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SUMMARY 

The program described determines t h e  phase ve loc i ty  of a 
d ispersed  seismic su r face  wave as a funct ion  of period between a p a i r  
of s t a t i o n s  from t h e i r  d i g i t i z e d  seismograms. The cross-mult ipl icat ion 
technique of Bloch and Hales [ l ]  is used t o  compute the  phase ve loc i ty  
curve. 

INTRODUCTION 

Seismic su r face  waves generated by a d i s t a n t  earthquake o r  
explosion a r e  dispersed;  t h a t  is t h e  ve loc i ty  a t  which t h e i r  energy ( the  
group ve loc i ty )  and t h e i r  indiv idual  harmonic components ( the  phase 
ve loc i ty )  propagate is a funct ion  of frequency. This is because t h e  
longer period su r face  waves usual ly  t r a v e l  f a s t e r  than t h e  s h o r t e r  
periods,  a s  they sample deeper down i n  the  Earth 's  i n t e r i o r  where t h e  
shear  and compressional wave v e l o c i t i e s  a r e  g rea te r .  

From the  d ispers ion  of su r face  waves deductions can be made 
about t h e  P and S wave ve loc i ty  and dens i ty  s t r u c t u r e  of t h e  c r u s t  and 
upper mantle through which they have passed; t h i s  is usual ly  ca r r i ed  out 
by comparing t h e o r e t i c a l  d ispers ion  curves computed f o r  layered Earth 
models wi th  the  observational  d a t a  t o  obta in  a reasonably f i t t i n g  
model. 

The r e l a t i o n s h i p  between group and phase ve loc i ty  is 
U = C - A(dC/dX), where U is t h e  group ve loc i ty ,  C is the  phase ve loc i ty  
and X is t h e  wavelength. 

A s  group ve loc i ty  depends on the  de r iva t ive  of phase ve loc i ty ,  
it has an inherent  non-uniqueness [2] ,  hence models a r e  b e s t  t e s t e d  
aga ins t  phase ve loc i ty  data.  

The Fourier  transform of a su r face  wave s i g n a l  x ( t ) ,  ( x ( t )  = 0, 
f o r  t < 0) recorded by a seismological  s t a t i o n  a t  a d is tance  r ,  and 
azimuth 8 from t h e  source is 

where t is t i m e  and w is angular frequency. 

The complex spectrum of the  s i g n a l ,  X(w), can be  represented 
by its amplitude, A, and phase, 4, functions 



The phase spectrum can be represented a s  

where k(w) i s  the  wavenumber (Z.rr/wavelength), $Io(O,w) is  t h e  source 
phase s h i f t  and $i(w) is the instrumental phase s h i f t .  The term 2nn 
a r i s e s  (n = 1, 2, . . . .) s ince  the Fourier transform conta ins  phase 
information only f o r  an angle i n t e r v a l  (0, 2n). 

Now, W C(w) = - 
k (U) ' 

To evaluate  k(w) i t  is  necessary t o  determine $Io, $ j 9  and t h e  in tege r  
n (see equation (1)) . 

Due t o  the  d i f f i c u l t y  i n  measuring the  source phase s h i f t  $o, 
which can only be  ca lcula ted  with a knowledge of the  earthquake mechanism, 
s i n g l e  s t a t i o n  measurements of phase ve loc i ty  a r e  not  f requent ly  used. 
This problem may b e  overcome by using two s t a t i o n s  and an earthquake or  
explosion on a grea t  c i r c l e  path ( the  i n t e r s t a t i o n  phase ve loc i ty  
method) and measuring the  phase d i f ference  be'meen t h e  two seismogramd . 

From equation (1) 

f o r  the  neares t  s t a t i o n ,  and 

f o r  the  f u r t h e s t  s t a t l o n .  

Thus, assuming t h a t  $Io is constant  f o r  a given azimuth and 
t h a t  both s t a t i o n s  art. a t  the same azimuth from the  epicent re ,  then, by 
sub t rac t ing  equation (1) from equation (2) and rearranging, w e  ge t  

The source phase s h i f t  is  thus eliminated and $ l l  and ~ $ 5 ~  can 
be  ca lcula ted  i f  t h e  instrumental  constants  a r e  known. The in tege r  m 
r e f l e c t s  t h e  ambiguity i n  the  i d e n t i f i c a t i o n  of peaks between t h e  two 
s t a t i o n s ,  and it may be determined by a knowledge of poss ib le  phase 
ve loc i ty  values. 

2.  OUTLINE OF METHOD 

I n t e r s t a t i o n  phase ve loc i ty  may be determined us ing s e v e r a l  
techniques 131. The cross-mult ipl icat ion method of Bloch and Hales [l] 
is used i n  t h i s  program. 



The method is based on t h e  p r i n c i p l e  t h a t ,  when two s i g n a l s  a r e  
i n  phase f o r  a  given frequency, t h e  average of t h e i r  c ross -mul t ip l ica t ion  
f u n c t i o n  is  a maximum. 

The computation procedure is a s  follows:- 

(a)  S u i t a b l e  earthquakes wi th  ep i cen t r e s  w i th in  4 - 5 degrees 
of t h e  i n t e r s t a t i o n  g r e a t  c i r c l e  have t o  be chosen i n  order  t o  
e l imina te  t h e  in f luence  of t h e  source r a d i a t i o n  p a t t e r n .  Their  
s u r f a c e  wave t r a c e s  a r e  then d i g i t i z e d  a t  a  cons tan t  sampling 
r a t e .  

(b) I f  t h e  instruments  a t  t h e  two record ing  s t a t i o n s  a r e  no t  
i d e n t i c a l ,  t h e i r  ins t rumenta l  phase de l ays  have t o  be taken 
i n t o  account be fo re  f u r t h e r  processing.  

Cc) The seismograms a r e  windowed around t h e  group a r r i v a l  
time of t h e  per iod  of i n t e r e s t  t o  e l imina te  any d is turbance  
i n  t h e  phase v e l o c i t y  determinat ion due t o  microseismic noise, .  
non-least time path a r r i v a l s  and o the r  modes. The group 
a r r i v a l  times a r e  ca l cu la t ed  from group v e l o c i t y  values which 
a r e  computed ou t s ide  t h e  program [ 4 ] .  

Cd) The s i g n a l s  a r e  then  narrow band-pass f i l t e r e d  s o  t h a t  
bo th  a r e  e f f e c t i v e l y  s i n g l e  frequency seismograms and can be 
represented  a s  AL.  cos  w t  and A2. cos ( w t  + $) where AI and A2 
a r e  cons tan ts ,  and C$ is t h e  phase d i f f e r e n c e  between t h e  
seismograms . 
(e) The two records  a r e  cross-mult ipl ied t o  produce:- 

A l .  COS w t .  A-2' COS (wt + $) = (A1 .A2/2). (cos (2wt + $) -I- cos $) . . ( 4 )  

which r ep resen t s  a  wave wi th  twice t h e  o r i g i n a l  frequency 
superimposed on a  dc l e v e l  p ropor t iona l  t o  cos $. When t h e  
two records  a r e  i n  phase, $ = 0, cos $ = 1 and t h e  dc l e v e l  
is thus  a t  a  maximum. 

(£1 I n  p r a c t i c e  t h e  two f i l t e r e d  s i g n a l s  a r e  cross-  
mu l t ip l i ed  f o r  var ious  r e l a t i v e  time s h i f t s ,  corresponding 
t o  cons tan t  phase v e l o c i t y  s t e p s ,  t h e  maximum value  of t h e  
dc  l e v e l  be ing  recorded i n  each case.  

(g) Steps (c) t o  ( f )  a r e  repea ted  f o r  t h e  va r ious  per iods  
of i n t e r e s t ,  bu i ld ing  up to'2-D mat r ix  of va lues  of t h e  
maximum dc  l e v e l  a s  a func t ion  of phase v e l o c i t y  and period.  
The maxima i n  t h e  contoured mat r ix  d e f i n e  p o s i t i v e  r idges  
which r ep resen t  v e l o c i t y  va lues  a t  which t h e  var ious  per iods  
i n  t h e  two seismograms a r e  i n  phase. The phase v e l o c i t y  
curve is represented  by t h e  r i d g e  wi th  t h e  most reasonable 
v e l o c i t y  values.  



PROGRAM PROCEDURE 

Input  da t a  - program MAIN 

Variables  have t h e  s u f f i x  1 when r e f e r r i n g  t o  t h e  s t a t i o n  
nearer  t o  t h e  source,  and t h e  s u f f i x  2 f o r  t h e  s t a t i o n  f u r t h e r  away. 

Each su r face  wave t r a i n  is  represented i n  t h e  program as  a 
s e r i e s  of d i g i t s  (SEISl(I) ,  I = 1, NEIS1) sampled a t  equal  t ime 
i n t e r v a l s ,  DELA, beginning from a known po in t  i n  time (GMT1). 

The group v e l o c i t i e s  (GVl(I), I = 1, NGV) a t  t h e  periods 
of i n t e r e s t  PERODl(1) are read i n  t o  cons t ruc t  t h e  group a r r i v a l  
t i m e  windows, enabling one t o  reduce t h e  extraneous n o i s e  i n  t h e  
ana lys i s .  

The v a r i a b l e s  f o r  t h e  second s t a t i o n  a r e  s i m i l a r l y  
represented .  

T i t l e  cards and parameter cards ,  which spec i fy  t h e  operat ions 
t o  be  c a r r i e d  out ,  a r e  read i n ,  toge ther  wi th  t h e  d a t a  (see INPUT DATA 
CARDS) . 
3 . 2  Prepara t ion  of t h e  time s e r i e s  f o r  ana lys i s  - programl4AIN 

There a r e  opt ions i n  t h e  program t o  remove t h e  mean o r  
l i n e a r  t rend  from the  time s e r i e s  and t o  cos ine  t ape r  both ends (see  
INPUT DATA CARDS). This e l iminates  t h e  e f f e c t s  on t h e  a n a l y s i s  of a 
t i m e  series superimposed on a  non-zero o r  s lop ing  base l i n e  and i t  
reduces Gibb 'S phenomenon. 

I f  required,  e i t h e r  of t h e  seismograms may b e  inve r t ed  by t h e  
s p e c i f i c a t i o n  of IVSEIS. 

For t h e  e f f i c i e n t  app l i ca t ion  of t h e  Cooley-Tukey algori thm 
used i n  t h e  Fas t  Fourier Transform r o u t i n e  COOL, t he  number of po in t s  
i n  t h e  d i g i t a l  s e r i e s  has t o  be a power of two. I n  accordance with 
t h i s ,  t h e  number of poin ts  i n  each seismogram is increased t o  N po in t s  
by adding zeros,  where N = 2**(I + 1 )  and I is t h e  f i r s t  i n t e g e r  which 
makes N both g rea t e r  than NSEISl and NSEIS2. 

Examples of observed and s y n t h e t i c  seismograms a r e  shown 
i n  f i g u r e s  1 and 3 .  

3 . 3  Windowing around t h e  group a r r i v a l  time - subrout ine  PACKET 

Both seismograms are windowed around t h e  group a r r i v a l  t i m e  of 
each per iod  of i n t e r e s t  wi th  a t i m e  window 4.5 times t h e  period.  A 
symmetrical cos ine  t ape r  centred on t h e  group a r r i v a l  t i m e  is then 
appl ied  t o  these  windowed seismograms. 



A t  longer  per iods  where t h e  group a r r i v a l  time is  nea r  t h e  
s ta r t  of t h e  time s e r i e s  and t h e  time window is l a r g e ,  t h e  window may 
extend beyond t h e  d a t a  block. I n  t h e s e  circumstances t h e  program w i l l  
u se  an asymmetrical cos ine  t ape r .  I n  order  t o  avoid t h i s  happening a 
s p e c i f i e d  number of zeros,  NOZERO, can be added t o  t h e  f r o n t  of both 
seismograms (see INPUT DATA CARDS) . 

Examples of t h e  windowed s y n t h e t i c  seismograms a r e  shown i n  
f i g u r e  4(a) .  

3.4 Band-pass f i l t e r i n g  of t h e  seismograms - subrout ine  CRUNCH 

To band-pass f i l t e r  both windowed seismograms, SA(1) and SB(1) 
s imultaneously,  one is put  a s  t h e  r e a l ,  t h e  o the r  as t h e  complex p a r t  of 
a complex a r r a y  Z. The f i l t e r i n g  is c a r r i e d  ou t  i n  t h e  frequency domain 
by t h e  m u l t i p l i c a t i o n  of t h e  spectrum of Z by t h a t  of t h e  f i l t e r  
f u n c t i o n  (see s e c t i o n  3.4.1) f o r  both p o s i t i v e  and negat ive  frequency 
components. When t h e  r e s u l t a n t  spectrum is  transformed back i n t o  t h e  
t i m e  domain i t  has as i t s  r e a l  and imaginary p a r t s  t h e  band-pass 
f i l t e r e d  seismograms SA' (I) and SB' (I). 

3.4.1 The f i l t e r  

A Gaussian func t ion  i s  used a s  t h e  band-pass f i l t e r  because 
of its good r e s o l u t i o n  i n  both t h e  time and frequency domains. The 
harmonic (OMEGAC) of t h e  Four ie r  analysed time s e r i e s  n e a r e s t  t o  t h e  
per iod  of i n t e r e s t  is chosen a s  t h e  cen t r e  frequency of t h e  f i l t e r  and 
i t  is a t  t h i s  per iod (2*rr/OMEGAC) t h a t  t h e  phase v e l o c i t y  determinat ions 
a r e  ca l cu la t ed .  

The band-pass Gaussian f i l t e r  func t ion ,  w i th  a c e n t r e  frequency 
U,, is  given by 

U - W  2 
' " P € - a (  W 3 . 1 ,  

C 

where a determines t h e  f i l t e r  r e s o l u t i o n  and is s p e c i f i e d  by BAND 
and DWF (a = I n  DWF/BAND~)  . BAND and DWF have t y p i c a l  va lues  of 0.2 and 
10.0 r e spec t ive ly .  

Examples of t he  band-pass f i l t e r e d  seismograms a r e  given i n  
f i g u r e  4(b) ,  

3.5 Parameters f o r  t ime s h i f t i n g  i n  c ross -mul t ip l ica t ion  - MAIN 

The h ighes t  phase v e l o c i t y  VELHI and t h e  lowest phase v e l o c i t y  
of i n t e r e s t  VELLOW a r e  read i n  a s  i npu t  parameters.  The r e l a t i v e  time 
s h i f t s  of t h e  two seismograms needed t o  correspond wi th  VELHI and 
VELLOW a r e  s p e c i f i e d  by NMIN and NMAX, r e spec t ive ly .  I f  t h e  f i r s t  p o i n t  
of SEISl(1) t r a v e l s  a t  a v e l o c i t y  VELHI, i t  would a r r i v e  a t  t h e  second 
s t a t i o n  a t  a time NMIN X DELA seconds be fo re  t h e  f i r s t  po in t  i n  t h e  
second seismogram (GMT2). I f  SEISl(1) t r a v e l s  a t  v e l o c i t y  VELLOW, i t  
would a r r i v e  a t  t h e  second s t a t i o n  NMAX X DELA seconds a f t e r  GMT2. 



An a r r a y  TT(1) is crea ted  which corresponds t o  a l l  p o s s i b l e  
t ime s h i f t s  requi red  f o r  t he  phase v e l o c i t y  range VELHI t o  VELLOW. The 
a r r a y  TSTEP(1) corresponds t o  t h e  t i m e  s h i f t s  requi red  through 
s p e c i f i c a t i o n  of t he  v e l o c i t y  i n t e r v a l  DV between VELHI and VELLOW. 

3 .6  Cross-mult ipl icat ion process - subrou t ine  OUTPUT 

The cross- .mult ipl icat ion funct ion ,  SAMSBS(I), of t h e  windowed 
band-pass f i l t e r e d  seismograms (c£, equat ion (4 ) )  f o r  var ious  t i m e  s h i f t s  
TT(I),  is computed wi th in  t h i s  subrout ine ,  s e e  f i g u r e  4 (c ) .  

I f  t h e  f i r s t  windowed f i l t e r e d  seismogram i s  represented  a s  
SA(l), SA(2), ... SA(N),  and the second SB(l) ,  S B ( 2 ) ,  .. . SB(N), then  
when t h e  po in t  SACNMIN) t r a v e l s  a t  a v e l o c i t y  VELHI, i t  w i l l  a r r i v e  a t  
t h e  second s t a t i o n  a t  a time corresponding t o  SB(1). Hence, t h e  cross- 
m u l t i p l i c a t i o n  funct ion  SAMSBS(1) f o r  a t i m e  s h i f t  corresponding t o  a 
phase v e l o c i t y  of VELHI is formed by t h e  product of SA(NM1N) .SB(l),  
SA(NMIN+l). SB(2), . . ,, SA(NMIN4-n). SB (n+l) , . . . sA(N). SB(N-NMIN+l), 

The va lue  of t he  dc s h i f t  is determined by f ind ing  t h e  va lue  
Xmax of t he  maximum amplitude of t h e  product seismogram and t h e  follow'ing 
minimum Xmin.  The dc l e v e l  f o r  t h i s  p a r t i c u l a r  time s h i f t  i s  then  
(Xmax + Xmin)/2. This va lue  is then s t o r e d  i n  E ( l )  of an a r r a y  of dc 
l e v e l s  E(k) ,  k = 1,NP. NP is t h e  number of po in t s  between NMIN and 
W. 

This opera t ion  is  repeated f o r  t h e  next  time s h i f t ,  which 
corresponds t o  a lower phase ve loc i ty ,  and an a r r a y  of dc  l e v e l s  E(k) 
i s  b u i l t  up. 

TIME SHIFT TT(1) .I=l.NP 

CROSS SA(NM1N) .SB(l). SA(NM1N-l).SB(l), .......... SA(NMAX).SB(l) "I SA (NMIMl). SB (2), SA(NM1N) . SB (2) , . . . . . . . . . . SA(NMAX+l) .SB(2) 
PLICATZON ,I !I 

FUNCTION SA(NMIN+n) . SB(n+l) , SA(NMIN+n-1) . SB (n+2), . . . . . . . . . . SA(NMAX+n) . SB(n+l) 
.I If 

SA(N). SB (N-NMIN+l), SA(N) . SB(N-NMIN) , .......... SA(N).SB(N-NP) 
The opera t ion  continues u n t i l  a dc  l e v e l  has been found f o r  

a l l  t h e  time s h i f t  va lues  TT(1). 

Commonly, t he  poin t  SA(NM1N-n), where n < NP, is  equa l  t o  SA(1) 
be fo re  t h e  whole range of time s h i f t s  has  been computed. When t h i s  
occurs ,  t h e  r o l e  of each seismogram i s  reversed.  SB(1) is now t i m e  
s h i f t e d  r e l a t i v e  t o  SA(1) u n t i l  t h e  appropr i a t e  amount of t ime s h i f t s  
a r e  completed. 

The dc  l e v e l s  s t o r e d  i n  E(k) correspond t o  t i m e  s h i f t  va lues  
TT(I),  i e .  D~~/VELHI,(D~~/VELHI)+DELA, ...... D~~/VELLOW, where D21 is  
t h e  d i s t a n c e  between t h e  two s t a t i o n s .  These values have t o  b e  
i n t e r p o l a t e d  i n  subrout ine  INTPOL t o  produce a func t ion  X(KPER,I) (KPER 
i s  a per iod  index) of dc l e v e l s  f o r  time s h i f t s  TSTEP(1) corresponding 
t o  t h e  v e l o c i t i e s  of i n t e r e s t  VSTEP(1). 



3.7 The phase v e l o c i t y  values 

The sequence of opera t ions  s t a r t i n g  a t  t h e  windowing of the  
seismogram ( see  s e c t i o n  3 .3 )  is repeated f o r  each period of i n t e r e s t  
and t h e  dc  l e v e l s  a r e  s t o r e d  i n  subsequent columns of x(I,J) (where I i s  
a per iod  index and J is the  dc  l e v e l )  which has a  maximum si'ze of 
120 X 120. The maximum value  of X is determined and s e t  t o  99, a l l  
o t h e r  va lues  of X a r e  then sca l ed  accordingly.  X is  a 2-D matr ix of dc 
l e v e l s  a s  a  funct ion  of per iod  and phase v e l o c i t y  (see f i g u r e  2 and 5j, 
The phase v e l o c i t y  curve is  determined from t h e  most reasonable maxima 
of t h e  contoured matrix. 

3.8 Output 

The output  from t h e  program is i n  t h e  form of paper pr in t -out  
and g raph ica l  d isp lay .  

The p r i n t - o u t  cons i s t s  of:- 

(a )  The input  parameters,  seismograms and group ve loc i ty  
da ta .  

(b) The 2-D matr ix of t h e  dc l e v e l  of t h e  cross-mult ipl ied 
t r a c e  a s  a  funct ion  of per iod  and phase ve loc i ty .  

(c)  An extended pr in t -out  i f  requi red  ( s e t  IMTRX=l) of many 
of t h e  va r i ab le s  ca l cu la t ed  during t h e  computations. 

The praphica l  output  c o n s i s t s  of:  - 

Ca) The group v e l o c i t y  curves used i n  t h e  formation of t h e  
group a r r i v a l  time window. 

(b) The two seismograms p r i o r  t o  ana lys i s ,  SEISl and SEIS2. 
l 

(c)  For t h e  l a r g e s t ,  t h e  cen t r e  and t h e  sma l l e s t  periods of 
i n t e r e s t ,  t h e  windowed seismograms (WIND1,2), t he  band-pass 
f i l t e r e d  seismograms (FILT1,2) and t h e  c ross-mul t ip l ica t ion  
funct ion  (XMULT) f o r  a  p a r t i c u l a r  time s h i f t  (when 
SA(NM1N-n) = SA(l),  n  < NP) a r e  graphed out .  

(d) A contour p l o t  ( p o s i t i v e  values only)  of t h e  dc l e v e l s  
f o r  the  phase ve loc i ty /pe r iod  a r r ay .  

PROGRAM SPECIFICATION 

The program is w r i t t e n  i n  FORTRAN I V .  A s t o r a g e  of 384K i s  
requi red .  The output  is i n  t h e  form of paper pr in t -out  and SC 4060 
graphics .  The maximum number of d i g i t s  i n  the  time s e r i e s  i s  1024. 
The maximum s i z e  of t h e  phase ve loc i ty /per iod  mat r ix  t h a t  may be 
requested is 120 X 120. 



FLOW DIAGRAM OF PROCEDURE 

Seismograms d ig i t i s ed  a t  a  
constant sampling r a t e  with 
the  instrument response 
removed. 

A 

b 

Group veloci ty  values f o r  
the  periods of i n t e r e s t ,  
used i n  computing the  group 
a r r i va l  time windows. 

If 

Preparation of time s e r i e s  f o r  analys is  
Mean o r  l i n e a r  t rend removed from the  time 
s e r i e s  and both ends cosine tapered. 
Number of points  increased t o  be a power 
of two f o r  e f f i c i e n t  Fourier analysis .  

\/ 

\l 

\ 
4 

Windowing around group a r r i va l  time 
Both seismograms a re  windowed around 
the  group a r r i va l  time of each period 
of  i n t e r e s t  with a time window 4.5 
times the  period. 

/ 

\ /  

b 

Phase veloci ty  determination 
From the  2-D matrix of dc 
l eve l s  a s  a function of period and 
phase veloci ty ,  the phase veloci ty  
curve is  determined from the  most 
reasonable maxima of the  contoured 
matrix. 

1 - 

\ l  

l 

Band-pass f i l t e r i n g  of the  seismograms 
Both seis~nograms are  band-pass f i l t e r e d  
with a Gaussian f i l t e r  function centred 
on the period of i n t e r e s t .  

I 

\ 
\' 

+ 
Cross-mult i p l i c a t i on  Process 
The windowed band-pass f i l t e r e d  
seisnogrms are  cross  mul t ip l ied  f o r  
various r e l a t i ve  time s h i f t s ,  corre- 
sponding t o  constant phase veloci ty  
steps.  The value of the d c  shift 
being recorded f o r  each s tep .  - 

\ 1 

L k REPEAT OPERATION FOR 
NEXP PERIOD OF INTEIREST 
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TIME MARKS AT INTERVALS OF 200  SECONDS 

FIGURE 1. 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 16m SEPTEMBER 1972.  ORIGIN TIME 03-53-26.5, EPICENTRE 
40.32N, 19 .693 ,  Ms = 4.7,  mh = 5.1 



MATRIX OF X ( 1 )  

PERIOD, S 

95.15 71.36 57.39 47.57 43.78 35.68 3 1.0 72 28.54 25.95 23.79 21.96 20.39 19.03 
0.2 0.5 1.0 107 2.1 3.6 3.7 4.4 4.8 4.7 3.8 2.9 2.0 -1.2 -4.5-13.9-20.4 -5.5-45.7-40.9-43.4 -7.3 26.5 38.0 29.6 
0.2 0.5 1.1 1.7 2.2 ,301 4.0 4 .9 .  5.4 5.5 4.8 4.0 3.1 0.1 -3.9-12.2-20.3-13.9-43095005-53.6-17.8 17.6 33.8 36.4: 
0.2 0.6 1;l 1.8 2.3 3.3 4.4 5.3 6.0 6.2 5.8 5.1 4.2 1.4 -1.5 -9.8-23.5-24.7-4106-59.6-59.9-26.9 7.8 28.4 30.5 
9.2 0.6 1.1 1.8 2.4 3.4 4.7 5.6 6.5 6.9 6.8 6.2 5.2 2.8 0.0-6.9-2003-35.4-39.3-66.8-61.0-33.8 -2.4 22.1 29.5 
0.2 9.6 1.1 1.8 2.5 3.6 4.9 6.0 7.0 7.5 7.7 7.2 6.2 4.2 1.8 -3.8-18.9-41.6-38.3-69.9-54.0-37.0-13.2 15.3 27.0 
0.2 0w 1.1 1.9 2.6 3.7 5.0 6.4 7.5 8.2 8.4 8.1 7.3 5.5 3.8-9.8-15.5-39.9-39.1-67.5-37.9-35.9-24.1 8.4 22.8 
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0.2 4.6 1.1 2.0 2.7 4.0 5-4 7.2 8.7 9.9 10.3 10.3 10.2 9.1 9.7 8 - 0  -1.0-18.4-38.9-53.6 -1.7-34.7-35.0-13.7 5.5 
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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 
BETWEEN THE WWSSN STATIONS OF COPENHAGEN AND KONGSBERG. THE 
DOTS REPRESENT THE COMPUTED PHASE VELOCITY CURVE 



TIME MARKS AT INTERVALS OF 100 SECONDS 

FIGURE 3 .  SYNTHETIC, FUNDAMENTAL MODE, RAYLEIGH WAVE SEISMOGRM COMPUTED 
(SEE DOUGLAS, HUDSON AND BLAMEY r 5 ] )  FOR A 2 5 0 0 0  KTON EXPLOSION 
I N  AIR AT EPICENTRAL DISTANCES O F  30.0 (SEISI )  AND 4 0 . 0  (SEIS2)  
DEGREES, IU3CORDED BY STANDARD WWSSN LONG PERIOD INSTRUMEN'IS. 'IHb 
DETAILS OF THE STmDPBD CONTTNENTAL STRUCTURE USED I N  THE COEPUTATION 
I S  SHOWN BELOW 

STANDARD CONTINENTAL CRUST (KANAMORI [ b  ] ) 

1st LAYER 

2nd LAYER 

3rd LAYER 

HALF SPACE 

P WAVE VELOCITY S WAVE VELOCITY DENSITY THICKNESS 
(km S-l) (km S-1) (g  cm-3) (km) 

6.10 3.50 2.70 11.0 



FIGURE (a) SEISMOGRAMS WINDOWED AROUND THE GROUP ARRIVAL TIME OF 10.5 
SECOND PERIOD WITH A WINDOW 4.5 X 10.5 S IN LENGTH AND THEN ' 
SYMMETRICALLY COSINE TAPERED a' BAND-PASS FILTERED SEISMOGRAMS, FILTERED IN THE FREQUENCY DOMA 
BY A GAUSSIAN FILTER CENTRED-ON 10.5 S PERIOD 

(C) CROSS-MULTIPLICATION FUNCTION OF THE TWO FILTERED SEISMOGRAMS 
FOR A PARTICULAR TIME SHIFT 



FIGURE 5. 2-D MATRIX OF NOWISED DC LEVELS AS A FUNCTION OF PERIOD AND 
PlWE VELOCITY FUR ME SYNlXETIC SEISWEWS. BLACK DOTS 
REPRESENT THE COMPVPED PEASE VELOCITY. ME DASHED LINE 
REPRESENTS TBE ACTUAL W E  VELOCITY CURVE. PROCESSING 
ERROR FOR ALL PERIODS IS BETTER TWN i 0.015 km/a 
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S(,. 8 3  3s. 36 31.12 24.38 2t3.48 17-66  15.52 13.84 12.49 11 .38  10.45 
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3 - 5 0  - ) . l  - i j .2  -".2 -0.1 0 .3  \ 0 f;.? -2.2 2.5 2.8 -3.7 0.2 6.2 -3.5 -2.7 4.2 -0.1 -213 1.8 1.2 -0.7 
3 -94  - ) . l  - ( l . i  - J . 3  -..'1.2 t3.2 l& 0.7 -2.4 1.2 4 . 6 - 4 . 5 - 3 . 3  6.9 C.3-2.5 3.2 2.0 -0.2 0.2 2.2 -0.7 
3.92 - > . l  - 0 . 2  -il.3 -0.3 -0.q 0.b 1.2 -2.6 -0.5 5.7 -1.9 -7.0 5.1 3.9 -2 .8  n.4 4.1 -1.9 -2.2 2.2 1.1 
3 . 9 1  -1 .1  -" .L -? .3  - i .4  -1 .2  : ) .6\1.6 -1.9 -2.8 5.6 1.5 -1.5 1.3 7.0 -2.6 -2.5 4.4 1.1 -0.7 n.4 2.6 
i . ~ a  -,Q.') -0.2 - r ~ . 3  - ' ) . A  -03.4 0 .3  a -0.7 -4.1 4.n 5.2 -6.9 -3.6 E.O 0.3 -2.7 2.3 4.0 -2.1 -2.2 2.3 
3.80 -'i.1 -0.2 -n.3 - ; I .D  -:).5 -9.0 3 n .5  -2.7 1.3 8.0 -3.3 -7.8 :.R 4.d -2.9 -1.3 5.3 3.7 -1.3 n.1 
3.d4 - ) . l  -... 2 - ' ' a3  -0.5 -3.7 -".4 l.\ 1 .9  -4.6 -1.9 8.4 1.6 -8.0 C.9 8.l. -2.0 -5.9 3.6 4.1 -2.6 -3.1 
3 . & i  -1 .1  - i . 2  -0.3 -,3.4 -9.3 -1.6 (1.9 \ 3 . 1  -3.2 -4.9 6.5 6.7 -6.4 -5.5 9.5 3.5 -2.0 -1.1 6.1 1.2 -0.7 
3.8i. -().l -,?.l -'1.2 -a.3 -9.7 -3.9 0.2 -1.3 -3.4 2 .7  10 .5  -3.2 -7.0 3.8 8.3 -3.2 -5.6 3.9 5.1 -2.3 ; 
3.78 4 . 1  -n.l -> . l  - ~ . 2  -0.5 -1.1 - ~ . 5  1.6 -7.5 -2.3 11.1 4.4-1C.l -3.8 9.4 2.3 -0.9 -1.5 6.4 2.5 m 
3.70 -!.l -0.1 -0.0 -0.1 -7.4 -1.0 -1.2 4.1 -5.6 -7.7 7.6 10.9 -6.2 -7.1 6.4 8.5 -4.2 -7.3 2.8 6.9 3 
3.74 -3.1 -9.o 0e.J 4 . 3  -do2 -0.8 -1.6 5.8 -2 .n  -9 .1  0.9 14.3 1.5 -5.8 -1.8 l? .?  3.8 -3.3 -4.6 6.1 a 

3 7  - 0 .  C .  l . I 7 6 l 2.6-10.4 -6.8 11.9 1 l . n  -7.2 -9." 6.2 10.6 -2.7 -2.8 -0.6 g 
3 7  d .  l n.2 Ll.3 0.3 -9.3 -2.2 -1.7 h 1  6.8 -6.7-12.2 4.2 16.5 0.3-117.6 -3.3 11 .8  7.5 -6.1 -7.9 
3.68 l .  G .  11.3 0.4 .).5 0.1 -1.6 -3.1 2.& G 5 0.1-14.6 -6.2 14.7 10.9 -6.4-11.4 4.2 13.3 3.8 -4.4 
3.66, l.'? ?.2 n.3 4 3.6 6 ' 3  -2.4 5 8 7.5 -1.7-16.6 5.9 17.7 2.1 -6.2 -8.7 10.0 12.6 -1.2 1 
3.64; :).l '1.2 0.3 0.5 $1.7 9.9 0.1 -4.,1 -4.1 7.k 3 0 -1.9 -6.4 -7.4 15.4 15.4 -6.7 -9.4 -2.3 14.2 12.6 
3.62, 1 . 1  0.2 0.4 0.5 .,.7 1.2 1.47 -3.1 -6.9 2.014;5 8.8-13.9-16.5 3.6 20.8 9.1-11.6-16.2 2 . 1  16.8 " 
3.66 1 . 1  0.2 n.3 0.4 0.6 1.2 1.8 -1.3 -6.7 -4.4 1 1 . N  17.4 -'3.9-l6.6-13.5 12.9 20.2 3.4-12.2-11.5 5.0 2 
4.58: 't.1 p.2 !i.3 :.I.!, 0.5 1.1 2.3 1.n -6.2-10.8 3.2 h& 14.2-10.7-13.5 -6.4 18.9 19 .5  -1.0 -7.6-12.5 
3-50 1.1 (1.2 n.2 0.2 3.3 0 . d  2.4 3.2 -3.4 -1.4 -6.6 13.*&3 9 6.8-14.1-21.1 3.1 23.7 18.5 -1.7-11.5 
4 1.1 1.2 ':.l t1.0 0 . i  :..L 2.3 4.1 1.1-10.6-14.8 0 . 6  23% -5.1-21.5-18.8 1.3 26.4 17.9 -6.n 
5 . . 3.i  -1% ,..l - 2 . 3  -0.2 1.2 5.2 5.5 -4.8-14.8-14.1 19.4 S k l 7 . 7  -8.3-14.6-18.2 10.4 28.6 21.5 
3 .5  1.1 : - ! I  - 3  - 5  7 0 4 3  3 6  3.1-13.6-11.9 -9.3 15.1 hm~13.6-17 .6 -17 .8 -17 .3  11.9 31.6 
%.4t!/ 3.1 !:.l -0.1 - I J .~  -0.7 -1.0 -1.1 2.2 3.1 10.7 -2.8-23.3-26.3 -2.2 25.5 Wak12.5-17.8-17.7-23.9 7.0 
i .46  0.1 i . 7  - \ . 2  -6.5 -3.7 -n.9 -1.6 -0.4 6.7 14.9 10.0-10.3-11.0-27.1 l .$  30.8 %&13.4-17.7 -8.3-29.6 
3.44' 7 . 1  -i~.:l -1.3 -0.4 -0.7 -1.2 -2.3 -2.7 2.0 13.9 19.6 8.2-17.9-16.4-24.7 3.6 31.3 W m 2 1 . 6  -9.5-27.5 
3 . 4 2  
3 -40  
3 -38  
3.30, 
3.34 
1.3.7  
3 . 3 ~ '  
3.2k, 
3.26 
i.24 
3.2' 
3.2~0 
3.18 
3.16 
3.14 
i.12 
).l(. 
i .oa 
0 
1.174 
I 

L 

'1.1 -(,.l -0.3 -5.4 -0.6 -1.0 -2.5 -4.7 -3.7 7.6 21.3 24.2 6.4-22.4-32.6-29.5 -6.1 31.8 -835 .6  5.7 
0.1 -b .1  -".2 -0.3 -0.5 -0.6 -1.9 -5.2 -8.5 -2.1 13.4 29.2 29.5 8.2-21.8-42.3-37.4 -9.3 26.2 *L*-4 
:J.:T -0.2 -0.3 -11.2 -0.;) -0.0 -0.7 -4.4 -9.9-11.2 -1.4 19.2 37.0 36.9 13.4-17.9-33.3-37.8-25.6 9.9 40.8 .>. ) -',.2 -47.2 -9.1 S>. 2 3.6 0.6 -2.1 -8.8 -2.6-16.6 -1.9 23.0 43.7 44.4 22.6 -9.7-34.3-25.1-43.9-18.2 

- , l . )  -C.2 - " . 2  Q . 1  F9.5 1.1 1.8 1.2 -4.0-15.3 -7.9-19.4 -6.7 21.5 45.5 51.8 30.8 8.7-24.8-33.8-49.5 
-.>;j -0.1 -11.1 0.3 0.7 1.3 2.6 4.3 2.7 -5.7-22.6-30.9-32.1-16-3 11.8 39.5 54.5 55.3 40.0 14.7-22.3 
-0.1 -<.2 -tr .O 0.4 0.7 1.3 2.7 6.1 8.8 6.1 -6.5-25.1-39.3-45.7-37.2 -8.1 21.2 48.4 66.2 69.4 55." 
-1.1 -f!.2 r . 1  rr.4 0.7 1.0 2.1 6.0 11.6 16.1 12.5 -9.7-22.4-42.6-45.2-52.6-35.9-12.6 18.5 49.3 69.1 
-:).l -0.1 n.2 0.5 3.5 0.5 1.0 3.9 10.0 19.4 26.0 25.3 14.3 -5 .7 -28 .0 -40 .6 -60 .4 -36 .1 -55 .n-32 .6  -7.7 
-3.1 -0.1 0.3 0.4 3.2 -0.2 -0.5 0.4 4.2 14.0 26.1 37.5 42.9 3S.O 24.6 1.2-22.6-48.9-65.0-31.2-52.9 
-9 .1  -0.1, 0 . 3  0 .3  -&. l  -9.9 -1.9 -3.3 -3.5 1.7 11.8 27.0 43.7 57.1 61.8 56.4 43.3 25.8 6.8-11.7-33.9 
-0.1 0." (1.3 0.1 -i).4 -1.1 -2.1 -5.4 -9.9-11.4 -9.6 -1.1 13.9 32.7 48.1 61.1 08.4 75.1 77.5 76.2 67.0 
-0.1 0.1 0.3 -0.0 -9.6 -1.2 -2.5 -6.1-11.5 -8.2-24.6-30.2-27.8-17.5 -8.2 6.6 20.6 36.5 52.5 67.5 77.9 
-3.1 fl.2 0.2 -P.2 -n.3 -1.1 -1.9 -4.6 - 8 .7 -18 .5 -26 .2 -37 .7 -47 .8 -54 .1 -12 .7 -46 .2 -58 .8 -47 .9 -34 .8 -30 .5 -25 .3  
-3.1 0.2 0.1 -13.3 -0.6 -0.6 -0.5 -0.8 -1.9 - 5 .4 -11 .8 -22 .0 -32 .7 -41 .0 -58 .7 -62 .7 - t3 .1 -68 .2 -72 .5 -55 .5 -8? .7  
-0.1 0.2 0.0. -3.4 -0.5 0.0 1.1 3.3 6.6 9.6 11.9 11.3 9.4 7.9 -0.2 -2.6 -5.4 -9.5 -6.4 -9.3-11.4 
-?.:I i . 2  -0.1 -0.3 -3.2 0 . 7  2.3 6.1 12.1 19.9 28.9 37.5 45.9 52.8 58.2 61.8 65.3 70.9 77.0 84 .3  88.2 

, I . >  q.2 -0.2 -5.3 Q.Z 1.1 2.7 6.4 11.7 19.3 27.9 37.4 46.8 54.5 59.6 60.7 59.n 58.2 58.0 57.5 49.n 
,?.!l 0.2 -9.2 -0.2 0.4 1.3 2.2 4.0 5.3 7.7 9.1 10.1 10.0 7.3 1.1-5.1-17.6-33.9-42.4-49.1-53.4 
.). 1 0.1 -0.3 -0.0 C.6 l . n  1.9 -0.1 -3.8 -8 .4 -15 .3 -25 .0 -37 .3 -48 .6 -16 .0 -29 .1 -29 .1 -43 .8 -48 .4 -65 .8 -52 .6  
1.1 r,.l -0.1 0.1 n.7 0 . 5  -0.6 -3.7-10.0-19.4-24.7 -1.4-47.3-50.2-53.7-44.4-31.3-16.0 3.0 24.8 47.3 
Q.U 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 C O O  0.0 O I O  0.0 0.0 0.0 0.0 0.0 



APPENDIX A 

PROGRAM LISTING 

I N T E R S T A T I O N  P H A S E  V E L C C I T Y  PRCGHAC ( I P V )  ......................................... 

THE P R J G R A M  C O P P L T E S  T H E  P H A S E  V E L O C I T Y  C F  P  O I S P E R S E C  S E I S M I C  
S I G N A L  8 C T h E E N  T d G  S T A T I C N S  F R J M  A SOURCE W h I C l i  I S  C N  OR N E A R  T H E  
I L T E R S T A T I C N  G R E A T  C I R C L E .  T t E  S E I S M O G H A M S g h H I C H  A H E  R E P R E S E h T E D  
I h  T H E  PROGRAM AS D I G I T S  S A M P L E D  A T  E Q U A L  I N T E R V I L S g A R E  I N I T I A L L Y  
W I h O O h E D  AROUNC T b E  CROUP A R R I V A L  T I M E  C F  T H E  V A A I O U S  P E R I O D S  O F  
I N T E R E S T  1 '4  J R C E R  T G  E L I M I N A T E  E X T R A N E J U S  N O I S E .  B O T H  S E I S M J G R A M S  
ARE T h E N  P 4 S S E C  THROUGH A  NARROW @ A N 0  P A S S  C I G I T A L  F I L T E R  C E N T R E D  
A T  V A R I O U S  P E R I J D S  AND T H E I R  C R C S S  PRUOUCT FCRMEO F C R  A  NUMBER O F  
T I C E  S n I F T S  C O R R C S P C N D I N G  TO C O N S T I N T  P H A S E  V E L O C I T Y  S I E P S .  T H E  
A k E R A G i  C F  T H E  R E S U L T A N T  T l M E  S E R I E S  I S  A  M A X I P U M  WHEN T t E  T h O  
S I G N C L S  ARE I N  PHASE.  T H E  PHASE V E L O C I T Y  O I S P E R S I C N  I S  D E T E R M I N E D  
F R C M  A  C h T J U R E C  M A T R I X  C C k S l S T I N G  C F  AVERAGES PS A  F U N C T I C N  OF 
P l -LSE  V E L O C I T Y  AND P E R I O D .  

G E h E R A L  3 E F E R E N C E  ---'NEW T E C H N I C U E S  FOR T H E  D E T E R M I N A T I O N  C F  
---------a------- S U R F A C E  WAVE PHASE V E L O C I T I E S g  S.8LOCH A N 0  
A.L.HbLESg 8ULL.SEISM.SOC.AM. 5 @ g  1 0 2 1 - 1 6 3 4 .  - - 

N C T E S  FOR LSERS.  -- ------- - ------ 
l )  ENSURE THAT  GROUP V E L C C I T b  V A L U E S  ARE P T  T h E  SAME P E R I O D S  

AND J V E R  T h E  SAME R A h G E  I h  E A C H  RECOHD. 
2 )  S E L E C T  Tl-E RANGE O F  F E H I C C S  CVER k H l C H  THE GRCUP V E L C C I T Y  

V A L U E S  LOO< S E N S I B L E .  
3 J F I A S T  S E I S M C G R A M g S T A T I O N  E T C .  I S  K E A R E R  T H E  SOURCCg THE 

SECOND S E I S M O G H A M g S T A T I O N  ETC. I S  F U R T H E R  FROM T H E  SOURCE. 

I h F U T  C A T 4  C A R C S  ---------------- 
C A R D  l ------ FORMAT ( ~ C I A ~ )  

T I T L E A - - - - T I T L E  F O R  THE D A T A  S E T  ( 1 0 A B )  

C b R O  2  ------ FORMAT ( 8 A l g F 1 2 . 5 ~ 1 2 ~ 1 2 ~ F 3 . 1 ~ 3 X ~ 8 A l ~ F l i ~ 5 ~ I 2 ~ I 2 ~ F ~ - l g l 6 X ~  
1 2 ,  I 2 g F 3 . 1 )  

SThAMl - - - -NAME O F  T H E  R E C C R C I N G  S T A T I C N  N E A R E R  T P E  SCURCE 
l B A 1  l 

C E L T A 1 - - - - C I S T A N C E  I h  D E G R E E S  B E T k E E N  S T N A M l  ANC THE SOURCE 
1 DEGREE = 111.1 KM ( F 1 2 . 5 )  

nl-;MTl----HOUnS ( I 2 1  
GMT T I M E  O F  F I R S T  S A C P L E  I N  T H E  

MNGMTL-- - -MINUTES ( 1 2 1  
F I R S T  S E 1  SMOGRAM 

SCSMT1----SECCNDS (F3 .11  

STYAW2----NAME O F  R E C C R D I h G  S T A T I C N  F U R T H E R  F R O P  
T h E  SOURCE ( 8 A l )  

C E L T A 2 - - - - 0 I S T A N C E  I h  C E G R E E S  B E T h E E N  S T N A M 2  A N 0  SOURCE 
( F 1 2 . 5 1  

Ml -CMTL-- - -HOLRS ( 1 2 )  
GMT T I C E  O F  F I R S T  S A C P L E  I N  T H E  

MNGMT2----MINUTES ( 1 2 )  
SECONC S E  I S M C G R A M  

SCGMT2----SECCNDS (F3.1 J 
L 

C MhOUR - - - -HobAS ( 1 2 )  
C  GMT O R I G I N  
c M I N  ---- M I N U T E S  ( I 2 1  
C  T I M E  
C  SEC ---- SECCNOS ( F 3 . 1 )  
C  
C 
C  C P R D  3  
c ------ FORMAT ( 4 I l 0 ~ 3 F 1 0 . 5 J  
c 
C  NSEISL - - - - kUMBER O F  S A M P L E S  I N  T k E  F I R S T  S E l S M O G R A M r  N O T  
C  CORE T H A N  1 0 2 4  (110) 
C  
C NSEISZ-- - -NUMBER O F  S A M P L E S  I N  T H E  SECOND S E I S M C G R A M g  N O T  

17 
7 



VCRE T H A N  1 0 2 4  ( 1 1 0 )  

,."c4 ---- hUMUER CF GROUP V E L C C I T Y  P E Y I C C  V A L U E S  F'IR T H E  

T h O  S E I S M C G E A M S I  N O T  COKE T t A N  1 2 0  ( 1 1 0 )  

N i ISTP- - - - hUCR:K  C F  P C I N T S  I N  C O S I h E  T A F E R  C F  W T l -  ENCS O F  
S I G N A L ,  I F  NCUSTP=O h0 C O S I N E  TAPEf i  A P P L I E C  

C,CLA ---- I t r T E t V 4 L  a E T k E E N  S A M P L E S  I K  SECGNCS ( F 1 0 . 5 )  

V&HI ---- H I G H E S T  P H A S E  V E L C C I T V  C F  I N T E R E S T  ( F i 0 . 5 )  

VELLJ r l - - - -  L J h E S T  PHASC V E L C C I T Y  C F  I h T E R E S T  ( F 1 0 . 5 )  

C b R D  4  ------ t I q Y I T  ( l X , A R ~ l X , 3 1 1 C v 3 1 5 )  

~ y p ; _  ---- I F ' T Y P E 1 = M E A N ,  MEAN E A S E L I N '  REMCVEC FRCM S I G N A L S  
I F ' T Y P E ' = L E b S T , L t A S T  SQUARES S A S E L I N E  I S  REMOVEC 
trier 

N L L E K I J - - - - ' N C L ~ ~ < O '  N U P t l c H  O F  Z E R C S  ACL;EC T C  T E E  FRONT O F  
d u T H  S E I S P C G R A P S  ( 1 1 0 )  

I P T 9 1 (  ---- I F ' I W T R X ' = I P  A h  E X T E N C E C  P R I N T  U U T  I S  d P T A I N E D .  
( 1 1 0 )  

I b a S I S - - - - 1 h V F K T  T H E  F I K S T  S I G N A L  I F ' I V S E I S ' = l ,  T k E  SECGND 
I F ' I k S E I S ' = Z  ( 1 1 0 )  

k b 1  ---- I t  k i l = l , G R O U P  UELCC I T Y  C U R V t S  AKC C R I G I K A L  
i E  ISWOGRAMS GXAPHED. ( 1 5 )  

---- I F  h . > L = l ,  W INDCbEC,  R A k C - P A S S  F I L T E R E C  4NC CROSS- 
f ' U L T I ~ L l t Q  T K A C E S  GRAPHEO FUR T H E  L U N G E S T ,  C E h T R E  
4 1 4 ~  SH~IRTE S T  ~ E ~ I C C S .  

N G ~  ---- I F  hG3zlt CCNTCUR P L C T  C F  P C S I T I V E  V A L U E S  CF  .?-C 
C A T d I X  ARE GRAPHFC. 

H A 1 0  ---- R t L P T I V E  €!ANDWICTP O F  G A U S S I A h  F I L T E R  ( F 1 0 . 5 )  

o * ~  ---- C t C A Y  R A T E  OF G b b S S l A h  F I L T E R  F U N C T I C h  ( F 1 0 . 5 )  

C V  ---- Tl-E V E L L C I T Y  I N T F R V A L  e E T N E E N  P H l S E  V E L C C I T Y  
VALUES,  I F  D V  L E F T  8 L A h K  I T  I S  SET  TO J . 0 2  K Y l S E C  
( N C T  MORE THAN 1 2 C  I h T E R V A L S  e E T h E F # 4  V E L H I  4kC 
V E L L J w )  

P i d d 3 1  ( 1 )  P E R I O D S  A T  h H I C H  GRCUP V E L C C I T I E S  APE G I V E k  
I = l , h ' G V  F U R  F I R S T  S E I S M O G R A C  

P E ? 0 3 2  ( 1 )  P E R I O D S  A T  h H I C H  GRCUP V E L C C I T I E S  ARE G I V E N  
1 - 1 v N G V  FOR Sf COND SE I S M O G H A M  

G V Z  ( 1 )  GROUP V E L O C I T Y  V A L U E S  FOR T H E  A e O V E  P E R I O O S  
1 - 1 r N G Y  

C b R D  e ------ F J f l M P T  ( 1 0 A e )  

T I T L E 1 - - - - T I T L E  F C H  T k E  F I R S T  S E I S C O G R A C  ( 1 0 A 8 )  

F M 1 1  - - - - I N P U T  FORMAT F C R  F I R S T  SE ISMOGRAW ( 1 0 A 8 )  
B R A C K E T S  M L S T  B E  P L A C E D  AROUNC ARGUMENT 

C b R D S  1 0  ------- FORMAT F C T l  

S E I S 1  ( 1 )  D I G I T A L  S E I S M I C  S I G k A L  FROM F I R S T  S T A T I O N ,  
I = I , N S E I S l  N O T  MORE T H A h  l J Z 4  F U I N T S  ( F M T l )  



T I T L E 2 - - - - T I T L E  FCR SECOhC SEISMCGRAM ( 1 0 1 8 )  

F M 1 2  ---- I N P U T  FORMbT FOR SECCNC SEISMCGRAM ( 1 3 A 8 )  
@RACKETS MLST a€ PLACED AROUhC ARGUMENT 

CPRCS 1 3  ------- FORi4AT F M 1 2  

S E I S 2  (I) D I G I T A L  S E I S M I C  S I G h A L  FRCH SECOND S T A T I O N t  
I = l , N S E I S Z  NOT MORE T H P N  1 0 2 4  P O I N T S  ( F M T 2 )  

CPRCS 1 T J  1 3  C A N  D €  R E P E A T E D  F C R  PNY NUCBER C F  D A T A  S E T S  

FCR T h E  CUTPUT F2CM THE PROGRAM SEE 0 REPORT 8 / 7 6 ,  S E C T I C N  3.8 

M P I N  ---- 

C O M M O N / P H A S E ~ / N S E I S 1 ~ S E I S l ~ 2 0 4 8 l t N S E I S 2 t S E I S 2 ~ 2 0 4 8 ~ t h ~ C E L A ~ I M T ~ K ~  
l P l r N 2 v h a Y , Q U M E G A t P L P H A t e E T A  

C C M M S N / P H A S E 2 / N S V 1 ~ P E A U O 1 ~ 1 2 O ~ v G ~ 1 ~ 1 2 O ~ v h G V 2 v P E R U C 2 ~ 1 2 O ~ v G V 2 ~ 1 2 ~ l  
C C M M O N / P H b S E 3 / 2 ( 8 1 9 2 J  , S A ( 2 0 4 8 ) t S @ ( 2 0 4 8 )  
C C P M C h / P H b S E 4 / X ( 1 2 O , l 2 O ) ~ V S T E P ~ 1 Z O ~ t N R t N X v K P E R ~ N C ~ P E R I C ~ ~ l 2 O l  
C C F M O N / P H P S E S / V E L H I l V E L L G ~ t N V E L ~ ) r P ~ h c l A X , h M I N , T T ~ 2 O 4 B ~ ~ T ~ T E P ~ l 2 O J , N  

l G ?  
CCPYCN / O L T /  Y ( 2 0 4 8 , 5 l  
CCCWCN /GRAPH/ T I T L E (  3 1 )  v 0 0 E L A  
CCPHCh /POUT/ N T ~ N X L ~ R A N G E ~ C G N S T , A I N T E R t T ~ 2 0 4 8 J t X X v t 3 M A X ( 5 ) ~ B M I N ~ 5 I  

D l P i h S I C h  S T N A P l t e J  , S T N A C Z ( B )  
D I M E N S I O N  F H T l ( l O J , F M T 2 ( 1 0 )  
D I P E N S I G N  T T 1 ( 2 ) t T T 2 ( 5 J  
D I P E N S I U N  T I T L E ~ ( ~ ~ ) ~ T I T L E ~ ( ~ O J ~ T I T L E A ~ ~ O J  

R E A L * d  C A T E , T I P E ~ T I T L E ~ , T I T L E Z , F C T ~ ~ F M T Z ~ T Y P E ~ S E C S , ~ L A N K  
R E P L * 8  T I T L E , T I T L E A ~ T T ~ , T T Z  
C C P P L E X  L 

C P T A  T Y P E ~ ~ H  I 
CAIA ~ L P ~ < I ~ H  I 
OPTA SECS/aHSECCNDS / 
CATA T T l / 8 H S E I S  1 t 8 H S E I S  2  / 
DATA T T Z / B H d I N C  l t 8 H W I N D  2  t 8 H F  I L T  1 v 8 H F I L T  2 t 8 h X - M U L T  / 

C P L L  T I M E R  
C P L L  C A T I P ( T I T L E 1 ( 1 6 l t T I T L E 1 ( 1 7 ~  
C P L L  C A T I K ( T I T L E ~ ( ~ ~ J , T I T L E ~ ( ~ ~ ) J  
P I = 4 . O * P T A N ( 1 . 0 1  

C P L L  C A T I M ( 0 A T E v T I M E J  
DC 2  I = l t 2 0  
T I T L E l (  I ) = E L A h K  
T I T L E i ( I ) = B L A L K  
C C h T I N U E  
T l T L E l ( ? J = S E C S  
T I T L E 2 ( 3 ) = S E C S  
T I T L E ( 3 1 J = S E C S  
DC 3 I = l v 2 0 4 8  
S E 1 S 1 ( 1 1 = 0 . 0  
S E I S 2 ( I ) = O . O  
C C h T I N U E  
DC 2 0 0  1 ~ 1 1 2  
T I T L E ( I ) = T T l (  1 )  

R E b D  I N  T h E  I N P U T  CATA 
C 

READ ( 5 1 4 t E N D = 9 9 9 1  ( T I T L E A ( I J P  1.6115)  
4 FCRMAT ( 1 0 A 8 J  

R E P 0  5 ~ S T N A M l ~ D E L T A l v M H G P T l v M N G C T l t S C G M T 1 ~  
1 S T N A M ~  1DELTA21MHGMT21MNGHT2tSCGMTZtMHOURtMINt SEC 

5  F C R M A T ~ 8 A 1 ~ F l 2 ~ 5 ~ 1 2 ~ I 2 , F 3 ~ 1 ~ 3 X v ~ A 1 t F l 2 ~ 5 v ~ 2 ~ I 2 v F 3 ~ l v l 6 X v ~ 2 v ~ ~ t  
1F3.11 

READ 6vNSEISl,NSEIS2,hGV~NCCSTP~OELA,VELkItVELLOW i 



f O R M A T ( 4 1 1 0 1 3 F 1 0 . 5 J  
N C L l = h G V  
N G V Z = N G V  
R E A C  7 t T Y ~ ~ ~ ~ i L ~ R C t I M T R X t I V S E I S v h G l t N G Z ~ h G 3  
F C R M A T 1 1 X v A B t l X t 3 1 1 G t 3 I 5 ~  
R E b O  E t R P V ) l D k F t D V  
F C R M A T ( 3 F 1 1 . 5 )  
R E A C  S t ( P : k 0 7 1 ( I J t G V l ( I J t 1 = 1 ~ N G V I J  
R E A 9  ~ ~ ( P ~ ~ ~ ~ L I I I v G V Z ( I ) ~ I = ~ ~ N G V ~ J  
F C F t J A l ( i i L 5 . 7 )  

C C k V E R S I C k  T J  E A S I C  U Y I T S  O F  T I M E I S E C S J  b N 0  C I S T A N C E ( K U S . I  
G ~ T 1 = 3 6 ~ 3 . J * ~ L 0 4 T ~ M k G M T 1 J + 6 3 . O * F L C b T ~ M N G M T l ~ + S C G M T l -  

F I L T i C  C H C d A i T i R I  " T I C S  
B E T A = A L O G ( D d F J  
A L F H A = a E l A / b A N C * * 2  

C b L i U L a T E  T I M E  S H I F T  F A C T O R S  FCA C R O S S - C L L T I P L I C A T I C N  
N C L t R l  = .qdLthC 
T M b X = D 2 1 / V E L L O h + 3 . 0 * U E L P  
T P I Y = o z ~ / ~ ~ L H I - ~ . ~ * c ~ L ~  
N P ~ ~ = I u P T ~ - G Y T ~ - T Y I ~ ) / D E L A + ~ ~ O  
I F  ( h M I k . ; T . J )  GcJ T C  3 3  
N C Z E X I  = \ C L Z A l - h * I h  t 1 
G P T L  = G U T 1  + F L O A T  ( N M I N - 1 1  * C E L A  
N S E I  S l = N S E I S l t h O Z E k l  
N S i I j L = N S E l S 2 t h O L E H i  
N C L C R C = h i L E k J t  1 
t q C L f R 1 - l u C L f 4 1 t 1  
h ~ I h ~ ~ ~ M T L - i ~ T 1 - T ~ l h I / G E L A + l 1 O  
N C A X = ( T V A X - G Y T  2 + G Y T  1) / D E L A + I . O  
T P I N = G M T ~ - ; M T ~ - F L ~ A T ( N M I ~ - L I * D C L P  
T W b x = G M T 2 - . , . 1 T l + F L 0 4 T ( h M A X - l  ) * O E L d  
h F = h M A x + h , Y I l r - l  
T T ( l l = T M l \ l  

R t b C  4 t ( I I T L E l l I l t I = 6 t 1 5 1  
R E A L  4 , ( F M T l (  I J r l = l , l O J  
R E b L  F M T l ~ I S i I S l (  I J t I = N U L E R l t N S E I S l l  
WEPD 4 v ( T l T L ! ~ L ( I J t 1 = 6 t 1 5 J  
A E A C  4 t I F ' l T L l  l l r 1 = 1 , 1 0 )  
H E A U  FYTLt(StIS2(IJtI=NOLERCtNSEISZJ 

P W I Y T  O U T  I N o b T  3 A T A  A N D  P A R A M E T E R S  
P G I * \ T  1 l r C A T E  
P R I h T  12 
P R I N T  1 3 , ( T I T L E A ( I J v S = 6 t 1 5 1  
P E  I h T  1 4 t H H U U K t P I N t S Z C t O R I G T M  
P R I t q T  1 5 1 S T N 4 Y 1 ~ ~ ~ L T A l ~ ~ H G I r 1 1 ~ H F ( G M T 1 t S C G C T 1 t G W ~ l  
P h I N T  I Y ~ S T N A Y Z ~ C E L T A ~ ~ M ~ G Y T ~ ~ M ~ G M T Z ~ S C G C T ~ ~ G ~ T Z  
P R I Y T  ~ ~ ~ U S E I S ~ ~ P ~ S ~ I S ~ ~ N G V ~ ~ ~ G V ~ ~ N C U S T P ~ C E L A ~ V E L U I ~ V E L L ~ ~ ~ D V  
P R I l u T  l l r P % ~ r J t O n F  , h l G l ~ h G Z t N G 3  
P R I N T  1 8 i T Y P E v h O Z E 2 C t I M T R X v  I V S E I S  
P R I N T  15 
P R I N T  1 3 r ( r I T L E l ( I l t I = 6 t 1 5 )  
P d I N T  4 t ( F H T l (  I I 1 1 = 1 t 1 0 1  
P R I N T  20v(IvSEISl(I)tI~NOLERltNSEISll 
P R I N T  2 1  
P F I N T  1 3 t ( T I  r L E 2 (  I J v I = 6 * 1 5 J  
P R I N T  4 t ( F H T L ( I l t I ' l i l O )  
P Y I h T  2 0 ,  ( I P S E I S Z ( I ) ~ I = N C L E R C I N S E I S ~ ]  
P k l N T  2 2  - . .  - -  
P R I N T  23t(1tPEPO0l(lJ,bVl(Ii~1=1tNGVLi 
P R I N T  2 4  
P R I N T  23t(1tPEGQ02(I)tGVZ(IJtI~ltNGV2) 
P R I N T  2 5  



I h C N E A S E  hG. 3 F  P C I k T S  T O  A  POb4ER.CF L  .Cl.  N S E I S l  OR h S E I S L  
l F ( N S € I S l ~ G T ~ l O 2 4 ~ 0 R ~ I ~ S i I S 2 ~ G T ~ 1 0 2 4 ) C A L L  E X I T  
N.123 
N 2 = 7  
IF(hSEISI.LE.N.4NC.hStISL.LE.N)GC TO 3 2  
N = Z + N  
N 2 = N L + 1  
GC TO ? l  

N V E L = l V E L h I - V E L L G k l / O V + l . O  
V S T E P (  l ) = V E L H I  
T S T E P I 1 ) = 3 Z l / L S T E P ( l )  
D C  3 5  I ' Z t h V E L  
V S T E P ( I ) = V S T E P l I - 1 1 - D V  
T S T E P (  I ) = O Z l / v S T E P (  I) 
C C h T I N U E  

REMOVE M E 4 N  Jk L I N E A M  T R E N D  FROM S E I S C O G R A M S  
I P l = I P T R X - 1  
C b L L  E A S E (  S E 1  S  l ( N i L E R 1 )  ,NSElSL-NOZERl+1~TYPE,IPl) 
C A L L  B A S E ( S E I S Z ( N ' J Z E 9 0 )  p N S E I S 2 - N C f E R O + l v T Y P E ,  I P l )  

C O S  T A P E d  dUTh ENUS OF S E I S C C G R A C  
I F ( h C G S T P . E d . 0 )  GC TC 36 
C b L L  C S T P ( S E I S l ( N j f E H 1 ) ~ N S E I S 1 - N G Z E R 1 + l , h C O S T P ~ l l  
C b L L  C S T P ( S E I S 2 ( Y J L E 2 0 )  rNSEIS2-NCZiRU+l,hCOSTP,l) 

I F ( k G l . E i . 3 )  GC TC 4 2  
G R b P H  GUT G I U U P  V E L C C I T Y  V A L U E S  
C P L L  C R F G P V ( Y G V ~ ~ P E R C O ~  p G V 1 )  
C ~ L L  G R F G P v ( N G V Z , P E ~ O O ~ , G V Z )  

GRAPH CUT S E 1  SCCGQAMS 
DC 3 7  I = l r 1 0 2 4  
Y I I , l I = S E I S l ( I )  
Y ( I , Z ) = S E I S Z (  I l 
Y ( I 1 3 ) = O . U  
Y ( 1 , 4 ) = 0 . 3  

Y ( I , 5 ) = 0 . 3  
37 C C k T I h U E  

C b L L  C h A h ( Y t Z t ? r l )  
4 2  D C  2 0 1  l = l t 5  
2 0 1  T I T L E ( I ) = T T Z I  I )  

C  
GC T O  ( 1 0 J s 3 B ) . I M T R X  

38 P R I N T  3 S , N P , h M I N , h M A X , T M I N , T H A X  
P R I N T  4 0 v ( T T (  I ) , I = l , N P I  
P R I N T  4 1 , ( V S T E P ( I  ) , T S T E P ( I )  , I = l l h V E L )  

c 
C  

100 N C = O  
K P E R = l  

101 C A L L  PACKCT(N,CELA,hSEISl,SEISl v C R I G T M v D E L T A l ~ G M T  l v N G V l v P E P C O 1 ,  
l G V 1 , K P E R e S A )  

C b L L  F b C K E T ( N ~ O E L b ~ h S E I S Z t S E I S 2 t C R I G T C t C E L T A 2 ~ G M T 2 ~ N G ~ Z ~ P E R C C 2 ~  
l G V 2 , K P E R s S E )  

OC 1 0 2  I x 1 1 N  
Y ( l , l J = S A ( I )  
y ( I , Z ) = s e ( t )  

1 0 2  C C h T I N U E  
C b L L  C R U h C H  
D C  1 0 2  I s l t N  
Y ( 1 , 3 ) = S A ( I )  
Y ( I , 4 ) = S B (  11 

1 0 3  C C h T I N U E  
C b L L  C U T P U T  

1 0 4  K P E R = K P E R +  1 
N C = N C + l  
I F ( K P E R . L E . N G V 1 ) G O  TO 101 
C P L L  E X h E I T  
C A L L  T I M E R  
GC TO 1 

C 
11 FCRMAT(lHl///lOX,tZhSURFACE hAVE A h A L Y S I S ( P H A S E  V E L O C I T Y  ( K M S / S E C )  

l/ P E R I O D  ( S E C S ) , 4 9 X , A 8 )  
1 2  FCRMAT(lOX,62H-------------------------------------------------- 

I-------- 149x1 EH-------- j 

1 3  F C R M A T I / Z O X ~ l O b E / I )  
14 F G R M A T ( / / / ~ O X , Z O H O R I G I N  T I M E  OF E V E N T I Z X , I ~ ~ ~ X ~ S H H O U R S ~ Z X ~ I ~ ~ ~ X ~  

1 4 h M I N S ~ 2 X ~ F 4 . 1 , 1 X ~ 4 H S E C S t 5 X ~ 2 H O R ~ 5 X ~ F 1 2 ~ 4 ~ 1 X ~ 4 h S E C S )  



F C H M A T ( / / / l 3 < , ' S T 4 T I U ~  NAM; CF S E I S M J G R P P  1 I S ' t 2 X t 8 A 1 / /  
l l L ) X r 4 5 H D I S T A ; 4 C E  O F  H E C ~ l R C I N G  S T A I I C l r :  FRCP E P I C E N T R E  s F 1 2 . 5 1 2 X 1  
1 3 h K H S / /  
1 1 0 ~ , ~ 5 h ~ ~ T  i I * E  O F  F I K S T  S A C F L E  , I Z , Z X V ~ + H O U G S P ~ X ,  I Z I 2 X t 4 H H 1 N S t . ? I ,  
1 F 4 . l r 2 1 ( t 4 H 5 i C S t 5 X t Z H G % t 5 X t F 1 Z . 4 , L X ~ 4 H S E C S 1  

F C F M A T l / / / l O X ~ ' N S E I S 1  = ' 9 1 6 , 5 X s ' h S E I S 2  ~ ' ~ 1 6 ~ 5 R ~ ' k G V l  = ' l14 ,5X, 'N 
1 G k i  = '  t I 4 , 5 X ,  ' N C C S T P  = ' ,15 ,5X, 'CELA = *  , F ~ . Z , / / ~ O X , * V E L H I  =*.Fb.z 
2 t 5 X 1 ' V i L L 3 .  = ' , F 6 . 2 , 5 X , ' O V  = ' ,F6.2)  

F C P M A T l / / I J X t ' t A ~ ~ C  = ' r F 6 . 2 , 5 X t ' D r i F  = ' 1 F 6 . 2 ~ 5 X , ' N G l  x ' e 1 6 , 5 X  
1 9 ' h G Z  = * , 1 4 , S X * ' N G 3  = ' v 1 4 1  

F C R M A T ( I / l J X ~ b ~ ~ l l X ~ " 4 O Z E X O  = * t I b , 5 X t ' I M T R X  = ' , 1 4 t 5 X , ' I V S E I S  = ' , I 4  
1 l 

F C H M A T (  l H l / / l O X ,  1 i H S C I S M C G K A P  I , 2 X t ' C I R I G I N A L  C A T & '  1 
F C R M A T ( 6 ( 1 ~ 1 5 1 5 . 7 1 )  
F C F M A T (  l H I / / L O X , ' S E  I S H O G R P M  i' , ~ L I ' C R I G I ~ P L  C P T A '  l 
F C k M A T l I H l / / L J X ~ 5 3 H P E K I O C ~ S E C S ~ / G f i C U P  V E L O C I T Y l K M S / S E C )  F O R  S E I S M O  

1 G R P M  l / / )  
F C F H A T I 3 ( l j ~ L E 1 5 . 7 1 1  
FCFMAT(lHI//L;Z~53HPE9IOC~SECS)/GRCUP V E L O C I T V ( K M S / S E C )  FOR S E I S M C  

l G R b M  2 / / 1  
F C S N A T (  l H l  l 
F C F ~ 4 T l l H l / / Z X t 3 H h P ~ ~ 1 5 ~ 1 X ~ 5 H h M l h ~ ~ I 5 ~ 1 X ~ 5 H h ~ A X ~ ~ I 5 ~ l X ~ 5 h T ~ l N ~ ~  

l G l i . 5 , 1 X , S H T M A X = t G 1 2 . 5 )  
F C 6 M 4 T ( / / r l X , ' T T l  I ) ~ I ~ ~ I N P ' ~ / ~ ~ X ~ ~ O G ~ ~ Z ~ I I  
F C 3 P ' A T ( / ,  I X , ' v S T E P (  1) t T S T E P ( I l s  I m 1 q l r : V E L 8 v / (  l X t 5 ( 2 G l 2 . 5 l t  l 

L 
S L 1 3 h S U T l n i z  P ~ C U E T ( N ~ I ) E L A , N S E I S I  S E 1  S r i l R I G T Y v C C L T A t G P T , h G V ~ P E h I C C t  

l G V , K P E & O ? , n A V P K T I  
C  
C  

0 I P Z : i S I O N  b E I i ( l ) , P i ~ I f J O ( l I r G V l l ) r h A V P K T ( l l  
C 
C  G ~ L U P  A k A I V A L  T I Y E  F C 4  P E d I C C  r F  I h T E R E S T  ( T Y C R H )  

T P b f l Q = C E L T 4 / i V ( K P E h C J I + i l R I G T P  

T I C ;  ( T A L < G I  A h C  hC. CF P C I h T S  ( h S A C H )  F R O M  S T A R T  C F  S E I S Y O G R A Y  
T C  ' T M A H 9 '  
T t f i n G = T w B C  ? - J P 1  
N S A L W = T I 4 4 G / J E L P  

NC.  i j F  P C I N T S  F R b %  S T A K T  O F  S C I S P G G R A P  T C  S T A R T  ( k S T A R n 1  A Y C  E h C  
[ h F I b 4 h )  0' W I I ~ C ~ A  
N S T A R h r k S b C w - i ' 4 k e V Z  
N F I N N ~ N S ~ C ~ + ~ ~ ~ ~ Y L  
N F F L N T = N h e Y Z  

CbEC< T H 4 1  W 1 ' 4 3 5 d  I S  I N S I D E  C A T A  S i T  
IF(NSTPRH.;T. I I G J  T C  2 
h h I k = h n I h + h S T P R m  
N F R U N T = h h I Y - Y  n B Y 2  
N S T A R h = l  
P E I N T  l ~ N j A C 4 ~ h a o Y Z , P C R I C L ( K P E P C C ~  
F C R M A T ( / / / l J X , ' F J S  T H I S  P C R I O D  T t E  PROGRAM I S  U S I N G  A N  A S Y M H E T R I C A  

1 L  C C S I N E  T A P E S t O  n I N C G W ' / l O X i  
l n e E C A U S t  A  S Y M F 5 T A I C A L  W I N O C C  d O U L O  E X T E h D  B E Y C N D  T H E  E D G E  C F  T H E  
l S E I S H C G R P Y . ' / l O X v  
1 ' T b F  CSEK C A 4  C V E R C C V E  T H I S  A S Y Y C E T H Y  B Y  L E N G T t E N I F t C  T H E  S E I S M J G R A  
1 ~ 9 1 1 0 ~ .  
I ' I F  NC M C R E  A C T U 4 L  C A T A  I S  A V A I L I B L E  T H E h  L E R C S  C P N  BE A C O E C  T C  TH 
1E F A O N T .  ( S E E  M A I h  P t l V G R A M  L I S T I N G 1  ' / l O X i  
l ' h S A C h = ' t I  7 1 1 . 3 X t @ h k B Y 2 = a I 1 7 t 1 0 X t * P E R I t t = ' # F l ~ . ~ ~  

L C A C  CNC C C S I N E  T b P E R  T H E  W I k C O h E D  S E I S M C G R P M  
D C  3 I = l , N  
h b V P K ? (  I l = J . O  



ASE1/NSEISl1SEIS1~2048i,hlSEIS2,SEIS2~2O4B~,N~CELA~ICTRX, 
,OO.YEGA, b L P H A ,  B E T A  
b S E Z / H G V l , P i R 0 D 1 ~ 1 2 0 ~ , G ~ 1 ~ 1 2 O ~ ~ N G V 2 ~ P E R O C 2 ~ l Z O ~ i ~ V 2 ~ 1 2 0 ~  

C C M H O N / P H b S E 3 /  L ( 8 1 9 2 )  , S A ( 2 0 4 8 ) ,  S B ( 2 0 4 B L  
C C C M C h / P H A S E G / a (  1 2 0 , 1 2 0 )  , \ S T E P (  1 2 0 )  t N R t N X , K P E R t N C , P E R 1 0 0 (  120) 

C  
C C C P L E X  L 

C  
C  W I N O U k E O  S E I S M C G R A M S  ( S A ( I ) , S B ( I ) l  A R E  P U T  I N T C  A  C G M P L E X  A R R A Y  L 
I; A N C  F O U R I E 2  A N A L Y S E C  

D C  1 I = l r N  
Z ( I ) = C M P L X ( S A ( I ) r S t ( I ) )  

1 C C H T I N U E  
C b L L  C C C L ( N 2 ,  Z i 1 . J )  
Z ( ~ ) = C M P L X ( O . O , I J . J )  
Z ( h 0 Y + I ) = L ( l )  

C  
C  C t C U S E  T b E  C E N T H C  F R E Q U E N C Y  C F  T h E  F I L T E R  ( C W E G A C )  F R O M  T H E  
C  H A R M C h I C S  I N  T h E  T I M E  S E R I E S  ( D G M E G A * L I  SO T H A T  I T  I S  N E A R E S T  T O  
C  T t E  P E & I C O  O F  I N T E R E S T  ( P E R C C l (  I ) ) 

O M E G A C = 2 . 0 * P I  / P E R t O l ( K P E R )  
L = C C E G A C / C J M E C A + 0 . 5  
L =L- 1 
C C E b A C = D C C 5 G A * F L U A T  ( L )  
PERIUC(KP5H)=2.0*PI/iMEGAC 
CCEGA=O.O 

c 
C  B b h D  P A S S  F I L T E S  T b E  H I N D C U E G  S E I S C C G R A C S  
i G A U S S I A N  F I L T E R  F U N C T I O N  P I S  M U L T I P L I E D  B Y  B O T H  + V €  A N D  - V E  
C F F i Q U E N C I E S t  J ,K AND NJINK.  

D C  2  I = l , Y B Y  
J = L -  I 
K = L + I  
IF (J .LT . i .AND.K.GT.hBY)GC T C  5 
N J = f J - J + 2  
N I = N - K + Z  
G M E G A = O M E G A - 3 C W E G b  
P z O . 0  
P C h E N T  = ( - A L P n A * ( O P E G A / C M E G A C ) * * 2 )  
I F  ( A B S ( P C N E N T ) . G T .  1 ~ 0 . 0 0 )  GO T C  3 
P = E X P ( P O R E N T )  

T R A N S F O R M  F I L T E R E C  S E I S M G G R A M S  e A C K  I N T C  T I M E  O O M A I N  
C A L L  C C O L ( N 2 i  2 , - l  -0) 
D C  6 I = l , N  
S b ( I ) = H E b L ( Z ( I ) )  
S B ( I ) = A l C A G ( Z (  1 1 1  
C C h T  I h l r E  

P R I N T  1 ,  N C , L , C C E G A C , J , P E R I O D ( K F E R )  
F C R M A T ( / / Z X ~ 3 H N C ~ ~ I 5 i 1 X l 2 H L ~ ~ I 5 ~ 1 X ~ 7 H C M E G A C = ~ F l O ~ 5 ~ l X ~ 2 H J ~ ~ ~ 5 ~ ~ ~ v  

1 F 1 C . 5 )  

GC T O  ( 8 r S 1 , I M l R X  
I F ( K P E R . G T . 5 )  GO TO 8 
P R I N T  1 0 , N C 1 N , & P E , R t L , N Z  
F C R M A T ( / / 2 X i ' N C  = ' ,15 ,2X, 'N = ' , 1 5 1 2 X , ' K P E R  = ' , IS ,ZX, 'L  ~ ' r 1 5 , 2 X , ' N  

1 2  = ' , I 5 1  
P R I N T  l l , ( S A ( I ) i I = l , h )  
F C R M A T ( / / l l X ,  * S A ~ I ) ~ I = l ~ N ' ~ / ~ l X ~ l O G 1 2 ~ 5 ) ~  
P R I N T  1 2 ~ ( S B ( 1 ) , 1 = 1 1 N )  
F C R M A T ( / , l X , ' S € ? ( I )  l l = l , N ' , / I l X ,  1 0 G 1 2 . 5 ) )  

R E T U R N  
E k C  



C E C S S - M U L T I P L Y  T R A C E S  F O R  V P U I U C S  T I M E  S t - I F T S  
XCbX=C.O  
I C = N S T B  
D C  L I = N S T A r  J E h D  
I h . 1 - h S T I t Y S T J t 1  
S A P S h S (  I I = S 4 (  I l * S d (  Ih )  
I F  ( X P A X - S A H S J S ( I  ) ) 3 ~ 2 1 Z  
I C = I  
x r P X = s n M s J j (  I ) 
C C h T I h U E  

N E h O l  = Y E N U - 1  
E ( l c J = C . C  
I F ( N E A D 1 . L T . I C I G d  T C  6 
F I h L  M I h  V A L J Z  J F  X - Y U L T  T R A C E  b F T E R  T H E  M A K  4 7  ' I C '  A Y 3  C A L C U L A T E  
T t - E  D.C. L ~ V ~ L  
C C  7 I = I i , h e i J C l  
I F  ( S A Y S d \ ( I + l ) . ( ; T . S r ? M S H 5 ( I ) l G f i  TO d 
C C h T I h U E  
E ( K I = ( S A P > J S I  I C ) t S P M S ~ S ( I I l * O . 5  
K ' K t 1  
Ct-ECK < b h L Z  OF PHASE v E L .  V A L U E S  C C C P L E T E D  
I F  ( < . G T . h P I C l  T J  9 

I F  k A h G E  'd7T C C M P L E T i O  F E V E R S €  T R A C E S  I h  K-WULT P R C C E S S  
G C  T O  ( 1 3 t l I j t I S ~  
I F  (hSTA.,::.Z) I s m = :  

I h T Z R F 2 L A r ' :  T O  F I X C  O.C. L E V E L  b T  VEL.  S T E P S  C F  I N T E R E S T  
K L I M = K - 1  
DC 1 2  [ = L . N V c L  
X ( K P E R , l I = J .  
I h C = l  
C A L L  I N T F C L  ( N P ~ ~ ~ T T ~ c ~ T S T E P ( I I . X ( K P E R ~ I I , I N ~ ~  
C C h T I & U E  

GC T S  ( 1 3 1 1 4 )  r I Y T R X  
I F  ( K P S R . G T . 2 )  GO TC 1 3  
P P I I q T  ~ ~ ~ I . I E N D ~ ~ S T ~ ~ N S T ~ ~ I S U ~ K ~ K L I M ~ K P E R  
F C P M A T ( I H L / / Z X I @ N E N D  = ' 9 1 5 , 2 1 ~ 1 h S T A  = ' , 1 5 , 2 X 1 ' h S T 8  = ' I I ~ ~ Z K I ' I S W  

l ' r 1 5 t 2 X s 8 K  = ' V I S P Z X V ' K L I M  = ' I I S ~ ~ X ~ ' K P E R  * ' s I 5 1  
P R I N T  1 6 ~ ( T T ( I ) ~ E ( I ) v I = l ~ K L I ~ J  
F C R M A T ( / / ~ l X ~ ' T T ~ I l ~ E ~ I l ~ I ~ 1 ~ K L I C ' t / ~ I X ~ l O G l 2 ~ 5 ~ l  
P R I N T  1 7 ~ ( T S T i F ( I ) ~ X ( K P E R t I J t I ~ l v N V E L J  
F C R M A T ( / / ~ 1 X ~ ' T S T E P ( I ) 1 X ( K P E R t I l ~ I ~ 1 ~ N V E l ' ~ / ~ l ~ e l ~ G l 2 ~ 5 l I  

F l h O  C A X I W U Y  O F  M A T R I X  



DC l J = l , N ?  
C A L L  AMAX(X(1 ,  J) ,hC,HCLD) 
I F ( H O L D . G T . X Y A X ) X M A X = h J L C  

1 C C h T I N U E  
C  

DC 2 I = l t N R  
OC 3 J = l , N C  
X ( J , I J = X ( J , I ) / X M A X * S 9 . 0  

3 C C h T I N U E  
2  C C h T I h U E  

c 
N 2 5 = ( h C - 1 1 / 2 5 + 1  
OC 4  I L = l v N 2 5  
N L C k = ( I Z - 1 ) * 2 5 + 1  
N h V = h L G w * L 4  
IF(NHY.GT.NC)NtY=NC 
PRIFtT 5  

5 F C R M A T ( l H 1 / / 5 0 X p 1 4 H P A T R I X  OF X ( I l / / / )  
P R I N T  6 ,  ( P E R I O C ( I 1 ,  I = N L O W ~ N h Y ~ 2 1  

b FCRMAT( 3 x 9  1 3 F l 0 . 2 )  
OC 7 I = l t N H  
P R I N T  8  , b S T E P ( I ) , ( X ( J , I ) , J = h L C k p N H V j  

8 FGRMAT( lX,F4.2,3X,25F5.2)  
7 C C h T I N U E  
4 C C h T I h U E  

c 
I F  (NG3.EJ.O) GO TG 9 
C A L L  C i N T U H ~ X ~ N C ~ N R , l 2 0 ~ 5 . 0 ~ 5 . 0 ~ 1 0 0 . 0 ~ 3 ~  

c 
9 RETLRFt 

E  hG 
C  
C  . . . . . . . . . . . . . . . . . . . . . . . .  
C  
L 

C S L B R O L T I N E  @ A S E ( X , N , T Y P E e I P l )  
C E N T k Y  CBbSE(DX,N, T Y F E , I P l l  
C  E k T i Y  CBASE(X,N,TYPE, IP l )  
C  E h T k Y  O C t A S E ( D X ~ N , T Y F E ~ I P l )  
C  
C  REMOVES E I T H E R  THE LFAST SQUARES OR MEbN B A E L I h E  OR T t E  F I R S T  P C l N T  
C  
C  

SLERLILTINE B A S E ( X , N , T Y P E , I P l l  
D I P E N S I O N  X ( N )  ,OX(N)  

R k b L * 8  TYPE,MEbN,LEAST 
DATA MEAN/JHM?AN / ,LEAST/BHLEbST / 

C  
I P C = l  
I F ( N . L E . O I G 0  TC 2 1 0  
N i = N  
N 3 - 1  
F X = O B L E (  X( 1) 
GO TU 1 0 0  

C  
E h T R Y  0 8 b S E ( O X , N ~ T Y F E , I P l )  
I PC=2 
IF(Ft.LE.O)GO TC 2 1 0  
N 2 = N  
N3.1 
FX=OX(  1) 
GC TO 1 0 0  

b 

EhTRY C B A S E ( X , h ~ T V F E ~ I P l )  
l P C = l  
IF(N.LE.OlG0 TC 2 1 0  
N 2 = N * 2 - 1  

h ? = 2  
F X = C B L E ( X ( l ) )  
GC TO 1 0 0  

L 
E h T R Y  O C e A S E ( O X , N ~ T Y P E ~ I P l )  
I FC=2 
IF (N.LE.OIG0 TO 2 1 0  
N i = N * 2 - 1  

h3.2 
F N = D X ( 1 1  

C  
C  

100 I h C E = l  
IF(TYPk.EQ.MEAN)INOE=2 
I F l T Y P E . C Q . L E A S T l I N O E 1 3  



X 1  = C B L S ( < ( I I I  
GC TO lC? 
X 1  = C X ( I I  
S L C *  = SUYX 4 X 1  
S L C I X  = SUMIX  + O F L C A T ( I ) * X l  
C C h T I N U E  
X f A K  = S L . * X / ~ I \  
8 I h T J  = ~ ( ( ~ . C O * A N I + ~ . I J ~ ~ * S U P X - ~ . C O * S U M I X ~ / ~ P ~ * ~ A N - ~ . C O ~ )  
P h 1  = ((12.~~*SUYIX)-6.UO*~Ah+1.D0l*SUMX)/~dN*lAN+1.D0l*~AN-l.D0~) 

GC T l l  ( I l ; r l Z O t l 3 C ) s l & O E  
DC 1 1 3  I = l , N 2 , k 3  
GC TO l 1 1 1 , 1 I L I ~ I P C  
X I I )  = D d L t ( < l I l )  - F K  
GC TO 1 1 3  
L X ~ I I  = D r ( I 1  - F X  
C C h T I N U E  
P R I N T  1 
F C k M A T t / / 4 X , 4 2 t O A T A  HAS B E E h  CORGECTED B Y  THE F I R S T  F C I N T l  
GC T J  Lilo 
D C  1 2 ?  I = l , N L , h 3  
GC TO l l i l , l L 2 ) , I P C  
X ( I 1  = D B L E t X ( I l 1  - XBAR 
G C  TC 1 2 !  
D X l l l  C X ( I 1  - X d A F  
C C h T l N U E  
P F I N T  L 
F C F M A T ( / / 4 X 1 4 4 t C A T A  h L S  B t E h  CORRECTEC TC T h E  PEAN B A S E L I N E )  
GC TO ZJJ 
D C  1 3 ?  l = l , N Z , h 3  
GC TO ( 1 3 1 , 1 3 Z l , l P C  
X ( I )  = U d L i ( X ( 1 ) )  - 3 F L O A T ( I ) * P h l  - X I N T C  
GC T d  1 3 3  
U X ( I 1  = C X I I )  - D F L i A T ( I ) * P h I  - X I h T O  
CC h T  I hUf 
P F I n T  3 
F C H M A T l / / i X , j j t O A T 4  HAS b i E h  C C R R t C T E C  TC T h E  L E A S T  SQUARES e A S E L I  

1 N E I  

S L Y X L  = C.Oi) 
SLWX3 = C.CO 
DC 2 0 4  1 = 1 1 q  
GC TU ( 2 0 1 r Z J Z ) e I P C  
X 1  = C d L E ( X I 1 ) )  
GC T.J L O ?  

2 0 2  X 1  = C X ( 1 )  
203 X i  = X l * < l  

S L C X 2  = SUYXZ + X 2  
S L C X ~  = s w x 3  t 6 2 * x 1  

2 0 4  C C h T I h U E  
V I R X  = S L P X l / A h  
A 3 M h T  = S J M ~ ~ / A N  
SKEw = ( A 3 C N T * 8 3 H k T l / ( V A R X * * 3 1  
P P l N T  4 1  X B A R ,  FX,  P H I *  VARX, SKEW 

4 F C R M A T t 4 X , 1 4 H M E A N  C F  DATA = . G L 2 . ' , 8 X , 2 2 t V A L U i  CF F I R S T  P C I N T  
1G12 .  5 / 4 X , j 2 t  G U 4 3 I E N T  (IF L E A S T  SCUARES L I N E  = r C 1 2 . 5 ~ 8 X ~ l d h V d R I A N C E  
2 O F  C A T P  : ,Gl2.5,8X, lOHSKEWN€SS =,G12.5) 

C  
2 1 0  H E T O R h  

E h C  
C 
C * * * * * * * * * * * * * * * * * * * * * * * a  
C 
C  
C S L d R O b T I N 5  C S T F t X t N , h C , I t d O E )  
C  € & T R Y  O C S T P I D X P ~ V ~ U V I N D E )  
C  E h T K Y  C C S I P t X , h , Y i t l h O E )  
C E h T k Y  OCCSTD(DX,hpNCr  I N D E I  
C 
C ____--_-___--_--____--_--_------_____-_-------------------------- 
c 
C I N D E = l - - - - - - - - C O S I N E  TAPER eCTH EhCS CF CURVE. 
C I ~ D E  = 2-------- C O S I h E  TAPER FRONT END 3 F  CURVE. 
C I ~ C E = ~  -------- C C S I N E  TAPER C C S I N E  TAPER eACK END CF CURVE. 
C 
C - -------------------------------- ------------------------------- 
C 
C X------ I S  T H i  PRKAY. 
c 
c N----- I S  T h E  NCMBER OF P O I N T S  I h  T t E  P H R b Y .  
C 
C  NG-------IS T k E  S T A R T I N G  NUMBER. 



11 
l.? 

EhTRY CCSTP(  X ,  h t N C t  I N D E l  
IPC.1 
IC.2 
G C  T O  1 

P I  = 4 .00*CATAk( l .DOJ 
P h l  = P I / D F L O A T ( N O - 1 1  
C P t - I  = D C G S ( P H 1 l  
SFt -1  = C S I h ( P H 1 l  
C T t E T I  = 1.00 
S T t - E T 1  = O . D 3  
CTt -ET2 = 1.D.)  
STI -ET2 = 3.03 
I F ( 8 Y 0 . L E . J I R 5 T U I Y  

DC 2 7  I llN3 
G C  TO ( 2 1 t 2 2 , 2 1 l t I Y C E  
I b  = ( N - I I * I C + l  
I h  = ( I - l l * I C t l  
GC T 3  24 
I h  = ( N - l ) * I C + l  
D X I I N J  = 5.0-1*OX(Ihl*(l.CO-CTHET2l 
GC TJ ( 2 5 , 2 6 t 2 6 l , I h G E  
O X ( 1 A J  = 5.0-1+DX(IPl*(l.DO-CTHETZ~ 
C P L L  S I N C t i S ( C P H 1 , S P H I  t C T H E T l t S T H E T l t C l H E T 2 t S T H E T 2 b  
C C h T I h u E  

RETURN 
E h C  

SLBROUTINE S I ~ C O S ( C P H I ~ S P H I ~ C T H E T 1 1 S T H E T l t C T H E T 2 t S T H E T 2 1  

D C b B L E  P d E C I S I C N  C P h l  t S P H I  ~ C T H E  l l t S T H E T l t C T H E T 2 t S T H E T 2  

C T k t T 2  = CTHET l * C P H I  - S T H E T l * S P H I  
S T h E T 2  = S T H E T l * C P H I  t C T H E T l * S F k I  
C T k E T 1  = C T t i E T 2  
S T t E T 1  = STHETZ 
RETURh 
E h t  

L 
c 
C  G I P  SLBROUTINE I N T P C L  
C --- ------ 
C  
C  
c B E S S E L S  I N T E R P C L A T I C N  FORRULA T O  T h E  F I F T H  0, IFFERENCE 
C REFE9ENCE - 1.A.T. P.56 
C  
C  
C F R C Y  THE C A L L  I N T P C L ( N t L t X t V t X P * Y F t I N D l  
C 



N  NLJCL3EA OF F C I h T S  
L  S T A 9 T I d G  P i S I T I C i i  I Y  T A c L f  CF VALUES ( h i 1  LESS THdN 3 I  
X  I h 3 E P I N D E N T  V A H I A J L E  WHICH MLST YE ECUALLY SPbCEO 
Y  VALUE5 OF ThE F L N C T I C N  
X F  I h T E ~ 4 t D I ~ T t  VALUE OF PECUIREC YP 
YF VALUE 3 6  F L Y C T I C N  GF K t C U I X E t  XP 
I h C  = l 4CSMPL I N T E R P O L 4 T I C h  V P  FROM x P  
I h C  = 2 iNVEHSE I N T E 4 P O L A T I C N  XF FRCM YP 
I N L  = 3 1r0 I V T E R P O L A T I O N  VALClE ClrTSLCE T A B L E  

F5RMS TH? FCLLCWING DIFFERENCE TABLE -- 

X ( K - L I  Y I K - L )  
C l 1  

Y I K - I )  Y ( K - 1 )  o i  l 
C  12 D 3 1  

% ( K )  Y ( K )  0 2 2  C4 1 
X  P  YP C 1 3  D 3 2  C 5 1  
X l K + l I  r ( K + l  J 0 2 3  D 4 2  

L 1 4  0 3 3  
X ( < + z )  VIK+Z I U 2 4  

0 1 5  
X l K * 3 )  V l K + 1 )  

SET K  F'J4 I C T E R P C L A T I C N  
K - L  
I F ( X l L I - X P I 1 1 ~ 1 1 ~ 1 4  
DC 1 3  I = L t h L  
I F ( X ( I ) - X ~ I l L . 1 5 r l C C  
K . 1  

SET K  FOR I N V E R S E  1 4 T E R P t L A T I C N  
0 C  23 K s L v h L  
P = l Y P - Y l K ) I / l Y ( K * l I - Y I K ) )  
I F ( v ) i 3 , 2 5 , 2 2  
I F I P - l . O C J ) l O J , 2 3 v 2 3  
CC h T  I h l l E  

YP CIJTSIOE TABLE 
I hC=3 
GC TO 3C3 

YP I S  4 FfJYCTIChr VALUE 
X P = X ( K )  
GC TO 3.13 

F O K P  CIFFEaENCES 
O l l = Y f K - 1 1 - Y ( K - 2 )  
O l i = Y l K ) - V ( K - 1 1  
O l ? = Y ( K + l I - Y I K )  
0 1 4 = Y ( K + 2 ) - Y ( K + l I  
0 1 5 = Y ( K t 3 I - Y ( K * 2 )  
0 2 1 = 0 1 2 - C l  l 
O i Z = C 1 3 - C l 2  
O i 3 = 0 1 4 - C 1 3  
D 2 4 = 0 1 5 - C l 4  
0 3 1 = C 2 2 - C L l  
0 3 2 = C 2 3 - C 2 1  
0 3 3 = 0 2 4 - C 2 3  
D 4 1 = C 3 2 - C ? L  
G 4 i = C 3 3 - C 3 2  
0 5 1 = 0 4 2 - 0 4 1  
GC TO l 2 1 0 ~ 2 2 0 J ~ I N O  

I N T E R F C L A T I C h  SECTICN 
FORM @ESSEL C O E F F I C I E N T S  

P = I X P - x ( K ) I / ( x ( K + ~ I - x ( K I )  
B Z = P * I P - 1 . 0 0 0 )  
t33=b2* (P-O.500)  
84=82* (P t l .OD3) * lP -2 : )DO~  



T H E  F C R P U L A  

I N V E R S i  I N T E H P C L A T I O N  S E C T I O N  
D C  L 3 0  I = 1 , 2 0  

F O R 4  S F S S E L  C O E F F I C I E & T S  
B Z = P * ( P - 1 . 0 0 3  J  
B ? = d l * ( P - 0 . 5 0 0 )  
04=HZ*(P+1.ODOI*(P-2.JDO) 
8 5 = 6 4 * (  P - 0  - 5 3 3  
d i = 6 2 / 4 . 0 3 9  
8 3 = 0 3 / C . O D O  
B 4 = 1 3 4 / 4 8 . 5 0 0  
B L = a 5 / 1 2 C . 0 0 0  

T H E  I h V E R S E  FCRMULA 
P=(YP-Y(&)-dZ*(C22+022J-U3*032-e4*~C41+C42J-~5*05l)/Dl3 
C C N T I N U E  
X F = X ( K ) + P * ( X ( K * l ) - X ( K ) )  

A E T U R N  
E h C  
S L H R O L T l h E  F I L L L P ( N C P T S , Z )  

O l P E N S I O h  2 1 1 1  
C C P P L E X  L,CZERC 
C L F G O = C M F L K ( J . J , J . O J  
A t \ = N c i P T S - L  
N=ALOClO(AN)/ALOGlO(L.OJ+l.C 
N I = (  2 * * h ) + 1  
N i = 2 * * 1 N + 1 )  
N l P l = h l - l  
D C  1 1 = 2 9 h l M l  
N h = h 2 - I t 2  
Z ( h h ) = C c h J b l z ( I ) I  
C C h T I N U E  
L ( h l ) = C L E s 2  
HETU' IN 

E h C  

NEW C A R G R F  

F R C M  T h E  C A L L  C A R G R F ( X r Y , N )  T h I S  PACKAGE F L O T S  h P O I N T S  
T H E  C A R T E S I A N  C O - J R C I N A T E S  C F  T H E  I T H  P O I N T  B E I N G  S P E C I F I E D  A S  
X l I ) , V f I J  

T H E  C P T I O N S  ARE S E T  B Y  U S I N G  T H E  COMMCN - 
C C C M 3 h  / G R F F /  T I T L E ( L O ) ,  XMAX, X C I f i r  Y M b X r  V M I h v  JNCX,  I N O Y ,  I N C .  

l I C O T t  A N S T R l r  I F ,  X L I M I T ,  Y L I M l T t  S C A L X ,  S C A L Y  -. 

T H E  T I T L E  A R R A Y  C P R H I E S  I L F O R P A T I O N  FGR A h h C T A T l N G  T h E  O U T P U T  
G R I P H .  T H I S  P k R A V  K b S T  BE  S E T  U P  AS F O L L C J S  - 

L 

C  T I T L E I l J  - 1  
C  J C C L T A I N S  2 4  H O L L E R I T H  C h b R b C T E R S  G I V I N G  T H E  U h I T S  
C  T I T L C ( 3 J  - ) O F  THE A B S C I S S A E  
L 

C  T I T L E ( 4 J  J C C L T A I N S  1 6  W L L E R I T H  C H A R A C T E R S  G I V I N G  T H E  U Y I T S  
C  T I T L E ( 5 J  I O F  THE O R D I N A T E  
C  
C  T I T L E ( 6 )  - 1  
C J C C h T P I N S  8 0  H O L L E R I T H  C h b R A C T E R S  G I V I N G  A  T I T L E  T O  
C  J T H E  G R A P H  
C  T I T L E ( 1 5 )  -l 

T I T L E ( 1 6 )  - C G h T b l h S  B  H C L L E R I T h  C H A R b C T E R S  G I V I N G  G A T E  OF  
P R O C E S S I N G  

T I T L E ( 1 7 )  - C C k T b I N S  8 H O L L E R I T F  C H A R b C T E R S  G I V I N G  T I M E  C F  
P R O C E S S I N G  

T I T L E ( 1 8 1  - J  
) U N U S E D  

T I T L E ( 2 O J  - J  

XMAX ) S E T  B O T H  E Q U A L  I F  PROGRAW T O  Cl -OUSE T H E  A B S C I S S A E  
X M l N  ) S C A L E .  O T h i R W I S E  S E T  T C  C H O S E N  L I M I T S  OF A 8 S C l S S A E  S C A L E  

YMAX I S E T  E O T h  E G U A L  I F  PROGRbP T O  ChOOSE THE O R C I N A T E  S C A L E  
Y M I N  J O T H E R W I S E  S E T  TO C h O S E N  V A L U E S  O F  O R C I N A T E  S C A L E  




































