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SUMMARY

The program described determines the phase velocity of a ‘

dispersed seismic surface wave as a function of period between a pair

of stations from their digitized seismograms. The cross-multiplication
technique of Bloch and Hales [1] is used to compute the phase velocity \
curve, !

1. INTRODUCTION

Seismic surface waves generated by a distant earthquake or
explosion are dispersed; that is the velocity at which their energy (the
group velocity) and their individual harmonic components (the phase
velocity) propagate is a function of frequency. This is because the
longer period surface waves usually travel faster than the shorter
periods, as they sample deeper down in the Earth's interior where the
shear and compressional wave velocities are greater,

From the dispersion of surface waves deductions can be made
about the P and S wave velocity and density structure of the crust and
upper mantle through which they have passed; this is usually carried out
by comparing theoretical dispersion curves computed for layered Earth
models with the observational data to obtain a reasonably fitting
model.

The relationship between group and phase velocity 1s
C - A(dC/d)\), where U is thé group velocity, C is the phase velocity
A is the wavelength. v

U =
and

| -As group velocity depends bn the derivative of phase veiocity,
it has an inherent non-uniqueness [2], hence models are best tested
against phase velocity data,

The Fourier transform of a surface wave signal x(t), (x(t) = 0,
for t < 0) recorded by a seismological station at a distance r, and

‘azimuth 6 from the source is

Xw) = [Tx(t).e tar,
o}

where t is time and w is angular frequency.

The complex spectrum of the signal, X(w), can be represented

‘by its amplitude, A, and phase, ¢, functions

K@) = Ar,8,u).e (Fr00)




J

The phase spectrum can be represénted as
¢(r,0,w) = k(w).r + ¢, 8,w) + ¢i(w) + 2nm, ceea (1)
where k(w) is the wavenumber (27m/wavelength), ¢,(8,w) is the source

phase shift and ¢i(w) is the instrumental phase shift. The term 2nm

arises (n = 1, 2, ....) since the Fourier transform contains phase
information only for an angle interval (0, 2mw).

Now, Cw) =

W
k(w)®

To evaluate k(w) it is necessary to determine ¢, ¢i, and the integer
n (see equation (1)).

Due to the difficulty in measuring the source phase shift ¢,,
which can only be calculated with a knowledge of the earthquake mechanism,
single station measurements of phase velocity are not frequently used.
This problem may be overcome by using two stations and an earthquake or
explosion on a great circle path (the interstation phase velocity
method) and measuring the phase difference between the two seismograms.

From equation (1)

k(.w)-rl = ¢1(r1,6,m) - ¢0(6,w).— d)ll(w) + 2n17r .oa.(Z)

for the nearest station, and

k()2 = $2(r2,0,0) =~ $,(8,0) = ¢, (u) + 2mpm ceer(3)

for the furthest station.

Thus, assuming that ¢, 1s constant for a given azimuth and
that both stations are at the same azimuth from the epicentre, then, by
subtracting equation (1) from equation (2) and rearranging, we get

w(rz = r1)

— w -
Clw) = k(w) 2 - ¢1 = 04, T 044 F 2mm’

The source phase shift is thus eliminated and $14 and ¢4, can
be calculated if the instrumental constants are known. The integer m
reflects the ambiguity in the identification of peaks between the two .
stations, and it may be determined by a knowledge of possible phase
velocity values. '

2. " QUTLINE OF METHOD

Interstation phase velocity may be determined using several
techniques [3]. The cross-multiplication method of Bloch and Hales [1]
is used in this program.



The method is based on the principle that, when two signals are

in phase for a given frequency, the average of their cross-multiplication
function is a maximum.

Ay, cos

The computation procedure is as follows:-

(a) Suitable earthquakes with epicentres within 4 - 5 degrees
of the interstation great circle have to be chosen in order to
eliminate the influence of the source radiation pattern. Their

surface wave traces are then digitized at a constant sampling
rate.

(b) If the instruments at the two recording stations are not
identical, their instrumental phase delays have to be taken
into account before further processing.

(c) The seismograms are windowed around the group arrival
time of the period of interest to eliminate any disturbance
in the phase velocity determination due to microseismic noise,
non-least time path arrivals and other modes. The group
arrival times are calculated from group velocity values which
are computed outside the program [4].

(d) The signals are then narrow band-pass filtered so that
both are effectively single frequency seismograms and can be
represented as Aj. cos wt and As, cos (wt + ¢) where A, and A,
are constants, and ¢ is the phase difference between the
seismograms.

(e) The two records are cross-multiplied to produce:-
wt. Ay. cos (wt + ¢) = (A1.A2/2).(cos 2wt + ¢) + cos ¢) ..(4)

which represents a wave with twice the original frequency
superimposed on a dc level proportional to cos ¢. When the
two records are in phase, ¢ = 0, cos ¢ = 1 and the dc level
is thus at a maximum.

(f) 1In practice the two filtered signals are cross-
multiplied for various relative time shifts, corresponding
to constant phase velocity steps, the maximum value of the
dc level being recorded in each case.

(g) Steps (c) to (f) are repeated for the various periods
of interest, building up to 2-D matrix of values of the
maximum dc level as a function of phase velocity and period.
The maxima in the contoured matrix define positive ridges
which represent velocity values at which the various periods
in the two seismograms are in phase. The phase velocity
curve is represented by the ridge with the most reasonable
velocity values.




3. PROGRAM PROCEDURE

3.1 Input data - program MAIN

Variables have the suffix 1 when referring to the station
nearer to the source, and the suffix 2 for the station further away.

Each surface wave train is represented in the program as a
series of digits (SEIS1(I), I = 1, NEIS1) sampled at equal time
intervals, DELA, beginning from a known point in time (GMT1).

The group velocities (GV1(I), I = 1, NGV) at the periods
of interest PEROD1(I) are read in to construct the group arrival

time windows, enabling one to reduce the extraneous noise in the
analysis.

The variables for the second station are similarly
represented.

Title cards and parameter cards, which specify the operations
to be carried out, are read in, together with the data (see INPUT DATA
CARDS).

3.2 Preparation of the time series for analysis — program MAIN

There are options in the program to remove the mean or
linear trend from the time series and to cosine taper both ends (see
INPUT DATA CARDS). This eliminates the effects on the analysis of a
time series superimposed on a non-zero or sloping base line and it
reduces Gibb's phenomenon. ’

If required, either of the seismograms may be inverted by the
specification of IVSEIS.

For the efficient application of the Cooley-Tukey algorithm
used in the Fast Fourier Transform routine COOL, the number of points
in the digital series has to be a power of two. In accordance with
this, the number of points in each seismogram is increased to N points
by adding zeros, where N = 2%%(I 4+ 1) and I is the first integer which
makes N both greater than NSEIS]1 and NSEIS2,

Examples of observed and synthetic seismograms are shown
in figures 1 and 3.

3.3 Windowing around the group arrival time - subroutine PACKET

Both seismograms are windowed around the group arrival time of
each period of interest with a time window 4.5 times the period. A
symmetrical cosine taper centred on the group arrival time is then
applied to these windowed seismograms.



At longer periods where the group arrival time is near the
start of the time series and the time window is large, the window may
extend beyond the data block. In these circumstances the program will
use an asymmetrical cosine taper. In order to avoid this happening a
specified number of zeros, NOZERO, can be added to the front of both
seismograms (see INPUT DATA CARDS).

Examples of the windowed synthetic seismograms are shown in
figure 4(a).

3.4 Band-pass filtering of the seismograms - subroutine CRUNCH

To band-pass filter both windowed seismograms, SA(I) and SB(I)
simultaneously, one is put as the real, the other as the complex part of
a complex array Z. The filtering is cdrried out in the frequency domain
by the multiplication of the spectrum of Z by that of the filter
function (see section 3.4.1) for both positive and negative frequency
components. When the resultant spectrum is transformed back into the
time domain it has as its real and imaginary parts the band-pass
filtered seismograms SA'(I) and SB'(I).

3.4.1 The filter

A Gaussian function is used as the band-pass filter because
of its good resolution in both the time and frequency domains. The
harmonic (OMEGAC) of the Fourier analysed time series nearest to the
period of interest is chosen as the centre frequency of the filter and
it is at this period (27/OMEGAC) that the phase velocity determinations
are calculated. :

The band-pass Gaussian filter function, with a centre frequency
wes 1s given by

© = w2
exp {- a( - } Iy

where o determines the filter resolution and is specified by BAND
and DWF (o = 1n DWF/BANDZ). BAND and DWF have typical values of 0.2 and
10.0 respectively,

Examples of the band-pass filtered seismograms are given in
figure 4(b).

3.5 Parameters for time shifting in cross-multiplication — MAIN

The highest phase velocity VELHI and the lowest phase velocity
of interest VELLOW are read in as input parameters. The relative time
shifts of the two seismograms needed to correspond with VELHI and
VELLOW are specified by NMIN and NMAX, respectively. If the first point
of SEIS1(I) travels at a velocity VELHI, it would arrive at the second
station at a time NMIN X DELA seconds before the first point in the
second seismogram (GMT2). If SEIS1(1) travels at velocity VELLOW, it
would arrive at the second station NMAX x DELA seconds after GMI2.




An array TT(I) is created which corresponds to all possible
time shifts required for the phase velocity range VELHI to VELLOW. The
array TSTEP(I) corresponds to the time shifts required through
specification of the velocity interval DV between VELHI and VELLOW.

3.6 Cross-multiplication process — subroutine OUTPUT

The cross-multiplication function, SAMSBS(I), of the windowed
band-pass filtered seismograms (cf, equation (4)) for various time shifts
TT(I), is computed within this subroutine, see figure 4(c).

If the first windowed filtered seismogram is represented as
SA(1), SA(2), ... SA(N), and the second SB(l), SB(2), ... SB(N), then
when the point SA(NMIN) travels at a velocity VELHI, it will arrive at
the second station at a time corresponding to SB(1l). Hence, the cross-—
multiplication function SAMSBS(I) for a time shift corresponding to a
phase velocity of VELHI is formed by the product of SA(NMIN).SB(1),
SA(NMIN+1).SB(2), ... SA(NMIN+n).SB(n+1), ... SA(N).SB(N-NMIN+1),.

The value of the dc shift is determined by finding the value
Xmax of the maximum amplitude of the product seismogram and the following
minimum Xpin. The de level for this particular time shift is then
(Xpax + Xpipn) /2. This value is then stored in E(1) of an array of dc
levels E(k), k = 1,NP. NP is the number of points between NMIN and
NMAX.

This operation is repeated for the next time shift, which
corresponds to a lower phase velocity, and an array of dc levels E(k)
is built up.

IIME SHIFT > ¢ IT(D,I=1,NP
CROSS SA(WIN).SB(I). SA(NMIN-].).SB(I), s e b SA(NMAX).SB(I)
MULTI- SA (NMIN+1).SB(2), SA(NMIN).SB(2), cesssssess SA(NMAX+1).SB(2)

PLICATION " " "

FUNCTION SA(NMIN+n),SB(n+l1), SA(NMIN+N~1).SB(n+2), ..eve..... SA(NMAX+n).SB(n+l)
SAMSBS (I " " "

W SA(N).SB(N-NMIN+1), SA(N) ,SB(N-NMIN), vresessass SA(N).SB(N-NP)

The operation continues until a dc level has been found for
all the time shift values TT(I1).

Commonly, the point SA(NMIN-n), where n < NP, is equal to SA(1)
before the whole range of time shifts has been computed. When this
occurs, the role of each seismogram is reversed. SB(I) is now time
shifted relative to SA(I) until the appropriate amount of time shifts
are completed.

The dc levels stored in E(k) correspond to time shift values
TT(I), ie. D21/VELHIL,(D21/VELHI)+DELA, ...... D21/VELLOW, where D21 is
the distance between the two stations. These values have to be
interpolated in subroutine INTPOL to produce a function X(KPER,I) (KPER
is a period index) of dc levels for time shifts TSTEP(I) corresponding
to the velocities of interest VSTEP(I).



3.7 The phase velocity values \

The sequence of operations starting at the windowing of the |
seismogram (see section 3.3) is repeated for each period of interest §
and the d¢ levels are stored in subsequent columns of X(L,J) (where I is |
a period index and J is the dc level) which has a maximum size of ‘
120 x 120. The maximum value of X is determined and set to 99, all ‘
other values of X are then scaled accordingly. X is a 2-D matrix of dc
levels as a function of period and phase velocity (see figure 2 and 5),
The phase velocity curve is determined from the most reasonable maxima
of the contoured matrix. ‘

3.8 Qutput ‘

The output from the program is in the form of paper print-out
and graphical display.

The print-out consists of:-

(a) The input parameters, seismograms and group velocity
data. '

(b) The 2-D matrix of the dc level of the cross-multiplied
trace as a function of period and phase velocity.

(c) An extended print-out if required (set IMTRX=1) of many
of the variables calculated during the computations.

The graphical output consists of:- o |

(a) The group velocify curves used in the formation of the
group arrival time window.

(b) The two seismograms prior to analysis, SEIS1 and SEIS2.

(¢) For the largest, the centre and the smallest periods of
interest, the windowed seismograms (WIND1,2), the band-pass
filtered seismograms (FILT1,2) and the cross-multiplication
function (XMULT) for a particular time shift (when
SA(NMIN-n) = SA(1l), n < NP) are graphed out.

(d) A contour plot (positive values only) of the dc levels
for the phase velocity/period array.

4, PROGRAM SPECIFICATION |

The program is written in FORTRAN IV. A storage of 384K is
required. The output is in the form of paper print-out and SC 4060
graphics. The maximum number of digits in the time series is 1024.
The maximum size of the phase velocity/period matrix that may be
requested is 120 x 120.




5e FLOW DIAGRAM OF PROCEDURE

Seismograms digitised at a
constant sampling rate with
the instrument response
removed.

Preparation of time series for analysis

Group velocity values for
the periods of interest,
used in computing the group
arrival time windows.

Mean or linear trend removed from the time

series and both ends cosine

Number of points increased to be a power
of two for efficient Fourier analysis.

tapered. \/

Windowing around group arrival time
Both seismograms are windowed around
the group arrival time of each period

N

of interest with a time window 4.5
times the period.

Band-pags filtering of the seismograms
Both seismograms are band-pass filtered
with a Gaussian filter function centred
on the period of interest.

Cross-multiplication Process

The windowed band=pass filtered
seisnograms are cross multiplied for
various relative time shifts, corre=—
sponding to constant phase velocity
steps. The value of the dc shift
being recorded for each step.

\'4

REPEAT OPERATION FOR

N

NEXT PERIOD OF INTEREST

!

Phase velocity determination

From the 2=D matrix of dec

levels as a function of period and
phase velocity, the phase velocity
curve is determined from the most
reasonable maxima of the contoured
matrix.

10
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FIGURE 1.

TIME MARKS AT INTERVALS OF 200 SECONDS

OBSERVED SEISMOGRAMS ON THE LONG PERIOD WWSSN INSTRUMENTS AT

COPENHAGEN (DISTANCE = 16,10 DEGREES, AZIMUTH 345.2) AND

KONGSBERG (DISTANCE = 20,36 DEGREES, AZIMUTH 345.0) OF THE

FUNDAMENTAL MODE RAYLEIGH WAVES FROM AN EARTHQUAKE IN ALBANIA

ON THE 16TH SEPTEMBER 1972. ORLGIN TIME 03-53-26.5, EPLCENIRE
40.30N, 19.69E, Ms = 4.7, mp = 5.1
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FIGURE 2. 2-D MATRIX OF NORMALISED DC LEVELS AS A FUNCTION OF PERIOD AND
PHASE VELOCITY FOR THE INTERSTATION PHASE VELOCITY DETERMINATION
BEIWEEN THE WWSSN STATIONS OF COPENHAGEN AND KONGSBERG. THE
DOTS REPRESENT THE COMPUTED PHASE VELOCITY CURVE
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FIGURE 3. SYNTHETIG, FUNDAMENTAL MODE, RAYLEIGH WAVE SEISMOGRAMS COMPUTED

(SEE DOUGLAS, HUDSON AND BLAMEY [5]) FOR A 25000 KTON EXPLOSION

IN AIR AT EPICENTRAL DISTANCES OF 30.0 (SEIS1) AND 40.0 (SEIS2)

DEGREES, RECORDED BY STANDARD WWSSN LONG PERIOD INSTRUMENIS. LHE

DETAILS OF THE STANDARD CONTINENTAL STRUCTURE USED IN THE COMPUTATION

IS SHOWN BELOW

STANDARD CONTINENTAL CRUST (KANAMORI [61)

P WAVE VELOCITY

(km s~1)
1st LAYER 6.10
2nd LAYER 6.40
3rd LAYER 6.70
HALF SPACE 8.15

S WAVE VELOCITY
(km s~1)

3.50
3.68
3.94

4.75

14

DENSITY
(g cm™3)

2.70
2.90
2.90

3.30

THICKNESS

(km)
11.0

9.0

18.0
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(a) Windowed seismograms

WIND2 (SEIS2) jJ

FILT1

(b) Band-pass filtered seismograms

Fiir2

X-MULT

‘I

o
s
—

(c) Cross-multiplication function

TIME MARKS AT INTERVALS OF 100 SECONDS

FIGURE 4. (a) SEISMOGRAMS WINDOWED AROUND THE GROUP ARRIVAL TIME OF 10.5
SECOND PERIOD WITH A WINDOW 4.5 % 10.5 s IN LENGTH AND THEN

. SYMMETRICALLY COSINE TAPERED
(b) BAND-PASS FILTERED SEISMOGRAMS, FILTERED IN THE FREQUENCY DOMAIN

BY A GAUSSIAN FILTER CENTRED ON 10.5 s PERIOD
(c) CROSS-MULTIPLICATION FUNCTION OF THE TWO FILTERED SEISMOGRAMS

FOR A PARTICULAR TIME SHIFT
15
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FIGURE 5. 2-D MATRIX OF NORMALISED DC LEVELS AS A FUNCTION OF PERIOD AND

PHASE VELOCITY FOR THE SYM
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APPENDIX A

PROGRAM_LISTING
INTERSTATION PHASE VELCCITY PRCGRAM (IPV)

THE PRIGRAM COMPLTES THE PHASE VELOCITY CF 4 DISPERSEC SEISMIC
SIGNAL BETWEEN TAG STATICNS FRUM A SQURCE WHICH IS CN GR NEAR THE
INTERSTATICON GREAT CIRCLE. ThHE SEISMOGRAMS,wHICH ARE REPRESENTED
IN THE PROGRAM AS DIGITS SAMPLED AT EQUAL INTERVALS,ARE INITIALLY
WINDOWED AROQUNC THE GROUP ARRIVAL TIME CF THE VARIOUS PERIODS OF
INTEREST IN URCER TG ELIMINATE EXTRANEOUS NOISE. BOTH SEISMOGRAMS
ARE ThEN PASSEL THROUGH A NARROW BAND PASS CIGITAL FILTER CENTRED
AT VARIOUS PERIDDS AND THEIR CRCSS PRUOUCT FORMED FCR A NUMBER QF
TIME SHIFTS CORRSSPCNDING TO CONSTANT PHASE VELOCITY STEPRS. THE
AVERAGE CF THE RESULTANT TIME SERIES IS A MAXIMUM WHEN THE TwO
SIGNALS ARE IN PHASE. THE PHASE VELOCITY DISPERSICN IS DETERMINED
FRCM A CATOUREC MATRIX CCNSISTING CF AVERAGES AS A FUNCTICN OF
PRASE VELOCITY AND PERIOD.

GENERAL REFERENCE -—-¢NEwW TECHNIQUES FOR THE DETERMINATIGN CF
e ittt S D —— SURFACE WAVE PHASE VELOCITIES!® S.8LOCH AND
AclL HALES, BULL.SEISM.SOC.AM. 58, 1021-1034.

* & ¥ kK ¥k & %k % X % Kk & % %X X ¥ X &k $ ¥ % * § ¥

NCTES FOR LSERS.

1) ENSURE THAT GROUP VELCCITY VALUES ARE AT ThE SAME PERIOQODS
AND OVER ThHE SAME KANGE IN EACH RECORD.

2) SELECT THE RANGE OF PERICCS CVER WHICH THE GRCUP VELGCITY
VALUES LCOK SENSIBLE.

3) FIRST SEISMCGRAM,STAYTICON ETC. IS NEARER THE SQURCE, THE

SECOND SEISMOGRAM,STATION ETC. IS FURTHER FROM THE SOURCE,

INFUT CATA CARCS

TITLEA---~TITLE FOR THE DATA SET (10A8)

------ FORMAT (B8ALl4Fl2e5,12+4124F34193X9BALFlee5412912,F301,416X,
12+412,F3.1)

STNAML—--~NAME OF THE RECCRCING STATICN NEARER THE SCURCE
(8Al)

CELTAL~-=~CISTANCE IN DEGREES BETWEEN STNAM1 ANC THE SOURCE
1 DEGREE = 1ll1.1 KM (F12.5)

MEGMT1----HOURS (I2)

GMT TIME OF FIRST SAMPLE IN THE
MNGMT 1--=-=MINUTES (I2)

FIRST SEISMOGRAM
SCGMT1~-~=-SECCNDS (F3.1)

STNAM2~~~~NAME OF RECCRDING STATICN FURTHER FROV
ThE SQURCE (8Al)

CELTA2~~--DISTANCE IN CEGREES BETWEEN STNAM2 AND SQURCE
(F12.5)

MEGMT2--==HOULRS (12)

GMT TIME COF FIRST SAMPLE IN THE
MNGMT2———-MINUTES (12}

SECONC SEISMCGRAM
SCGMT2--~--SECCNDS (F3.1)

MHOUR ====HOURS (I2)

GMT ORIGIN
MIN -=-==MINUTES (I2)

TINE
SEC --==SECCNDS (F3.1)

------ FORMAT (411042F10.5)

NSEIS1----NUMBER OF SAMPLES IN THE FIRST SEISMOGRAM, NOT
MORE THAN 1024 (I10)

NSE1S2-~=—NUMBER OF SAMPLES IN THE SECOND SEISMOGRAM, NOT
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ACOOOOOO0OONOOA0CO00NO00N00NCONO0000O0 000000

CARD 4

CERES 6

VCRE THAN 1024 (110)

NGV —-=~= NUMBER CF GRUUP VELQCITY / PERICC VALUES FOR THE
TwO SEISMCGRAMS, NOT NMORE THAN 120 (I10)

NCISTP---=NUNMBSR CF PCINTS IN COSINE TAFER CF BCTH ENCS QOF
SIGNALy [F NCUSTP=0 NO COSINE TAPER APPLIEC

CELA  —--~INTERVAL BETWEEN SAMPLES IN SECGNCS (Fl0.51

VELHT —=--HIGHEST PHASE VELCCITY CF INTEREST {(F10.5)

VELLOW===~LJIWEST PHASC VELCCITY CF IANTEREST (F10.5)

FIRMAT (1X,AB,1X,311C,318)

TYP2: —=ex|[F!TYPE*=MEAN, MEAN BASELINE REMCVEC FRCM SIGNALS
IFITYPE* =L EAST »LEAST SQUARES BASELINE IS REMOVED
(Ag8)

NULERD====INCLZERDY NUMBCR OF ZERCS ACUEC TC THE FRONT QF
duyTH SEISMCGRANMS (110}

IMTRA ~===TFYIMTRX %=1, AN EXTENCEC PRINT QUT IS UBRTAINED.
(110}

IVv32[S—=—-INVERT THE FIKST SIGNAL IF*IVSEISt'=]l, THE SECCND
IFPIVSETIS®'=2 (110}

Nol —w==[F NGL=1,GRCUP VELCCITY CURVES ANC CRIGINAL
SEISMOGRAMS GRAPHED. (15)

NG 2 ~===1F N3;2=1ly WINDCWEC, BANC-PASS FILTERED ANC CRQSS-
MULTIPLIED TRACES GRAPHED FUR THE LONGEST, CENTRE
ANC SHIRTESY PERICCS.

NG} ~===1F NG3=1y CCNTCUR PLLT (F PUSITIVE vALUES CF 2~C
MATRIX ARE GRAPHEC.

fFIRMATY {3F1C.5)

BAND ~~--=RELATIVE BANDWILCTE OF GAUSSIAN FILTER (FlQ.5)

OwrF —-=-==CECAY RATE OF GAUSSIAN FILTER FUNCTICN (F13.5)

Cv =—==TFE VELCCITY INTERVAL BETWEEN PHASE VELCCITY
VALUES, IF OV LEFT BLANK IT IS SET TQ 0.02 KM/SEC
(NCT MORE THAN 120 INTERVALS PETwEEN VELHI ANC
VELLOwW)

FCRMAT (2E1%.7)

PRyl (D) PERIODS AT WHICH GRCUP VELCCITIES ARE GIVEN

I[=1,NGV FOR FIRST SEISMOGRAM
Gvl (1) GROUP VELQOCITY VALUES FGR THE ABOVE PERIDDS
I=1yNGV
CARD 7
------ FIRMAT (2E15.7)
PERJD2 (1) PERIODS AT WHICH GRCUP VELCCITIES ARE GUVEN
I=1,NGV FOR SECOND SEISMOGRAM
Gv2 (I GROUP VELDCITY VALUES FQR THE ABOVE PERIOOS
{=1yNGY
CARD ¢
------ FORMAT (10A8)
TITLEL-=-=TITLE FCR TKE FIRST SEISMOGRAM (10A8)
CARD S
--=—== FORMAT (1CA8)
FMTL ====INPUT FORMAT FCR FIRST SEISMOGRAM (10A8)
BRACKETS MULST BE PLACED ARGQUNL ARGUMENT
CARDS 10

FORMAT FNT1

SEISL (1) DIGITAL SEISMIC SIGNAL FRCM FIRST STATION,
I=1,NSEISL NOT MORE THAN 1024 FOINTS (FMT1)
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CARC 11
~==-——=—  FGRMAT (1048)

TITLE2-~~-TITLE FCR SECONC SEISMCGRAM (10A8)

CARD 12
~<-==~e-  FORMAT (1048)

FMT2 ===<INPUT FORMAT FOR SECUNC SEISMCGRAM (13A8)
BRACKETS MLST BF PLACED AROUNC ARGUMENT

CARCS 13
me-—-e=  FORMAT FMT2

SEIS2 (1) DIGITAL SEISMIC SIGNAL FRCM SECOND STATION,
I=1,NSEIS2 NOT MORE THAN 1024 POINTS (FMT2)

CARDS 1 TJ 13 CAN bE REPEATED FCR ANY NUMBER CF DATA SETS

FCR THE CUTPUT FRCM THE PROGRAM SEE O REFORT 8/76, SECTICN 3.8

* ok X & % ¥ ¥ K ¥ X % ¥ ¥ X kB Xk x 3 X X ¥ ¥ ¥

MAIN

COMMON/PHASEL/NSEIS1,SEIS1(2048) JNSEIS2,SEFS202048) 4Ny CELA,IMTRX,
1P 1 N2 yNBY, DOMEGA, ALPHA,BETA
COMMGN/PHASE2/NSVLPERUDL(120)+GVL(120) 4AGV2,PERNC2(120),6V2{120)
CCMMON/PHASE3/ 2(B8192) 4SA(2048),SB(2048)
CCMMON/PHASES/X(120,120) yVSTEP{120) yNRyNX,KPERJNC,PERICD(120)
COMMON/PHASES/VELHE yVELLCW ¢ NVEL ¢y NP JAMAX AMIN,TT(2048) s TSTEP(120) 4N
1632

CCMMCN /OLT/ YL2048,45)

CCMMCN /GRAPH/ TITLE(21),0DELA

CCMMCN /POUT/ NT, NXL,RANGE ;CCNST,AINTER,T(2048) s XXeBMAX{ 5) ¢ BMIN(5)

DIMENSICN STNANML{E) ,STNAMZ2(8)

OIMENSION FMTL(10),FMT2(10)}

DINMENSIGN TTL(2),772(5)

DIFENSION TITLEL(20),TITLE2(20),TITLEAL20)

REAL#*3 CATESTINS,TITLELyTITLE24FNT1,FMT2,TYPEs SECSyBLANK
REAL*8 TITLE,TITLEA,TT1,TT2
CCMPLEX Z

CATA TYPE/8H /

CATA BLANK/BH /

OATA SECS/BHSECCNDS /

CATA TT1/BHSELS 1 ,8HMSEIS 2 /

DATA TT2/8HWINC 1 8HWIND 2 ,8HFILT 1 +8HFILT 2 48kX~MULT /

CALL TIMER

CALL CATIM(TITLEL(L16)TITLEL(LIT))
CALL CATIM(TITLE2(16),TITLE2(17))
PI=4,0*ATAN(1.0)

CALL CATIM(DATE,TIME)
DC 2 1=1,20
TITLEL(I)=BLANK
TITLEZL1)=BLANK
CCATINUE
TITLEL(2)=SECS
TITLE2(3)=SECS
TITLE(31)=SECS
DC 3 I=1,2048
SEISL(E)=0.0
SEIS2(1)=0.0
CONTINUE

DC 200 =12
TITLE(I)=TTLL])

READ IN TRE INPUT CATA

READ (5,4+END=999) (TITLEA(I), [26,15)

FCRMAT (10A8)

READ 55STNAML,DELTAL,MHGFT14MNGVTL,SCGMT1,

1 STNAM2 yDELTA2 ¢ MHGMT2 ¢MNGMT2 o SCGMT2 4MHOUR 4MIN, SEC
FORMATUBAL F1245912112,F30143X98AL9F12.5¢120129F3.1916X912412,
1F3.1)

READ &¢NSEIS1oNSEIS2,NGVNCCSTP,0ELA, VELFI,VELLOW
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33

34

27
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30

FORMATI411043F10,5)

NEV1=NGV

NGV2=NGV

REAC TyTYPE,NCZZRCyIMTRXyIVSEISoAGL NG2,AG3
FCRMATILXyABy L Xy311G,315)

READ E,BAND,DwF,DV

FCRMAT (3F1).5)

REALC Sy (PRODL{IDGVLI(L),I=1yNGV])

READ 9, (PIROD2({1Y,6V2{1),1=1,NGV2)
FORVATLZELSLTY

CCAVERSICN T EASIC UNITS OF TIME(SECS) AND CISTANCE(KNMS.)
GMTL=3600.,d%FLOAT(MEGMTL)¢60,0%FLCATIMNGMTL ) +S5CGMT1~
1IFLCAT(NCZERUI*CELA
GFT2=3630.0%FLCATIMEGMT2)+60.0*FLCATINMNGMY2)+SCGMT 2~
LFLCATINGZZRU) *CE0LA

QRIGTV=236G3 I*FLCAT(MRCURY ¢ €008 FLCATAMINY #SEC
DELTAL=DELTAL*1LL.L

DELTAZ=DELTA2%]11.1

D21=DELTAZ2-DELTAL

IF(OV.2C.0.U)0V=0.C2

FILTER CHERACTERISTICS
BETA=ALOG(DwF)
ALFHA=BETA/LANCx%2

CALCULATE TIME SHIFT FACTURS FGR CROSS-MLLTIPLICATICN
NCZER) = NJZZKC
TMAX=D21/VELLOW+3.0%DELA
TMIN=D21/VviLHI~3,0%CELA
NMINS(OPT2-GMT1-TMIN)}/DELA+L.O

IF (NMINGSTLY) GO TC 23

NCZERY = NCZSRI-NMIN ¢+ )

GMTL = G¥T1 + FLOAT (NMIN-1) * CELA
NSEISL=NSEIS1eNOZER]
NSELIS2=NSEIS2eNILERL
NCZERCENCLIER I+ ]

NCZZRI=NCLERL+Y

AV L= (SMT2-0MT 1=-TMIN)/DELA+LLO
NMAX=(TVMAX~GMT 24GMT L) /DELA+L.O
TMIN=GMT2~GMT1-FLIAT(NMIN-L)*DELS
TMAX=GMT2=-GMT L4FLJAT(NMAX=1 J%DELA
NFENMAXENMIN=1

TT(L)=TMIN

BC 34 [=24NP
T =TT(I~-1)+CELA

CCNTIAUE

REAC 4o (TITLELIIL) y1=6415)

REAL &4, (FMTYLT),I=1,10)

REAL FMTL, ISEL1SL(T1),1=NOZER]LINSELSL])
READ 4o {TITLEIZ(I)y1=6415)

REAC 4, (FMT2t1),1=1,10)

READ FMT24(SZ18201) y1=NOZERC,NSEIS2)

PRINT OUT INPUT DATA AND PARAMETERS

PRINT 11,CATE

PRINT 12

PRINT LIo(TITLEA(L) 1=6,15)

PRINT 14¢MHOUR ¢MINs SECHyORIGTM

PRINT 15¢5TNAML4CELTAL MHGMTLyMNGMT], SCGMTL,GMT]

PRINT L59STNAMZ2yCELTA2 MFGMT2,MNGMT 2, SCGMT2,6MT2

PRINT 16+ NSEIS1yNSEIS2¢NGV]1AGV2,NCOSTP 4CELAy VELHI,VELLOW,0V
PRINT 17,PAnNDOWF ¢NGLyNG24NG3

PRINT 18,TYPEyNOZERC,IMTRX, IVSETLS
PRINT 1§

PRINT 13 ,{TITLEL(]),I=6,15)

PRINT 4, (FMT1(1),1=1,10)

PRINT 20,(1,SEISL(I), I=NGLZER],NSEIS])
PRINT 21

PRINT 13,(TITLE2(L),I=6,15)

PRINT 4, (FMT2(1),1=1,10)

PRINT 20,(1,5S152( 1)y I=NCZERL)NSEIS2)
PRINT 22

PRINT 23, (14PERQULLTIIZOGVLCT )y L=14NGVL])
PRINT 24

PRINT 23,(1,PERQD2CI),GV2(I),1=1,NGV2)
PRINT 25

INVERY SZISMJGRAM
IVSEIS=IVSEIS+]

GC TO (26427,28), IVSEIS
0C 29 [=14NSEIS]
SEfSLCL)==SEISL(I}
CCATINUE

GC TO 2¢

OC 30 I[=1,NSEIS2
SEIS2(I)=-SEIS2(I)
CONTINUE
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32

35

37
42
201

38

100

101

102

103

104

il
12

13
14

INTRX=IMTRX+1

INCREASE NO. GF PCINTS TO A POWER .OF 2 €T, NSEISL OR NSEISZ2
IF{NSEIS1eGT4102440R.NSEIS2.GT.1024)CALL EXIT

N=128

N2=7

IF(NSEISI.LE.NJANCJNSEIS2.LELNIGC TQ 32

N=2%N

N2=N2+1

GC 10 21

CCELA=DELA

NGB2=NGV1/2

NBY=N/2
DCMEGA=PI/(DELA*FLGAT(NAY})

NVEL=(VELKI-VELLGW) /DV+1.0
VETEP(1)=VELHI
TSTEP(1)=D21/VSTEPL))

DC 35 I=24NVEL
VSTEP(I)=VSTEP(I~-1)-DV
TSTEP(I)=D2)1/VvSTEP(]}
CCATINUE

REMOVE MEAN 3K LINEAR TREND FROM SEISMOGRAMS
IP1=IMTRX~1

CALL EASE(SEISI(NCZERL) yNSEISI=-NOZERL+1,TYPE,IPL)
CALL BASS(SEIS2(NJZERD) ¢NSEIS2-NCZERO+1yTYPE,IP])

COS TAPER 80UTH ENDS OF SEISMCGRAN

IF(NCGSTPL.EQ.Q) GO TC 36

CALL CSTPUSEISHINILERL)4NSEISI-NGZERL+1yNCOSTP,1)
CALL CSTPUSEIS2(NUZERD) ¢+NSEIS2-NCZERG+14NCOSTP,1)

IF(NGleEwaQ) GC TC 42

GRAPH CUT G<OUP VELCCITY VALUES
CALL CRFGPVINGVI,PERCDL,GV])
CALL GRFGPVINGV2,PEROD2,GV2)

GRAPH CUT SEISNMCGRAMS
DC 37 1=1,1024

YL,y 1)=SEISL(D)
Y{I,2)=SELS2(1}
Y(I,3)=0.0

Y(I,4)=0.9

Y{1,5)=0.0
CONTINVE

CALL CHANIN,2,241)
DC 201 I=1,5
TITLE(D)=TT2(1)

GC TU (100438),IMTRX

PRINT 3G yNP,NMINJNMAX,TMIN,TMAX

PRINT 40,(TT(I)y1=1,NP]

PRINT 41 ,(VSTEP(L),TSTEPII),I=14NVEL)

NC=0

KPER=1 :

CALL PACKET(N,GCELAJNSEIS]1,SEIS]+CRIGTM,0ELTAL,GMT14NGV1,PERCDL,
IGV14KPER¢SA)

CALL FACKET(N,DELASNSEIS2,SEIS2,CRIGT¥yCELTA2,GMT2,NGV24PERCC2,
LGV2+KPERSE}

0C 102 I=1,N

Y{I,1)=SA(1)

Y{l,2)a88(1)

CCATINUE

CALL CRUNCH

DC 102 [=1,N

Y(1,3)=5A(1)

Y(I,4)=88(1}

CCNTINUE

CALL CUuTPUT

IF (NG2.EQ.0) GO TQ 104

IF(KPERcEC.1sOR.KPEREQeNGB2.0R «KPEREQeNGVLICALL CHAN(N:54341)
KPER=KPER¢1

NC=NC+1

IF(KPER.LELNGVLIGO TO 101

CALL EXHBIT

CALL TIMER

GC T0 1

FCRMAT({L1H1///710%,¢2FSURFACE WAVE ANALYSIS(PHASE VELOCITY (KMS/SEC)
1/ PERIOD (SECS)y49X,A8)

FCRMAT(10X,62H
lawmencw—e 049Xy QH- wnmwm—= )

FCRMAT(/720X,10A8/7)

FORMAT(///710%X,20HORIGIN TIME OF EVENT 42X912,1XyS5HHOURS 92Xs1241X,
L4HMINS ¢ 2X¢F4. Ly LXs4HSECS 45X ¢ 2HOR¢SX9F 12444 1X44HSECS)
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FCRMAT(///719%,*STATIUN NAME CF SEISMIOGRAM 1 1Sv,2X,8A1/7/
110%,45HDISTANCE OF RECORGING STATICN FRCM EPICENTRE (F12.542X,
13HKMS 7/
110xs 2 EHGMT TIME OF FIRST SAMPLE 9J202X9SHHOURS $2X,12,2X 4HMINS, 2%,
1F4,1 42K 4HSEC S ¢9X ¢ 2HGR 45X gFL2.% L Xy4HSECS)

FCRMAT(///710X s *NSETISL =% oT6,5X'NSEIS2 =%,18, 5K "NGVL =¢,04,5X,'N
1GVvZ =%y 1% s5Ky "NCCSTP =0 ,[545Xe*CELA =" Fha2,//710X,*VELHT =t,F6.2
298X OVELLSH = 4F6.245%9°0V ='yFb6e2}

FCRMATL /703Xy PEANT = FHe299Xs *DWF =20 F6.295X, NG =¢904y5X
1y 'NG2 =9 4144 35Xy 'NG3 =*,14)

FCRMATL//LOXp AEp LN, *NOZERO =%, 1635Xy *IMTRX =*,14,y5X,*[VSELS =*,14
1
FCRMAT(LIHL// 10Xy LEHSCISMCGRAY 1,3X,"(ORIGINAL CATAY)
FCRMAT(6(139515a71))

FCRMAT(LHL//1OX, Y SEISMOGRAM »*,3Xx,*CRIGINAL CATA®)
FCRMAT(LIHL//20Xe53HPERTIOD(SECS)/GRCUP VELOCITY(KMS/SEC) FOR SEISMO
1GRAM 1//)

FCRMATU3 I 3,42EL5.7))

FCRMAT(IHE//20%y5 3NPERTIOC(SECS) /GRCUP VELOCITY{KMS/SEC) FOR SSISMC
LGRAM 2//)

FCRMAT(LIHL)

FOCRMATCLIHL//72X ¢ IUNP =g [5 ) LX s SHAMIN= ¢ 15 g LX s SHNMAX=, [S5 41X, SHTMIN=,
1GL2e5elXy5HTMAX=4Gl245)

FCFMA1(//-le'TT(I),I=1.NP‘./(lx.IOGIZ.SI)

FCRMAT(/ 9 1&y *VSTEPL L) s TSTEP(I )y 1=l oNVEL "4/ (1X45(26G12.5))}

CALL FINISK
stCe
END

¥ X & % % & X & % ¥ % ¥ ® %X X & ¥ X X %X ¥ ¥ $ %

SLAKIUTINZS PACKET (NgDELAYNSEISy SETSHyORIGTMyDELTALGMT NGV PERICE,
LGV KPERCT s nAVPKT)

DIMZNSION SEISCLY4PERTAD{LI oGV WAVPKT(L)

GRUUP AKRIVAL TIME FCOx PERICEC OF INTEREST (TMARR)
TMARR=CELTA/GVIKPERCOI+QRIGTN

LENGTE (wIANDDa) ANL NO, GF SAMPLES (NwIN) OF CCSINE TAPER WINDIW
wINOUR=4,5%0cR [JC(KPFRUD Y

Nwin=wINCLA/DELA
NwEY2=NwiN/2
NmiIN=2*NhlY2

TI¥: (TARIG) ANC NC. CF PCINTS (NSACWF FROM START CF SCISMOGRAM
TC *TMARR?

TLRRG=TMARRA=GNMT

NSAUW=TARRG/OELA

NC. UF PCINTS FRUM STAKT OF SCISMOGRAM TC START (NSTARW) ANC SNC
(NFINW) GF WINCIA

NSTARW=NSACW-N®WRY2

NEINWENSACA+IWBY2

NFRUNT=NwBYZ

CHECK THAT WINZ3a IS INSIDE CATA SeT

IFINSTARW.GTL LG TC 2

N INSNW INENST ARM

NFRUNT=N® IN=NnBY2

NSTARW=1

PRINT LyN38CAeha5Y2,PERICLCIKPERCE)

FCRMAT(/ /710K, *FOR THIS PLRIOD THE PRQGRAM IS USING AN ASYMMETRICA
1L CCSINE TAPEREGC WINCGW'/10X,
1'BECAUSE A SYMMSTRICAL WINDCW wOULD EXTEND BEYCND THE EDGE CF THE
1SEISMOGRAYML /10X,

1 TRE USER CAN CVERCCME THIS ASYMMETRY 8Y LENGTHENING THE SEISMOGRA
IM® /10X,

1*IF NC MCRE ACTUAL CATA IS AVAILIBLE THEN ZERCS CAN BE ACOEC TT TH
1E FRONT. (SEE MAIN PROGRAM LISTING) ¢/10X.

1ONSACW=? y I 741 2%y ¥ AwBY2=0,17,10X,*PERICL=*,F12.5)

LCAD AND CCSINE TAPER THE WINCORED SEISMCGRAM
DC 3 [=1,N

WAVPKT(I)1=9.0

CCATINUE

DC 4 I[=NSTARWyNFINW

WAVPKT(1)=SEIS(I)

CCATINUE

CALL CSTFIWAVPKTINSTARW) yNWIN#LsNFRCNT, 1)

RETURN
ENC

% & % % & % % ¥k ¥ ¥ ¥ $ # & 3 ¥ ® ® ¥ X X % ¥ ¥
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SUBROLTINE CRUNCH

CCMMGN/PHASEL/NSELS1,SETS102048) «NSEIS2,SELS2(2048)4NsCELA,INTRX,
1P14N2yNBY,00MEGA, ALPHA,BETA
CCMMON/PHASE2/NGV],PERODL(120),GV1(120) ,NGV2,PEROC21120),CV2(120)
CCMMON/PHASE3/L(8192),5A(2048), SB(2048)

CCMMON/PHASES/ x (12041200 4 VSTEP( 120) yNRyNXyKPERyNC4PERITD(120)

CCMPLEX !

WINDUWED SEISMCGRAMS (SA(I),SBCI)) ARE PUT INTC A CGMPLEX ARRAY I
ANC FOURIER ANALYSEC

DC 1 I=1,N

ZOL)=CMPLX{SALTID,SE(I})

CCNTINUE }
CALL CCCLIN29241.0)

241)=CMPLX(040,040)

ZINBY+1)=2(1)

CHCUSE ThE CENTRE FREQUENCY CF ThE FILTER (CMEGAC) FROM JHE
HARMCNICS IN ThE TIME SERIES (DGMEGA=L) SO THAT IT (S NEAREST TO
THE PERIGC OF INTEREST (PERCLCLI(I))

OMEGAC=2.0%PI/PERCULI(KPER)

L=CMEGAC/COMEGA+0.5

L=L~-1

CMEGAC=DCMZGA*FLOAT(L)

PERIOC(KPZR)=2,0%PI/CMEGAC

CNMEGA=0.L0

BAND PASS FILTER ThE WINDOWEC SEISMCGRAMS
GAUSSTAN FILTER FUNCTION P IS MULTIPLIED BY BOTH +VE AND ~VE
FREQUENCIESy J,K AND NJsNK.

DC 2 I=1,NBY

J=L-1

K=L+]

IF(JelTeZ2eANDLKLGTLNBYIGG TC 5

NJ=N=-J+2

NK=N-K+2

GMEGA=0MEGA-DCNMECA

Pz0.0

PCNENT = (=~ALPHAX(OMEGA/CMEGAC)**2)

IF (ABS(PCNENT).GT. 100.00) GO TC 3
P=EXP(PONENT}

1F(J.LT, . 2)Ga TC 4
L(4)=1(J)»p
ZANJ)=Z(NJ)%P
IF(K«GTNBY}GU TO 2
LIK)=Z(K)*P |
LINK)=Z(NK)*P {
CCATINUE |

TRANSFORM FILTEREC SEISMOGRAMS BACK INTC TIME DCMAIN
CALL CGOLIN2yZy~1.0)

DC 6 [=1,N
SA(I)=REAL(ZII
SB(1)=AfMAG(ZI{
CCATINUE

))
1)
PRINT T4 NCyLCMEGACsJ+PERIODIKFER)

FCRMAT(//2X93HNC=,15,1X,2HL=415,1X, THCMEGAC=9F10.541X92HJI=¢15,5X,
1F1C.5)

GC TO (89S} IMTRX .

IFIKPER.GT.5) GO TO 8

PRINT 104NCyN,KPERyL N2

FCRMAT(//2Xe"NC =9,1592Xs*N =%, 15,2X9 *KPER =¥, 15,2X,°L =*,15,2X,*N
12 =%,15)

PRINT 11,(SA(I)eT=1yN) :

FCORMAT(/ /741Xy *SALT) 41=14N"9/(1X410G12.50)

PRINT 124(SBUID,1=14N)} .

FCRMAT( /41Xy *SBUI) 121 4N*+/(1X,10G12.5))

RETURN
ENC

* & k% % k Kk % %k %k ¥ ¥ % ¥k F & k % ¥ %k % ¥ % 2

SLBROUTINE OUTPLT

CCMMON/PHASEL/NSEIS1,SEISL(2048) «NSEIS24SEIS21{2048) ¢N+DELAIMTRX,
1PI N2 ,NBY,00MEGA+ ALPHA,BETA

CCMMCN/PHASE3Z/Z 2(1€384)¢SAL2048),SB(2048)

CGMMON/PHASES/X(120,120) +VSTEP(120) yNR¢NXsKPERNC,PERIOD(120) |
CCMMON/PHASES/VELHI yVELLOW ¢ NVEL o NP+ NMAX yNMIN, TT(2048) , TSTEP (120} 4N :
162 i
CCMMCN /CLT/ Y (2048,5) f
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DIMENSICN E(204E1SAMSES(204E)

[ X o N o

SET UP CCNSTANTS
NEND=N

NSTA=AMIN

NSTB=(

ISn=1

IFINSTAGLT.2) ISW=2
K=1

[aXeN gl

CRCSS-MULTIPLY TRACES FOR VARIUCS TIME SKIFTS
13 XNAX=G.0

1C=NSTA

0OC 2 I=NSTA, JEND

IN=T-NSTA+NSTa+1

SAMSBS(TI=SA{ L I*Sa(IN}

[F (XMAX=SAMS3S(1))3,42,2
3 IC=1

XMBX=SAMSIS(I)
2 CCATINUE

c SAMSBS(T) GRAPHREC [F NSTA = )
IF(NSTALNILLIGEG TG 4
DC S [=NSTA4NEND
Y{I+5)=5AN535(1)
5 CONTINUE

C
4 NEADL =NEND-1
E(k)=C.C
IFINENDLLTLICIGO TC 5
C FING MEN VALUZ QF X=MULT TRACE AFTER THE MAX AT *{C* AND CALCULATE
[4 THE D.C. LEVEL
CC 7 I=IC,NERCL
IF (SAMSUS(I+1).GT.SAMSBSLINIGG TO 8
7 CCATINUE
8 E(K)=(SANM>4S(IC)¢SAMSBS (1)) *0.5
& K=K+]
C CRECK RONCS OF PHASE VEL. VALUES CCNPLETED
IF {(Ko3TonP)G) TI 9
[4
[ 1F KANGE NOT CCMPLETED REVERSE TRACES IN X-MUlLT PRCCESS

GC TO (13411) 1Sk
10 IF (NSTA.zqe2)ISn=2

NSTA=NSTA-Y
GC Ty 1
i1 NENO=NENE-1
NSTu=NSTHE+]
ITF (NENCENSTILGTONJCRJNSTB#1.GTJNMAXIGE TCO S

GC TO 1
C
C [NTERFCLATS TU FINC CoCs LEVEL AT VEL., STEPS CF INTEREST
S KLIM=K=-1

DC 12 [=1,NVEl

XK(KPERy I )=Jo

INC=1

CALL INTFCL (NP 34TT,c,TSTEPIL) X(KPERII,IND)
12 CCATIANVE

GC TJ (13,14),1MTRX
14 IF (KPER.GT.2) GJ T2 13
PRINT 1S5¢nNENDGNSTAGNSTB ISWiKeKLIMJKPER
15 FCRMAT(LHL//2X " NEND 29 ,I5,2X " NSTA =2, 15,2Xy"ASTB =*y[542X4*[Sw =
1°41592X9 'K =* gI592X¢*KLIM =0 ,]5,2X,*KPER a?,]5)
PRINT 165(TTCI)sECI)eI=LoKLIM)
16 FCRMAT (/74 1Xo 'TT{L)sE(1) o I=1,KLIM® o/ (1Xy10GL245))
PRINT LT7o(TSTEFP(I ) X(KPERsI)oI=1yNVEL)
17 FCRMAT(//y1Xs *TSTEP(I) o X(KPEReI }o1=1yNVEL*y/(1X,10612.5))

c
13 RETURN
ENC
C
Cc * K ¥ X %k %k k *x Kk % Xk # ¥ k % ¥ %k % % &£ % *» %
[
C
SLBROUTINE EXHBRIT
C
C
CCMMON/PHASES4/X(120,120) ,VSTEP(120) +NR ¢ NX4KPERyNC(+PERICD(124)
CCMMON/PHASES/ VELHI yVELLOW)NVEL ¢NP o NMAX ¢NMIN, TY(2048) y TSTEP(123) 4N
163
C
C
NR=NVEL
NC=KPER~1
C
c FIND MAXIMUM JF MATRIX
c

XVAX=0.0
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DC 1 J=1,NR

CALL AMAX(X{Llyd)sNC,HCLD)
ITF(HOLD.GT.XMAX) XMAX=HILD
CCNTINUE

DC 2 I=1yNR

DC 3 J=1,4NC
XCpI)=X{JsI)/XMAX%S9,0
CCNTINUE

CCNTINUE

N25=(NC-1}/25¢1

DC 4 1Z2=1,4N25

NLCW=(1Z-1)%25+]1

NHY=NLCW+24

IF(NHY.GT.NC)NEY=NC

PRINT 5

FCRMAT(LHL//50X%yL4HVATRIX OF X(1)///}
PRINT 64({PERICC(I},[=NLOW,NHY,2)
FCRMAT(3X,13F10.2)

DC 7 I=1,NR

PRINT 8 oVSTEP (1) o (X(Jsl)sd=NLCWyNHY)
FCGRMAT(1X¢F44243X425F5.2)

CCNTINUE

CCNTINUE

IF (NG3.£EQ.0) GO TG 9
CALL CONTUR(X4NCyNR,12045.09540,100.0,3)

RETULRN
ENDG

* & # % ¥ &k k Kk % % %k % & X ¥ % &k X H x % ¥ % *

SULBROULTINE BASE(X N,TYPE,IP])
ENTRY CBASE(DX N, TYFE,IPL)
ENTRY CBASE(X,NyTYPE,IPL)
ENTRY OCEASE(DXyN,TYFE,IP1)

REMOVES EITHER THE LEAST SQUARES GR MEAN BAELINE OR THE FIRST PCINT

SLBROLTINE BASE(X,N,TYPE,[P1)
DIMENSION X(N)+OX(N)

DOUBLE PRECISICN CXySUMXoSUMIXyFXgPHI s XINTO»XBARy ANy X1,X2y
1

SUMX2,SUMX3,VARX yA3MNT 4 SKEW
REAL*8 TYPE,MEAN,LEAST
DATA MEAN/3HMZAN /yLEAST/BHLEAST /

IPC=1

TFIN.LE.CIGO TC 210
NZ=N

N2=1

Fx=DBLE(X(1}}

GG Tu 100

ENTRY OBASE(DXy¢NyTYFE,IPL)
IPC=2

IFIN.LELO)GO TC 210

N2=N

N3=1

Fx=0Xx(1)

GC TO 100

ENTRY CBASE(XyNyTYPE,IPL1)
I1PC=1

IFIN.LE.O)GO TC 210
N2=N#*2-1

N2=2
Fx=CBLE(X(1))
GC TO 100

ENTRY OCEASE(DXyNsTYPE4IP1)
IFC=2 .
IF(NJLE.CQIGO TQ 210
NZ=N*2~1

. N3=2

Fx=0X(1)

INCE=1
IF(TYPELEQ.MEAN) INDE=2
IF(TYPELEQ.LEAST) INCE=3

AN = DFLGAT(N)

SLVX = 0.00

SUMIX = 0.00

DC 104 I=14N2yN3
GG TO (101,102),1PC
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OO0 ON0O0OO0N

101l

102
103

1Q4

11¢

112
113

12¢

121

122
122

130

131

132
133

2u9

201

202

204

5

210

X1 = Cc8Lelx({I}
GC Tu 163

X1 = Ccx()

SLMXL = SUMY + X1

SLMIX = SUMIXK ¢ DFLCAT(T)*x]

CCNTINUE

XEAR = SUMX/ZAN

KINTO = (((4.CQ%AN)+2,00) =SUMX-6,CORSUMIX)/ {AN®(AN-1,C3))

PHL = ((12,00%SUMIX)—6.00%(AN¢1.00)%SUMXS/{AN®(AN+L1,D0)* (AN-1.00))

6C TO (1154120413€C), INDE

DC 113 I=1,N2yN3

GC TO (111,112),1PC

X(1) = OBLE(X(I)) - FX

GC TU 113

CX(I) = Dx(I} ~ FX

CCNT INUE

PRINT 1

FCRMAT(//4Xy42F0ATA HAS BEEN CORRECTED 8Y THE FIRST FGINT)
GC Ta 200

DC 122 [=1,4N2yN3

GC TO (lelyl22)s1PC

X(I) = DBLE(X(I)) - XBAR

GC TC 122

OX(1) = CA(l) ~ XBARK

CCATINUE

PRINT 2

FCRMAT(//74Xy44FCATA HAS BEEN CORRECTEC TC THE MEAN EASELINE)
GC TO 239

DC 132 I=1,N2,N3

GC TO (131+132)1PC

X41) = DOLE(X(I}) - OFLOAT(1)*Phl = XINTC
GC Tu 133

UX(L) = CX{l) — DFLCAT{I)*PH]I - XINTO
CONT INUE

PRINT 2

FCRMAT( //4Xy533F0ATA HAS BEEN CORRECTEL TC Thi LEAST SQUARES BASELI

INE)

SLMx2 = (.00

SLFX3 = .00

DC 204 1=1,n

6C TU (201,232),1PC
X1 = CaLEAX(T1})

GC T3 2012

X1
Xé
SLMX2 UMX2 ¢ X2

SULMX3 = SUNMX3 ¢ x23%x1

CCATINUE

VERX = SULNMXZ2/AN

A2MNT = SUMK3/AN

SKEw = (AIMNT=AIMNT )/ (VARXX*3)

PRINT 4, XBARy FX, PHI4 VARX, SKEW

FCRMAT(4X,14HMEAN CF DATA =,0612.5,8X,22FVALUE CF FIRST PCINT =,
1612.5/4X432F GRAJQIENT OF LEAST SGQUARES LINE =2+Gl2.598Xy 18HVARIANCE
20F CATA =2,G12.5¢8Xs LOHSKEWNESS =,G12.5})

[}

IFCIPLLEGLIPRINT 5, (fy X{1}y I=1,N24N2)
FCRMAT(//4Xy24HTHE BASELINED CATA IS ~=//5(4X6HSAMPLE s 4 Xy 4HX{ 1),
13X)/(504x%,154,G12.5) )

RETURN
ENC

¥ & % & k % ¥ & %k k k ¥ & *x &k ¥ k k¥ x % H % 3

SUBROLTINS CSTF{XyNyNC,INDE)
ENTRY CCSTPLDX yNyNUyINDE)
ENTRY CCSTP(XyhyNCyINDE)
ENTRY DCCSTPIDX,NoNC, INDE)

INDE=1-~==—=m= COSINE TAPER BCTH ENCS CF CURVE.

~-~COS INE TAPER FRONT ENO JF CURVE.
INCE=3mmomom—— CCSINE TAPER CCSINE TAPER EBACK ENO CF CURVE.
X=mm——— IS THE ARRAY.
Nem=~—- IS ThE NUMBER OF POINTS IN THE ARRAY.
NC-mmm=—m [S THE STARTING NUMBER.
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L s B s X s XaXs)

QOO OAOOOOOOOOON

10

11
le

13
14

15
16

17

20

21
22

23
24

25
26
27

30

SLERGUTINE CSTP{X,N¢NCyINDE)

DINENS
DCUBLE

1PC=1
1¢=1
GC TO

ENTRY
1PC=2
IC=1
GC TO

ENTRY
IPC=1
1€C=2
GC Tu

ENTRY
1eC=2
1C=2

PL = 4
PRI =
CPHL =
SFF] =
CTHET)
STHET1
CTrET2
STRET2
IF(NO.

6C T4

oc 17
GC Ty
Ia = (
IN = (
GC TU
IN = (
XCIND
GC TD
X(Ia)
caLL s

CONTIN
GC TV

oC 27
GC 7O
16 = (
In =
GC TO
IN = |
DXUINY
6C 70
ox{fal
CALL S
CCATIN

RETURN
ENC

SLBROU
DCULBLE

CTrET2
STHET2
CTHET]
STHETL
RETURN
ENC

BESSEL

ION X{NY ¢OX{N) )

PRECISICN UXoPUyPHIoCPHI ySPHIZCTHET]L ,STHET1,CTHET2,STHET2

1

CCSTPIDXyNyNC,INDE}

1

CCSTPUXysNyNCHINDE)

1

CCCSTPIC Xy Ny NCHINDE)

«00*CATAN(1.00)

PI/DFLOAT(NGO-1}
DCSS(PHI)
CSIN(PHI)

1.00

0.D0

1.09

J.0)

LELJIRITURN

LI I I 1)

(10,20),1PC

I = I'NO

(11912413), INDE

N-T)*iC+1l

I-1)*1C+1

14

N-T}&[C+]

= S,U=L*CBLE(XUIN))=()1.00-CTRET2)
(154164 L€), INDE

= S,C=-1%(BLe{Xx(1A)}*(1.00-CTHET2)

INCOS(CPHL ¢ SPHIyCTHETLySTHETL1,CTHET2,STHET2)

UE
3Q

I = 14NG

(2152242314 INCE
N=T)*ICe¢1l

I-1)*1C+1}

24
N-1)%[C+]

= 5.0-1#0X(IN)*(1,CO-CTHET2)
(2542642604 INCE

= S,0-1#DX(I1A)*(1.,D0-CTHET2)
INCGS(CPHI ¢ SPHIZyCTHET]Y ySTHET L ,CTHET2,STHET2)
UE

* X X % % ¥k X X & ¥ ¥ % # X % ® X & & ¥ % % ¥ &

TINE SINCOS(CPHIySPHI CTHET1,STHET1,CTHET2, STHET2}
PRECISICN CPhl’SPHI:CTHEiloSTHETI'CTHETZvSTHETZ
CTHETI#CPHI - STHET1%SPHI
STHET1#CPHI ¢ CTHETI*SFRI

= CTHEYT2
= STHETZ

£ X 2 %k % % ¥ % ¥ % ¥ % F Xk x ¥ % % % % % ¥ ¥ %

GIP SULBROUTINE INTPCL

S INTERPCLATICN FORMULA TC THE FIFTH CIFFERENCE
REFERENGE = laA.T. P.56

FRCM THE CALL INTPGL(NyLsXsY¢XP4YFsIND)
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[eXa¥sEaRsE:RalzEelasNelaNoNalalaNalaleNalaNasNakeNeRalaN ol ]

[aN X ul

10
11

12

13

14

15

20
22
23
24

25

100

2140

N NUMBER OF FCINTS

L STARTING PCSITICA IN TABLGE CF VALUES (ACT LESS THEN 3)
X INDEPINUENT VARIASLE WHICH MLST BE EQUALLY SPACED

Y VALUES OF ThE FULNCTICN

XKE  INTER4EDIATE VALUE OF RECUIREL YP

YP  VALUE QF FUNCTICN OF KEQUIREL XP

INC = 1 ~CRMAL [NTERPOLATICN  YP FROM xP
EANC = 2 INVERSE INTERPOLATICN XP FRCM YP
INC = 3 WO INTERPOLATION VALUE CUTSICE TABLE

FORMS THS FCLLCWING DIFFERENCE TABLE --

X ¥ Cl cz cz2 D4 Cs

X(K=21) Y{k-2}

Cil
Y{K=-1) Y{K~-1) Del
ci2 c31
X(K) YK} 022 Cal
XP Yp Cl3 D22 cs51
X(K+1) Yi{K¢l) D23 D42
Cl4 033
X(K+2) YiK+¢) 024
D15

X{K+3) YIK+Z)

SLERULTINE INTFOLUIN,L XY XF,YP,INC)
OINMENSION XUIN}2YIN)

OCLbLE PRECISICN PyB2,834E4485,C11,C024C13,C14,015,
1 2é14022,023,024,531,032,L33,C41,L42,051

NL ==L
GE TC (10492224 INC

SET K FUR INTERPCLATICN
K=t
[E(X(LI=XPILlall, 14
DC 13 I=LeNL
[RIX{I)-XP)12,15,1CC
K=1

CCNTINUE

XP QUTSINDE TAJLE
INC=3
GC TJ 100

XP IS A TA3LLAR VALUZ
YE=Y(I)
GC TJ 330

SET K FOR INVERSE INTERPCLATICN
DC 23 K=L,NL
P={YP=-Y(K))/(Y(Kel)=Y(K)})
IF(P)23,25,22
[F(P-1.0CJ1103,23,23
CCATIAUE

YP CUTSIDE TABLE
INC=3
GC To 380

YP IS A FUNCTICN VALUE
XP=X(K)
GC TO 239

FOkM CIFFERENCES
Dll=Y{(K=-1)-Y(K=2}
D12=Y(K)=-Y(K-1}
012=Y(K+11=-Y(K)
D14=Y(K+¢2)-Y(K+l)
D15=Y(K¢2)-Y(K+2)
D21=012-C11
vezé=Cl3-C1lz
0z3=014-C13
D24=D15-C14
D21=022~Cz2l
D22=C23~-C22
pZ2=024~C22
D41=022-C21
C4z=C23~-C22
051=042-041
GC TO (210,220),IND

INTERFCLATICN SECTICN

FORM BESSEL COEFFICIENTS
P=(XP-X(K))/(X(Ke1}=X{K))
B2=P*{P-1.0D0}
B83=52%(P-0.500)
B4=B2#(P+1,0D0)*{P~2,2D0)
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OO0 OO0 NOOOO00OOOO0NCN0O OO0 OGOO0n

22¢C

230

360

BH=B4% (P
82=82/4.
B2=83/6.
Bhzi4/48
BS=55/12

THE F
YP=Y{K)+
GC YO 30

INVER
0C 230 I

FORM
B2=P% (P~
B2zu2# (P
Bast2#(P
BS=B4%(P
88274,
B3=B3/¢&.
B4=234/48
BE=85/12

THE 1
Pa(yYP=Y(
CCNT INUE
XP=X{K)+

RETURN
ENE
SUBROLTI

CIMENSIO
CCNMPLEX

ClERQ=CM
AN=NUPTS
N=4LJG10
N1=(2%%N
NZ=2%%(N
NlMl=N1~
DC 1 1=2
NA=N2-T+
ZINN)=CC
CCATINUE
LIN1)=CZ
RETURN

ENC

* NEW CARCRF

FRCM
THE CART
XCI)ov(l

THE C

-0.500)
3cao

eoN}
«JCO
C.000

CRMULA
PAD13¢B2*%(L224023)+B3%D232+4084%((414D42)+85%051
Q

Sc¢ INTERPCLATION SECTION

=1,20

3cSSEL COEFFICIENTS

1.000)

-0.500)

+1.000)*(P-2.000)

=0.5001}

Q92

0040

«200

C.000

NVERSE FCRMULA :
K)=82%{022+4022)-83%032~84% (L4 1+C42)-85%051)/D13

PR(X{K+1)=X(K)})

NE FILLUP(NCPTS,2)

N2

Ly CZERC
FLX(J.)y040)
=2
(AN)/ALOGLO(2.0)¢1.C
bel

+1)

1

1N1M)

2

NJGLZ (L))

€29

$ % ¥ ¥ ¥k % % ¥ ¥ %X ¥k ¥ ¥k Kk kx X x & ¥ &k % % % #

THE CALL CARGRFIX,YyN) ThIS PACKAGE FLOTS N POINTS
ESIAN CO-ORCINATES CF THE ITH PQINT BEING SPECIFIED AS
)

PTICNS ARE SET BY USING THE COMMCN -

CCMMGN /GRFF/ TITLE(20), XMAX, XMIN, YMAX, YMIN, INCX, INDY, INC,

1I1C0T, AN

THE T
GRAPH.

TITL
TITL

TITL
TITL

TITL

TI;L
TITL
TITL
TITL
TI;L

xMax
XMIN

YMAX
YMIN

STR1se IFy XLIMIT, YLIMIT, SCALX, SCALY

ITLE ARRAY CARRIES INFORMATION FGR AANNCTATING THE QUTPUT
THIS ARRAY MUST BE SET UP AS FULLCWS -

E(L) =)
JCCNTAINS 24 HOLLERITH CHARACTERS GIVING THE UNITS
€(3) -)OF THE ABSCISSAE

E(4) JCCNTAINS 16 HOLLERITH CHARACTERS GIVING THE UNITS
E(5) 10F THE ORDINATE

E(6) -)
JCCATAINS 80 HOLLERITH CHARACTERS GIVING A TITLE TQ
)THE GRAPH

E(15) =)

E(16) -CCNTAINS 8 HOLLERITh CHARACTERS GIVING CATE OF
PROCESSING

E(17) -CCNTAINS 8 HOLLERITF CHARACTERS GIVING TIME GF
PROCESSING

E(18) =)
JUNUSED

EL20) =)

)SET BOTH EQUAL IF PROGRAM TO CHOOSE THE ABSCISSAE
)SCALE., OTHERWISE SET TC CHOSEN LIMITS OF ABSCISSAE SCALE

)JSET EOTH EQUAL IF PROGRANM TQ ChOOSE THE ORCINATE SCALE
JOTHERWISE SET TO ChOSEN VALUES OF QRCINATE SCALE
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