 1720-1901 1724-2336 1730-2756 1728-2166 1738-2784
1743-3251 1750-3635 1 746-J057 1741-2473 1739-2040 1737-1696 173l-1H9 173" ~750

1732 -266 1731 2~·6 1 730 !l1l0 1/20 13&7 1728 2120 1726 2633 1726 3078 1726 3473
1727 3908 1729 ;5339 1 / 30 2794 1733 2263 1736 1776 1",5 1172 1747 698 1752 152
1757 -179 1762 -Ho 1 762 -~90 1764 -",91 1769 -999 1771-1335 1775-1703 1778-1991
1784-207i 1787-1731 1 786-1342 1',87 -916 1784 -570 1785 -183 1785 304 1784 746
1788 1311 1793 701 11,00 241 leD~ 1044 1&03 1602 1811 1051 1814 611 1817 179
1823 -224 1826 -674 lli29-1n23 1&36-14&4 183b-l065 1834 -68" 1834 -255 1834 179
1839 52e 1845 1 72 1849 -141 1t;5;) 345 1857 847 1861 480 1[\64 69 !f167 -252
1870 -435 1875 -39~ 1c76 -570 1~79 -722 18~1 -930 1885-11 79 1885 -826 1885 -404
1885 -17 1887 3 69 1~90 48 1093 -252 1697 228 l B98 705 1897 1158 1897 1585
1902 1179 1909 7~7 1 913 286 1y18 -141 1923 -4;4 1928 -214 1932 -459 19~5 -739
1942-1096 1947 -5 91 1 950 -138 1S<4g 279 1956 546 1959 1131 1 968 899 1975 452
1980 120 1983 -259 1 9!!5 -566 1987 -860 1991-1124 1998-1009 1999-1075 2000 ~805

2002 -404 2004 -1~2 2~09 -4045 2011 -51 2011 435 2011 930 2016 1387 2023 1103
2026 760 2031 418 2(,32 82 2C35 -235 2040 -331 2043 -535 2045 -646 2049 -293
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