
APPENDIX F . PROGRAIII LISTINGS-

T h e  l i s t i n g s  b e l o w  w e r e  o b t a i n e d  d u r i n g  c o m p i l a t i o n  o n  a  P D P 1 l / 1 0  m i n i c o m p u t e r .  F 0 R T R A N  l i n e
n u m b e r s  a d d e d  d u r i n g  t h e  c o m p i l a t . i o n  a r e  s h o w n  a t  t h e  l e f t  o f  e a c h  F 0 R T R A N  s t a t e m e n t .  T h e s e  n u m b e r s
c a n  b e  u s e d  i n  r e p o r t i n g  a n y  p r o b l e m s  t o  t h e  a u t h o r .  C o l u m n s  7 3  t o  B 0  o f  m a n y  l i n e s  h a v e  b e e n  u s e d
f o r  a  s h o r t  c o m m e n t  i n d i c a t i n g  t h e  p u r p o s e  o f  t h e  l i n e ,  a n d  t h e s e  a r e  n o t  p a r t  o f  t h e  p r o g r a m  c o d e .

T h e  c o m p i l a t i o n s  s h o w n  w e r e  o b t a i n e d  u n d e r  F 0 R T R A N  4 .  T h e  p r o g r a m s  h a v e  b e e n  r u n  w i t h o u t
m o d i f i c a t i o n  o n  s o m e  s y s t e m s  u s i n g  F 0 R T R A N  7 7 .  W i t h  o t h e r  m a c h i n e s  a  f e w  c h a n g e s  m a y  b e  r e q u i r e d .
T h e ' c o n s t a n t s ' g i v e n  i n  D A T A  s t a t e m e n t s  m u s t  r e t a i n  t h e i r  v a l u e s  b e t w e e n  s u c c e s s i v e  c a l l s  t o  t h e
s u b r o u t i n e s .  T h i s  i s  n o t  m a n d a t o r y  i n  F 0 R T R A N ,  a n d  w i t h  s o m e  v e r s i o n s  o f  F 0 R T R A N  7 7  t h e  D A T A  m u s t
b e  c h a n g e d  t o  S A V E  o r  S T A T I C .  F o r  s y s t e m s  w h i c h  c a r r y  o u t  r u n - t i m e  c h e c k i n g  o f  a r r a y  b o u n d s ,
m o s t  o f  t h e  D I M E N S I 0 N  s t a t e m e n t s  m u s t  b e  c h a n g e d  f r o m  F V ( 4 0 )  ,  H T ( 4 0 )  t o  F V ( B ) ,  H T ( B ) .
S o m e  c o m p i l e r s  m a y  a l s o  r e q u i r e  t h a t  s t a t e m e n t s  o f  t h e  t y p e :  D 0  # #  I = 1 ,  N 1 5
b e  r e p l a c e d  b y :  N 5 =  N + 5  /  D 0  # #  I = 1 , N 5 .

I n  t h e  l i s t i n g s  b e 1 o w ,  p r o g r a m  s t a t e m e n t s  w h i c h  a r e  a  n e c e s s a r y  p a r t  o f  t h e  c a l c u l a t i o n  a r e  s h o w n
i n  u p p e r  c a s e .  L i n e s  j n  l o w e r  c a s e  r e l a t e  t o  o u p u t  l i s t i n g s  o r  t r a c e  f a c i l i t i e s ,  a n d  c a n  b e  i g n o r e d
f o r  p u r p o s e s  o f  f o l  l o w i n g  t h e  b a s i c  p r o g r a m  l o g i c .

F.I THE I, IAIN SUBROUTINE POLAN

O O O l  S U B R O U T I N E  P O L A N  ( N , F V , H T ,  F B , D I P , S T A R T ,  A M O D E , V A L L E Y , L I S T )
c
c  -  -  G e n e r a l i s e d  P O l y n o m i a l  r e a l  h e i g h t  A N a l y s i s  -  -  m a y 7 3 / f e b 8 4 .
c  O v e r l a p p i n g ,  S i n g l e  o r  L e a s t  S q u a r e s ,  w i t h  f u l l  s t a r t  a n d  v a l l e y  o p t i o n s .
c  I f  p r o b l e m s  a r i s e ,  r u n  d a t a  w i t h  l i s t  =  4  a n d  m a i l  a l 1  o u t p u t  t o : -
c  J . E . T i t h e r i d g e ,  P h y s i c s  D e p t . ,  U n i v e r s i t y  o f  A u c k l a n d ,  N e w  Z e a l a n d .
C  X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X  X X  X X X X X X X X X X X X  X X X X X X  X X

INPUT DATAc
c
c - - -  P o l a n  i s  c a l  l e d
c
c - - -  I n i t i a l  1 y :
c  t h i s  m u s t  b e
c
c  I n t e r m e d i a t e
c  w i  t h :
c
c
c  T h e  o - r a y
c

c - - -
c

w i t h  f r e q u e n c y ,  h e i g h t  d a t a  i n  t h e  a r r a y s  f v ,  h t .  *

-  s e t  n  e q u a l  t o  t h e  d i m e n s i o n  o f  t h e  a r r a y s  f v ,  h t ;
g r e a t e r  t h a n  3 0  +  t h e  n u m b e r  o f  d a t a  p o i n t s  i n  t h e  a r r a y s .

c  T h e  f i n a l  l a y e r  i s  t e r m i n a t e d  b y  a t  l e a s t  2  n u ) l  p o i n t s ,  w i t h  h  =  f  =  0 .  *
c  D a t a  c a n  b e  t e r m i n a t e d  w i t h o u t  a  p e a k  b y  u s l n g  a  f i n a l  f r e q u e n c y  o f  - 1 . 0 .  *
C  X X X X X X X X  X X X X  X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X  X X X X X X X X X X  X X
c  NORMAL ]NPUT PARAMETERS *
c *
c - - -  F B  g i v e s  t h e  g y r o f r e q u e n c y  a t  t h e  g r o u n d  i n  M H z ,  f o r  i n v e r s e  c u b e .  *
c *
c - - -  D I P  i s  t h e  m a g n e t i c  d i p  a n g l e  i n  d e g r e e s
c *
c - - -  S T A R T  n o r m a l l y  g i v e s  a  m o d e l  h e i g h t  a t  0 . 5  m h z .  T y p i c a l  v a l u e s  a r e :  *
c  n o o n  s u n s e t - 2 / r i  s e + 2 h r  5 9 t - / r i  s e  s e t + 1 h r  s e t + 2  s e t + 4  t o  r i  s e -  1  *
c  B 5 k m  B S k m ( E  l a y e r )  9 0 ( E ) / 8 0 ( F )  1 0 0  k m  1 3 0  k m  1 5 0  k m .  *
c *
c -  A n  e x t r a p o l a t e d  s t a r t i n g  h e i g h t  i s  u s e d  i f  s t a r t  =  0 .  *
c -  W i t h  i n i t j a l  x - r a y  v a l u e s  a  s l a b  s t a r t  c o r r e c t i o n  i s  c a l c u l a t e d  f r o m  *
c  0 . 3 * f m i n  ( a d d i n g  p o i n t s  a t  0 . 3 , 0 . 6  a n d  0 . 8  * f m i n ) .  *
c -  ( W i t h  x - r a y  d a t a ,  s t a r t  g i v e s  t h e  g y r o f r e q u e n c y  h e i g h t  f o r  u n d e r l y i n g  *
c  i o n i s a t i o n ;  t h e  v a l u e s  l i s t e d  a b o v e  a r e  s t i l l  s u i t a b l e .  )  *
a - - - - - - - - - - -

l a y e r s  t e r m i n a t e  a t  a  s c a l e d  c r i t i c a l  f r e q u e n c y  ( o r  f c  =  0 . )  *
h '  =  0  f o r  a  c h a p m a n  p e a k  a n d  n o r m a l  v a i l e y ,  *
h '  =  1 0  f o r  a  p e a k  w i t h  n o  f o l l o w i n g  v a 1 1 e y ,  *
h ' =  n e g a t i v e  f o r  a  c u s p - t y p e  d i s c o n t i n u i t y  o n 1 y .  *

f c  ( s c a l e d  o r  z e r o )  m a y  b e  f o l l o w e d  b y  a n  x - r a y  v a ) u e  ( - f c x ) .  *

T h e  f i n a l  t h r e e  p a r a m e t e r s  a r e  z e r o , f o r  m o s t  w o r k .  *

c - - A i ' 1 O D E  s e t s  t h e  t y p e  o f  a n a l y s i s ,  a s  l i s t e d  b e l o w .  Z e r o  u s e s  m o d e  5 .  *
c  U s e  a m o d e + 1 0  f o r  1 2 - p o i n t  i n t e g r a l s ,  f o r  h i g h  a c c u r a c y  a t  1 a r " g e  *
c  d i p  a n g l e s  ( t h i s  i s  d o n e  a u t o m a t i c a l l y ,  a t  d i p . g e . 6 0 ,  w h e n  a m o d e = O ) . *
C  V a l u e S  O f  6 6 9 j g  n r o a f o r  i h e n  2 Q  e r o  r 1 5 g j  t O  S p e q i f y  t h e  n U m b e r  O f  *

I 2 8



c  p o l y n o m i a l  c o n s t a n t s  t o  b e  u s e d  t o  d e s c r j b e  e a c h  i o n o s p h e r i c  l a y e r ;  *
c  e . g .  B 0  u s e s  a n  8 - t e r m  r e a l - h e i g h t  p o l y n o m i a l  f o r  e a c h  s e p a r a t e  1 a y e r ,  *

c  8 5  u s e s  B  t e r m s  f o r  t h e  f i n a l  l a y e r  a n d  5  t e r m s  f o r  l o w e r  l a y e r s .  *

c *
c - - V A L L E Y =  0 . 0  o r  1 . 0  t o  u s e  t h e  i n i t i a l  d e f a u l t  w i d t h  o f  t w i c e  t h e  l o c a l  *

c  s c a l e  h e i g h t .  T h e  i n i t i a l  d e f a u l t  d e p t h  i s  0 . 0 5  M H z .  *

c  T h e  c a l c u l a t e d  d e p t h  i s  s c a l e d  a c c o r d . i n g  t o  ( c a l c u l a t e d  w i d t h ) * * 2 .  *

c - - L I S T  =  0  p r i n t s  r e s u l t s  f o r  t h e  s t a r t ,  p e a k  a n d  v a l l e y  r e g . i o n s  o n l y .  *
1  s h o w s  t h e  f r e q u  r a n g e  a n d  p o l y n o m i a l  c o e f f i c i e n t s  a t  e a c h  s t e p . *
2  a d d s  s o m e  s t a r t / p e a k  o u t p u t ; 3 , 4  a d d  m o r e  d e t a i l  f o r  e a c h  s t e p . *

C  X X X X X X X X X  X  X X X X X X X X X X X X X  X X X X X X X X X X X X X X X X X X X X X  X X X X X X X X X X X X X X X X X X X X X X X X X X  X X X X  X X X

c  RETURNED DATA *

c *
c  P O L A N  r e t u r n s  w i t h  f r e q u e n c i e s ,  r e a l  h e i g h t s  i n  t h e  a r r a y s  f v ,  h t .  *

c  N  =  n o  o f  d a t a  p o i n t s  r e t u r n e d ,  w i t h  p e a k  a t  f c = f v ( n - 3 ) ,  h m a x = h t ( n - 3 ) .  *

c  P o j n t s  a t  n - 2 , n - 1  a n d  n  a r e  e x t r a p o l a t e d  h e i g h t s  a t  0 . 5 ,  1 . 0  a n d  *

c  1 . 5  s c a l e  h e i g h t s  a b o v e  t h e  p e a k .  *

c  f v ( n + l )  g i v e s  t h e  s t a n d a r d  e r r o r  o f  t h e  c r i t i c a l  f r e q u e n c y ,  j n  m h z .  *

c  h t ( n + i )  g i v e s  t h e  s t a n d a r d  e r r o r  o f  t h e  p e a k  h e i g h t ,  i n  k m .  *

c  f v ( n + 2 )  g i v e s  t h e  t o t a l  e l e c t r o n  c o n t e n t  t o  t h e  p e a k  i n  e 7 0 / n * * 2 .  *

c  h t ( n + 2 )  g i v e s  t h e  s c a l e  h e i g h t  o f  t h e  p e a k  i n  k m ;  *

c  ( a  n e g a t i v e  v a l u e  s h o w s  a n  u n r e a s o n a b l e  p e a k  e x t r a p n  w a s  l i m i t e d .  )  *
C  X X X X X X X X X X X X X X X X X X X X X X X X X X X  X X X X X X X X  X X X X X X X X X X X X X X X X X X  X X X X X X X X X X X X  X X X X X X X X X  X X X

c  CHANGES T0 NORMAL 0PERATION *

c  F B  n e g a t i v e  t o  u s e  a  c o n s t a n t  g y r o f r e q u e n c y  f h  =  - f b .  *

c  D I P  n e g a t i v e  t o  o m i t  p h y s i c a l  c h e c k s  o n  t h e  c a l c u l a t e d  p r o f i l e  s e g m e n t s .  *

c  S T A R T  b e t w e e n  0 .  a n d  4 4 .  d e f i n e s  t h e  p l a s m a  f r e q u e n c y  f o r  a  m o d e l  s t a r t .  *
c  s t a r t  =  - 1 . 0  t o  u s e  a  d i r e c t  s t a r t ,  f r o m  t h e  f i r s t  s c a l e d  p o i n t .  *

c  s t a r t  <  - 1 . 0  f o r  x - s t a r t s  t o  u s e  a  p o l y n o m i a l  f r o m  ( - s t a r t  - 1 . 0 )  m h z .  *

c  A M 0 D E  n e g a t i v e  t o  o m i t  p h y s i c a l  r e l a t i o n s  ( c 3 . 3 )  f r o m  s t a r t / v a l l e y  c a l c n s . *
c  V A L L E Y  =  1 0 . 0  f o r  a  m o n o t o n i c  ( n o  v a l  l e y )  a n a l y s i s .  *

c  v a 1  1 e y  =  5 . 0  f o r  a  m a x i m u m - v a 1  1 e y  ( u p p e r  r e a s o n a b l e  I  i m i t )  a n a l y s i s .  *

c  v a 1  1  e y  =  0 .  1  t o  5 . 0  m u l  t i  p l  i  e s  t h e  s t a n d a r d  v a l  I  e y  b y  t h i  s  f a c t o r .  *

c  v a l i e y  =  - . 0 i  t o  - . 9 9  t o  u s e  - v a l l e y  a s  t h e  i n i t i a l  d e p t h ,  *
(  i  n s t e a d  o f  t h e  d e f a u l  t  v a l  u e  0 . 0 5  m h z  )  .  *

v a 1 1 e y  =  - 1 . 0  t o  i t e r a t e  b o t h  v a l l e y  d e p t h  a n d  w i d t h  f o r  b e s t  f i t ;  *
( - 1 . x  t o  i t e r a t e  f r o m  a n  i n i t i a l  d e p t h  o f  0 . x  m h z  ) .  *

v a 1 1 e y  =  - 2 . 0 1  t o  - 3 0  s p e c i f i e s  a  f i x e d  v a l l e y  w i d t h  o f  5 * i n t ( - v a l l e y )  k m ; *
a n d  a n y  d e c i m a l  p a r t  o f  v a 1 1 e y  s p e c i f i e s  t h e  d e p t h  i n  m h z .  *

L I S T  =  5  s h o w s  e a c h  s e t  o f  s i m u l t a n e o u s  e q u a t i o n s ,  i n  t h e  m a t r i x  b ( i , j ) .  "

6 / 7  / B / 9  g i v e  m o r e  d e t a i l  f o r  t h e  s t a r t / r e d u c t i o n / p e a k / v a 1  1 e y  s t e p .  *

U s e  l i s t  n e g a t i v e  t o  t r a c e  o n l y  t h e  p e a k  a n d  v a 1 1 e y  s t e p s .  *

c  ( - 1  g i v e s  o u t p u t  f o r  t h e  f j r s t  s t a r t j n g  s t e p  a l s o ) .  *

c  L j s t =  - 1 0  s u p p r e s s e s  a l l  o u t p u t ,  e v e n  t h e  n o r m a l  l a y e r  s u m m a r i e s . *
C  X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X  X X  X X X X X X X X X X X X X X X  X X X X  X X X X X X

C  S T A N D A R D  M O D E S  O F  A N A L Y S I S :  *

c  A m o d e = 1 . -  L i n e a r  L a m i n a t i o n  a n a l y s i s  ( w i t h  c h a p m a n  p e a k s ,  a n d  v a l l e y s ) .  *

c  A m o d e = 2 . -  P a r a b o l i c  L a m i n a t i o n  a n a l y s i s ,  m a t c h i n g  e n d  g r a d i e n t s  ( =  p a u l  ) .  *

c  A m o d e = 3 . -  O v e r l a p p i n g  C u b i c s ,  w i t h  n o  s p u r i o u s  o s c i l l a t i o n s ( J A T P  1 9 8 2  p 6 5 7 ) *
c  A m o d e = 4 . -  F o u r t h  0 r d e r  0 v e r l a p p i n g  P o l y n o m i a l s  ( R a d i o  S c i e n c e  1 9 6 7  p i 1 6 9 ) .  *

c  A m o d e = 5 . -  F i f t h  O r d e r  L e a s t  S q u a r e s  f i t  t o  6  p o i n t s  ( 4  v j r t u a l  +  2  r e a l ) .  *

c  A m o d e = 6 . -  S i x t h  0 r d e r  L e a s t  S q u a r e s  f i t  t o  8  p o i n t s  ( 5  v i r t u a l  +  3  r e a l ) .  *

c  A m o d e = 7 . -  S i x t h  O r d e r  f i t t i n g  7  v i r t u a l  +  3  r e a l  h e i g h t s ;  c a l c u l a t e  2 .  *

c  A m o d e = 8 . -  S i x t h  O r d e r  f i t t i n g  8  v i r t u a l  +  4  r e a l  h e i g h t s ;  c a l c u l a t e  2 .  *

c  A m o d e = 9 . -  S e v e n t h  O r d e r  f i t t i n g  1 3  v i r t u a l  +  6  r e a l  h e i g h t s ;  c a l c u l a t e  3 .  *

c  A m o d e = 1 0 .  A  S i n g l e  P o l y n o m i a l ,  f i t t i n g  0 . 7 3 ( n v + 2 )  t e r m s  t o  n v  h e i g h t s .  *

c  A m o d e =  l O L ,  w h e r e  L  i s  a n  j n t e g e r  i n  t h e  r a n g e  3  t o  1 5 ,  u s e s  a  s i n g l e  *

c  p o l y n o m i a l  w i t h  L  t e r m s  t o  d e s c r i b e  e a c h  i o n o s p h e r i c  1 a y e r .  *

c  A m o d e =  1 0 1 + M  u s e s  L  t e r m s  f o r  t h e  f i n a l  1 a y e r ,  a n d  M  f o r  e a r l i e r ' l a y e r s .  *

C  X X X  X X X X X X X X X  X X X X X X X X X X X X X X X X  X X X X X  X X X X X X X X X X X X X  X X  X X  X X X X X X X X X X X X X X X X X X X  X  X X X X X X X

c
c  I n  t h e  p r o g r a m  1  i s t i n g ,  e r r o r  c h e c k i n g ,  d e b u g
c  a n d  o u t p u t  s t a t e m e n t s  a r e  i n  l o w e r  c a s e .
c
c
c

N o r m a 1 p r i n t e d o u t p u t s f r o m P o l a n a r e i n d . i c a t e d b y - - - - - - - >
T r a c e  o u t p u t s  a n d  a b n o r m a . l  c o n d i t i o n s  a r e  s h o w n  b y  * * - - - - - )

F u l l e r  d e b u o  o u t o u t s  o b t a i n e d  w i t h  l i s t  >  0  # # - - - - - >
c  L o o p s  a r e  d e l i m i t e d  b y  c . . . . .
a - - - - - - - - - - -

0 0 0 2  D T M E N S T 0 N  F V ( 4 0 ) ,  H T ( 4 0 ) ,  r T ( 2 0 ) , r \ / ( 2 0 ) , r R ( 2 0 ) , i H ( 2 0 )
O O O 3  C O M M O N  / P O L /  B ( 4 0 , 1 i ) , Q (  1 8 ) ,  F H , A D I P ,  M O D E , M O D ,  F A , H A ,  T C O N T , L B U G

t29



000 4
000  5

c
c
c  A t

000 6
000 i
0008
0 0 0  9

c
00 10
0 0  1 1

C

00  12
0 0 1 4  1 0

c l
c 1 .

0 0 1 5
00  16
00  17
00  18
00 20
0021
0023
0025
0026
0027
0029

C O M M O N  / P O L /  H S ,  F C , F C C ,  S H ,  P A R H T ,  H V A L , V l ^ / I D T H , V D E P T H ,  X W A T
C 0 M M 0 N  / P 0 L l  M A X B , N F ,  N R , N L ,  N X ,  f " 1 S , M T , J M ,  L K ,  K R , K R M ,  K V , l ' 4 F ,  N C  c o u n t e r s

I  - - - - - -  f i  r s t  s t e p  !  !  - - - -  f o 1  l o w i n g  s t e p s  - - - - -  !
M O D E =  1 2  3  4  5  6  7  B  9 1 0  I  2  3  4  5  6  7  B  9 1 0
D A T A  r T l 1 , 2 ,  3 ,  4 ,  4 ,  5 ,  6 ,  6 ,  7 , 7 3 ,  r ,  2 ,  3 ,  4 ,  5 ,  6 ,  6 ,  6 ,  7 , 7 3 /  n t e r m s
D A T A  r V l i , ? ,  3 ,  4 ,  5 ,  7 ,  8 , 1 0 , i 2 , 3 5 ,  1 ,  1 ,  2 ,  3 ,  4 ,  5 ,  7 ,  8 , 1 3 , 3 5 /  n v i r t s
D A T A  I R / 0 , 0 , 0 ,  I ,  I , 2 , 2 ,  3 ,  5 ,  ? , 0 , - 1 , - 1 ,  I , - 2 , - 3 , - 3 , - 4 , - 6 , - 3 l  r e a t h t s
D A T A  I H l 1 , 1 , 2 , 3 , 3 , 4 , 5 ,  6 ,  8 , 2 8 ,  1 ,  1 ,  1 ,  1 ,  1 ,  1 , 2 , 2 , 3 , 2 8 l  c a t c h t s

t c o n t f ( x )  =  x * * j * ( f a * ( f a / j + 2 . * x / ( j + 1 ) ) + x * x / ( j + Z ) )  p o l y c o n t
maxb-  40  B rows

c  m a x b =  r o w  d i r n e n s i o n  o f  a r  r a y  B . S e t  I R ( 1 0  a n d  2 0 )  t o  m a x b - 5
c - - - - - - - - - - -
c $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $  (  1 )  I n i t i a t  i s a t i o n  $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
c i  - - -  ( 1 )  I n i t i a l i s a t i o n

i  f  (  1 i  s t  .  g t  .  i  )  p r i  n t  10 , n ,  f  v ( 1 ) ,  h t  (  1 ) ,  f  b ,  d i  p ,  s ta r t  ,  arnode , v a I  I  ey , I  i  s t
f o r m a t  ( ' 0 # A R G S :  N , f 1 , h l = '  1 4 , 2 F 7  . 2 , 5 X , '  f b , d i p , s t a r t = ' , 3 F 7  . 2 ,

_  ]  
5 X , ' a m o d e , v a l l e y , l j s t = ' , 2 F 7 . 2 ,  1 4  / )

1  S e t  t r a c e ,  g y r o f r e q  a n d  m o d e  c o n s t a n t s .
A D I P =  A B S ( D ] P )
F H  =  G r N D ( F B , - A D r P )

l b u g =  l i s t
i f  ( 1 b u 9 . 9 t . 1 )  c a l l  t r a c e  ( f v , h t , 0 . )

MODE = ABS(A i lODE)
1 F  ( M 0 D E . E Q . 0 . a n d . A D I P . G t . 6 0 )  M O D E  -  1 5
r F  ( M O D E . E Q . 0 )  M O D E  =  5

M 0 D 2 = M O D E - M 0 D E / 1 0 * 1 0
MOD1 =  MODZ
I F  ( M 0 D E . E Q . 1 0 . o r . M 0 D t . G E . 3 0 )  M O D 1  =  1 0
F V ( N - 1 )  =  - 1 .

g r o u n d f h

s n g l  p o l y
e n d  d a t a

c - - - - - - - - - - -
c I . 2 - -  I d e n t i f y  t h e  s t a r t  m e t h o d  t o  u s e ,  a n d  s e t  t h e  f o l l o w i n q  p a r a m e t e r s : -
c  f a , h a  =  t h e  o r i g i n  ( s t a r t . i n g  p o i n t )  o f  t h e  f i r s t  r e a l - [ e i g h t  p o l y n o m i a l ;
c  l k = I / 0 / - 1  f o r  o - r a y / p o l y /  s l a b s t a r t .
c  M o v e  v i r t u a l  h e i g h t  d a t a  t o  s t a r t  a t  f v ( 3 1 ) ,  h t ( 3 1 ) .  V i r t u a l ,  r e a l  h e i q h t
c  o r i g i n s  a r e  a t  k r ,  k v  =  1 , 3 1 - j s  ( w h e r e  j s = n o  o f  f r e q s  a d d e d  b e l o w  f m i n ) .
c  A d d  a n  i n t e r p o l a t e d  p o i n t  a t  f v ( 3 0 ) , h t ( 3 0 )  t o  c o n t r o l  o - r a y  s t a r t s .
c

O O 3 O  C A L L  S E T U P  ( N ,  F V ,  H I ,  S T A R T )
C

0 0 3 1  D H S  =  A M I N 1 ( H S - H A , 0 .  )  r o r  c 3 . 3
c $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
c
c / / / / / / / / / / / /  R  E  A  L H E I G H T  A N A L Y S I S  L O O P
c
c  F o r  e a c h  c y c l e :  C a l c u l a t e  o n e  p o l y n o m i a l ,  w i t h  n t  t e r m s ,  f r o m  t h e  p o i n t  * *
c  f a = f v ( k ) ,  h a = h t ( k )  t o  f i t  t h e  n e x t  n v  v i r t u a l  a n d  n r  r e a l  h t s .  * *
c  ( n r  n e g a t i v e  t o  i n c l u d e  o n e  r e a l  h e i g h t  b e l o w  h a ) .  * *
c  C a l c u l a t e  a  f u r t h e r  n h  r e a l  h e i g h t s ,  a n d  s e t  k  =  k + n h .  * *
c * *
c  I f  a  c r i t i c a l  f r e q u e n c y  i s  f o u n d  j n  k + l  t o  k + n v + 1 ,  c a l c u l a t e  u p  t o  * *
c  t h e  p n e c e d i n g  f r e q ,  a n d  d e t e r m i n e  a  l e a s t - s q u a r e s  c h a p m a n  p e a k .  * *
c  W i t h  x - r a y  d a t a  ( - v e  f r e q s )  a t  s t a r t  o r  a f t e r  c r i t i c a l ,  r e c a l c u l a t e  h a  *  * *  *
c ****
c  R e a l  h e i g h t  o r i g i n  ( f a , h a )  i s  a t  k = k r ;  v i r t u a l  a t  k = k v .  k r m = t o p  r e a l .  * *
C  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

c
c$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
L a  - - -

c
c 2 . I

0032 200 MOD -  M0D1
0 0 3 3  K R M  =  K R
0 0 3 4  N N R  -  0
0 0 3 5  G 0  T 0  2 3 0

c 2 . 7 a
0 0 3 6  2 r 0  r F  ( M 0 D . c T . 1 0 )  G 0  T 0  2 2 0

( 2 )  P r e p a r e  D a t a  $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
( 2 )  P r e p a r e  D a t a

S t a r t  o f  a n a l y s i s  ( o r  r e s t a r t  a f t e r  a  p e a k )
= I  t o  1 0
top  rea  l

L a t e r  s e g m e n t s  ( u s i n g  m o d + 1 0 )

1 3 0



00 38
00 39
0040
004 i

0042
004 3
0044
004  5
0046
0047
0048
00 50

c
00 52

c
0053
00  54
00  56
0057
00 58
00  60
0062
00  64
0066

2?0
c 2 . 1 b
?30

K R  =  K R - r R ( [ , 1 0 D )
K V  =  K V - r R ( M O D )
MOD = l '40D+ 10

N N R  =  I R ( M O D )

N T  =  I T ( M O D )
N V  =  r V ( M O D )
N H  =  I H ( M O D )
N R  -  I A B S ( N N R )
N L  =  t " 1 1 N 0 ( 1 , N R - N N R )
M S = O

r F  ( L K . E Q .  1 . A N D . K V . r Q . 2 9 )  r . 4 S
I F  ( N V . G T . 1 . A N D . N V . L T . B )  N V

A 1  1  s e g m e n t s

= 1
- N V - M S

r e a l  h t s

te rms
v i r t u a I s

t o  c a l c

p r e v  n t

G n a d E q u n
a t  s t a r t

c 2  . 2
c
c  S e t  n f =
c  n x -
c  f c c

CALL

C o u n t  . i n i t i a l  x - r a y s .  C h e c k  f r e q u e n c y  s e q u e n c i n g .
C h e c k  f o r  c u s p ,  p e a k ,  o r  e n d  o f  d a t a .

n o  o f  o - r a y s  ( = n v ,  i f  s u f f i c i e n t  p o i n t s  e x j s t  b e f o r e  a  p e a k / r e s t a r t ) ;
x - r a y s ;  m v =  n f + n x ;  f m =  f v ( m f )  =  t o p  f r e q u e n c y  i n  t h i s  s t e p .
=  f c  o r  0 . 1  f o i  a  p e a k  1  f o r  c u s p  a t  f m ,  =  0 .  o t h e r w i s e .

S E L D A T  ( N V ,  F V ,  H T )

0068
c

0069
007  0
007 2

t r a s -  - ? . 2
j  f  (  n v .  I  t . 0  )  g o  t o  6 3 0  e x i  t ) ) ) . )

FM = Ftl  ( l '4F ) top f req
M V = M F - K V  #  f r e q s
I F  ( N F . G T , N V )  N H  =  N H  +  ( N F - N V ) / 2  t O  C A I C .

i f  ( 1 i s t . l t . - 3 . a n d . 1 i s t . g e . - 9 )  l b u q =  1  s u m m a r y
i f (  ( f c c . 9 t . 0 .  . o r .  f c . g t . 0 .  ) . a n d .  I  i s t .  g e .  - 9 )  I  b u g = i a b s (  I  i  s t )  t r a c e  o n

i f ( 1 b u g . g t . 2 . o r . ( l b u g . e q . 2 . a n d . m o d . 1 t . i 0 ) ) c a l l t r a c e ( f v , h t , 2 . 2 )  # # - - - - - >
I F  ( K R . E Q . l )  G 0  T 0  3 0 0  s t a r t

c 2 . 3  S u b t n a c t  t h e  g r o u p  r e t a r d a t i o n  d u e  t o  t h e  l a s t  c a l c u l a t e d  r e a l - h e i g h t
c  s e c t i o n .  T h i s  m o d i f i e s  a l l  h ' a t  f , >  f a  ( w h e r e  f a  =  f v ( k r ) ) ,  a n d  i n c r e a s e s
c  t h e . i n d e x  l k  ( g i v i n g  t h e  h e i g h t  t o  w h . i c h  g r o u p  r e t a r d a t i o n  i s  r e m o v e d )  t o  k r
c

C A L L  R E D U C E  ( F V ,  H T )

t r a s  =  - 2 . 3
i f  ( j m . 1 e . 0 )  g o  t o  6 4 0  e x j t ) . , )

i f  ( l b u g . g t . 2 )  c a l l  t r a c e  ( f v , h t , 2 . 3 )  # # - - - - -

c 3  - - - ( 3 )  S e t  U p  E q u a t i o n s  f o r
c
c 3 . 1  I n i t i a l i s e  m t , f a , f c

0074 300 MT =  NT
0 0 7 5  r F  ( N T . G r . 2 0 )  M T  =  ( N F + 2 )  * N T / 1 0 0

0 0 7 7  I F  ( N X . G I . 0 )  M T  =  l , 4 T  +  ( N X + l )  / 2
0 0 7 9  r F  ( N F . G T . N V )  M T  =  r 4 T  +  ( N F - N V ) / 3
0 0 8 1  r F  ( M 0 D E . 1 T . 3 0 )  G 0  T 0  3 1 0
OOB3 MT =  MODE/1o
0 0 8 4  I F  ( F V ( M F + 2 ) . N E . 0 . . a n d . M 0 D 2 . G E . 2 . a n d . N F . L T . N V )  M T
0 0 8 6  3 1 0  M T  =  M I N 0 ( i 5 , 1 ' 1 T , M V + N R + M S )
OOBT JM = MT
O O B B  F A  =  F V ( K R )
0 0 8 9  H A  =  H T ( K R )
0090 NC = 0

C h e c k  f o r  v a l  i e y ,  s e t  v a l  l e y
I n i t . i a l i s e  v a l l e y  w i d t h  a n d

L00P )

I s  t h i s  a  s t a n t  o r  v a l l e y  c a l c n ?
I F  ( L K . G T . 0 . a n d . H V A L . E Q . 0 .  )  G 0  T 0  3 2 0  n o t  v a l y

I F ( 1 , 4 0 D E . G E . 3 0 )  M T = M T - I  f i x e d J M
M T  =  M I N 0 ( M T , I 4 V - 1 )  p o l t e r m s
J M = M T + 1  + o f f s e t

i f  ( 1 b u g . g t . 3 )  c a l l  t r a c e  ( f v , h t , 3 .  I )  # # - - - - - >

n e x t  p r o f i l e  s t e p  $ $ $ $ $ $ $ $
n e x t  p r o f i ) e  s t e p

a n d  c 0 u n t e r 5 .

t',10D2

m o d e  1 0
+  x - r a y s

s e  t t e  r m s
n o t  l a s t

te  rms

n ews ta  r t
n ews t.a rt
i  t e r a t n s

f l a g  h v a l
d e p t h

c
c

009 i
0092

c
c

0093
0095
0097
00 98
0099  320

L00P =  0
C A L L  S T A V A L  ( F V , H T ,  S T A R T , V A L L E Y ,

t 3 1



c 3 . 2
C

3 3 0  C A L L  C O E F I C  ( M V , F V , H T )
t r a s  -  - 3 . 2

S e t  U p  E q u a t i o n s  i n  B

0 1 0  1
010 2
010 3
0 1 0 5
0  107
0 1 0  9
0 1 1 0
0 1 i  1
0r12

0 1  1 4
0 1 1 5
0 1 1 7
0 1 1 8
0 1 1 9
0 120
0121
0r22
0r23

c
0t24 360

c
0126
0127
0129
0  1 3 1
0  1 3 2
0 1 3 3
0  134
0 1 3 5
0  1 3 6
0  1 3 7

i f  ( j m . l e . 0 )  9 o  t o  6 4 0
I F  ( A M O D E . L T . 0 . . 0 R . M V + 4 . G T . [ 4 A X B )  c 0  T 0  3 8 0
r F  ( M S . N E . 1 )  G 0  T 0  3 4 0

G = i . 0 + 1 . 8 / F V ( 3 0 )
B ( M V + 1 ,  1 )  =  . 5
B ( M V + 1 , J M + 1  ) =  .  5 * G * (  H T (  3 0 ) - H A )

3 4 0  r F  ( L K . c E . 0 )  G 0  T 0  3 6 0
c 3 . 3  ( a d d  m s  p h y s i c a l  s t a r t

W S  -  0 . 1
r F  ( S T A R T . c T . 4 4 . )  r . t s  =  0 . s

B ( M V + 1 , J M )  =  l . j s
B ( M V + 1 ' J M + 1 )  =  D H S * 1 . 6  * l ' l s
B ( M V + 2 , M T )  =  W S * . 3
B ( M V + 2 , J M + 1 )  =  ( H S / 3 . - 2 0 . )  * 1 , 1 S * . 3
B ( M V + g ' N T - 1 )  =  1 4 S * . 3
M S = 3
GO TO 3BO

se tc  oe  fs

e x  l  t > > > >
no phys

o  s f , a r f ,
s e t  Q 1

r e l a t i o n s .  x  o n l y )
w e i g h t

q ( j m ) = d h

s  l a b
l o w o r d e r

^ - t ^
L O  I  L .  L l

l e a v e  q 1
n o a d j u s t

r  F  (  H V A L .  E Q . 0 .  )  G 0  T 0  3 8 0
( a d d  m s  p h y s i c a l  v a 1  1 e y  r e l a t i o n s .  x  o r  o )

H V  =  1 . 0  w e i g h t
I F  ( H V A L . L T . - 2 .  )  W V  =  1 0 .  f i x  v a l y
r F  ( N X . G T . 0 )  | ^ l V  =  0 . 2

B ( M V + 1 , J M )  =  W V
B ( M V + 1 , J M + l )  =  ( V I " [ D T H  -  P A R H T )  * l ^ J V  s t d d v a l y
B ( M v + Z , M T )  =  0 . 5  ' o w o r d e r
B ( M V + 3 , 1 )  = 0 . 4  q r a d -
B ( M V + 3 , J M )  =  - . I / V D E P T H  - c o n t .
B ( M V + 4 , M T - l )  =  0 . 1 5  l o w o r d e r
M S  =  M r N 0 ( 4 ,  M T )

0 1 3 8  3 8 0  N C  =  N C + 1
0 1 3 9  i f ( 1 b u g . g t . 2 . o r . ( m s . g t . 0 . a n d . l b u g . n e . 0 ) )  c a l l  t r a c e ( f v , h t , 3 . 3 ) # # - - - - - >

c $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $  ( 4 )  R e a l - H e i s h t  S o l u t i o n  $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
( 4 )  R e a l - H e i g h t  S o l u t i o n

S o l v e  e q u a t i o n s  i n  B
N S  =  M I N 0 (  M V + N R + M S ,  m a x b )
c A L L  S 0 L V E  ( N S ,  J M ,  B ,  Q ,  D E V N )

C h e c k  p h y s i c a l  c o n s t r a i n t s

i f  ( m s  . e q .  1 )  l b u g =  l b u 9 + 2 0 0
i f  ( d i p . l t . 0 .  )  l b u g =  l b u 9 + 4 0 0

Q ( 1 8 )  =  D E V N
c A L L  A D J U S T  ( H A , F A , F M , F C ,  L K , J M , M T ,  B , Q ,  L B U G )

c 4 . l

c
c 4  . 2
c

0 1 4 i
0142

0 1 4 3
0 1 4  5
0t47
0  148

c
c
c 4 .  3

0 i 4 9
0  1 5 0

c
0 1 5 2
0 1  5 3
0155 420

c

\ / l . J r D T H = Q ( i M ) + P A R H ]
I F  ( N C . E Q . l . a n d . H V A L . N E . 0 . )  L 0 0 P  =  1  a d j . v d e p

i  f (  1  b u g . 9 t . 1 .  a n d .  h v a l  .  n e . 0 .  . 0 r . 1  b u g .  g t . 2 ) c a l  I  t r a c e (  f v , h t , 4 . 3 ) # # - - - - - >

0 1 s 7  I F  ( F B . 1 T . 0 .  )  L 0 0 P  =  - I A B S ( 1 0 0 P )  f i x e d  f h
0 1 5 9  I F  ( J M . c T . M T )  C A L L  S T A V A L  ( F V , H T ,  S T A R T , V A L L E Y ,  L 0 0 P )  s t r t / v a t
0 1 6 1  I F  ( 1 0 0 P . E Q . 4 )  c 0  T 0  3 3 0  v a l y l o o p
0 1 6 3  . .  ] F  ( L 0 0 P . E Q . 3 . a n d . F B . G T . 0 .  )  G 0  T 0  3 3 0  x r a y l o o p

c $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $  ( 5 )  s t o r e  R e a t  H e i s h t s  $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
c 5  - - -  (  5 )  S t o r e  R e a l  H e i  q h t s
c

L00P = 2
I F  ( J l ' 4 . E Q . l v l T . o r . N X . G T . 0 )  G 0

KRM= KR+NR-NL
K V M =  K V + N R - N L
N H  =  M I N 0 ( N H , N F - M O D 1 / 1 0 * 2 )
M Q  =  M T + M I N 0 ( 1 K , 0 )

I t e r a t e  a  v a 1  1 e y  o r  x - s t a r t  c a l c n .

T0 420
0 - r a y  V a l l e y ;  l o o p  o n c e  t o  a d j u s t  d e p t h

l a s t r e a l

t o  c a l c .
po l  te rms

132

0 i 6 5
0 i 6 6
0 1 6 7
0 l68



017 2
0 1 7  3
017 4
0 1 7  5

0 1 6 e  Q M  =  Q ( M Q )
0170 KA =  KVM + 1

c . . . . .
0171 D0 520 K =  KA,  MF

F R  =  F V ( K )
KRM = KRM+1
D E L T F  =  F R - F A
F V ( K R M )  =  F R

0 1 7 6  5 2 0  H T ( K R M )  =  H A  +  S U M V A L ( M Q , Q , D E L T F , 1 )
c . , . . .

0 1 7 7  F N  =  F V ( K V M + N H )
0 1 7 8  D F  =  F V ( K V M )  -  F A
0 1 7 9  r F  ( F C C . E Q . 0 .  )  G 0  T 0  5 4 0

n e x t  p t .

t o  p e a k .

p o l y c o n t

q t p n  n n

o r i  g i  n

00 nex f ,
c u s p

f o r  f h
newl  ayer

t . e . c .
s c a l e  h t

0 1 8 i
0  1 8 2

0192
0 1 9 3
0  1 9 5

NH = KRM-KR
F N = F M

0 1 8 3  5 4 0  D 0  5 6 0  J  =  1 ,  M Q
O 1 B 4  5 6 0  T C O N T  =  T C O N T + J * Q ( J ) * ( T C O N T F ( F N - F A )  - T C O N T F ( D F )  )

c
O 1 B 5  K R  =  K R + N H
0 1 8 6  K V  =  K V + N h
O 1 B 7  F C  =  F C C
0 r B B  r F  ( F C . E Q .  0 .  )  G 0  T 0  2 1 0
0 1 9 0  r F  ( F C . E Q . - . 1 )  G 0  T 0  2 0 0

c$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$  End  o f  No rma l  S teps  $$$$$$$$$$$$$$$$$
c $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $  ( 6 )  C a l  c u l  a t e  a n d  L i  s t  P e a k  d a t a  $ $ $ $ $ $ $ $ $ $ $ $
c 6  - - -
c
c 6  - - -
c

( 6 )  C a l c u l a t e  a n d  L i s t  P e a k  d a t a

L e a s t - s q u a r e s  f i t t i n g  o f  a  C h a p m a n - 1 a y e r  p e a k .

l r a s =  6 .
i  f  (  f c .  1  t . 0 .  )  g o  t o  6 2 0  e n d > > )
i f  ( h t ( k r m ) . 1 t . 9 0 .  )  g o  t o  6 4 0  a b o r t ) . , . ,

O I 9 7  C A L L  P E A K  (  F V ,  H T ,  H M A X  )
i - - - - - - - - - - -
- a

c 7  . l
0 1 9 8  H S  =  ( H M A X  +  H T ( K R M ) ) / 2 .
0 1 9 9  r F  ( H T ( K V + 1 ) . G r . 0 .  )  G 0  T 0  2 0 0

c
c 7 . 2
c

0 2 0 1  N - K R + 3

A l  I  f i n i s h e d .  A d d  p o i n t s  a t  z  =  . 5 ,  1 . 0 ,  1 . 5  a b o v e  p e a k ,
u s i n g  a  s c a l e  h e i g h t  g r a d i e n t  o f  0 . 1 .

1 7 )  R e s t a r t  f o r  a  N e w  L a y e r ,  o r  e n d .

E x i t  o n  E r r o r

1 3 3

0202  FV
0203 FV
0204  FV
0205 HT
0206 HT
0207  HT
O2OB FV
0209  HT
02  10  FV
O2II  HT
O 2 I 2  R E

c 7  . 3
0 2 1 3  6 ? 0
0215 630
0217 640
0219 650

$
c

0220
0221 660
0 2 2 2
0 2 2 3
0224
0225
0226
0227  END

N - 2 )  =  F C  * . 9 7 3 7 2
N - 1 )  =  F C  * . 9 1 2 i 3
N  )  =  F C * . 8 3 4 6 2
N - 2 )  =  H M A X  +  S H  * 0 . 5 1 2 8

N - 1 )  =  H M A X  +  S H  * 1 . 0 5 2 6
N  ) - H M A X + S H * i . 6 2 1 6
N + 2 )  =  T C O N T * . 1 2 4
N + 2 )  =  S H
N + 3 )  =  0 .
N + 3 )  =  0 .
URN

n  =  k r  +  I
f v ( n )  =  f v ( k v + 1 )
h t ( n )  =  h t ( k v + 1 )
f v ( n + 1 )  =  0 .
h t ( n + 1  )  =  0 .
re  tu  rn

i  f  (  f c .  e q . -  1 .  )  g o  t o  6 6 0
i f  ( n v . l t . 0 )  k v  =  - n v  - 1 > ) s e l  d a t
i  f  (  I  b u g .  g e .  - 9 ) p r i  n t 6 5 0 ,  (  f v (  i  ) , h t (  i  ) ,  i = k v - 1 , k v + 3 ) , t r a s , I y  * * - - - - - ;

f o r m a t  (  ' 0 > > > > > e r r o r  a t  f ,  h  = '  1 0 f 8 . 3 ,
'  s e c t i o n ' , f 4 . 1 , i 5 , '  > > > >  e n d ' ,  / )

c a l . l  t r a c e  ( f v , h t , t r a s )



F.2 THE SUBROUTII{ES SETUP, SETDAT ATID STAVAL

S u b r o u t i n e s  c a l l e d  b y  P 0 L A N  f o r  p r e p a r a t i o n  o f  i n p u t  d a t a  f o r  s u c c e s s i v e  s t e p s  o f  t h e  r e a ' l - h e i g h t
c a l c u l a t i o n  a r e  g r o u p e d  i n  a  f i l e  P O L S I N . F O R .  T h e  f j r s t  s u b r o u t i n e  S E T U P  i s  c a l l e d  o n l y  o n c e
n e a r  t h e  b e g i n n i n g  o f  P 0 L A N  t o  d e t e r m i n e  b a s i c  s t a r t  c o n s t a n t s .  T h e s e  i n c l u d e  t h e  s m a l l e s t  v a l u e s
o f  p l a s m a  f r e q u e n c y  a n d  v i r t u a l  h e i g h t  i n  t h e  d a t a ,  t h e  s t a r t  m e t h o d  t o  b e  u s e d ,  a n d  a n  a p p r o p r i a t e
e x t r a p o l a t e d  v a l u e  f o r  t h e  s t a r t i n g  h e i g h t  ( u s e d  i n  e x t r a p o l a t e d  s t a r t s ,  a n d  t o  d e f i n e  t h e
g y r o f r e q u e n c y  i n  t h e  l o w - d e n s i t y  u n d e r l y i n g  r e g i o n ) .  T h e  g i v e n  d a t a  a r e  a l s o  m o v e d  u p  t o  s t a r t  a t
p o s i t i o n s  3 1  i n  t h e  f r e q u e n c y ,  h e i g h t  a r r a y s ,  s o  t h a t  c a l c u l a t e d  r e a ) - h e i g h t s  c a n  b e  f i l i e d  i n  f r o m
t h e  b e g i n n i n g  o f  t h e  s a m e  a r r a y s .

S E L D A T  i s  c a l . l e d  a t  t h e  b e g i n n i n g  o f  e a c h  n e w  s t e p  i n  P 0 L A N .  I t  d e t e r m i n e s  w h i c h  d a t a  p o i n t s
w i l l  b e  u s e d  t o  c a l c u l a t e  t h e  n e x t  r e a l - h e i g h t  p o l y n o m i a l ,  a n d  d e l e t e s  a n y  u n w a n t e d  e x t r a o r d i n a r y
r a y  d a t a .

S T A V A L  s u p e r v i s e s  a l l  s t a r t  a n d  v a 1 1 e y  c a l c u l a t i o n s  w i t h i n  P O L A N .  I t  i s  a l w a y s  c a l l e d  d u r i n g
t h e  i n i t i a l i s i n g  p h a s e  f o r  e a c h  r e a l - h e i g h t  s t e p ,  t o  d e t e r m i n e  w h e t h e r  a  v a l l e y  i s  i n v o l v e d  a n d  t o
s e t  t h e  v a l l e y  f l a g  H V A L  a c c o r d i n g ) y .  I f  t h e  f o l l o w i n g  c a l c u l a t i o n  i s  t o  d e t e r m i n e  a  v a l l e y ,
i n i t i a l  e s t i r n a t e s  f o r  t h e  v a 1 l e y  w i d t h  a n d  d e p t h  a r e  m a d e ,  b a s e d  o n  a  m o d e l  v a l u e  f o r  t h e  n e u t r a l
s c a l e  h e i g h t ,  a n d  f l a g s  a r e  s e t  t o  c o n t r o l  t h e  t y p e  a n d  p a t h  o f  t h e  v a 1 1 e y  i t e r a t i o n .

A f t e r  a  r e a l - h e i g h t  s o l u t i o n  i n v o l v i n g  a  s t a r t  o r  v a l l e y ,  S T A V A L  i s  c a l l e d  a g a i n  t o  c h e c k  t h e
r e s u l t .  C a l c u l a t i o n s  i n v o l v i n g  e x t r a o r d i n a r y  r a y  d a t a  a n d  a  h e i g h t - v a r y i n g  g y r o f r e q u e n c y  a r e  i t e r a t e d ,
a t  l e a s t  o n c e ,  a d j u s t i n g  t h e  v a l u e  o f  g y r o f r e q u e n c y  t o  m a t c h  t h e  l a s t - c a l c u l a t e d  r e a l  h e i g h t s .
V a l l e y  c a l c u l a t j o n s  a r e  a l s o  i t e r a t e d  t o  k e e p  t h e  a s s u m e d  v a l u e  o f  v a l l e y  d e p t h  i n  a  f i x e d  r e l a t i o n
t o  t h e  c a l c u l a t e d  w i d t h .  F o r  t w o - p a r a m e t e r  v a l l e y  c a l c u l a t i o n s  a n  a d d i t i o n a l  i t e r a t i o n  l o o p  i s
r e q u i r e d  t o  d e t e r m i n e  i n d e p e n d e n t  v a l u e s  o f  d e p t h  a n d  w i d t h  t o  g i v e  t h e  s m a l l e s t  r . m . s .  e r r o r  i n  t h e
f t l  t 9  t h e  v i r t u a l - h e i g h t  d a t a  ( a n d  t o  t h e  p h y s i c a ' l l y - d e s i r a b l e  c o n d i t i o n s  i n c l u d e d  i n  t h e  v a 1 l e y
c a  l  c u  l  a t r o n  ) ,

000  1

c  P O L S I N .  F O R  =  S E T U P ,  S E L D A T ,  S T A V A L .
c** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  _  input  p rocess ing  fo r  po lan .
c

S U B R O U T I N E  S E T U P  ( N ,  F V , H T ,  S T A R T )
c  - - -  ( c a l l e d  f r o r n  s e c t i o n  c l . Z  o f  p o l a n )  f e b 8 4 .
c  1 .  M o v e  t h e  v i r t u a l  h e i g h t  d a t a  u p  3 0  p l a c e s ,  t o  s t a r t  a t  f v ( 3 1 ) ,  h t ( 3 1 ) .
c  2 .  S e t  N  =  n u m b e r  o f  d a t a  p o i n t s  ( u p  t o  t w o  z e r o  h e i g h t s ) .
c  f m i n  =  t h e  l o w e s t  p l a s m a  f r e q u e n c y  i n  t h e  d a t a .
c  h m i n  =  t h e  l o w e s t  v i r t u a l  h e i g h t  i n  t h e  d a t a .
c  ( t h e s e  a r e  u s e d  f o r  s t a r t  e x t r a p o l a t i o n  i n  t h e  a b s e n c e  o f  x - r a y  d a t a ) .
c  3 .  I d e n t i f y  t h e  s t a r t  m e t h o d ,  a n d  s e t  t h e  f o l l o w i n g  p a r a m e t e r s :
c  j s  =  t h e  n u m b e r  o f  p o i n t s  a d d e d  b e l o w  f m i n ,  =  2 / l / 0  f o r  o r a y l x r a y l d i r e c t .
c  f a ,  h a  d e f i n e  t h e  s t a r t i n g  p o i n t  f o r  t h e  f i r s t  p o l y n o m i a i .
c  h s  =  t h e  h e i g h t  t o  e v a l u a t e  t h e  g y r o f r e q u e n c y  f o r  a n  x - r a y  s t a r t .
c  l k  =  I  /  0  /  - l  f o r  o - r a y  /  x - r a y  p o l y , /  x - r a y  s l a b  s t a r t s .
c  T h e  r e a l  a n d  v i r t u a l  o r i g i n s  a r e  a t  k r  =  I  a n d  k v  =  3 1 - j s .
c - - - - - - - - - - -
C o n s t a n t s  w h j c h  S E T U P  s e t s  i n  / p o l /  a r e : -  l k , k r , k v ,  f a , h a ,  h s , v d e p t h .
c

D T M E N S T 0 N  F V ( 4 0 ) ,  H T ( 4 0 )
C O M M O N  / P O L /  B ( 4 0 , 1 7 ) , Q ( 1 8 ) ,  F H , A D I P ,  M O D E , M O D ,  F A , H A ,  T C O N T , L B U G
COMMON /POL/  HS,  FC,FCC,  SH,  PARHT,  HVAL,V l l IDTH,VDEPTH,  XI .JAT
C 0 M M 0 N  / P 0 L /  M A X B , N F ,  N R , N L ,  N X ,  M S , M T , J M ,  L K ,  K R , K R M ,  K V , M F ,  N C  c o u n t e r s
V D E P T H  =  O .
V W I D T H  =  0 .
T C O N T  =  O .
S H  =  O .
F C  =  0 .

c 1 . a  - -  M o v e  v i r t u a l  d a t a  t o  s t a r t  a t  f v ( 3 1 ) ,  h t ( 3 1 )
c1 .a  - -  F ind  i ndex  j  o f  t he  l s t  o  ray ;  fm in=  l owes t  f n

0011  K  =  N -30  max  da ta
00 i2  10  FV(  K+30 )=  FV(  K )
0013  HT(  K+30 )=  HT(  K )
0 0 1 4  r F  ( F V ( K ) . G T . o .  )  J =  K
0 0 1 6  K  =  K - 1
0 0 1 7  r F  ( K . G E . 1 )  G 0  T 0  1 0
0019  FMIN  =  FV( . l )  l s t  o rav
0 0 2 0  I F  ( J . G T .  i )  F M I N  =  A M I N l ( F M I N , S Q R T ( F V ( 1 ) * ( F V ( 1 ) + . 9 * F H ) ) )  t s t  f n

0002
000 3
0004
0005
0006
0007
0008
0009
00  10

134



c i . b  - -
c l . b  - -  S e t  s t a r t i n g  c o n d i t i o n s  ( d i r e c t ,  e x t r a p  o r  m o d e l  ) .
c  C a l c u l a t e  i n i t i a l  f a ,  h a ; -  s t a r t  f r o m  f m i n :

O O 2 2  H M ] N  =  H T ( J )
0 0 2 3  D 0 2 0 1 = 1 . 5
0 0 2 4  2 0  I F  ( H T ( J + l ) . G T . 4 5 . )  H M I N  =  A M I N I ( H M I N ,  H T ( J + I ) )  h ' m i n
0 0 2 6  H A  -  H M I N
O O 2 7  F A  =  F M I N
(]O2B HS - HA
L lC29 JS =  0
0 0 3 0  L K  -  1
0 0 3 1  I F  ( S T A R T . E Q . - 1 . 0 . A N 0 . J . E Q . 1 )  c 0  T 0  4 0  d i r e c t

c  -  s t a r t  e x t r a p n :
0 0 3 3  J S  =  2  a d d  2 o t s
0 0 3 4  D H  =  A B S ( H T ( J + 2 ) - H T ( J ) )  * F M I N  / ( F V ( J + 2 ) - F M I N )  t o  f  =  0
0 0 1 5  H S  =  A M I N I ( H M I N - D H ,  H M I N / 2 . + 5 0 .  I  s t a r t  f h
0 0 3 6  H S  =  A f , l A X l ( H S ,  H M I N / 4 . + 5 5 .  )  l o w l  i m i t
0 0 3 7  F A  =  A M I N l ( . 5 ,  . 6 * F M r N )

c  -  m o d e l  h e i g h t :
0 0 3 8  I F  ( A B S ( S T A R T ) . G E . 4 5 .  )  H S  =  A M I N l (  A B S ( S T A R T ) ,  H S * . 4 + H l ' i l N * . 6  )  . m o d e ,

0 0 4 0  I F  ( J . G T . 1 )  G 0  T 0  3 0  x  s r a r t
0042 HA =  HS s ta r t  h t
0 0 4 3  I F  ( M O D E . E Q . 1 0  . 0 R .  M O D E . G E . 2 0 )  F A  =  F M I N * . 6  s n g l p o l y
0 0 4 5  i F  ( S T A R I . G E . 4 5 . . 0 R . S T A R T . E Q . 0 .  )  G 0  T 0  4 0  o  s t a r t

c  -  m o d e l  d e n s i t v :
0 0 4 7  H  =  I N T ( S T A R T * . 1 ) * 1 0
0 0 4 8  H A  =  9 0 . + H + H
OO49 FA =  START-H
0050 G0 T0 40

c  -  x - r a y  c a l  c u l  n :
0 0 5 1  3 0  J S  =  1  a d d  l p t .
0 0 5 2  H A  =  H S * . 4  +  H M I N * . 6  x  s t a r t
0 0 5 3  L K  =  0
0 0 5 4  I F  ( S T A R T .  G T .  - 3 .  )  F A  =  - S T A R T - I .  p o l y s t r t
0 0 s 6  r  F  (  S T A R T .  L T .  -  1 .  )  c 0  T 0  4 0
0 0 5 8  L K  =  - i
0 0 5 9  F A  =  F M I N * . 6  s l a b s t r t
0 0 6 0  V D E P T H  =  F M I N * . 3

c 1 . c  - -
c 1 . c  - -  S t o r e  i n . i t i a l  p o i n t s .  V i r t u a l  d a t a  s t a r t s  a t  i n d e x  k v  ( 2 9  t o  3 1 ) .

0 0 6 1  4 0  K V  -  3 1 - J S
0 0 6 2  F V ( 3 0 )  =  ( F A  +  F M I N ) / Z . 0  o  s t a r t ,
0 0 6 3  H I ( 3 0 )  =  H M I N  -  D H * ( F M I N - F V ( 3 0 ) ) / F M I N  a d d  v i r t
0 0 6 4  i f  ( j . e q . l )  h s =  h t ( 3 0 )  ( &  s h o w )
0 0 6 6  F V ( K V )  =  F A
0 0 6 7  H T ( K V )  =  H A
0 0 6 8  F V ( 1 )  =  F A
0 0 6 9  H T ( 1 )  =  H A
0 0 7 0  K R = I  r e a l s t r t
O O 7  1  R E T U R N
O O l  ?  E N D

c  c** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * i * * * * * * * * * * * * * * * * * * * * * *

O O O l  S U B R O U T I N E  S E L D A T  ( N V ,  F V ,  H T )
c  c a l l e d  f r o m  s e c t i o n  c 2 . 2  o f  o o l a n .  f e b 8 4 .
c  S e l e c t  t h e  v i r t u a l - h e i g h t  d a t a  t o  b e  u s e d  i n  t h e  n e x t  s t e p  o f  p o i a n .
c  D e f i  n e  t h e  f o l  1  o w i  n g  p a r a m e t e r s :  -
c  n f  =  n u m b e r  o f  o - r a y  d a t a  p o i n t s  t o  b e  u s e d
c  ( e q u a . l  t o  n v ,  i f  s u f f i c i e n t  g o o d  p o i n t s  e x i s t  b e f o r e  a  p e a k / r e s t a n t ) ;
c  n x  =  n u m b e r  o f  x - r a y s  p o i n t s ;
c  f m  =  f v ( m f )  =  h i g h e s t  f r e q u e n c y  i n c l u d e d  i n  t h i s  s t e p ;
c  f c c  i s  s e t  e q u a i  t o  z e r o  f o r  a  n o r m a l  ( n o n - p e a k )  s t e p ;
c  e q u a l  t o  - . 1  f o r  a  c u s p  a t  f m ;
c  e q u a l  t o  a  s c a . l e d  c r i t i c a l  f r e q u e n c y  ( f c ) ,  o r  t o  0 . 1 ,  f o r  a  p e a k .
i - - - - - - - - - - -

0 0 0 2  D T M E N S T 0 N  F V ( 4 0 ) ,  H T ( 4 0 )
0003  COMM0N /P j t /  B (40 ,17 ) ,Q(18 ) ,  FH ,ADrp ,  MoDE,MoD,  FA ,HA,  TCoNT,LBUG
OOO4 COMMON /POL/ HS, FC,FCC, SH, PARHT, HVAL,V| ' l IDTH,VDEPTH, XI . IAT
0005  C0MM0N /P0L /  MAXB,NF ,  NR,NL ,  NX ,  MS,MT,JM,  LK ,  KR,KRM,  KV ,MF,  NC coun te rs

1 3 5



c
c  f f i t  g i v e s  t h e  m i n i m u m  d e s j r a b l e  f r e q u e n c y  r a n g e ,  f o r  f i t t i n g  x - r a y  d a t a .
c  g f i t  g i v e s  t h e  m a x i m u m  s i o p e  d h ' / d f  w h i c h  s h o u l d  b e  u s e d  i n  a n  x - s t a r t .

0 0 0 6  d a t a  f f i t ,  g f i t  /  0 . 4 , 4 0 .  /
t - - - - - - - - - - -

c 2 . a
c ? .  a

C o u n t  i n i t i a l  x  r a y s .  C h e c k  f r e q u e n c y  s e q u e n c i n g .
C h e c k  f o r  c u s p ,  p e a k ,  o r  e n d  o f  d a t a .

0007
0008
000 9
0 0 i 0
0 0 1 1
00 12
0 0 1 3
00  14

F C C  =  O .
F S X  =  O .
F R X  =  O .
M F = K V
F S  =  F V ( K V )
F l  =  0 .
F H  =  G l N D ( 0 . ,  H T ( K R ) )
N F  =  0

n o  p e a k

s t a r t  f

c . . . . .  F r e q u e n c y  l o o p  ( n f  =  1  t o  n v ) :
0 0 1 5  1 0  N F  =  N F + l
0 0 1 6  1 2  M F  =  M F + 1  t o p p o i n t
0 0 1 7  F M  =  F V ( M F )  t o p  f r e q
0 0 1 8  F N  =  F V ( M F + l )  n e x t f r e q
0 0 1 9  H V  =  H T ( M F )  t o p  v i r t
0 0 2 0  i f ( 1 b u g . e q . 6 . a n d . k r . e q . 1 ) p r i n t  * , n v , n f ,  f l , f m  # # - - - - - >
0 0 2 2  r F  ( F M . G T . F S )  G 0  T 0  2 0
0 0 2 4  F R X  =  S Q R T ( F M * ( F I 4 + F H ) )  t o p  x r a y
0 0 2 5  I F  ( M F . E Q . K V + l )  F S X = F R X  1 s t  x r a y
0 0 2 7  I F  ( F M . L T . 0 . . A N D . F R X . G E . F S X . A N D . N F . E Q . l )  G 0  T 0  i 2  x  r a y .
0029 15  nv  =  -mf
0 0 3 0  r e t u r n  e r r o r > > :
0 0 3 1  2 0  r F  ( F 1 . E Q . 0 .  )  F i  =  F M
0 0 3 3  I F  ( H V . L T . 0 . . 0 R . F N . L T . 0 .  )  G 0  T 0  4 0  c u s p , e n d
0 0 3 5  i F  ( A B S ( H T ( M F + 1 ) ) . 1 E . 3 0 .  )  G 0  T 0  5 0  p e a k
O O 3 7  F S  =  F M
0 0 3 8  i f  ( f n . l e . f m )  g o  t o  1 5  e r r o r > > >
O O 4 O  ] F  ( N F + I . L T . N V . A N D . M F - K V . L T . M A X B - 4 )  G O  T O  1 0

c . . . , .
C

c
c
c 2 . b
c 2 . b

L e a v e  l o o p ,  w i t h  n f  =  n o  o f  o  r a y s  ( . 1 e . n v ) .

C h e c k  n e e d  f o r  a d d i  t i o n a l  p o i n t s .
r F  ( M O D . c T . 1 0 . 0 R . t 4 0 D . 1 T . 4 )  G 0  T 0  7 0

r F  ( H T ( M F + 1 ) - H V . G T .  ( F N - F M ) * G F r T )  c 0  T 0  7 0
I F  ( F R X . G T . F S X  . A N D .  F M . G T . F R X )  G O  T O  7 O
I F  ( F M - F 1 + . 0 4 * ( n f - n v ) . L T . F F I T  . 0 R . F M . L T . F S X )  c 0  T 0  t 0

G 0  T 0  7 0
C u s p  ( f c c  = - 0 . 1 )  o r  e n d  d a t a

F C C  =  A M r N i ( F N ,  - . 1 )
H T ( M F )  =  A B S ( H V )
G0 T0 70

0042
0043

C h e c k  f i n a l  p o i n t
G R A D  =  ( H T ( M F + 1 ) - H V )  /  ( F N - F M )

I F  ( N F + 1 . E Q . N V . a n d .  ( N F . L E . 2 . o r . K R . G T . 1 . o r . G R A D . L T . 1 0 0 .  ) )  G 0  T 0  1 0  l o o p f r e q

end f req
r e t a r d e d
a l l  x  i n

. i  nc r  fm

d . i  s c o n t .

0045
0047
00  49
0 0 5 1
0 0 5 3

c
0054  40
0 0 5 5
00  56

c  P e a k  ( f c c  =  0 . 1  o r  s c a l e d  f c )
0 0 5 7  5 0  F C C  =  A M A X I ( F N , . I )  f  c r . i t .

c
c 2 . c  S h 1 f t  d a t a  a r r a y s  t o  d e l e t e  o u t - o f - r a n g e  x  r a y s  ( f n r  >  f m + 0 . 1 ) .
c 2 .  c

0 0 5 8  7 0  M X  =  M F  -  N F  l a s t x r a y
0 0 5 9  B 0  N X  M X  -  K V  x  r a y s
0 0 6 0  r F  ( N X . E Q . O )  c 0  T 0  1 0 0
0 0 6 2  F  =  F V ( M X )
0 0 6 3  r F  ( S Q R T ( ( F + F H ) * F ) . G T . F M + 0 . 1 )  G 0  T 0  9 0  d e t e r e
0 0 6 s  r F ( N X . E Q . 1 )  c 0 T 0 1 0 0
0 0 6 7  I F  ( H T ( M X ) - H T ( M X - 1 ) . L T . G F I T * ( F V ( M X - 1 ) - F ) )  G 0  T 0  1 0 0  g r a d  o k .
0 0 6 9  9 0  J = l ' l X
0 0 7 0  9 5  F V ( J ) =  F V ( J - 1 )  m o v e  u p 1
0 0 7 1  H T ( J ) =  H T ( J - i )
0 0 7 2  J  =  J - 1
0 0 7 3  r F  ( J . G E . K V )  G 0  T 0  9 5
0 0 7 5  K V  =  K V + l
0076 G0 T0 B0

1 3 6



0077
007 9
0080

I00 i F  ( N X . E Q . 0 . A N D . K R . E Q . 1 )  L K  =  I
RETU RN
E N D

VPEAK / . 1 0 0 1 , 6 . ,

n 0  x s t r t

20 .  /
f o r  v a l l e y  i t e r a t i o n
r . 4  /

c c ******************************************************************************

O O O l  S U B R O U T I N E  S T A V A L  ( F V , H T ,  S T A R T , V A L L E Y ,  L O O P )
c  f e b 8 4 .
c  S t a v a l  h a n d l e s  a l l  s t a r t  a n d  v a l l e y  c a l c u l a t i o n s ,  j n  w h i c h  t h e
c  r e a l - h e i g h t  p o l y n o m i a l  h a s  a  c o n s t a n t  t e r m  I a t  q ( i m ) ,  w h e r e  i m = m t + l ]
c  s o  t h a t  t h e  h e i g h t  a t  t h e  o r i g i n  [ f a , h a ]  j s  r e c a j c u l a t e d .
c - - - - - - - - - - -
c - - >  T h e  i n i t i a l  i s i n g  c a l l  e n t e r s  a n d  e x i t s  w i t h  l o o p  =  9 .
c  I f  t h i s  i s  n o t  a  v a l l e y  c a l c u l a t i o n  ( i . e .  h v a l  =  0 . )  t h e n  s t a v a l  j u s t
c  s e t s  t h e  i n i t i a l  w e i g h t  x w a t  f o r  a n y  x - r a y  d a t a ,  a n d  r e t u r n s .
c  F o r  a  v a l 1 e y  c a l c u l a t i o n  ( s h o w n  b y  h v a l . n e . 0 .  )
c  t h e  i t e r a t i o n - f l a g s  d e v l ,  d e v l l  a r e  i n i t i a l  i s e d ,  a n d
c  t h e  s t a n d a r d  v a l u e s  f o r  v a l l e y  d e p t h  a n d  w i d t h  a r e  c a l c u l a t e d
c
c
c - - >  A  c a l l  w i t h
c

( b a s e d  o n  t h e ' s t a n d a r d  s c a l e  h e i g h t '  s h a ) .

l o o p  =  1  i s  t o  a d j u s t  t h e  v a l l e y  d e p t h  f o r  a  s i n g l e  o - r a y
i t e r a t i o n .  t h i s  e x i t s  w i t h  l o o p  =  4 .

c - - >  T h e  m a i n  c a l l  e n t e r s  w i t h  l o o o  =  2 . (  - 2  i f  f b  i s  n e g a t i v e .  )
c  E x i t  w i t h  l o o p  =  2  s h o w s  t h a t  t h e  s t a r t / v a l l e y  c a l c u l a t i o n  i s  c o m p l e t e d
c  a n d  t h e  r e q u i r e d  r e a l  h e i g h t s  h a v e  b e e n  a d d e d  t o  h t '
c  I f  l o o p  >  2  o n  e x i t ,  p o l a n  r e c y c l e s  t h e  v a l  l e y  c a l c u l a t i o n : -
c  l o o p  =  3  r e q u e s t s  a  n e w  c a l c u l a t i o n  w i t h  a  c h a n g e d  g y r o f r e q u e n c y .
c  l o o p  =  4  i s  t o  r e c a l c u l a t e  w i t h  a  n e w  v a l u e  o f  v a 1 1 e y  d e p t h  v d e p t h .
c - - - - - - - - - - -

D I M E N S T o N  F V ( 4 0 ) ,  H T ( 4 0 )
C O M M O N  / P O T /  B ( 4 0 , I 7 ) , Q ( 1 8 ) ,  F H , A D I P ,  M O D E , M O D ,  F A , H A ,  T C O N T , L B U G
C O M M O N  / P O L /  H S ,  F C , F C C ,  S H ,  P A R H T ,  H V A L , V l . l ] D T H , V D E P T H ,  X t . j A T
C O M M O N  / P 0 L /  M A X B , N F ,  N R , N L ,  N X ,  M S , M T , J M ,  L K ,  K R , K R M ,  K V , M F '  N C  c o u n t e r s

c o n s t a n t s :  b a s e ,  d e p t h f a c ,  d e p t h c o n s t
0 0 0 6  D A T A  V B A S E ,  V D E E P ,  V C O N S T  /  0 . 6 ,  . 0 0 8 ,

c o n s t a n t s :  1 s t  d e p t h ,  s c a  l  e ,  p e a k - t o p  i  n c r e a s e

0002
0003
0004
000 s

O O O T  D A T A  V A L I ,  D V A L I ,
c o n s t a n t s :  x w e i  g h t ,  f h h t  i  t e r n

OOO8 DATA | .JVX,  HXERR
c  t o  r e m e m b e r  b e t w e e n  c a l l s :

l i m i t
/  1 . 0 ,  2 . 0  /

( n e x t  D A T A  t o  S A V E  f o r  f o r t r a n T T T
H M A X ,  H D E C ,  F H H T  /  7 *  0 . 0  /  t o  s t o r e

f i x  f b  ?

0  ray

C h e c k  f o r  v a 1  1 e y , s e t  f l a g  h v a l
v a l l e y

nova 1  I  ey
nova 1  1  ey

l n i t i a l i s e  v a l l e y  w i d t h  a n d  d e p t h

v a l s c a l e

s c a l e  h t
v a 1  1 y  f h

0009
00  10

001  I
00  12
00  l 3
0 0 1 5
00  17

c x l - - -
00  19
0020
002 I

c x l . a
0022
0023
002 5
0027
0029

c
0031
0032
0033
00 34
0035
00 36
0037

D A T A  V A L ,  D V A L ,  D E V L ,  D E V L L ,
s q ( x )  =  s q r t ( ( 1 . - x ) * ( 1 . + x ) )

NFB = L00P
L00P =  rABS(100P)

r F  ( 1 0 0 P . c T . 1 )  G 0  T 0  2 0 0
I F  ( 1 0 0 P . E Q . 1 )  L 0 0 P  =  4
r F  ( 1 0 0 P . E Q . 4 )  G 0  T 0  4 0

c###############################################################################
F i r s t  c a l  l  ( w i t h  l o o p  =  0 )  f r o m  p o l a n  s e c t i o n  c 3 .

I F  ( H V A L . E Q .  0 .  )  H V A L  =  V A L L E Y
I F  ( H V A L . E Q .  0 . )  H V A L  =  1 .
I F  ( H V A L . G E . 1 0 .  )  H V A L  =  0 .

I  F  (  H V A L .  E Q .  O .  )  R E T U R N

t r a s  =  - 3 . 1
XWAT = I,IVX
PARHT= O.

H V A L  =  H T ( K V )

H D E C = l N T ( H V A L )  - H V A r -
D E V L  =  1 . 8 6
D E V L L =  1 .  E 7
DVAL =  DVAL1
H M A X  =  H T ( K R )
S H A  =  H M A X * . 2 5 - 2 0 .
H S = H M A X + S H A
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00 38 S H  =  S H  * V P E A K
c x l .  b  S e t  s t a n d a r d  w i d t h

0 0 3 9  2 0  \ / | . J I D T H  =  s H A * 2 .  *  A B S ( H V A L )
0 0 4 0  r F  ( H V A L .  L r . - 2 . )  v l . J r D T H  =  r N T ( - H V A L )  * 5

i n n ( i d a

s t a n d a r d
s n e r  i  f  i  d

s n o e i f i r l

l s t d e p t h
r  t e r a t e

( d e p t h  c a l c u l a t i o n s  i t e r a t e  h e r e ) .
d e p t h < f a
p a r . v a l 1
v a l y  b o t
f i e l d  h t

r e a  l  h e i  g h t s
- 1 .  l i s t , e n d

( r e a l  h t s  s t o r e d f o r  c o e f i c  r e c y c ) e )

c
c x 1 . c
c

0a42 40
0043
004  5
0047

c
c

0055 200
0 0  5 6
0 0 5 7
00 58

00 68
0069
00  70
007  1
007 2
007 4
007 5

0 0 7 6
00  7B

c
0080
0082
008 3
0084
0086
00BB 250
008 9
0090 300

c . . . . .
OO92 KRM

c x 3 - - -
0093
0095
00 96
00  97
00 9B
0 i 0 0
0  1 0 2
0  104

S e t  i n i t i a l  d e p t h ,  o r  d e p t h  a d j u s t m e n t  f o r  v a l l e y  i t e r a t i o n
S t a n d a r d  d e p t h  ( w i d t h  c a l c u l a t i o n s  i t e r a t e  h e r e ) .

V A L  =  V W I D T H * * 2  * V D E E P / ( V C O N S T + V t ^ l I D T H )
I F  ( H D E C . G T . 0 .  )  V A L  =  H D t C

I F  ( H V A L . E Q . - 1 . . A N D . N X . G T . O )  V A L  =  V A L l
r F  ( r N T ( H V A L ) . E Q . - 1 .  )  H V A L  =  - 1 .

C

c x 1 .  d  P e a k  s e c t i o n
0049 60  VDEPTH = VAL*FAI  (  VAL+FA )
0 0 5 0  P A R H T  =  2 . 0 * S H *  S Q ( 1 . - V D E P T H / F A )
OO51 HA =  HMAX + PARHT
0 0 5 2  r F  ( N C .  E Q . O )  F H H T  =  H A + 2 0 .
O O 5 4  R E T U R N

c###############################################################################
c###############################################################################

M a i n  c a l l  w i t h  l o o p  =  2 ,  f r o m  p o l a n  s e c t i o n  c 4 . 3 .
S t a r t  , /  v a 1  1 e y  e n t r y ,  a f t e r  " s o l  v e " .

c
c x ? - -  C a l c u l a t e  a n d  c h e c k

0 0 5 9  2 2 0  r F  ( N X . 1 E . 0 . . 0 R .  ( D r y N . E Q . 0 . . A N D . H V A L . E Q . - i .  ) )  D V A L  =
0 0 6 1  Q M  =  Q ( J M )
0062 HR = HA + QM
0 0 6 3  H N  =  H R
0064 FN =  FA
0065 MC = NC
0 0 6 6  M V  =  N F  +  N X
0 0 6 7  M Q  =  M T  +  M r N 0 ( 1 K , 0 )

t r a s  =  - 4 . 3
D E V N  =  Q (  1 8 )
F N L  =  0 .
D H L  =  Q ( J M )

c . , . . .
D 0  3 0 0  I  =  1 ,  M V

H L = H N
F L = F N
F N  =  F V ( K V + r )
I F  ( F N . L T . 0 . )  F N  =  S Q R T ( ( r r u + r p ; * p 1 1 ;
D E L T F = F N - F A
H N  =  H R  +  S U M V A L ( M Q , Q , D E L T F , l )

c
i f  ( n c + m c . g t . 2 5 . o r . s t a r t . e q . - . 1 )  S o  t o  3 0 0
i f  (  ( h n - h l  ) / ( f n - f l  )  . g t .  2 . 0 )  g o  t o  3 0 0

d h / d f n . l t .  2 . 0
i f  ( n x . g t . 0 . a n d . x w a t . e q . w v x . a n d . n c . g t . 1 )  g o  t o  3 8 0

a  =  q m - a m a x l ( 5 .  , a b s ( q m ) / 4 .  ) * a m a x 0 (  1 , 3 - k r )
n q m  =  i n t ( a * 1 0 . 0 1 )
i f  ( f n . n e . f n l . o r . h n - h 1 . g t . d h 1  )  g o  t o  3 5 0

i f  ( l b u g . g e . - 9 )  p r i n t  2 5 0 ,  f v ( k v + i  )
f o r m a t ( ' O d a t a / g y r o f r e q u e n c y  i n c o m p a t i b l e  a t  f  = '  f 6 . Z )
m c = 2 5

I F  ( K R + r . L T . K V )  H T ( K R + r )  =  H r , r

=  M r N 0 ( K R + M V ,  K V - 1 )

o m i t t e s t
g r a d  o k .

redo

n e x r  q m
1 o w e r  q m

n o a d j u s t

t o p c a  1  c d
S e t  f i e l d  h t  ( a n d  r e c y c l e  f b ) .

I F  ( N C . L E . 2 )  X W A T  =  | . J V X
K H X = K R + 1 + N X / 3
D H X = H T ( K H X ) - F H H T
F H H T  =  H T ( K H X )

r e s e t  f b
n o  r e s e t

v a l  l e y
x  s t a r f ,

L - - - - - - - - - - -

c  ( j u m p  h e r e  t o  g e t  n e w  s o l u t . i o n  w i t h  r e d u c e d  s t a r t  o f f s e t )
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r F  ( N C . E Q . 1  . 0 R .  A B S ( D H X ) . G T . H X E R R )  L 0 0 p  =  3
r F  ( N X . L E . 0 . 0 R . N F B . L T . 0 . 0 R . N C . G E . 2 0 )  L 0 0 p  =  2

rF  (  KR .  CT .  1  )  G0  T0  500
G0 T0 400



0 1 0 5  3 5 0
0  106
0  107
0  109  360

d e v  =  d e v n
c a l l  s o l v e  ( n q m ,  - i m ,  b , q ,  d e v n )
i f ( 1 b u g . g t . 0 )  p r i n t 3 6 0 ,  n c '  q m , q ( j m ) ,  I l t h l '

f o r m a t ( i 3 , '  s i a v a l :  q m  r e d u c e d  f r o m ' f 6 '  1 , '  t o ' f 6 '  1 ' '

$  - u .  i t o p .  a t  f , h  = ' 2 f 7 . 2 ' 6 x , ' ( d e v n  i n c r e a s e s ' f 6 ' 2 "  t o '

f n l  =  f n
d h l  =  h n - h l
go  to  220

d e c n .  q m
d e v , d e v n  * * - - - - - >

,  t o  a v 0 l o
f  6 .  2 ,  ' ,  

)  .  )

0 1 1 0
0 1 1 i
0 1 1 2

R e - c a l  c u l  a t e  a  b a d  r e s u l  t

0 1 1 3
0 1 1 4
0 1 1 6
0 1 1 /
0 1 1 8

x w a t  =  w v x / 2 .
i f ( 1 b u g . g e . - 9 ) p r i n t  3 9 0  

* t - - - - - >

r o i m a t " ( ;  *  t u y  w e i g h t s  r e d u c e d  t o  1 / 4 ' '  )
l o o p  =  4
ref,u rn

c*******************************************************************************
c x 4 - - - * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  x  r a y  S t a r t :  s l a b  ( . 3 - . 6 f 1 )  + p o l y * * * * * * * *

c x 4 - - -
0 1 i 9  4 0 0  S L A B  =  Q ( l 4 T )  ^ ^  r . . - + 6 1
0 1 2 0  l F  ( L K . E Q . O )  S L A B  0  u r Y ) L '  L

o D i  j r t f u r g . g u ' - 9 ) p r i n t  4 2 0 ,  n c , q m '  s l a b ' d e v n '  i m ' n f ' n x ' m s ' f h h t  - - - - - - - )

0 1 2 4  4 ? O  r o r m a t ' ( i 3 ,  
' s t a r t  

o f f s e t  = ' , f 6 ' 1 ' '  k m '  s l a b ' ' f 6 ' 1 '

I  
-  )  k ; " , 6 x , ' d e v n ' , f 6 ' 2 , ' k m ' ' i 5 ' '  t e r m s  f i t t i n g ' '

Z  i 3 , '  O  + ' , i 2 , '  X  r a y s  + ' ' i 2 ' l h '  ' 6 x ' ' h x  = ' ' f 6 ' 1 )

0 1 2 5  I F ( 1 0 0 P . E Q . 3 )  R E T U R N  r e s e t f b

O I 2 7  K D = l - L K ' '  
a d d e d P t s

0 1 2 8  G 0  T 0  7 0 0  r J a + + + + + * + + * * * * * * * * * *
c** * * * * * * * * * * * * * * * * t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * l

c x 5 - - - * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  v a 1 1 e y :  I t e r a t e a n d p r i n t  * * * * * * * *

c
380

390

D E V L  =  D E V N
G0 T0 40

5 6 0  D V A L  =  - 1 .
i f  ( 1 b u g . e q . 0 )  g o

G0 T0 700
c x 6 - - -  - - - V d e P t h

to  500

I te ra t i on :  choose  deP th  va1  1  o r

b a d  d a t a

f h h t  - - - - - - - )
d e e p .  '

I  i  n .  s l  a b
e n d  v a l y

i  t e r a t e

1  o o P v a  1  Y

l i s t v a l Y
e n d  v a l Y

v a l l * d v a l 1 .  -  -  -  -

i  t e r a t e
l s t r o u n d
2 n d r o u n d
c o n t i  n u e

re  ve  r t

e n d
c o n t  l  n u e
r e v e r s e ,
2 n d e n t r y

d e v  i  a t i  o n
1 .

c x 5 - - -
OI29 5OO V|^JIDTH
0  1 3 0

1
0132 520

1
2 r e s e t  f b

0 1 3 3  I  F / t n n p  F n  ? \
\  L v v r  .  r Y  '  v  

/

K D = 4
L00P =  4
VBOT = QM*VBASE
SLAB = QM-VBOT

1 F  ( d \ / A L . L T . 0 . . 0 R . N C . G T . 2 5 )  G 0  T 0  7 0 0
r F  ( H V A L . E Q . - 1 .  )  G 0  T 0  6 0 0

:  -  -  N o r m a . l  c y c l e :  S c a l e  d e p t h  a s  ( w i d t h ) * * 2

I F  ( D E V N . G T . D E V L / . 9 . a n d . n c ' t i . + )  G 0  T 0  2 0  r e v e r t

I F  ( D E V L . L T . 1 . E 6 )  G O  T 0  5 6 0  e n d  v a l v

c
0 1 3 5
0  1 3 6
0  1 3 7
0 1 3 8
0 i 3 9
0  1 4 1

0  i 4 3
0  145
0r47
0  l 48
0  149
0 1 5 0
0 1 5 2

c x 6 - - -
0 1 5 3  6 0 0  I F  ( D V A L . N E . D V A L l
0 1 5 5  I F  ( v A L . E Q . V A L l )
0 1 5 7  D V A L  =  t .  + . 5 * C 0 S (
O 1 5 8  I  F  (  D E V N .  L T .  D E V L  )
0 1 6 0  V A L  =  V A L 1
0 1 6 1  G 0  T 0  6 8 0

)  G0 T0 620
G0  T0  675

. 0 1 5 * D I P )
G0  T0  675

c
0162 620
0 1 6  4
0  166
0167
0 l68
0 1 6 9

I F  ( D E V N . G T . D E V L *
i F  ( D E V N . L T . D E V L )

D V A L  -  1 . / D V A L
VAL =  VAL*DVAL
D E V L L  =  D E V N
GO TO 680

I n t e r p o l a t e  t o  m i n j m u m

D M ] N  =  ( D E V L L - D E V N ) / A B S ( D E V L L + D E V N - D E V L - D E V L ) * .  5

I t e r a t e  f r o m  c h o s e n  d e P t h
. 9 7 - . 0 0 3 . A N D . D E V L L . L T . 1 . E 6 )  G 0  T 0  6 6 0

G0 T0 670

0  1 7 0
c -
660

r39



0 1 7 1  D V A L  =  - D V A L * * A M r N I ( D M I N ,  . 5 )
0172 G0 T0 680

0 1 7 3  3 t o  D E V L L =  D E V L  
R e c a l  c u l  a t e  v a l  l e y  w i d t h

O I 7 4  6 7 5  D E V L  =  D E V N
0 1 7 5  6 8 0  v A L  =  V A L * A B S ( D V A L )
0176 G0 T0 60

cx7___*** * * * * * * * * * * * * * * * * * * * * * * * * * * *  T idy  up .  De le te  x  rays .
c x 7 - - -  A d d  i n . i  t i a l  p o i n t s ;  U . i  = '  t , Z , q  f o r  p o l y ,  s l a b ,

0177 700 L00P =  2
0 1 7 8  i f  ( l b u g . e q . 6 )  c a l l  t r a c e  ( f v , h t ,  t r a s ;
O 1 B O  K R  =  K R  +  K D
0 1 8 1  K V  =  K V  +  r A B S ( N X )
O 1 B 2  I F  ( K D . E Q . O )  R E T U R N
0 1 8 4  r F  ( K D . E Q . l )  G O  T 0  7 s O

F B O T = F A - V D E P T H
H T ( K R - 1 )  =  6 a
F V ( K R - 2 )  =  F B 0 T

S t o r e  v a l  l e y , s t a r t  s l a b  a t  k d

H T ( K R - i )  =  H A + Q M * V B A S E
F V ( K R - 1 )  =  F V ( K R - 2 )
r F  ( K D . L T . 4 )  G 0  T 0  i 5 0

H T ( K R - 3 )  =  H A  -  0 . s * P A R H T
F V ( K R - 3 )  =  0 . 5 * S Q R T ( 3 . * F A * * 2  +  F B 0 T * * 2 )
F V ( K V )  =  F A

c
0196 750 HA =  HA +  QM
0 1 9 7  r F  ( K D . L E . 2 )  K R  =  K D
0 1 9 9  H T ( K R )  =  H A
0 2 0 0  F V ( K R )  =  F A
0 2 0 r  r F  ( K R . G T . 3 )  c 0  T 0  8 0 0

c
H T ( 1 )  =  H A - S L A B
F V ( K V - i )  =  F A
F 1  =  F V ( K V + 1 )

l  - ^ +
I  d 5  L

n e  x t

************
v a l y

a l l  d o n e
4 !
I t - - - - - /

< t o n r o r  I

de le te  x

po l ys t r t
-  + . 4

v .  b o t t o m
v .  b o t t o m
v . b o t t o m
v .  b o t t o m

p e a k  t o p
n a e L  f ^ n

c
0 1 8 6
0  1 8 7
O 1BB
0 1 8 9
0 1 9 0
0 1 9 1
0 i 9 3
0  1 9 4
0  1 9 5

0203
0204
0205
0  206
0 208
0209
0  2 1 0
021r 800

I
0 2 1 3
0 2 1  s
0216

no ts ta r t
Add  po in t s  on  s ta r t  po l ynomia l

_  I F  ( L K . E Q . 0 )  F V ( K V - 1 )  =  { r n * p 1 ; * .  u
F V ( K V )  =  ( F V ( K V - 1 ) + F t ) * . s
K V  =  K V - 2 - L K
V B O T  =  0 .

c a  I  c  h t
I  c i  f  n a n

( p o l v )
c a l c  h t

i F ( K R . G T . 1 )  T C 0 N T = T C 0 N T + f y 1 1 p - t ) * * 2 * ( V B 0 T + . 5 * S L A B ) + p 4 * * 2 * . 5 * S L A B  t i n . v a l t
+  P A R H T * ( F A * F A - V D E P T H * ( F A + F V ( K R . 1 ) ) / 3 . )  p a r . v a ) I

i f  ( ' l b u g . e q . 6 )  c a l l  t r a c e  ( f v , h t , t r a s )  # #
RE TURN
T N D

1 4 0



C O E F I C  a n d  R E D U C E  a r e  t h e  m a j o r  s u b r o u t i n e s  r e q u i r e d  b y  P o L A N  f o r  t h e  w o r k  o f  r e a l - h e i g h t

a n a l y s i s .  A l o n g  w i t h  t h e  s u b r o u t i n e  A D . I U S T  w h i c h  c a r r i e s  o u t  c h e c k s  o n  t h e  r e s u l t '  t h e y  m a k e  u p

t h e  f i  l  e  P 0 L S U B .  F 0 R .

T h e  s u b r o u t i n e  R E D U C E  i s  c a l l e d  f i r s t  i n  e a c h  r e a l - h e i g h t  c y c l e .  I t s  p u r p o s e  l s  t o

c a l c u l a t e  t h e  g r o u p  r e t a r d a t i o n  c a u s e d  b y  t h e  l a s t  s e c t i o n  o f  t h e  r e a l  h e i g h t  p r o f i i e ,  a t  a l 1  h i g h e r

f r e q u e n c i e s .  i f i s  r e t a r d a t i o n  i s  s u b t r a c t e d  f r o m  t h e  v i r t u a l  h e i g h t s  w h i c h - r e m a i n  t o . b e  a n a l y s e d ,  s o

t h a t  t h e  s t e p w i s e  c a l c u l a t i o n  o f  r e a l - h e i g h t  s e g m e n t s  c a n  c o n t i n u e  w i t h o u t  f u r t h e r  a l ' l o w a n c e  f o r  t h e

p r e s e n c e  o f  u n d e r l y i n g  i o n i s a t i o n .  F o r  a  f r e q u e n c y  r a n g e  o f  a b o u t  0 . 5  t o  i . 0  M H z  a b o v e  t h e  c u r r e n t

o r i g i n  ( t h e  s t a r t i n g  p o i n t  f o r  t h e  n e x t  r e a l - h e i g h t  s e c t i o n ) ,  t h e  v i r t u a l  h e i g h t s  c o n t a i n  a  l a r g e

c o m p o n e n t  d u e  t o  g r o u p  r e t a r d a t i o n  i n  t h e  l a s t  r e a l - h e i g h t  s e c t i o n .  G r o u p  r e t a r d a t i o n s  o v e r  t h i s

r a n g e  a r e  t h e r e f o i e  c a l c u l a t e d  b y . i n t e g r a t i o n  o f  t h e  f u 1 1  p o l y n o m i a l  r e a l - h e i g h t  e x p r e s s i o n  f o r  t h e

1 a s I  s t e p .  A t  h i g h e r  f r e q u e n c i e i  t h e  g r o u p  r e t a r d a t i o n  i s  s m a l l e r  a n d  i s  o b t a i n e d  w i t h  s u f f i c i e n t

a c c u r a c y  b y  a  s . i m p l i f i e d  p r o c e d u r e  w h j c h  r e q u i r e s  o n l y  o n e  v a l u e  o f  g r o u p  l n d e x  p e r  s t e p  D u t

e f f e c t i v e l y  a l l o w s  f o r  p a r a b o l i c  r e a l - h e i g h t  s e g m e n t s .  T h i s  s i m p l l f i c a t i o n  i s  m a d e  t o  s p e e d  t h e

a n a l y s i s .  A s  i n  m o s t  r e a l - h e i g h t  p r o c e d u i e s ,  u i i n g  r e a s o n a b l y  l a r g e  d a t a  s e t s ,  m o s t  o f  t h e  t i m e  i s

o . . r p i " d  i n  c a l c u l a t i n g  v a l u e s  o f  t h e  g r o u p  r e f r a c t i v e  i n d e x  t o  u s e  i n  t h j s  r e d u c t i o n  s t e p .

T h e  s u b r o u t i n e  C g E F I C  s e t s  u p  t h e  s i m u l t a n e o u s  e q u a t i o n s  w h . i c h  a r e  u s e d  t o  d e f i n e  t h e

p o l y n o m i a l  r e a l - h e i g h t  c o e f f i c i e n t s .  T h e s e  e q u a t i o n s  o c c u p y  s u c c e s s i v e  r o w s  i n  t h e  a r r a y  B ( 4 0 ' 1 7 ) .  I f

M V  i s  t h e  n u m b e r  o f  v i r t u a l  h e i g h t s  i n c l u d e d  i n  t h i s  s t e p  o f  t h e  a n a l y s i s ,  t h e . f i r s t  M V  r o w s  o f  B

c o n t a i n  t h e  v j r t u a l - h e i g h t  c o e f f i i i e n t s  r e l a t i n g  t h e  r e a l - h e 1 9 h t  c o e f f i c i e n t s  q ( 1 ) '  q ( 2 ) '  . .  q ( J i l )

t o  t h e  v a l u e s  o f  h ' ( f )  -  H A  a t  e a c h  f r e q u e n - y .  h "  i s  t h e  ' r e d u c e d '  v i r t u a l  h e i g h t ,  e q u a l  t o  t h e

o b s e r v e d  h e i g h t  l e s s  i h e  g r o u p  d e l a y  d u e  t o  i o n i s a t i o n  b e l o w  t h e  h e i g h t  H A ,  a n d  H  i s  t h e  s t a r t i n g

p o i n t  f o r  t h i  c u r r e n t  s t e I  i n  t h e  r e a l - h e i g h t  a n a l y s i s .  C a l c u l a t i o n  o f  t h e s e  v i r t u a l - h e i g h t

c o e f f i c i e n t s  u s e s  5 ,  I Z  o ' r  1 7 - p o i n t  G a u s s i i n  i n t e g i a t i o n ,  a s  d e s c r i b e d  i n  s e c t i o n  5  a n d  a p p e n d i x  8 . 3 .

S u i t a b l e  w e i g h t s  a r e  a l s o  p l a c e d  o n  t h e  c o e f f i c i e n t s  i n  B ,  t o  g i v e  a  g r a d e d  w e i g h t i n g  t o  t h e  e q u a t r o n s

a t  d i f f e r e n t  f r e q u e n c i e s .

C 0 E F I C  a l s o  p l a c e s  c o e f f i c i e n t s  w h . i c h  d e f i n e  k n o w n  r e a l  h e i g h t s  ( i n  t e r m s  o f . t h e  p o l y n o m i a l

c o e f f i c i e n t s )  i n  t n e  f o l l o w i n g  N R  r o w s  o f  t h e  a r r a y  B ,  s o  t h a t  t h e  n e w  s o l u t i o n  w i l l  i n c l u d e  a

l e a s t - s q u a r e s  t i t  t o  N R  o f  t h 6  p r e v i o u s l y  d e t e r m i n e d  h e i g h t s .  F o r  v a l l e y  o r  s t a r t  c a l c u l a t i o n s
p 0 L A N  p l a c e s  M S  a d d i t i o n a l  p h y s i c a l l y - d e r i v e d  c o n d i t i o n s  i n t o  f o l l o w i n g  r o w s  o f  B ,  b e f o r e  f i n d i n g

t h e  s o l u t i o n  f o r  t h e  c o m p l e t e  s e t  o f  M V + N R + M S  s i m u l t a n e o u s  e q u a t l o n s .

C O E F I C  i s  a l s o  u s e d  b y  t h e  s u b r o u t i n e  R E D U C E  t o  p e r f o r m  t h e  a c c u r a t e  r e d u c t i o n  o f  v i r t u a l

h e i g h t s ,  u s i n g  t h e  f u l l  p o i y n o m i a l  e x p r e s s i o n  f o r  t h e  p r e v i o u s  s e c t i o n  o f  t h e  r e a l  h e i g h t  p r o f i l e  t o

c a l c u l a t e  a n d  r e m o v e  t h e  g r o u p  r e t a r d a t j o n  d u e  t o  t h j s  s e c t i o n  a t  h i g h e r  f r e q u e n c i e s .  T h ' i s  n e d u c t j o n
. i s  c a r r i e d  o u t  f o r  M V  f i e q u e n c i e s  a b o v e  t h e  c u r r e n t  r e a l - h e j g h t  o r i g i n  ( F A , H A )  w h e n  C O E F I C  i s

c a l l e d  w i t h  t h e  f i r s t  p a r a m e t e r  e q u a l  t o  - M V .

T h e  s u b r o u t i n e  A D J U S T  i s  c a l l e d  b y  P 0 L A N  i m m e d i a t e l y  a f t e r  t h e  r e a l - h e i g h t  s o l u t i o n  i s

o b t a i n e d ,  t o  c a r r y  o u t  v a r i o u s  c h e c k s  o n  t h i s  s o l u t i o n  a n d  s e e  j f  i t  i s  p h y s i c a l l y  a c c e p t a b l e .  I f

n o t ,  a n  a d d i t i o n a l  c o n s t r a i n t  i s  a d d e d  i n t o  t h e  s e t  o f  s i m u l t a n e o u s  e q u a t i o n s  a n d  a  n e w  l e a s t - s q u a r e s

s o l u t i o n  o b t a i n e d .  T h i s  p r o c e s s  i s  c a r r i e d  o u t  r a p i d l y  b y  t h e  s u b r o u t i n e  S O L V E '  a n d  g i v e s  a  n e w
( i n c r e a s e d )  v a l u e  f o r  t h e  v i r t u a l - h e i g h t  f i t t i n g  e r r o r .  F o r  a d j u s t m e n t s  w h j c h  i n v o l v e  o n l y  t h e

c o r r e c t i o n  o f  n o n - p h y s i c a l  v a l i a t i o n s  i n ' u n s e e n ' r e g i o n s  o f  t h e  p r o f i l e  ( a t  p l a s m a  f r e q u e n c i e s  l e s s

t h a n  t h e  m i n i m u r n  o b s e r v e d  f r e q u e n c y  f * i n ) ,  t h e  a d j u s t m e n t  i s  r e v o k e d  i f  i t  c a u s e s  a n  u n d e s i r a b i y

l a r g e  d e c r e a s e  i n  t h e  a c c u r a c y  w i t h  w h i C h  t h e  c a l c u l a t e d  p r o f i l e  f i t s  t h e  v i r t u a l  h e i g h t  d a t a .

F.3 THE PR0GRAI,IS C0EFIC, ADJUST and REDUCE

c P0LSUB.  FOR = C0EFIC,  ADJUST'  REDUCE.
c******************************************
c

0001
c
c
c
c
c
c
c
c
c
c

SUBR0UTINE CoEFIC ( t ' l v ,  FV,  HT)

C a l c u l a t e  c o e f f i c i e n t s  b ( i , j ) '  f o r  t h e  r e a l - h e i g h t  p o l y n o m i a l
h - h a  =  q ( j ) * ( f - f a ) * * j ;  m t  t e r r n s ,  f a - f v ( k ) '  h a = h t ( k ) .

T h e  f i r s t  m v  r o w s  o f  b  g i v e  v i r t u a l  h t  c o e f s  a t  f r e q s  k + l  t o  k + m v ;
f o l l o w i n g  n r  r o w s  g i v e  r e a l  h e i g h t  c o e f s  a t  f r e q s  k + 1  t o  k + n r .

A d d s  t e r m s  f o r  a  l i n e a r  s e c t i o n  a t  x  r a y  s t a r t  o r  a b o v e  p e a k '
S u b t r a c t s  a  p a r a b o l  i c  s e g m e n t  ( w i t h  s . h . = i . 4 0 * s h )  a b o v e  p e a k '

C a l l e d  w i t h  m v  - v e  ( f r o m  " r e d u c e " ,  i n  s e c t i o n  2 . 3 )  t o  r e d u c e  t h e  n e x t

l m v l  v . i r t u a l  h e i g h t s  b y  t h e  d e l a y  i n  t h e  p r e v i o u s  s e c t i o n  f a  t o  f v ( k )

janT 7 .

1 4 1



c - - - - - - - - - - -
C O M M O N  / P O L /  B ( 4 0 , 1 7 ) , Q ( 1 8 ) ,  F H , A D I P ,  M O D E , M O D ,  F A , H A ,  T C O N T , L B U G
COMMON /POL/  HS,  FC,FCC,  SH,  PARHT,  HVAL,V l , , l ]DTH,VDEPTH,  Xt . lAT
C O M M O N  / P O L /  M A X B , N F ,  N R , N L ,  N X ,  M S , M T , J M ,  L K ,  K R , K R M ,  K V , i , I F ,  N C  C O U N T C T S

c
D T M E N S T 0 N  T R ( 1 7 ) , l . J ( 1 7 ) ,  G A U S S ( 1 7 ) , F N R ( 1 7 ) ,  F V ( 9 ) , H r ( 9 )
D A T A  T R  /  . 0 4 6 9 t 0 0 7 7  , . 2 3 0 7 6 5 3 4 ,  . 5 0  , . 7 6 9 2 3 4 6 6 , . 9 5 3 0 8 9 9 2 ,

1  .  0 0 9 2 1 9 6 8 3 ,  . 0 4 7  9 4 t 3 7  2 , .  1  1 5 0 4 8 6 6 ,  .  2 0 6 3 4 1 0 2 , .  3 i 6 0 8 4 2 5 ,  .  4 3 7 3 8 3 3 0 ,
2  .  56261670,  .  6839 i575, .  79365898,  .  88495134,  .  95205863,  .99078032 /
D A T A  W  /  . 1 1 8 4 6 3 4 4 ,  . 2 3 9 3 1 4 3 4 ,  . 2 8 4 4 4 4 4 4 , . 2 3 9 3 1 4 3 4 , . 1 1 8 4 6 3 4 4 ,

a  .023587 67 ,  .05346966,  .  08003917,  .  t0 t583Z i , .  t t67  4627, .  12457 352,
b  .  12457 352, .  t r67  4627,  .  101s837 l ,  .  08003917, .  05346966,  .023587 67  /

O O O B  D A T A  V B ,  F T C ,  G T C  /  0 . 6 ,  0 . ,  1 B O .  /
0 0 0 9  s q ( x )  =  s q r t ( ( 1 . - x ) * ( 1 . + x ) )

c - - - - - - - - - - -
- - 1

c c  I  - - -  (  i  )  .  S e t  j  n t e g r a t . i  o n  o r d e r  a n d  w e i  g h t s
I R A - I  u s e s p t
I R B  =  5
F 1  =  F V ( K V + 1 )
r F  ( ( M O D E . L T . B . 0 R . M V . L T . 0 ) . A N D . F 1 . G T . 0 . )  G 0  T 0  I
I R A = 6  u s e l 2 p t
I R B  =  i 7

1  N F F .  I A B S ( M V )  f r e o s .
c

K M = K V + N F F
Fl . l  =  FV(KM+l )
I F  ( F | . l . L T . i . )  F t , l  =  F V ( K M ) * 2 .  -  F V ( K M - l )
I  =  K V  +  1 4 I N O ( N F F ,  M A X O ( M O D - 1 5 , 2 ) + N R )
D l . l = F l . l - F V ( l )
D A = F V ( K V + l i R - r y 1 ; - t o
K P = K R
r F  ( P A R H T . c T . 0 .  )  K P  =  K R - 1

000 2
000 3
0004

0005
0006

0007

00  10
0 0 1 1
0 0 1 2
0 0 1 3
0 0 1 5
00  16
00  17

00 1B
00  19
00 20
0022
0023
0024
00 25
0026

c
c

00 2B
0029
0031
00 33
0035

HR
I F
I F
I F
t f

S e t  g y r o f r e q u e n c y  h e i g h t
=  H A  +  1 0 . * A M I N 0 ( 1 , K R - i )
( K R M . c r . K R )  H R  =  H T ( K R + l )
(  K R M .  E Q .  K R )  F T C  =  F A * 1 . 2
( M V . L T . 0 )  G 0  T 0  7
( L K . G E . 0 . 0 R . K R M . E Q . K R )  G 0  T 0  4

for  wv
at  fw=0

f o r  w v = 1
f o r  w v = l

e n d  p o l y

r e f l  n  h t
f o r  f h .

normal

a v e r a g e

00 37
00 38
00 39
004 1
0042
0043
0044
0046
0047

0048
0049
00 50
0051

g r a d l  =  g r a d 2
d e l t f = d e l t f + . l * f a
g r a d 7  =  s u m v a l  ( m t - 1 , q , d e 1  t f  , 2 )  - g t c
i f  ( g r a d 2 . g t . 0 . . a n d . d e l t f . l t . f a * . 4 5 )  g o  t o  z

D E L T F  =  D E L T F  +  . 1 * F A *  A M I N I ( G R A D z , O . )  / ( G R A D l - G R A D 2 )
F T C  =  ( F T c + F A + D E L T F ) * . 5

C l e a r  m a t r i x  B
I ,  M A X B
t ,  1 7

s  8 ( r , J )  =  6 .
7  CONTINUE

c### f#######################  Loop  f requenc ies :  i =  1  t o  n f f  no rma1 ly ,
c  =  0  t o  n f f  t o  f i t  I  b a c k  h e i g h t

0 0 5 2  I = l - N t
g 0 ? 3  r F  (  r . E Q . d . A N D . M 0 D . N E . 1 2 )  r  =  - l  p r e v  n r
0 0 5 5  r F  ( M V . L T . 0 )  r  =  i

Loop f requenc i  es  :

3
c
4

c
D E L T F  =  O ,
G R A D 2 = Q ( i ) _ G T C
r  F  (  G R A D 2 .  1 T . 0 .  )  G 0  T 0  3

c c ?  - - -
F  =  E \ I I V V I \|  |  r \ ' \ r r l

H V  =  H T ( K V I )
FR2 =  F*F

S l a b  s t a r t ;  s e t  f h  l e v e l .

( 2 ) .  F r e q u e n c y  a n d  w e i g h t

D O 5  I  =
D O 5  J =

O O 5 7  1 0  I R E A L  =  N F F  +  N L  +  M A X O ( I , O )
OO5B KVI  =  KV +  ]
0 0 5 9  K R I  =  K R  +  I

0060
006 I
0062
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0063
0065
0066
0068
0070

c
007 I
007 2
0074
007 6

)
c c

I F  ( K R I . L E . K R M )
F H  =  G r N D ( 0 . , H R )

r F  ( F l . 1 T . 0 .  )
r F  ( F . 1 T . 0 .  )

FR  =  SQRT(FRz)

WREAL = i0 .

H R  =  H T ( K R I )  * . 8  + H T ( K R + l ) * . 2

F H  =  G r N D ( 0 . , H S )
FRz  =  F* (F+FH)

E x t e n d e d  (  1 7 - p o i  n t  )  i  n t e g r a t i  o n .

r e f  I  n  h t
s e t  f h

x  c a l c n .
x  ray

l o w e r l i m
re f  

. l  
ec tn

u p p e  r 1  i  m

x  c a l c n .

d  i  p 6 0  , 7 0

s e c  t n  1

p e a K  s u m
s l a b  s u m

z  a t  f m

l  i n  o n l y

pa rde  1  ay

l  i n d e . l  a y

s e c t n  2

r e f l  n  f h
not  x ray

r e f l n  f r
c o r r .  l c

r e a l  h t .

| , l e i g h t i n g  f o r  l e a s t  s q u a r e s  a n a l y s i s

I F  ( K V I . L T . K V )  W R E A L  =  3 .  b a c k  h t .
I F  ( I . L E . O )  G 0  T 0  5 5  r e a l o n l Y

i  f  ( f r .  l e .  f v (  k r ) . o r .  f r .  g e .  f w . o r '  p a r h t .  g t .  2 . * s h
. o r . f r . l e . f c . o r . n f f + n r . g t . a 0 )  i m  =  - j m  f a t a l ) ) )

i f  ( j m . l e . 0 ) p r i n t * , i s , n f f , i , k v i , k r i , f , h v , f w , f r , f c , p a r h t  @
' i  f  ( j m . l e . 0 )  r e t u r n  e n d > ) )

] F  ( M V . L T . O )  G O  T O  1 2
I ' JVIRT =  1 .
I F ( N R . G T . N L . A N D . F c c . t Q . 0 . ) l , l v I R T = S Q R T ( A M I N l ( ( F R - F A ) / D A , ( F W - F R ) / D W ) )  t a p e r  w

0078
0080
0082
0083
008 s

0 100
0 l 0 r
0 102
0103

c
c c 3  - - -
c c 3  - - -

I n t e g r a t e  f r o m  t  =  t b  ( a t  f = f a )  t o  t a

( 3 ) .  S e t  i n t e g r a t i o n  r a n g e  a n d  t y p e
0087  t2  TB  =  SQ(FA IFR)
0088 TA = 0.
0 0 8 e  i F  ( M V . L T . 0 )  T A  =  S Q ( F V ( K P ) / F R ,
0 0 9 1  r F  ( M V . L T . 0 )  G 0  T 0  2 0
0 0 9 3  F T C  =  A M I N i ( F T C , F A * . l + F R * . 9 )
0094  TC =  SQ(FTCIFR)
0 0 9 5  r F ( F 1 . 1 T . 0 . )  G 0 T 0 l s
0 0 9 7  T C  =  0 . 3 9 - . 0 5 / C 0 S ( . 0 1 6 * A D I P )
0 0 9 8  r F  ( T B . L T . l . Z * T C . 0 R . l N T ( A D I P ) - 2 * l R A . L T . s B )  G 0  T 0  2 0

c
c
1 5

2 0  T D =
cc4  - - -
cc4  - - -

I R A  =  1
I R B  =  1 7
T A  = T C

T B - T A

( 4 ) .  R e t a r d a t i o n  i n  s t a r t / p e a k  s e c t i o n
O 1 O 4  D E P A R  =  O
0 1 0 5  D E L I N  =  0 :
0 1 0 6  r F  ( L K . G E . 0 . A N D . P A R H T . E Q . 0 .  )  G 0  T 0  3 5
0 1 0 8  I F  ( S H . N E . 0 .  )  D Z  =  . S * P A R H T / S H
O 1 I O  G I N D V  =  O .
0 1 1 1  D 0  3 0  I R  =  6 ,  1 7
0 1 1 2  I F  ( L K . L T . O )  G 0  T 0  2 8
0 1 1 4  T P  =  S Q ( F C I F R * S Q ( T R (  I R ) * D Z )  )
0 l i 5  D E P A R  =  D E P A R  +  G I N D ( F , T P )  * I . I ( I R )

0 l 1 6  2 8  G I N D V  =  G I N D ( F , S Q (  ( F A - T R (  I R ) * V D E P T H ) / F R )  )
O I I T  3 0  D E L I N  =  D E L I N  +  G I N D V * [ , I I ( I R )
0 1 1 8  3 5  C O N T I N U E

0 1 1 9
0  120
0122
0 1 2 3
0124
012 5
0r27
0128
0t29
0130
0 r 3 1
0 132
0 1 3 3

c c 6  - - -
c

0 1 3 4  5 5  D 0  9 0  J  =  1 ,  J M
0 1 3 5  p 1 1  =  ( F R _ F A ) * * J

c c 5  - - -
c c 5  - - -  ( 5 ) .  G r o u p  i n d e x  f o r  p o l y n o m i a l  t e r m s

D 0  5 0  I R  =  I R A ,  I R B
r F  ( r R . N E . 6 . o R .  r R A . N E .  i )  G 0  T 0  4 s

TD __ TA
T A  =  0 .
F H  =  G I N D ( 0 . , H R )
r F  ( F . G T . 0 .  )  G 0  T 0  4 5

F R 2  =  F * ( F + F H )
F R  =  S Q R T ( F R 2 )
T D  =  S Q ( F T C I F R )

4 5  T  =  T R ( I R ) * T D + T A
F N  =  S Q ( T ) * F R
G A U S S (  I R )  =  G ] N D ( F , T ) * T * t . J (  I R ) / F N  * T D * F R z

5 0  F N R ( l R )  =  F N  -  F A

( 6 ) .  S t o r e  c o e f f i c i e n t s  i n  a r r a y  B
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0 1 3 6
0 1 3 7
0  138
0  140
0r42
0  1 4 4

0  1 4 6
0r47
0 1 4 9
0 1 5 1

0152
0 1 5 3
0 1 5 4
0 1 5 5
0  1 5 6

0 1 5 7
0 1 5 8
0 i 6 0

0r62

0  1 6 4

0 i 6 6
0 1 6 8
0 i 6 9
0 1 7 1
0r7 2
0r7 3

0 1 7 5
017 6

D P E A K  =  O .
sut'4 - 0.

I F  ( K V I . E Q . K V . A N D .  J . E Q . 1 )  R H  =  1 .
r F  ( r . L E . 0 )  G 0  T 0  9 0
r F  ( J . E Q . J M )  D P E A K  =  D E P A R * P A R H T

r F  ( J .  L T . M r . 0 R .  ( J .  E Q . M T . A N D .  L K .  G E . 0 )  ) G0 T0 60
S ta r t  o r  va l l ey  t e rms

mode 2
r e a l o n l y
p a r .  p e a K

l . i n . s l a b
l i n . v a l y

C

RH -  J -MT
r F  ( J . E Q . M T )  S U M  =
I F  ( L K . G T . O )  S U M  =
GO TO BO

c
6 0  D O  7 0  I R  -  I R A , ] R B

A  =  G A U S S ( I R )

D E L I N
U i  N I ] V * V B + D E L I N * (  1 .  - V B  )

P o l y n o m i a l  t e r m s

G A U S S (  I R )  -  A * F N R (  I R )
70 SUM . SUI4+A

S U M  =  J * S U M  d e l a y
c  C o e f f i c i e n t s  B ( i , j ) .
B 0  B ( t , J )  -  ( S U M + R H ) * ' , I V I R T  v i r t u a l

I F  ( M V .  L T . 0 )  H T ( K V I  )  =  H T ( K V I  ) - Q ( J ) * S i G N ( S U M , H V ) - S r c N ( D p E A K , H V )  r e d u c e
9 0  J F  ( I R E A L . L E . N F F + N R )  B ( I R E A L , J )  =  R H * W R E A L  T e a . ]
c

r F  ( M V . L T . 0 )  G 0  T 0  1 0 0
c - - - - - - - - - - -

( 7 ) .  S t o r e  V i r t / R e a l  h e i g h t s  a s  r . h . s .
( r . c T . 0 )  B ( r , J M + l )  =  ( H V - H A - D P E A K ) * W V I R T  V  r . h . s .

(  I R E A L . G T . N F F + N R )  G O  T O  1 O O
R E A L - H T ( K R r ) - H A

1 F ( r 4 0 D . E Q . 1 2 )  R r A L  -  Q ( 1 ) + 2 . * Q ( 2 ) * ( F A - F V ( K R - 1 ) )
B ( I R E A L , J M + 1 )  =  R E A L * W R E A L

c c 7  - - -

I F
c

I F

1 0 0  r  =  M A X O ( r , 0 ) + 1
r F  ( r . L E . N F F )  G 0  T 0  1 0

c#############################  tnd  o f
RE TU RN
E N D

C *** * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

g r a d i e n t
R  r . h . s .

1  oopf req
f r e q u e n c Y  c Y c l s  = = = = = =

0001 SUBR0UTINE ADJUST (HA,FA,  FH,FC,  LK,J i | , l , {T ,  BB,  Q,  LBUG)
c  j a n 8 2 / j  u n 8 3 .
c  C a l l e d  f r o m  s e c t i o n  c 4 . Z  o f  P o l a n ,  a f t e r  t h e  i n i t i a l  c a l l  t o  S o l v e ,
c  A d j u s t  i s  u s e d  t o  c o n d i t i o n  t h e  r e a l - h e i g h t  p o l y n o m i a l  ( i n  d f  =  f - f a )
c  h  =  h a  +  d f * q ( 1 )  +  d f * * Z  * q ( 2 )  *  . . .  +  d f * * m q  * q ( m q )
c  b y  e n s u r i  n g  t h a t
c  1 -  T h e  g r a d i e n t  d h / d f  i s  p o s i t i v e  a t  f  =  f a .
c  F o r  a n  0 - r a y  s t d r t  c a l c u l a t i o n ,  a n  i n i t i a l  g r a d i e n t  Q 1  o f
c  g n e a t e r  t h a n  B 0  k n / M H z  i s  r e d u c e d  t o  1 6 0 . Q 1 / ( 8 0 + Q 1 ) .
c  F o r  a n  X - r a y  s l a b  s t a r t  ( l k  = - 1 )  t h e  g r a d i e n t  i s  l i m i t e d  a b o v e  1 6 0  k m .
c  2 -  T h e  s o l u t i o n  i s  w e l l - d e f i n e d :
C

C

c
c
c 3 -
c
c
c  4 -  F o r  a  v a l  l e y  c a l c u l a t i o n
c
c

-  t h e  l a s t  3  c o e f f i c i e n t s  d o  n o t  a l t e r n a t e  i n  s i q n ,  a n o
-  t h e s e  c o e f f i c i e n t s  h a v e  a b s o l u t e  v a l u e s  l e s s  t h a n  9 9 9 .

T h e s e  c o n d i t i o n s  a r e  o m i t t e d  f o r  t h e  p e a k  a n d  x - r a y  s t a r t ,  w h e n  a  l a r g e
g r a d i e n t  m a y  b e  r e q u i r e d  a t  o n e  e n d  o f  t h e  f i t  r a n g e .

F o r  x  s t a r t  c a l c u l a t i o n s :  t h e  u n d e r l y i r i g  s l a b  i s  p o s i t . i v e ,
t h e  i n i t i a ' l  h e i g h t  o f f s e t  i s  n e g a t i v e ,
t h e  i n i t i a l  h e i g h t  ( + o f f s e t )  i s  >  6 0  k m .
t h e  i n i t i a l  g r a d i e n t  d h / d f  )  s h a ,
t h e  i n j t i a i  c u r v a t u r e  q ( 2 )  <  - 1 . 5 ,
t h e  i  n i  t i  a l  h e i  g h t  o f f s e t  i  s  p o s i  t i  v e .

L

c  A d j u s t m e n L s  a  I  L e r  t h e  l e a s t - s q u a r e s  c o e f f i c i e n t s  q (  1 )  t o  q ( j m ) ,
c  a n d  t h e  r m s  d e v i a t i o n  o f  t h e  f i t  d e v n  ( s t o r e d  i n  q ( l B ) ) .
c - - - - - - - - - - -
c  W h e n  j m  -  r n t ,  t h e  p o l y n o m i a l  e n d s  a t  m q  =  m t .
c - - - - -
c  j m  =  m t + 1  a n c j  l k . l e . 0  i n d i c a t e s  a n  x  s t a r t  c a l c u l a t i o n .
c  T h e  p o l y  t h e n  e n d s  a t  m q  =  m t - l ,  a n d
c  q ( m t )  =  u n d e n i y i n g  s l a b  t h i c k n e s s ,  p r e f e r a b l y  p o s i t . i v e ;

r44



000 2
c

000 3
0004

c
000 5
0006
0007
000 9
0 0 1 1
00  13

0 0 1 5  7

0 0 1 6  9
00  17

c ( a )
00  19
00 20

c
0022
0023
002 5
0027

c
0028 50

c
0030  60
00 32
00 33

c  q ( i m )
c - - - - -
c  j m  =  m t + 1  a n d  1 k . g t . 0  i n d i c a t e s  a  v a l l e y  c a l c u l a t i o n .

T h e  p o l y  t h e n  e n d s  a t  m q  =  m t ,
a n d  q ( j m )  =  t h e  v a l l e y  w i d t h ,  w h i c h  m u s t  b e  p o s i t i v e .

c - - - - - - - - - - -
c  A d j u s t m e n t s  a r e  m a d e  b y  C a l l  S o l v e  ( m m ,  - n ,  b b ,  q ,  d e v n ) .
c  T h i s  m o d i f i e s  t h e  l e a s t - s q u a r e s  s o l u t i o n  b y  a d d i n g  t h e  c o n s t r a i n t
c  q ( n )  =  m m l 1 0 . ,  w i t h  a  w e i g h t  o f  1 0 .  A n y  c o n s t r a i n t s  p r e v i o u s l y
c  a p p l  i e d  a t  t h i s  o r  l a r g e r  v a l u e s  o f  n  a r e  f i r s t  r e m o v e d  b y  S o l v e .
a - - - - - - - - - - -

D T M E N S T 0 N  B B ( 2 ) ,  Q (  1 B )

l f l a g =  ( l b u g + 5 0 ) / 1 0 0
1  b u g  =  I  b u g -  1  f l  a g * 1 0 0

D E V N  =  Q ( 1 8 )
M Q = M T

o m i  t  a d j

S e t  m q  =  n o  o f  p o l y  t e r m s , a n d  h e a d

r F  ( L K . L T . 0 )  M Q  =  M T - 1
i f  ( 1 b u g . e q . - 6 . a n d . l k . l t . 2 )  l b u g =  9 6  s t a n t
i  f  (  1  b u g  .  g t . 2 . o r . (  1  b u g .  g t . 0 .  a n d .  l  k .  l  t .  2 )  )  p r i n t 7 , ( n , n - 2 , m t )  - - - - - - - >

i  f  (  I  b u g .  g t .  O .  o r ' .  (  1  b u g .  e q .  -  1 .  a n d .  I  k .  I  t .  2 )  )
1 p r . i n t 9 ' , - - - ' ' l k , j m , m t , h a , f a , f m , ( q ( j ) ' i = 1 , j m ) , d e v n - - . . . - - >

f o r m a t ( ' Q * a d j u s t - - - - -  l k j m m t  h a  f a  f m ' , 6 x ,
1  ' q l ' , 9 i 9 l 4 1 x , 1 0 i 9 )

f o r m a t  ( '  * a d j u s t ' ,  a 6 , 3 i 3 ,  f 8 . 2 , 2 f 6 . 2 ,  1 0 f 9 . 2  / 4 3 x , 1 0 f 9 . 2 )
i f  ( l f l a g . 9 t . 0 . o r . j m . l t . 4 )  r e t u r n  n o a d i u s t

s t a r t i n g  h e i g h t  o f f s e t ,  w h i c h  m u s t  b e  n e g a t i v e .

I n i t i a l  g r a d i e n t ;  m u s t  e x c e e d  1 . 5
M r N Q 1  =  2
r F  ( L K . G T .  i )  c 0  T 0  5 0

0 , X  S t a r t :  1  i m i t  g r a d i e n t  t o  1 6 0 , 3 2 0 .
QMAX =  80 .
r F  ( L K . E Q . - 1 )  Q M A X  =  1 6 0 .
r F  ( Q (  1 ) . G T . Q M A X )  M r N Q l  "  2 . * Q M A X * Q (  1 )  /  ( Q M A X + Q (  1 )  )
G0 T0 60

V a 1 l e y :  g r a d i e n t  >  s h a
r F  ( J M . G T . r ' 1 T )  M r N Q l  =  r N T ( H A l 4 . - 2 0 . )

r F  ( Q ( 1 ) . G E . F L 0 A T ( M r N Q 1 ) . A N D . M r N Q 1 . L T . 8 5 )  G 0  T 0  B 0
C A L L  S 0 L V E  ( M I N Q 1 * 1 0 ,  - 1 ,  B B ,  Q ,  D E V N )  q ( 1 )  a d i

i f ( 1 b u g . g t . 0 ) p r i n t 9 ' ' q ( 1 ) ' ' 1 k ' j m ' m t , h a , f a , f m , ( q ( . i ) ' i = 1 ' j m ) , d e v n - - - - - - - >

S t a r t : -  s l a b

c  V a l l e y :  i n i t i a 1  c u r v a t u r e  <  - 1 . 5
B 0  r F  ( J r 4 . L E . r ' 1 T . 0 R . L K . L E . 0 . 0 R . Q ( 2 ) . 1 T . - 1 . 5 )  G 0  T 0  1 0 0

C A L L  S O L V E  ( - i 5 ,  - 2 ,  B B ,  Q ,  D E V N )  q ( 2 )  a d i
j f ( 1 b u 9 . g t . 0 ) p r i n t 9 ,  q ( 2 ) ' , 1 k , j m , m t , h a , f a , f m , ( q ( i ) , i = 1 , i m ) , d e v n - - - - - - - >

a - - - - - - - - - - -
c ( b )  C h e c k  f o r  u n n e c e s s a r y  h i g h - o r d e r  c o e f f i c i e n t s .
c  R e d u c e  o r d e r  i f  l a s t  3  s i g n s  a l t e r n a t e ,  a n d  s j z e s  i n c r e a s i n g ,
c  o r  i f  a n y  s i z e  e x c e e d s  9 9 9 .

0040 100 aa  =  a(Ma)
0 0 4 1  I F  ( M Q . L T . 5 . 0 R . A B S ( Q Q ) . 1 T . 1 5 0 .  . 0 R . F C . G T . 0 . . 0 R . L K . L E . 0 )  G 0  T 0  2 0 0  o . k .
0 0 4 3  I F  ( Q Q / Q ( M Q - 2 ) . G L z . . A N D .  Q Q / Q ( M Q - I ) . 1 T . - 1 . )  G 0  T 0  1 5 0  f j x  i t
0 0 4 s  I F  ( A B S ( Q Q ) . L T . e e 9 . . A N D . A B S ( Q ( M Q - 1 ) ) . 1 T . 9 9 9 . )  G 0  T 0  2 0 0  o . k .

c  A d d  c o n s t r a i n t  q ( m q )  =  0 . ,  a n d  r e d u c e  m q .
0 0 4 7  1 5 0  D E V N  =  - 1 .
0 0 4 8  C A L L  S O L V E  ( 0 ,  - M Q ,  B B ,  Q ,  D E V N )
0 0 4 9  1 f ( 1 b u g . g t . 0 ) p r i n t 9 , ' m q ' , 1 k , j m , m t , h a , f a , f m , ( q ( i ) , i - 1 , i m ) , d e v n  - - - - - - - . )

0 0 s 1  M Q  =  M Q - l
0052 G0 T0 100
0053 200 c0NTINUt

c - - - - - - - - - - -
S  T A  R T  a n d  V A  L  L  E  Y :  c h e c k  s i g n ,  a n d  l i m i t o f f s e t  t e r m

D E V L  =  D E V N
r F  ( J M . E Q . M T )  G 0  T 0  5 0 0
r F  ( L K . G T . 0  )  G 0  T 0  4 0 0

0035
0037
00 38

c ( c )
c

00 54
0055
00 57

c - - - - - - - -
o o s e  Q M  =  Q ( M T )
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0060 NQT= I
0 0 6 1  r F  ( Q M . G E . 0 .  )  G 0  T 0  3 5 0
0 0 6 3  3 2 0  C A L L  S O L V E  ( N Q T ,  - M T ,  B B ,  Q ,  D E V N )
0 0 6 4  i  f (  1  b u g .  g t . 0 ) p r i  n t 9 , ' s l  a b '  ,  I  k , j m , m t , h a , f a , f m ,  ( q (  i  ) , i  = 1 , j m ) , d e v n -  - - - - - - )
0 0 6 6  N Q T -  r N T ( Q M * 1 0 .  )
0 0 6 7  I F  ( D E V N . G T . D E V L * 1 . 2 5 )  c 0  T 0  3 2 0  s l a b =  q m

c  S t a r t :  -  o f f s e t
0 0 6 9  3 5 0  r O F S T  -  - 1
0 0 7 0  r F  ( Q ( i M ) . c T . 0 .  )  G 0  T 0  4 5 0
0 0 7 2  r F  ( L K . c E . 0 . 0 R . H A + Q ( J M ) . G T . 6 0 .  )  G 0  T 0  5 C 0
0 0 7 4  I O F S T  =  1 0 . * ( 6 0 . - H A )
0 0 7 5  c 0  T 0  4 5 0

c - - - - - - - -  V a l  1 e y
0 0 7 6  4 0 0  r F ( Q ( J M ) . G E . 0 . )  c 0 T 0 s 0 0

c  C o r r e c t  i n i t i a l  r e a l - h e i g h t  o f f s e t
0 0 7 8  I O F S T  =  1
0 0 7 9  4 5 0  C A L L  S 0 L V E  (  ] O F S T ,  - J M ,  B B ,  Q ,  D E y N )
0 0 B 0 i f ( l b u g ' g t . 0 ) p r i n t 9 , , o f s e t . , 1 k , j m , m t , h a , f a , f m , ( q ( i ) ' i = 1 , j m ) , d e v n - - - - - - - >

' - - - - - - - - _ - _ -
0 0 8 2  5 0 0  Q ( 1 8 )  =  D E V N
0 0 8 3  i f  ( l b u g . e q . 9 6 )  l b u g -  - 6
O O B 5  R E T U R N
0086 END

C *** *  * * * * * * * *  *  * * * * * * * * * * * * *  * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * *

0001 SUBRoUTTNE REDUCE (Fv, HT)
c  f e b 8 4 ,
c  T o  r e d u c e  t h e  r e m a i n i n g  v i r t u a l  h e i g h t s  b y  t h e  g r o u p  r e t a r d a t i o n  i n
c  t h e  l a s t  c a l c u l a t e d  r e a l - h e i g h t  s e c t i o n  ( f r o m  f a  t o  f v ( k r ) ) .
c
c  l ' l o d i f i e s  a l l  h ' a t  f  >  f v ( k r ) ,  b y  s u b t r a c t i n g  t h e  g r o u p  r e t a r d a t i o n .
c  I n c r e a s e s  l k  ( t h e  h e i g h t  t o  w h i c h  g r o u p  r e t a r d a t i o n  i s  r e m o v e d )  t o  k r .
c  U s e  L I S T  =  /  t o  s h o w  d e t a i l s  o f  t h e  r e d u c t i o n  s t e p s .
c - - - - - - - - - - -

0 0 0 2  D r M E N S r 0 N  F V ( 4 0 ) ,  H T ( 4 0 )
0 0 0 3  C O M M O N  / P ) L /  B ( 4 0 , 1 7 ) , Q (  1 8 ) ,  F H , A D r p ,  M O D E , M O D ,  F A , H A ,  T C O N T , L B U G
O O O 4  C O M M O N  / P O L /  H S ,  F C , F C C ,  S H ,  P A R H T ,  H V A L , V W I D T H , Y D E P T H ,  X I ^ I A T
0 0 0 5  C O M M O N  / P 0 L /  M A X B , N F ,  N R , N L ,  N X ,  M S , M T , J M ,  L K ,  K R , K R M ,  K V , M F ,  N C  c o u n t e r s
0 0 0 6  7  f o r m a t  ( '  r e d u c e : ' , i 5 f 8 . 3 )

c - - - - - - - - - - -
L L . O - - R e d u c t i o n  u s i n g  f u l  l  p o l y n o m i a l  e x p r e s s i o n  ( a t  f < f m + m o d e / 2 5 ) .

0007 K =  MF
O O O B  F R E D  =  F V ( M F )  +  . 0 4 * F L O A T ( M O D E )
0 0 0 9  2 0  K  =  K + 1  n e x t v i r t
0 0 1 0  I F  ( A B S ( H T ( K ) ) . e r . 3 0 . . A N D . F V ( K ) . L E . F R E D )  G 0  T 0  2 0  r e d u c e  k

c - - -
0 0 1 2  K V I  =  K V + 1  m i n r e d u c
0 0 1 3  K V M  =  K  - 1  m a x r e c u c
0 0 1 4  i f ( l b u g . e q . 7 ) p r i n t 7 ,  ( f v ( j ) , j = k v l , k v m )  # # - - - - - >
0 0 1 6  i f ( 1 b u g . e q . 7 ) p r i n t 7 ,  ( h t ( j ) , j = k v t , k v m )  # # - - - - - >
0 0 1 8  C A L L  C O E F I C  ( K V - K V M ,  F V ,  H T )  p r e v p o l y
0 0 1 9  i f ( 1 b u s . e q . 7 ) p r i n t 7 ,  ( h t ( j ) , j = k v l , k v m )  # # - - - - - >
0 0 2 1  i  f  ( j m .  l e . O )  r e t u r n  e x i  t > > > >

c - - - - - - - - - -  E r r o r  c h e c k  o n  r e d u c e d  v i r t  h t s .
0 0 2 3  d o  4 0  k  -  k v l ,  k v m
0 0 2 4  4 0  i f  ( a b s ( h t ( k ) ) . t t . h a )  g o  t o  5 0  t o w  h t .
0026 G0 T0 60

c  I  i  s t  b a d  p o i  n t  (  h ' < h a  )  a n d  d e l  e t e  . i  t
0 0 2 7  5 0  i f ( l b u g . 9 e . - 9 )  p r i n t  5 2 ,  ( f v ( j ) , h t ( j ) ,  j = k - 1 , k + 1 )  * * - - - - - )
0 0 2 9  5 2  f o r m a t  ( ' 0 * * * * * r e d u c e :  d a t a  e r r o r  a t  f ,  h  = ' ,

$  6 f B .  3 ,  i  5 ,  '  e n d  > > > > '  )
0 0 3 0  5 5  f v ( k ) =  f v ( k - l )  m o v e  u p
0 0 3 1  h t ( k ) =  h t ( k - l )
0 0 3 2  k =  k -  1
0 0 3 3  i f  ( k . g t . k v - 4 )  g o  t o  5 5
0 0 3 5  k v  =  k v l

c - - - - - - - - - - - - - - -
c 2 . b - - A p p r o x  r e d u c t i o n  a t  f ) f r e d  f o r  d e l a y  i n  f v ( l k )  ( = f a )  t o  f v ( k r )
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0036  60
00  37
00 3B
00  39

c . . .
0040

c
004 I
0042
00 43
00 44
00 45

c
0046
0047
0048
00 50
0052
0053

C

00 54
c - - -

0055  80
00 56
00 57
00 59
0060
006 I
006 3
006 5
00 67
0069
0070
007  1
007  3

c - - -
007 4 90
007 6

c - - -
0077 100

c . . . .
0078
007 9
0080

M Q = M T + M r N O ( 1 K , 0 )
L K  =  l 1 A X 0 ( 1 K , 1 ) + t
F A R  =  F V ( K R )
G 2  =  Q ( 1 )

F o r  s e c t  i o n
D O l O O L = L K , K R

:  -  Get  mean
F L  =  F V ( L - 1 )
F N  =  F V ( L )
A V N  =  ( F L * * Z + F N * ( F L + F N )  ) / 3 .
H A  =  H T ( L )
D H = H A - H T ( L - i )

: -  C o r r e c t  f o r  c u r v a t u r e
D E L T F = F N - F A
a 1  -  a a
u l  -  u a

I F  ( F N . N E . F C . A N D . F N . G T . F A )  G 2  =  S U M V A L ( I 4 Q , Q , D E L T F , 2 )
I F  ( F N . E Q . F C  . 0 R . F N . L T . F A )  A V N  =  A V N + F N * ( F N - F L ) / 3 .
D H  =  D H + ( G 2 - G 1 ) * ( F L + F N ) * ( F N - F L ) * * 2 / (  1 . 2 . * A V N )
F H  =  G r N D ( 0 . , H A )

: -  L o o p  f r e q u e n c y  t o  e n d
K = K V M

K  =  K + i
F  =  F V ( K )
r F  ( F . E Q . - 1 .  )  G 0  T 0  1 0 0
r K  -  r

H V  =  H T ( K )
I F  ( H V . E Q . 0 .  . A N D . H T ( K + i ) . E Q . 0 . )  c 0  T 0  i 0 0

i f  ( a b s ( h v ) . 1 e . 3 0 . )  g o  t o  B 0
i f  ( f . 1 t . 0 .  )  f r  =  s q r t (  ( f + f h ) * f )
i f  ( f r . 1 t . f a r )  g o  t o  9 0

T A V  =  S Q R T ( 1 . - A V N / F R * * z )
H T ( K )  =  H V  -  G r N D ( F , T A V ) * D H * S r G N ( 1 . , H V )

i f (  1  b u g . e q .  7  ) p r i  n t 7 ,  f l , f n , t a v , d h ,  f  , h v , h t (  k )
GO TO BO

E n d  f r e q  1 o o p .  D e l e t e  b a d  d a t a  a n d
i f ( l b u s . s e . - 9 ) p r i n t  5 2 ,  ( f v ( j ) , h t ( j ) ,  j = k - 1 , k + 1 ) ,  k
f v ( k )  =  - 1 '

C O N T  ]  N U E

L K = K R
RETU RN
E N D

f v ( 1 - 1 )  t o  f v ( l )

d e n s i t y ,  t h j c k n e s s

po 1 te rms

t n n  f r t r n

1  o o p s l  a b

mean f * f

d h / d f .

c o r r e c  t n
s c a l e  f h

s k i p p e a k

f  e r r o r .

red  u  ce

I  n n n f r p n

e n d

e n d  d a t a
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F.4. THE SUBROUTINES PEAK. TRACE, SOLVE. SUIIVAL AI{D GIND

T h i s  g r o u p  o f  f i v e  m i s c e l l a n e o u s  s u b r o u t i n e s  j s  c o n t a j n e d  i n  t h e  f j l e  P 0 L M I S . F 0 R .

T h e  s u b r o u t i n e  P E A K  i s  c a l l e d  b y  P O L A N  o n l y  a t  t h e  e n d  o f  t h e  r e a l - h e i q h t  c a l c u j a t i o n s  f o n  a n
i o n o s p h e r i c  1 a y e r .  T h e  g r a d i e n t s  a t  t h e  l a s t  s e v e r a l  f r e q u e n c i e s  a r e  u s e d  i n  a  l e a s t - s q u a r e s  a n a l y s i s
t o  d e t e r m j n e  t h e  s c a l e  h e i g h t  a n d  c r i t i c a l  f r e q u e n c y  o f  t h e  b e s t - f i t t i n g  C h a p m a n  1 a y e r .  T h e  h e i g h t  o f
t h e  p e a k  i s  t h e n  f o u n d  b y  f i t t i n g  t h i s  l a y e r  t o  t h e  l a s t  t w o  c a l c u l a t e d  r e a l  h e i q h t s .  T h e  m e t h o d  u s e d
i n  t h e s e  c a l c u l a t i o n s  i s  d e s c r i b e d  e l s e w h e r e  ( T i t h e r i d g e , 1 9 8 5 )

T h e  s u b r o u t i n e  T M C E  i s  u s e d  o n l y  t o  p r i n t  a d d i t i o n a l  i n f o r m a t i o n  s o  t h a t  t h e  o p e r a t i o n  o f  P 0 L A N
c a n  b e  c h e c k e d .  I n  n o r m a l  u s e ,  w h e n  t h e  i n p u t  p a r a m e t e r  L I S T  i s  e q u a l  t o  0  o r  1 ,  t h i s  s u b r o u t i n e  i s
n e v e r  c a I I e d .

The subrout ine  sOLvE ( i l ,  l { ,  B ,  Q,  DEvt { )  p lays  an  impor tan t  par t  in  P0LAN.  Normal  opera t ion  is
o b t a i n e d  w h e n  t h e  i n p u t  p a r a m e t e r  N ,  g i v i n g  t h e  n u m b e r  o f  u n k n o w n s  t o  b e  s o l v e d  f o r ,  i s  p o s i t i v e .
E q u a t i o n s  s p e c i f i e d  i n  t h e  f i r s t  M  r o w s  o f  t h e  m a t r i x  B  a r e  t h e n  s o l v e d  a n d  r e s u l t s  r e t u r n e d  a s  q ( l )
t 0  q ( N ) .  | . l h e n  M  i s  g r e a t e r  t h a n  N  a  l e a s t - s q u a r e s  s o l u t i o n  i s  o b t a i n e d ,  a n d  t h e  r . m . s .  d e v i a t i o n  o f
t h i s  s o l u t i o n  i s  r e t u r n e d  a s  D E V N .  A t  M  =  N  a n  e x a c t  s o l u t i o n  i s  o b t a i n e d .  a n d  D E V N  =  0 .
I n  b o t h  c a s e s  e q u a t i o n s  o f  t h e  f o r m

b l q l  +  b 7 q 2  + . .  +  b N Q N bN*  1

a r e  s t o r e d  w i t h  t h e  c o e f f i c i e n t s  b 1  t o  b N + i  i n  c o l u m n s  1  t o  N + 1  o f  t h e  a r r a y  B .
S u c c e s s i v e  e q u a t i o n s  o c c u p y  s u c c e s s i v e  r o w s  i n  t h e  a r r a y ;  t h u s  t h e  c o e f f i c i e n t s  f o r  t h e  i t h  e q u a t i o n
a r 9  B ( i ' 1 )  t o  B ( i , N + 1 ) .  T h e  f i r s t  M  r o w s  o f  B  c o n t a . i n  c o e f f i c i e n t s  f o r  t h e  M  e q u a t i o n s  t o  b e
s o l v e d .  T h e s e  a r e  c o n v e r t e d  t o  u p p e r  t r i a n g u l a r  f o r m  b y  a  s e r i e s  o f  o r t h o g o n a l  H o u s e h o l d e r
t r a n s f o r m a t i o n s .  T h e  r o w s  N ,  N - 1 ,  . . . , 1  a r e  t h e n  s o l v e d  i n  s u c c e s s i o n  i o  o b t a i n  t n e  p a r a m e r e r s  q N ,
q N - 1 '  . . "  q 1 .  T h i s  p r o c e d u r e  h a s  s e v e r a l  a d v a n t a g e s  o v e r  t h e  o l d e r  m e t h o d  o f  f o r m i n g  t h e  n o r m a l
e q u a t i o n s  a n d  s o l v i n g  t h e m  b y  G a u s s i a n  e l i m i n a t i o n .  I t  i s  m u c h  m o r e  s t a b l e  a n d  q i v e s  i c c u r a t e  r e s u l t s
f o r  p o l y n o m i a l s  u s i n g  1 5  o r  m o r e  t e r m s ,  w h e r e a s  t h e  n o r r n a l  e q u a t i o n s  b e c o m e  v e r y  i l l - c o n d i t i o n e d  f o r
p o l y n o m i a l s  o f  o r d e r  g r e a t e r  t h a n  a b o u t  6 .  T h e  c a l c u l a t i o n s  a r e  q u i t e  f a s t ,  r e q u i r e  n o  r o w  o r  c o l u m n
i n t e r c h a n g e s ,  a n d  c a n  g i v e  d i r e c t l y  t h e  n . m . s .  d e v i a t i o n  o f  t h e  f i t .  T h e  s o l u t i o n  i s  c a r r i e d  o u t . i n
p l a c e  r e q u i r i n g  n o  a d d i t i o n a l  s t o r a g e .  T h e  o r i g i n a l  e q u a t i o n s  a r e  d e s t r o y e d ,  b u t  t h e  t r i a n g u l a t e d
f o r m  r e t a i n e d  i n  t h e  a r r a y  B  i s  d i r e c t l y  u s e f u l  f o r  f u r t h e r  e x a m i n a t i o n  o r  a d j u s t m e n t  o f  t h e
r e s u l t s .

R e v i s e d  s o l u t i o n s  a r e  o b t a i n e d  b y  S 0 L V E  w h e n  i t  i s  c a l l e d  w i t h  a  n e g a t i v e  v a l u e  f o r  t h e
p a r a m e t e r  N .  T h i s  i n d i c a t e s  t h a t  a n  a d d i t i o n a l  e q u a t i o n  i s  t o  b e  a d d e d  i n t o  t h e  l e a s t - s q u a r e s
s o l u t i o n .  T h e  n e w  e q u a t i o n  i s  a l w a y s  q j  =  l 1 / I 0 ,  w h e r e  t h e  i n d e x  j  i s  e q u a l  t o  - N
a n d  t h e  c o n s t a n t  M  i s  g i v e n  b y  t h e  f i r s t  [ a r a m e t e r  i n  t h e  c a l l  t o  S 0 L V E .  A O a i t i o n  o f  t h i s  e o u a t i o n
t o  t h e  p r e v i o u s l y  t r i a n g u l a t e d  s e t  g i v e s  N p  =  N Q + 1  e q u a t i o n s  ( w h e r e  N Q  i s  t h e  t o t a l  n u m b e r  o f
c o e f f i c i e n t s  q '  a s  g i v e n  i n  t h e  f i r s t  c a l l  t o  S 0 L V E ) .  T h e s e  N P  e q u a t i o n s  a r e  r e d u c e d  t o  a  n e w  s e t
o f  N Q  u p p e r  t r i a n g u l a r  r e s u l t s ,  b y  a p p l i c a t i o n  o f  G i v e n s  t r a n s f o r m a t i o n .  T h e  n e w  c o e f f j c i e n t s  q ,  a n d
t h e  c o r r e s p o n d i n g  v a l u e  o f  D E V N ,  a r e  t h e n  o b t a i n e d .

B e f o r e  t h e  n e w  s o l u t i o n  i s  o b t a i n e d  i n  S O L V E  t h e  s u b r o u t i n e  c h e c k s  t h c  f l a o s ,  s t n r e d  i n  t h e  a r r a y
I S E T Q .  T h e s e  s h o w  a n y  c o n s t r a i n t s  p r e v i o u s l y  p l a c e d  o n  t h e  c o e r r i . i . n i s " ; :  A ; ; ' p ; ; i i o u s  c o n s t r a i n t
o n  t h e  v a l u e  q i  j s  f i r s t  r e m o v e d .  T h i s  i s  n e c e s s a r y  t o  a v o i d  c o m p e t i t i o n  b e t w e e n  d i f f e r e n t
c o n s t r a i n t s ,  g i V i n g  a  r e s u l t  w i t h  a n  i n t e r m e d i a t e  v a l u e  o f  q i  a n d  a  l a r q e  v a l u e  f o r  D E V N .  R e m o v a l
o f  a  c o n s t r a i n t  i s  a c h i e v e d  b y  a d d i n g  i n  t h e  s a m e  e q u a t i o n  a g d i n ,  w i t h  a i l  c o e f f i c i e n t s  m u l t i p l i e d
b y  ( - t ) 0 ' s '  t h i s  g i v e s  a n  e i r e c t i v i  w e i g h t  o f  - 1  w h i c h  c a n c e t i  t h e  e f f e c t  o f  t h e  p r e v i o u s
c o n s t r a i n t .  A n y  e x i s t i n g  c o n s t r a i n t s  o n  q i + 1  t o  q r u  a r e  a l s o  r e m o v e d .  C o n s t r a i n t s  c a n  t h e n  b e
t n i e d  s u c c e s s i v e l y ,  a t  d e c r e a s i n g  v a l u e s  o f " j ,  w i t h  e a c h  t r i a l  s h o w i n g  r e s u l t s  o f  o n l y  t h e  l a s t
c o n s t r a i n t .  I f  i t  i s  d e s i r e d  t o  i n c l u d e  t w o  s e p a r a t e  c o n s t r a i n t s  ( o n  d i f f e r e n t  v a l u e i  o f  q i )  i n  t h e
f j n a l  s o l u t j o n ,  t h e s e  c o n s t r a i n t s  a r e  a p p l i e d  i n  o r d e r  o f  i n c r e a s i n g  j .  I n  a l l  c a s e s  t h e  n d w  s o l u t i o n
i s  o b t a i n e d  d i r e c t l y  f r o m  t h e  p r e v i o u s  s o l u t i o n  a n d  t h e  s t o r ^ e d  v a l u e s  o f  t h e  t r i a n g u l a r i s e d  m a t r i x
B i , . t ,  R e c a l c u l a t i o n  o f  g r o u p  i n d e x  i n t e g r a l s  a n d  o f  t h e  o r i g i n a l  c o e f f i c i e n t s  i n  B  i s  n o t
r e q u i r e d ,  s o  m o d i f i e d  s o l u t i o n s  a r e  o b t a i n e d  a l m o s t  i n s t a n t a n e o u s l y .

.  T h 9  s u b p r o g r a m  S U I I V A L  i s  u s e d  f o r  e v a l u a t i n g  v a r i o u s  s u m s  a n d  p r o d u c t s  o f  a r r a y s ,  a s  d e f i n e d
i n _ t h e  l i s t i n g .  T h i s  i s  u s e d  b y  P O L A N  t o  o b t a i n  t h e  v a l u e s  o f  r e a l  h e i g h t  a n d  g r a d i e n t  f r o m  t h e
p o l y n o m i a l  r e a l  - h e i g h t  c o e f f i c i e n t s  q ,  a n d  f o r  s o m e  o t h e r  o p e r a t j o n s .

T h e  s u b r o u t i n e  G I N D  p r o v i d e s  v a l u e s  o f  t h e  g r o u p  r e f r a c t i v e  i n d e x  a s  a  f u n c t i o n  o f  t h e  w a v e
f r e q u e n c y  F ,  a n d  t h e  p a r a m e t e r  T  w h i c h  d e f i n e s  t h e  r a t i o  o f  p l a s m a  f r e q u e n c y  t o  w a v e  f r e q u e n c y .
A n  i n i t i a l i s i n g  c a l l  w i t h  T  n e g a t i v e  i s  u s e d  t o  s e t  t h e  v a l u e  o f  g y r o f r e q u e n c y  a t  t h e  g r o u n d  ( G H ) ,
a n d  t h e  m a g n e t i c  d i p  a n g 1 e .  A  h e i g h t - v a r y i n g  g y r o f r e q u e n c y  i s  n o r m a l l y  a s s u m e d .  C a l l i n g  G I N D  w i t h  F-  0  s c a l e s  i n t e r n a l  c o n s t a n t s  t o  c o r r e s p o n d  t o  a  h e i g h t  o f  - T  k m .  T h e s e  c o n s t a n t s  a r e  o r g a n i s e d  t o
a 1 1 o w  r a p i d  c a l c u l a t i o n  o f  t h e  v a l u e s  o f  g r o u p  i n d e x , - s i n c e  t h i s  c a l c u l a t i o n  t a k e s  m o s t  o f  i h e  t i m e  i n

i48



a  r e a l  h e i g h t  a n a l y s i s .  I f  a  f i x e d  v a l u e  o f  g y r o f r e q u e n c y  i s  t o  b e  u s e d  a t  a l 1  h e i g h t s ,  t h e  i n i t i a l
v a i u e  o f  G H  i s  m a d e  n e g a t i v e .  T h e  e q u a t i o n s  u s e d  p r o v i d e  r e s u l t s  f o r  t h e  o r d i n a r y  r a y  w h e n  t h e
f r e q u e n c y  F  i s  p o s i t i v e ,  a n d  f o r  t h e  e x t r a o r d i n a r y  r a y  w h e n  F  i s  n e g a t i v e .  T h e y  a r e  d e s i g n e d  t o
m a i n t a i n  f u l l  a c c u r a c y  f o r  a l l  v a l u e s  o f  d i p  a n g l e  ( f r o m  0  t o  9 0 ' 0 ) ,  a n d  a l l  v a l u e s  o f  T  ( f r o m  0  t o  I )
f o r  b o t h  r a y s .  T h e  d e r i v a t i o n  o f  t h e  e q u a t i o n s  i s  g i v e n  i n  a p p e n d i x  D . 3 .

c  P 0 L M I S . F O R  =  P E A K ,  T R A C E ,  S 0 L V E ,  S U M V A L ,  G I N D .
c ******************************************************

c
O O O l  S U B R O U T I N E  P E A K  ( F V , H T ,  H M )

c ************************************************************** *****j  a n /  B/ d e c B 4
c  C a l c u l a t e  a n d  l i s t  p a r a m e t e r s  f o r  a  C h a p m a n - 1 a y e r  p e a k .
c
c  C a l l e d  w i t h  K R ,  K V  p o i n t i n g  a t  l a s t  c a l c u l a t e d  r e a l  h e i g h t  b e f o r e  p e a k .
c  G e t  F C ,  S H  b y  a  l e a s t - s q u a r e s  f i t  t o  t h e  l a s t  N K  c a l c u l a t e d  h e i g h t s .
c  I n c l u d e  a n y  s c a l e d  F C ,  F C X ,  a n d  i t e r a t e  f r o m  a  m o d e l  s c a l e  h e i g h t .
c  L I S T  =  B  a d d s  d e t a i l e d  t r a c e  o u t p u t s .

D I M E N S I O N  F V ( 9 ) ,  H T ( 9 )
c 0 M M 0 N  / P 0 L /  B ( 4 0 , 1 7 ) , Q ( 1 8 ) ,  F H , A D T P ,  r ' 4 0 D E , M O D ,  F A , H A ,  T C 0 N T , L B U G
C O M M O N  / P O L /  H S ,  F C , F C C ,  S H ,  P A R H T ,  H V A L , V W I D T H , V D T P T H ,  X | d A T
C 0 M M 0 N  / P 0 L /  M A X B , N F ,  N R , N L ,  N X ,  M S , M T , J M ,  L K ,  K R , K R M ,  K V , M F ,  N C  c o u n t e r s

s q ( x )  =  s q r t ( ( 1 . - x ) * ( 1 . + x ) )

S e t  f r e q u e n c  i  e s
K R = K R + i
K V = K V + 1
F M  =  F V ( K R M )
H N  =  H T ( K R M )  * . 9 9 9

N K  =  M r N 0 ( N F * 1 0 / ( N F + 1 0 ) ,  K R / 3 )  +  2
M = K V - 1 - N K
S H = . 2 7 * H N - 2 1 .
H M  =  H N  +  . 3 * S H
F H  =  G i N D ( 0 . ,  H M )
NKA= NK

r F  ( F C . G T . . 1 )  N K  =  N K  +  1
F c X  =  A B S ( F V ( K V + 1 ) )
H C X  =  H T ( K V + i )
r F  ( A B S ( H C X ) . G T . 3 0 . . 0 R . F C X . L T . F M + . 5 * F H )  G 0  T 0  1 0 0

N K  =  N K  +  1
F V ( K V + 1 ) =  F V ( K V )
F V ( K V )  =  F C X
H T ( K V + t ) =  6 1 1 x Y ;
H T ( K V )  =  H C X
K V = K V + 1

g r a d  =  . 5 / f v ( k a )
f v ( k r )  =  f c

u t i  I  i  t i  e s  f o r  P 0 L A N .

0002
0003
0004
000 5
0006

c
0007
0008
0009
00 10
001  1
0012
00  l 3
0 0 1 4
0 0  1 5
00  16
00  17
00  19
0020
002 1
0023
0024
002 5
0026
0027
0028
0029  100
00 30

00 32
0033
00  34
00 36
00  37
00 38
0040
004  1
0042
0043
0045
0047
0048
0049
00 50
0 0  5 1
00 52
00 54

t o  p e a  k
t o  p e a K

t o p  h t
h t  a t  f m
f  t o  f i t

m o d e l  S H
f o r  f h

' i  n c l .  f c

n o  x  r a y
i  n c l  f c x
s w a p  f c
a n d  f c x

r  t e r a t e

x  c r i  t .
w e i g h t

p e a  k
f  c r i t

z d N / d h / u
m e a n

h n  c o r n .

* l o g ( F C )

s a v e
* S H

r . h . s .

c . . . . .
0031  D0  400  J  =  l ,  2

c . , .

T -

S e t  u p  a n d  s o l  v e  p e a k  e q u a t i o n s

D 0 3 0 0 r = 1 , N K
F  =  F V ( K A + r )

I F  ( F . E Q . F c X )  F  =  S Q R T ( F C X * ( F c X  -  F H ) )
2  . * *  ( 2 0  . *  ( F  - F M )  / F  )
0 .

( F . G T . F M )  G 0  T 0  2 6 0
D E L T F  =  F - F A
GL =  GRAD
G R A D  =  4 . / F /  A t 4 A X r (  S U M y A L ( M T , Q , D E L T F , 2 ) ,  3 .  )

I F  ( I . E Q . ( N K A + 1 ) / 2 )  G M  =  G R A D
r F  ( r . E Q . N M )  G R A D  =  G R A D  * . 9 9 5

T =  SH*GRAD
B ( i , 1 )  =  l , J
B ( r , 6 )  =  ( A L 0 G ( 1 . + T ) - T ) * . 2 5
B ( r , 2 )  =  B ( r , 6 )  * t ^ l
B(  r ,3 )  =  ALoG(F)  * l . l

i f  (  1  b u g .  e q . B .  a n d .  j .  e q .  2 ) p r j  n t  * , f  , g r a d , t , b (  i , 6 ) , w
CONT ]  NUE
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c . . .
0055
00 56
00 57
0059 320

c
0060

C
006  1
006  3
0064
0066 340
006/
0068
0069
007  1
007 2
0073 360
0074
007  5
0076
007 7
0079 400

c . . . . .

0092
009 3
009 5
0096
0097
0099

0  100
0 1 0  2
0 1 0  3
0 1 0  4
0 1 0  5
0 1 0 6

0 108
0 1 1 0

0 1 1 1
0 1 1 2
0 1 1 3
0 1  1 4
0 i 1 5

h t (  k r )  =  h t (  k v )
f v ( k r )  =  f c

i  f  (  I  b u g .  g e .  3 ) p r i  n t 3 2 0 , n k , n k a , s h ,  (  f v (  k  ) , h t (  k ) ,  k = k r - n k a -  1 ,  k r )  # # - - - - - >
f o r m a t ( '  p e a k  f  i  t  :  n k , n k a , s h = '  2 i  3 , f 6 .  1 . , 2 x , 1 4 f 7  .  2 ,  (  /  3 5 x , 1 4 f 7  .  2 )  )

C - - - - - - - - - - -  F o r m  p e a k  D a r a m e t e r s
0 0 8 0  5 0 0  F C  =  E X P ( B ( 1 , 9 ) )
0 0 8 1  E R R =  0 .  s *  (  H M - S H * A L o G (  1 . + S H * G L )  - H T ( K R M - 1 )  )
0082 HM = HM -  .9*ERR
0 0 8 3  H T ( K R M ) = H t t t  +  . I * E R R
0 0 8 4  H T ( K R ) =  H M
OOB5 PARHT = HM -  HT(KRM)
0 0 8 6  P A R F C  =  F M I S Q ( . s * P A R H T / S H )  -  F M
0 0 8 7  i f ( 1 b u g . e q . B ) p r i n t * , f c , h m , e r r , p a r h t , p a r f c
0 0 8 9  r  =  2 + n k - n k a
0 0 9 0  f c  =  a m a x l (  a m i n l ( f c , f m + p a r f c * r ) ,  f m + p a r f c / r  )
0 0 9 i  F V ( K R )  =  F C

c  C h e c k  o v e r l a p - -  t h i s  s e c t i o n  c a n  b e  o m i t t e d  w i t h  m a n u a l  s c a l i n g s  ( F  m o n o t o n i c )

c A L L  S O L V E  ( N K ,  2 ,  B ,  B (  1 , 9 ) ,  D E V N )

1 F  ( G M . G T . 1 . 4 * G R A D )  G 0  T 0  3 6 0
a v s h  =  a m a x l ( b ( 2 , 9 ) , 0 . )  * . 5  +  . 5
i f  ( b ( 2 , 9 ) . 9 t . 1 . )  a v s h  =  b ( 2 , 9 ) / a v s h
m s  =  i n t (  1 0 . * a v s h + . 5 )
dev . l  =  devn
c a l l  s o l v e  ( m s ,  - 2 ,  b ,  b ( 1 , 9 ) ,  d e v n )
i f  ( d e v n . g t . d e v 1 * 2 . + . 0 1  . o r .  a v s h . e q . 1 .  )  g o  t o  3 6 0

a v s h  =  1 .
go  to  340

s H  =  s H * s Q R T (  A B S ( B ( 2 , 9 ) )  )
P A R H T  =  S H * A M I N 1 (  A L 0 G ( 1 . + S H * G R A D ) ,  1 . 8 )
H M = H N + P A R H T

F H  =  G r N D ( 0 . ,  H M )
i f  ( p a r h t . g t . s h . o r . 9 m . l t . l . B * g r a d )  g o  t o  5 0 0

CONT I  NUE

L i s t  p e a k  p a r a m e t e r s
D E V F  =  F C * D E V N
B A V G E =  - B ( 2 , 6 )  -  B ( N M , 6 )
D E V S = D E V N * S H / B A V G E
DEVH = DEVN *PARHT, /BAVGE + DEVS*SH*GRAD
T C 0 N T =  T C 0 N T  +  P A R H T * ( F C * * 2 + . 5 * F M * * z )  / 1 . 5
I F  ( G M . 1 T . 1 . 4 * G R A D )  S H  =  - S H

i f ( 1 b u g . 9 e . - 9 ) p r i n t  7 5 0 ,  f c , d e v f ,  h m , d e v h , s h , d e v s ,  t c o n t / f c * * 2
f o r m a t  ( ' 0 P e a k ' ,  F 7 . 3 ,  '  ( + t - ' , F 5 . 3 ,  ' )  M H z ,  H e i g h t ' ,  F 6 . 1 ,

150

o . k .
u s e  m e a n
a v g  l / S H
10*  mean

i  mposed

s h =  s h a

FN to  FC

no i  te rn

f i t  l a s t
2  h t s .

pea k  secn
FC parab

l i m i t  F C

newl  aye r

X ray

ls t  Oray

reduce F

FNEXT =  FV  (  KV+1  )
r F  ( F N E X T . G E . 0 .  )  G 0  T 0  6 2 0

FNEXT =  SQRT(FNEXT* (  FNEXT+ .  99*FH)  )
D0  600  I  =  2 ,  30

6 0 0  r F ( F V ( K V + r ) . G E . 0 . )  G 0 T 0 6 l 0
6 1 0  F N E X T  =  A M I N 1 ( F N T X T ,  F V ( K V + I ) )
c
6 2 0  ] F  ( F N E X T . L E . O .  )  F N E X T  =  F M  +  4 . * P A R F C  +  . 0 5

F C  =  A M r N l ( F C ,  F N E X T - . 0 3 )
D F C =  F V ( K R )  -  F C
F M = F M - D F C
D E V N =  A M r N l ( D E V N * 2 . ,  .  5 * ( F N E X T - F t 4 )  / F C )
r F  ( D F C . L E . 0 . 0 1 )  G 0  T 0  6 8 0

c  L a y e r  o v e r l a p ;  r e d u c e  f r e q u e n c i e s
i f ( 1 b u g . g e . - 9 ) p r i n t 6 4 0 ,  f v ( k r ) ,  f c ,  f n e x t  * * - - - - - >

6 4 0  f o r m a t  ( ' 0 *  F C  r e d u c e d  f r o m ' , f 7 . 3 , '  t o ' , F 7 . 3 ,
$  '  s i n c e  n e x t  l a y e r  s t a r t s  a t ' , f 7 . 3 , '  M H z . '  / )

6 1  =  6 f s / f v ( k r ) * * 3
d o 6 6 0  k = 1 . k r

6 6 0  f v ( k )  =  f v ( k )  -  d f * f v ( k ) * * 3
f a = f a - d f * f a * * 3

6 8 0  C O N T I N U E
c - - - - - - - - -
c

0 1  1 6
0 1 1 7
0 1  1 B
0 1  1 9
0  120
0121
0123
0 1 2 5  7 5 0

freq err

s h  e r r .
hm e r r .

pa rabo la
-mode I

* * _ _ _ _ _ >



1  '  ( + / - '  , F 4 . 1 , ' )  k m .  S c a . l e  H e i g h t ' , f 5 . i '  ( + / - '  , F 4 . 7 ,
2  ' )  k m .  S l a b  ( t o  p e a k )  = ' , F 6 .  i , '  k m . ' )

0 1 2 6  F V ( K R + 4 )  =  D E V F
0 1 2 7  H T ( K R + 4 )  =  D E V H
0 1 2 8  F V ( ( t / )  =  5 6
0 1 2 9  R E T U R N
O 1 3 O  E N D

^ ************ ********************** ****************** ***************************

O O O 1  S U B R O U T I N E  T R A C E  (  F V , H T ,  T R A S  )
c************************************************************************j  a n ,  7 9 .
c  F u 1 1  d e b u g  l i s t i n g ,  p r o d u c e d  w h e n  0  <  l b u g  <  1 0 .
c  l b u g  =  I  p r o d u c e s  a  s i n g l e  t r a c e  l i n e  f o r  e a c h  r e a l - h e i g h t  s t e p  i n  p o 1 a n .
c  2 ,  3 ,  4  a d d  f u l  l e r  t r a c e  o u t p u t s .
c  l b u g  >  3  i n c l u d e s  i n t e r m e d i a t e  l i s t i n g s  o f  f r e q , h e i g h t .
c  l b u g  =  5  a d d s  a  f u l l  l i s t  o f  t h e  e q u a t i o n s  i n  t h e  m a t r i x  B .
c

0 0 0 2  D T M E N S l 0 N  F V ( 4 0 ) ,  H T ( 4 0 )
c

0 0 0 3  C o M M o N  / P j L /  B ( 4 0 , i 7 ) , q ( 1 8 ) ,  F H , A D T P ,  M O D E , M o D ,  F A , H A ,  T C O N T , L B U G
OOO4 COMI , ION /POL/  HS,  FC,FCC,  SH,  PARHT,  HVAL,V|^ l IDTH,VDEPTH,  X l^ lAT
0 0 0 5  C O M M O N  / P O L /  M A X B , N F ,  N R , N L ,  N X ,  M S , M T , J M ,  L K ,  K R , K R M ,  K V , M F ,  N C  c o u n t e r s
0006 DATA L IST /  O / t o  s a v e

O O O T  I F  ( I A B S ( L B U G ) . G T . 9 )  R E T U R N
0 0 0 9  r F  ( T R A S . N E . o .  )  G 0  T 0  1 0

n o  l i s t

001  r
00  l 2
00  13
00  14

P R I N T  s 0 ,  ' F R Q ' ,  ( F V ( l ) ,  I = 1 , 1 5 )
P R r N T  5 0 ,  ' H T S ' , ,  ( H T ( r ) ,  I = 1 , 1 s )
L I S T  =  2
RE TU RN

n e a  0

c - - - - - - - - - - -
0 0 1 5  1 0  r F  ( T R A S . E Q . 2 . 2 )  P R r N T  1 2
0 0 1 7  1 2  F o R M A T (  ' 0 # # - - - - - - - -  - - - - - - - - - '  )

c
0 0 1 8  I F  ( T R A S . E Q . z . 2  . 0 R .  L T S T . G T .  i )  P R r N T  2 0
0020 20  F0RMAT (  '0##TRACE :  k r  I  k  jm mt  ha  fa  f rm '  ,

1  '  k r m  k v  n f  n r  n l  n x  m s  m o d e  m o d  h s ' ,
2  '  f c  f c c  s h  p a r h t  h v a l  v w i d t h  v d e p t h '  )

c
0 0 2 1  F R M  =  F V ( K R M )
0 0 2 2 P R ] N T 2 5 ' T R A S ' K R ' L K ' J M , M T ' H A ' F A ' F R M , K R M ' K V ' N F ' N R ' N L ' N X ' M S ' - - - - - - - >

$  M O D E , M O D ,  H S ,  F C , F C C , S H ,  P A R H T , H V A L , V l . J I D T H , V D E P T H
0 0 2 3  2 5  F 0 R M A T ( '  # # '  , F 5 . 1 , ' : '  , 2 1 4 , ? 1 3 ,  F 8 . 2 , 2 F 6 . 2 ,  9 1 4 ,  2 x , 4 F 6 . 2 , 4 F 7 . 2 )

c
0024 LrsT = 0
0 0 2 5  r F  ( A B S ( T R A 5 ) . l r . Z . 3 . 0 R . L B U G . L T . 4 . 0 R . A B S ( T R A S - 3 . 3 ) . L T . . B )  G 0  T 0  6 0

c
c

' l i s t  
d a t a ,  a t  l b u g  )  3  a n d  t r a s  = 2 . 3  0 R  4 . 3

OO27 KM = KV+NF+NX
0 0 2 8  p R r N T  5 0 ,  ' F R Q ' , ,  ( F v ( K ) ,  K = K V , K M )
0 0 2 9  P R I N T  5 0 ,  ' V H T ' ,  ( H T ( K ) '  K = K V ' K M + 3 )
0030  PRrNT  s0 ,  'RHT ' ,  ,  (  HT(  K )  ,  K=KR,  KRM)
003 i  50  FoRMAT ( '  # ' ,A3 ,  16F8 .2 /  5X ,16F8 .2 )
O O 3 2  L I S T  =  1
0 0 3 3  6 0  r F  ( A B S ( T R A S ) . N E . 3 . 3 . 0 R .  L B U G . N E . 5 )  R E T U R N

c - - - - - - - - - - -
l i s t  m a t r i x  B ,  a t  l b u g  =  5  a n d  t r a s  =  3 . 3  o n l yc

0 0 3 5  N C 0 L  =  I A B S ( J M ) + I
0 0 3 6  P R r N T  7 0 ,  ( J ,  J  =  1 ,  N C 0 L )
0 0 3 7  7 0  F 0 R M T  ( ' # # #  e q u a t i o n s  J  = ' ,  1 4 ,  1 2 1 9 )

c , . ,
O O 3 8  N L ] N E  =  N R + N F + N X + M S
00 39 D 0  B 0  L I N E  =  1 ,  N L I N E
0 0 4 0 8 0 P R I N T 9 0 ' L I N E ' ( B ( L I N E , I C 0 L ) ' ] C 0 L = l ' N c 0 L ) - - - . . - - >
0 0 4 1  9 0  f o r m a t  ( '  #  m a t r i x  b ,  l i n e ' ,  1 3 ,  1 2 F 9 . 4 )

0042 Lrsr = 2
OO43 RETURN
OO44 END

c ***********************************************************************
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O O O 1  S U B R O U T I N E  S O L V E  ( M ,  N ,  B ,  Q ,  D E V N )
C ***** *************************************************************j  a n 7 7 .
c  S o l v e  m  s j m u l t a n e o u s  e q u n s  i n  n  u n k n o w n s ,  g i v e n  i n  t h e  a r r a y  B ( m , n + 1 ) .
c  T h e  r e s u l t  i s  r e t u r n e d  j n  Q ( 1 )  t o  Q ( n ) .
a - - - - - - - - - - -
c  A d j u s t m e n t s  t o  a  p r e v i o u s l y  o b t a i n e d  s o l u t . i o n  m a y  b e  m a d e  b y
c  c a l l  s o l v e  ( m m ,  - n ,  B ,  Q ,  d e v n ) .
c  T h i s  m o d i f i e s  t h e  l e a s t - s q u a r e s  s o l u t i o n  b y  a d d i n g  t h e  c o n s t r a i n t
c  Q ( n )  =  m m / 1 0 . ,  w i t h  a  w e i g h t  o f  1 0 .
c  A n y  n u m b e r  o f  t h e  c o e f f i c i e n t s  Q  c a n  b e  m o d i f i e d  i n  t h i s  w a y .
c
c  l , J h e n  a  c o n s t r a i n t  . i  s  a p p l  i e d  t o  Q ( n ) ,  a n y  c o n s t r a i n t s
c  p r e v i o u s l y  a p p l i e d  a t  l a r g e r  v a l u e s  o f  n  a r e  f i r s t  r e m o v e d  b y  s o l v e .
c  P r e v i o u s  c o n s t r a i n t s  a t  s m a l  l e r  v a l u e s  o f  n  r e m a i n .
c  A d d i t i o n  o f  c o n s t r a i n t s  i s  n u m e r i c a l l y  s t a b l e ;
c  t h e  r e m o v a l  o f  c o n s t r a i n t s  i s  l e s s  a c c u r a t e  b u t  s t i l l  o . k .
i - - - - - - - - - - -

0 0 0 2  D T M E N S T 0 N  B ( 4 0 , 1 7 ) ,  Q (  1 8 ) ,  r S E T Q (  1 7 )
0 0 0 3  D A T A  N Q ,  N P ,  I S E T Q  /  I 9 * 0  /

c  ( C h a n g e  a b o v e  D A T A  t o  S A V E  f o r  f o r t r a n  7 7 ) .
0 0 0 4  { F  ( N . L T . 0 )  G 0  T 0  3
0006 NQ = N
0 0 0 7  N P  =  N + 1

c  H o u s e h o l d e r  t r a n s f o r m a t i o n s
O C O B  K = O
0 0 0 9  i  K = K + 1
0 0 1 0  r s E T Q (  K )  =  9 9 9
0 0 1 1  s  =  0 .
0 0 1 2  M K  =  M - K + l
0 0 1 3  r F  ( M K . L E . 0 )  G 0  T 0  7
0 0 1 s  s  =  S U M V A L ( M K , B ( K , K ) , 8 ( K , K ) , 3 )
0 0 i 6  r F  ( K . E Q . N P )  G 0  T 0  7
0 0 1 8  A  =  B ( K , K )
0 0 1 9  D  =  S r G N ( S Q R T ( S ) , A )
0 0 2 0  B ( K , K )  =  A + D
0 0 Z l  C  =  A * D + S
0 0 ? 2  D 0 2  J = K + 1 , N P
0 0 2 3  s  =  S U M V A L ( M K , B ( K , K ) , B ( K , J ) , 3 ) / C
0 0 2 4  D 0 2  i = K , M
0 0 2 5  2  B ( r , J ) = B ( r , J ) - B ( r , K ) * S
0 0 2 6  B ( K , K )  =  - D
0027 G0 T0 1

a - - - - - - - - - - -
c  r e m o v e  a n y  p r e v i o u s  c o n s t r a i n t s  o n  q ( n )  t o  q ( n q ) ;

0 0 2 8  3  N N = i A B S ( N ) - 1
0029 REMOV = - i .
0 0 3 0  4  N N = N N + 1
0 0 3 1  r F  ( i S E T Q ( N N ) . N E . 9 9 9 )  c 0  T 0  5
0 0 3 3  5 1  r F  ( N N . L T . N Q . A N D . D E V N . N E . - 1 .  )  G 0  T 0  4

c  a d d  c o n s t r a i n t  Q ( n ) = m * . 1  ( G i v e n s  t r a n s f o r m a t i o n ) .
0 0 3 5  N N  =  ] A B S ( N )
0 0 3 6  R t M O v  =  1
0 0 3 7  ] S E T Q ( N N )  =  M
0 0 3 8  5  Q (  N P  )  =  r  S E T Q (  N N  )
0 0 3 9  i F  ( R E r ' l O \ / . 1 T . 0 .  )  r S E T Q ( N N )  =  9 9 9
0 0 4 1  Q ( N N )  =  1 0 .
O O 4 2  D O 6  I = N N , N P
0 0 4 3  B r r  =  B ( r , r )
0 0 4 4  R  =  S Q R T (  A t , t A X l ( B r I * * 2 + Q ( t ) * * 2 * p U t O U ,  . 1 E - 9 )  )
0 0 4 5  c  =  B r r l R
0 0 4 6  s  =  Q ( r ) / R
0 0 4 7  D 0 6  J = t , N P
0 0 4 8  Q J  -  Q ( J )
0 0 4 9  r F  ( r . E Q . N N . A N D . J . N E .  I . A N D . J . N E . N P )  Q J  =  0 .
0 0 5 1  a ( J )  =  C * Q J - S * B (  r , J )
0 0 5 2  6  B (  I , J )  =  C * B (  I , J ) + S * q ; * q E g 6 Y
0 0 5 3  r F  ( R E r ' l O \ / )  5 1 , 5 1 , 8

a - - - - - - - - - - -
c  b a c k  s u b s t i t u t i o n

0 0 5 4  7  B ( N P , i ) = M
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00s5
0056 B
00 57
0058
00 59
0060
0061  9
0063 l0
0064
006 5

B ( N P , N P ) =  S Q R T ( S )

9 ! V r y . =  A B S ( B ( N P , N P )  ) / S Q R T ( B ( N P ,  1  )  )
D 0 1 0  I I = 2 , N p

I  =  N P - I I + 1
s  =  B ( r , N P )

D 0 9  J = I + t , N Q
_ .  J r  t I I . G T . 2 )  S  =  S  -  Q ( J ) * B ( r , J )a ( r )  =  s / B ( r , r )

RETURN
END

0 0 0 1  F U N C T T 0 N  S U M V A L  ( N ,  A ,  B ,  L )
c*******************************************************
c  Returns  the  sum fo r  j  =  1  to  N o f : -  

* * * * * * * * * * * * * * * * jan77 '

c  a ( j ) * b * * j  a t  L = i ;  j * a ( j ) * b * * ( j _ 1 )  a t  L = 2  ( u s i n g b = B ( 1 ) ) .

:____ __11f1_: :1 l l_1:__:___l_:_____; r :  i ;or  i_Li j . t i  ; ;  L > 3 ( ; i , i ;s-  LL"t^ i )
g q 0 2  D T M E N S T O N  A ( e ) ,  B ( 9 )
0 0 0 3  J = N
0004  s  =  0 .
0 0 0 5  L L =  M r N 0 ( 1 , 4 )

c " " "  l o o p f n o m  j = n  t o  j = l .0 0 0 6  9  G 0  T 0  ( 1 , 2 , 3 , 4 ) ,  L L
.  L  =  1 ;  e v a l u a t e  p o l y n o m i a l  a ( j ) * b * * j

9 9 9 i  I  s = ( A ( J ) + s ) * B ( l )
0008 G0 T0 8

,  L  =  2 ;  c a l c u l a t e  g r a d i e n t  s u m  a ( j ) * j * b * * ( j _ 1 )
999? 2 s  = s*B(1)+A(J)*FLoAT(J i
0010 G0 T0 8

.  L  =  3 ;  c a l c u l a t e  s u m  o f  p r o d u c t s  a ( j ) * b ( j )0011  3  JB=  J
0012  G0  T0  6

q g l 3  i  , r =  ( J - 1 ) * L + 1  
L  >  3 ;  s u m  o f  a ( i ) * b ( l ' i ) '  w i t h  L  =  l s t  d i m  o f  b

0 0 1 4  6  s = S + A ( J ) * B ( J B )
c

0 0 1 5  B  J = J - l
0 0 1 6  r F  ( J . G T . o )  G 0  T 0  9

c . . . . . .
0018 SUMVAL = S
OO19 RETURN
OO2O END

000 I c***********-...-.f Yl:I91.-.9111.-11;*]]****************,
c Group index subrout ine,  for  o or x.  rays.  t ,  n.nu, iJJ" l l l . i ' i l i l :t  , G i y g r - ( g r o u p  i n d e x  - 1 )  t o  f u i l  m a c n r n e  a c c u r a c y ,  f o r  a n y  v a r u e  o f  t .c  I n i t i a l i s e  b y  c a l t  g i n d ( G H , _ d i p )  t o , s 9 t , 9 y r 9 i r i i  ( m i z ) ' a n a  d i p  ( d e 9 ) .c  G H  i s  g r o u n d  v a l u e ;  

- s c a j e a ' t o  
h e i g n t  n  O y  F H  =  g i n d ( 0 . , h 1 ,  w i  t h  h > 2 .c  A n  i n i t i a l  n e g a t i v e  v a l u e  o f  G H  r r p i . . . i . r  i r , . - i i u r i n g .c - - - - - - - - - - -

O O O 2  D A T A  G H , G H S N , G C S C T ,  F H , F H S N , F C S C T , H F H ,  C , C 2  /  g * ( J .  /c
g g g ?  I F  ( F . E Q . o .  )  G 0  T 0  2  

( c h a n g e  d a t a  t o  s a v e  f o r  f o r t r a n T T ) .

g q g !  r F ( T . 1 T . 0 . )  G 0 T 0 1
0007  T2  =  AMAXl ( i , . tE -g ) * *z
0 0 0 8  r F  ( F )  5 , 6 , 6

c
0009  1  GH =  F  

s to re  g round  cons tan ts

qg10  FH =  ABS(GH)
0011  D Ip  =  - . 01745329* f
0 0 1 2  G H S N  =  G H * S I N ( D r p )
9919  GCSCT= (GH*cOS(D Ip )  ) * * z * .5 /GHSN0014 G0 T0 3

g g l :  7  r y  ( G H . L T . 0 .  . 0 R . T . 1 T . 2 .  ) t ' 3 ; ' T 3 ' ; s t a n t s  
t o  h e i s h t  h  =  t '

9 9 i l  F H  =  c H / ( 1 . + t 1 6 3 7 1 . 2 1 * * 3 '
0 0 l B  3  F H S N = G H S N * F H I G H
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0 0  1 9
00 20
0021
0022
0023
0024

0 0 2 5
0026
00?7
00 28
0029
00 30
0 0  3 1
0033
00 34
0035
00 36
00 37
00 3B
00 39
00 40
004 1
0042
004 3

c
C

5

6
7

FCSCT= GCSCT*FHIGH
H F H  =  . S * F H S N

C  =  F C S C T + F H S N
C 2 =  C * C

G I N D  =  F H
RE TU RN

c a l c u l a t e  g r o u p  i n d e x  g i n d  =  m u '  -  1 .
i n d e n t e d  s e c t i o n s  j n c r e a s e  a c c u r a c y  f o r  x  r a y .

X  =  ( F + F H ) * T 2
G 1  =  X - F H
G O T O T

G 1  =  F * T 2
G 2  =  F C S C T / G 1
G 3  =  S Q R T ( G 2 * G 2 + 1 .  )

r F  ( F . G E . 0 . )  G 0  T 0  B
G 4  -  F H S N * ( G 3 - G 2 )
x  =  x * ( G i - F H )
G 5  =  - G 4 * X /  ( F H S N * ( S Q R T ( X + C 2 ) + C )  )
G O T O 9

G 4  =  F H S N / ( G 2 + G 3 )
G 5  =  G 1 + G 4
G6 =  F+G4
6 7  =  (  F * G 2 * G 4 I G 1 - H F H ) * (  F - G 1  ) / ( G 3 * c 6 )
G I N D  =  A B S ( G 7 + G 6 ) / S Q R T ( G 5 * G 6 )  - 1 .
RE TU RN
E N D

C  - -  S C I O N  - -
C
C Program to  per fo rn  an  t { (H)  ana lys is  o f  an  ionogram sca led  on  the  X-Y
C reader ,  us ing  the  genera l i sed  po lynomia l  ana lys is  p rogram POLAN.
C  L e o  M c N a m a r a  ,  A u g u s i  1 9 7 8 ;  J o h n  T i  t h e r i  d g e  ,  M a r c h  1 9 8 1 .

:
C : -  S U M M A R Y  S C A L I N G  I N S T R U C T I O N S .  t  . . . )  /  1 . . . )  d e n o t e s  a l t e r n a t i v e s .  I
C :  -  N U L L  =  b o t t o m  I  e f t  c o r n e r ,  o u t s i  d e  i  o n o g r a m  f r a m e ;  :
C : -  T L  =  T o p  L e f t  c o r n e r ;  T R  =  T o p  R i g h t  c o r n e r .  !

F.5. THE PROGRAI,I SCIOI{

T h i s  m a i n l i n e  p r o g r a m  g i v e s  a n  e x a m p l e  o f  a  c o m p l e t e  r e a l - h e i g h t  a n a l y s i s  p r o c e d u r e  u s i n g  P 0 L A N .
S C I 0 N  c o n t r o l s  t h e  s c a l i n g  o f  d a t a  f r o m  a  p r o j e c t e d  i o n o g r a m ,  c o r r e c t i o n  f o r  s k e r , . i e d  o r  n o n - l i n e a r
a x e s ;  c o n v e r s i o n  o f  t h e  d i g i t i s e d  v a l u e s  i n t o  v i r t u a l  h e i g h t  a n d  f r e q u e n c y ;  o r d e r i n g  o f  s e p a r a t e
o r d i n a r y  a n d  e x t r a o r d i n a r y  r a y  d a t a  i n  t h e  w a y  r e q u i r e d  b y  P 0 L A N ;  a n a l y s i s  o f  t h e  d a t a  a n d  l i s t i n g  o f
t h e  c a l c u l a t e d  r e a l  h e i g h t s .  T h e  d i g i t i s i n g  s e c t i o n s  r u n  i n  c o n j u n c t i o n  w i t h  a  H e w l e t t  P a c k a r d  9 8 6 4 4
d i g i t i s e r  a n d  d i g i t i s i n g  t a b l e ,  a n d  w i l l  n e e d  m o d i f y i n g  f o r  o t h e r  e q u i p m e n t .  A  f u l l  d e s c r i p t i o n  o f
t h e  o p e r a t i o n  a n d  u s e  o f  S C I 0 N  i s  g i v e n  i n  s e c t i o n  1 1  o f  t h j s  r e p o r t .

INPUT on UNIT 6 ,  0UTPUT on UI { IT  7 -

C  1 .  S c a l e  0 - r a y  d a t a  f o r  f i r s t  l a y e r .
C  2 .  I s c a l e  T L ]  /  [ s c a l e  F C ;  s c a l e  T R ] .
C
C  3 .  S c a l e  0 - r a y  d a t a  f o r  n e x t  l a y e r .
C  4 .  I s c a l e  T L ]  /  [ s c a l e  F C ;  s c a l e  T R ] .
C  5 .  R e p e a t  s t e p s  3 .  a n d  4 . ,  u n t i l  n o  m o r e

!
!
!
!

0  d a t a .  !
c
C  6 .  S c a l e  N U L L .

!
(  t h i s  a l w a y s  d e n o t e s  

' e n d  
o f  i o n o g r a m ' ) .  I

c - - - -
C  7 .  S c a l e  l o w e s t  u s e a b l e  X - r a y  d a t a  ( o v e r  a  r a n g e  o f  a b o u t  0 . 6  M H z ) ;
C  /  [ o r ,  i n  t h e  a b s e n c e  o f  d a t a ,  s c a l e  T L ] .
C  B .  I S c a l e  T L ]  /  [ S c a 1 e  F C X  f o r  t h a t  l a y e r ;  s c a l e  T R ] .
C  9 .  R e p e a t  s t e p s  7 .  a n d  8 . ,  f o r  e a c h  a v a i l a b l e  l a y e r .
c
C  1 0 .  s c a l e  t w o  n u l l s .  !
a = = = = = = = = = = =

1 5 4



d  t r u p u r S  [ r e a d s ]  a r e  m a r k e d  a n d  n u m b e r e d  b y  < < < < < 1

C Normal  PRINTED 0UTPUTS are  shown by  * * * * * l

C
C  L 0 0 P S  a r e  d e l  i m i t e d  b v  C . . . . .
C
c - - - - - - - - - - -

D T M E N S T 0 N  H E A D C ( 1 9 ) ,  X C ( 4 ) , Y C ( 4 ) ,  F M ( 2 0 ) , H M ( 2 0 )
D T M E N S T 0 N  F M X ( 2 0 ) ,  F M Y ( 2 0 ) ,  H M X ( 2 0 ) ,  H M Y ( 2 0 )
D T M E N S T 0 N  F o X ( 1 0 0 ) ,  H 0 Y ( 1 0 0 ) ,  F X X ( 5 0 ) ,  H X Y ( 5 0 )
D T M E N S T 0 N  F V (  1 s 0 )  ,  H T (  1 5 0 ) ,  F S (  1 2 0 ) ,  H S (  1 2 0 )
E Q U T V A L E N C E  ( F 0 X ,  F \ / ) ,  ( H 0 Y ,  H T ) ,  ( F X X , F V ( 1 0 1 ) ) ,  ( H X Y , H T ( 1 0 1 ) )

6 o o  F 0 R M A T  ( ' r r 0 N 0 G R A M ' 1 3 , / / t s A 4 , ' D r p ,  F B ,  s T A R T  = '  5 F 7 . 2  )
9 0 1  F O R M A T  (  r 4 , 1 9 A 4 )
902 FoRMAT (20F4.0)
9 0 4  F O R M A T  (  1 2 F 5 . 0  )
9 0 7  F 0 R M A T  ( ' 0 * ' , 6 F 6 . 2 , 4 X , 6 F 6 . 2 , 4 X , 6 F 6 . 2 , 4 X , 2 F 6 . 2 )
9 0 8  F 0 R M A T  ( 1 2 F 5 . 2 )
9 0 9  F 0 R r " r A T  ( / 1 H 0 , A 5 , r z F 1 0 . 3 / ( 6 X , 1 2 F 1 0 . 3 ) )
9 1 0  F 0 R M A T  ( 1 H 0 , i 4 , I X ,  A 7 , '  P 0 T N T S  D I G I T i Z E D  A N D  D T S K E W E D ' / )
9 1 2  F O R M A T  (  6 (  F 7 . 3 , F 8 . 2 , 5 X )  )
9 9 0  F O R M A T ( / / 9 X ' > > > > >  D 0  Y O U  | i I S H  T 0  S A V E  T A P E T  F O R  P L 0 T T I N G  < . " ' )

N D I M  =  1 5 0
I O N  =  0

c/ //  /  /  /  /  /  / /  /  /  /  /  /  /  /  /  /  /  / /  /  / /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  / / /  /  /  /  /  /  / / /  /  /

C  ( A ) .  S T A R T  0 F  N E l . l  I 0 N 0 G R A M : -
C  ( 1 ) .  R e a d  c o m m e n t s
c
1 0  R E A D  ( 6 , 9 0 1 )  I E X I T ,  H E A D C  < < < < < 1

r F  ( r E X r T . E Q . 0 )  P R r N T  9 9 0
I F  ( t E X I T . E Q . 0 )  S T O P ' * A L L  D o N E * '

I 0 N = l 0 N + 1
c - - - - - - - - - - -
C  ( 2 ) .  R e a d  d i p  a n g l e ,  g y r o f r e q u e n c y ,  d e f a u l t  s t a r t i n g  h e i g h t  a t  0 . 5  M H z .
C  T h i s  d e f a u l t  h e i g h t  i s  u s e d  i f  n o  s u i t a b l e  X - r a y  d a t a  a r e  p r o v i d e d .
c

R E A D  ( 6 , 9 0 4 )  D I P ,  F B ,  S T A R T  < < < < < 2

^  P R I N T  9 O O ,  I O N ,  H E A D C ,  D I P ,  F B ,  S T A R T  * * * * * I

C  ( 3 ) .  R e a d  i n  t h e  v a l u e s  o f  t h e  v i s i b l e  f r e q u e n c y  m a r k e r s ,  t o  b e  s c a l e d .
C  c o u n t  t h e  f r e q u e n c y  m a r k e r s ,  a n d  l i s t .

R E A D  ( 6 , 9 0 2 )  ( F M ( r ) , r  =  1 , 2 0 )  < < < < < 3
0 0 2 0  I = 1 , 2 0

2 0  r F  ( F M ( r ) . E Q . o . o )  c o  r 0  2 2
2 2  N F M = l - 1

P R I N T  2 4  ,  ( F M ( I ) ,  I  =  I ,  N F M )  * * * * * 2

2 4  F O R M A T  ( ' o F R E Q .  M A R K E R S '  , 2 0 F 6 . 1 )

i  ( q ) .  n e a a  i n  t h e  v a l u e s  o f  t h e  h e i g h t  m a r k e r s  t o  b e  s c a l e d .

R E A D  ( 6 , 9 0 2 )  ( H M ( r ) ,  r  =  1 , 2 0 )  < < < < < 4
D 0  3 0  r  =  2 ,  2 0

3 0  r F  ( H M ( r ) . E Q . 0 .  )  G 0  T 0  3 5
3 5  N H M = l - 1

P R I N T  4 0 ,  ( H M ( l ) ,  I  =  1 ,  N H M )  * * * * * 3

4 0  F O R M A T  ( ' O H E I G H T  M A R K R S '  , 2 0 F 6 . 1 )
c/ / / /  /  / /  /  /  /  /  / /  /  /  /  /  /  / /  /  /  /  /  / / /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /

C  B E G I N  S C A L I N G
C
C  ( B ) .  R E A D  T H E  P O S I T I O N S  O F  T H E  F O U R  C O R N E R S  O F  T H E  I O N O G R A M
C - - - - - - -  ( X , Y ;  c l o c k w i s e  f r o m  b o t t o m  l e f t ) .
C

C  
R E A D  ( 6 , 9 0 8 )  ( X C ( l ) ,  Y c ( I ) ,  I  =  I , a )  < < < < < 5

C - - - - - - -  R e a d  i n  t h e  f r e q u e n c y  m a r k e r  p o s i t ' i o n s  -  m a x  6  p o i n t s  p e r  f  i n e .
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R E A D  ( 6 , 9 0 8 )  ( F M X ( r ) , F M Y ( r ) ,  r  =  1 , N F M ) ,  E N D
C
C - - - - - - -  R e a d  i n  t h e  h e i g h t  m a r k e r  p o s i t i o n s .

R E A D  ( 6 , e 0 8 )  ( H M X ( r ) , H M Y ( r ) ,  r  =  1 , N H M ) ,  E N D

<<<<<6

<<<<<7
D e s k e w  c o r n e r s  a n d  m a r k e r s

x c 1  =  x c ( 1 )
Y C 1  =  Y C ( 1 )

C A L L  D E S K E W  (  O ,  X C ,  Y C )
C A L L  D E S K E l ^ l  ( N F M ,  F M X ,  F M Y )
C A L L  D E S K E t ^ l  ( N H M ,  H M X ,  H M Y )

c /  /  /  / /  /  /  /  / / /  /  /  /  /  / / /  /  / / i  /  / /  /  / / / /  /  / / / /  /  /  / / / / / / /  / / / /  /  /  / / / / / / / / / / / / / / / / / / /  / / / /
C
C
C
C
C

( C ) .  R E A D  I N  T H E  O  R A Y  V I R T U A L  H E I G H T S  A N D  F R E Q U E N C I E S

T e r m i n a t e  e a c h  l a y e r  a t  c o r n e r  2  i f  F C  i s  n o t  s c a l e d ,
o r  a t  c o r n e r  3  i f  F C  i s  s c a l e d .

N l  =  1
c . . . . .
1 0 0  N 6  =  N 1 + 5

R E A D  ( 6 , 9 0 8 )  ( F O X ( r ) , H O y ( r ) ,  r  =  N 1 , N 6 )
N 1  =  N 1 + 6
r F  ( F O x ( N 6 ) . G T . X C 1 . 0 R . H O Y ( N 6 ) . G T . Y C l )  G 0  T 0  1 0 0

c . . . . .
C A L L  D E S K E l . J  ( N 6 ,  F O X ,  H O Y )

C
C  C o u n t  t h e  n u m b e r  o f  o - r a y  p o i n t s
C .  .  .  .  .  S e t  z e r o s  a t  l  a y e r  t e r m i  n a t i  o n s .

D 0 1 5 0  I = 1 , N 6
F  =  F O X ( r )
H  =  H o Y ( r )

r F  ( F . L T . X C ( 1 ) . A N D . H . L T . y C ( 1 ) )  G 0  T 0  2 0 0
r F  ( F . L T . x C ( 2 ) . A N D . H . G T . y C ( 2 ) )  F O x ( r )  =  0 .
r F  ( F . c T . X C ( 3 ) . A N D . H . c T . y C ( 3 ) )  H O y ( r - 1 )  =  0 .

1 5 0  C O N I I N U E
c . . . . .
c E N D  o f  a l l  0 - r a y  d a t a ;  a d d  a n o t h e r  z e r o .
200 FOx ( r =  0 . 0

H O Y ( r )  =  0 . 0
I = l + 1
F O x ( r )  =  0 . 0
H O Y ( r )  =  0 . 0
N O P = I

L I S T  s c a l e d  a n d  d e s k e w e d  0 - r a y  d a t a
P R I N T  9 1 0 ,  N O P ,  ' O - R A Y ' * *  * * *  4

c
p R r N T  9 1 2 ,  ( F 0 X (  r  ) ,  H O y (  r  )  ,  r  =  1 ,  N O P )  * * * * * 5

c/ /  / / /  /  / / /  /  /  /  / /  / / /  /  / / / /  / / /  /  / /  /  / /  /  /  /  /  / /  /  /  / /  / / / / /  /  /  / / / / /  /  / / / / /  /  / / /  /  / / / /  / /  / / /
C

<<<<<8

r r ( r r 9

C
C
C

N 1  =  1
c . . . . .
3 0 0  N 6  =  N 1 + 5

R E A D  ( 6 , e 0 8 )  ( F X X ( r ) ,  H X y ( r ) ,  r  =  N 1 , N 6 )
N 1  =  N 1 + 6
r F  ( F X X ( N 6 ) . G T . X C 1 . 0 R . H X Y ( N 6 ) . G T .  Y C 1 )  G 0  T 0  3 0 0

c . . . . .
C A L L  D E S K E l i  (  N 6 ,  F X X ,  H X Y  )

C
C  C o u n t  t h e  n u m b e r  o f  X - r a y  p o i n t s
C . . . . .  S e t  z e r o s  a t  l a y e r  t e r m i n a t i o n s .

-  1 ,  N 6

( D ) ,  R E A D  I N  T H E  X - R A Y  V I R T U A L  H E I G H T  D A T A .

A t  l e a s t  o n e  l i n e  i s  n e c e s s a r y  h e r e  ( o f f - s c a l e  p o i n t )

D0 350
F  =  F X X (
H  =  H X Y (

r F  ( F . L T . X C ( 1 ) . A N D . H . L T . Y C ( 1 )
r F  ( F .  L T .  X C ( 2 ) . A N D .  H .  G T .  Y C ( 2 )
r F  ( F .  G T .  X C ( 3 ) . A N D . H .  G T .  Y C ( 3 )

GO TO 3BO
F X X ( r )  =  0 .
H X Y ( r - 1 )  =  0 .

3 5O CONT I  NUE
c . . . . .
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P R I N T  9 1 0 ,  N X P ,  ' X - R A Y '
p R r N T  9 1 2 ,  ( F X X ( r ) ,  H X Y ( r ) ,  r  =  l ,  N X P )
P R I N T  9 1 0

c/ / /  / / / / / / / / /  /  /  / / / /  / / / /  / /  / / /  /  /  / / /  /  /  / /  /  /  / /  / / /  /  / / /  /  / /  / / /  /  /  / / / / / / /  / / /  /  / / / / / / /
c
C  ( E ) .  A L L  D A T A  H A S  B E E N  R E A D  I N  A N D  D E S K E W E D .
C  C o n v e r t  t h e  0  a n d  X  r a y  p o s i t i o n s  t o  f r e q u e n c i e s  a n d  h e i g h t s
C  u s i n g  4 - p o i n t  i n t e r p o l n  i n  m a r k e r  p o s i t i o n s .  P r e s e r v e  z e r o s .
c

C
3 8 0  F X X ( r )  =  0 . 0

H X Y ( r )  =  0 . 0
N X P = I

c

C
C A L L  ] N T E R P  ( - N F M ,  F M X ,  F M  )
C A L L  I N T E R P  (  N O P ,  F O X ,  F O X )
C A L L  i N T E R P  (  N X P ,  F X X ,  F X X )

C
C A L L  I  N T E R P  ( - N H M ,  H M Y ,  H I ' l  )
C A L L  I N T E R P  (  N O P ,  H O Y ,  H O Y )
C A L L  I N T E R P  (  N X P ,  H X Y ,  H X Y )

c

410

E N D  o f  a l l  X - r a y  d a t a ;  a d d  a n o t h e r  z e r o .

L I S T  s c a l e d  a n d  d e s k e w e d  X - r a y  d a t a .
* * * * *6
** * * *7

*****B

*** * *  9

f r e q u e n c i  e s  (  I  o g  1  n t e r p o l  a t  i  o n  )

h e i  g h t s

P R I N T  4 1 0
F O R M A T  ( ' O  C O N V E R T E D  T O  F R E Q U E N C Y  A N D  H E I G H T . ' / )  * * * * * B
p R r N T  e 1 2 ,  ( F O X ( r ) , H O Y ( r ) ,  r = 1 , N O P )
P R I N T  9 1 2
P R I N T  9 1 2 ,  ( F X X ( I ) , H X Y ( l ) ,  I = 1 , N X P )

c/ /  / / / / /  / / / / /  /  /  / / / /  / / / / / /  / / / / / / /  / / / / /  / / /  / / /  / / /  /  / /  /  /  /  / / /  /  / /  / / /  / / /  /  / / /  /  / / / / /
C
C  ( F ) .  A R R A N G E  T H E  S C A L E D  P O I N T S  I N  T H E  O R D E R  R E Q U I R E D  B Y  P O L A N .
C  A r r a y  p o s i t i o n s  a r e  N M  i n  c o m b i n e d  d a t a ,  N O V  i n  0 - d a t a ,  N X V  i n  X - d a t a .

N M  = 1
N O V = 1
N X V = i

C - - - - - - - - - - -  S T O R E  X - r a y  p o i n t s ,  l e s s  f i n a l  n u l  l
5 0 0  F c x  =  0 .

r F  ( N X V . G E . N X P )  G 0  T 0  5 5 0
c . . . . .

D 0  5 2 0  I  =  N X V ,  N X P
F S ( N M )  =  - F X X ( r )

)
c0 T0 540
G0 T0 530

H S ( N M )  =  H X Y (
r F  ( F X X ( r ) . E Q . 0 .
r F  ( H X Y ( r ) . E Q . 0 .

5 2 0  N M = N M + 1
c . . . . .
c
5 3 0  F C X  =  F X X ( r )
5 4 0  N X V = I + 2
c
c - - - - - - - - - - -
c . . . . .
5 5 0  D 0  5 6 0  r  =  N O V ,  N O P

F S ( N M )  =  F O X ( r )
H S ( N r 4 )  -  H O Y ( r )

N t 4 = N M + 1
r F  ( F o x ( r ) . E Q . 0 . )  G 0  T 0  5 8 0

5 6 0  r F  ( H O Y ( r ) . E Q . 0 . )  G 0 T 0 5 7 0
c . . . . .
C  D e l e t e  n u l  I  a f t e r  s c a l e d  F C
570 I  =  I  +  1
5 8 0  N O V = l + 1

H S ( N M - l )  =  0 .
r F  ( F C X - . 5 * F B . L T . F S ( N M - 2 ) )  G 0  T 0  5 9 0

F S ( N M )  =  F C X
H S ( N t " l )  =  0 .
N M = N M + 1

5 9 0  r F  ( H o Y ( N O V ) . N E . 0 . 0 )  G 0  r 0  5 0 0

END DATA
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F S ( N M )  =  6 . s
H S ( N M )  =  0 . 0

c/  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  /  / /  /  /  /  /  /  /  /  /  /  /  /  /  /  / / /  /  /  /  / /  /  /  /  /  /  /  /  / /
C
C  ( G ) .  L I S T  A N D  A N A L Y Z E
C

P R I N T  9 0 9 ,  ' F R E Q  
,  ( F S ( I ) ,  I  =  1 ,  N M )  * * * * 1 0

P R I N T  9 0 9 ,  ' H V I R T  
,  ( H S ( i ) ,  I  =  1 ,  N M )  * * * * 1 0

P R I N T  9 1 0
c
C  W r i t e  o u t  t h e  d a t a  t o  U N I T T  f o r  p l o t t i n g  p u r p o s e s

l ^ J R r T E  ( 7 , 9 8 0 )  N M ,  H E A D C
r , J R r r E  ( 7 , s 8 l )  ( F S ( t ) , H S ( r ) , r  =  1 , N M )

c . . . . .
D0 940  I  =  1 ,  NM
F V ( r )  =  F S ( r )

e 4 0  H T ( r )  =  H S ( r )
c . . . . .

N  =  N D I M
A M O D E  =  O . O

c - - - - - - - - - - -
c A L L  P O L A N  ( N ,  F V , H T ,  F B ,  D I p ,  S T A R T ,  A M o D E ,  0 . ,  0 )

C
P R I N T  9 0 9 ,  ' F R E Q  ' ,  ( F V ( l ) ,  I  =  I ,  N )  * * * * 1 1
P R I N T  9 0 9 ,  ' H R E A L ' ,  ( H T ( l ) ,  I  =  1 ,  N )  * * * * 1 1

C
t | l R r T E  ( 7 , 9 8 0 )  N
I ^ I R I T E  ( 7 , 9 8 1 )  ( F V ( l ) ,  H T ( I ) ,  I  =  I ,  N )

e 8 0  F o R M A T  (  r 4 , 1 9 A 4 )
9 8 1  F O R M A T  ( 6 ( F 6 . 2 , F 6 . 1 ) )
c
C RETURN FOR NEXT IONOGRAM

G0 T0 10
END

suBRouTrNr  DESKE l . J  (N ,  X ,  Y )
c
C  T o  d e s k e w  c o o r d i n a t e s  i n  a n  a r b i t r a r y  q u a d r i l a t e r a l  f r a m e .
c - - - - - - - - - - -
C ( A ) .  - ' *  I N I T I A L I Z E  * ' -
C  A T  N  =  0 : -  X ( 1 ) , Y ( 1 )  t o  X ( 4 ) , Y ( 4 )  g i v e  t h e  c o o r d i n a t e s  o f  t h e  f o u r
C  c o r n e r s  o f  t h e  q u a d r i l a t e r a l ,  c l o c k w i s e  f r o m  t h e  b o t t o m  l e f t .
c - - - - - - - - - - -
C ( B ) .  - ' *  D E S K T W  * ' -
C  AT  N  g rea te r  t han  0 : -  Deskew N  coo rd ina tes  i n  t he  a r rays  X ,  Y .
a = = = = - = = =  -

D r M E N s r 0 N  x ( 9 ) ,  Y ( 9 )  ,  Z ( 4 )
D A T A  X l , X 2 , X 3 ,  Y i , Y 2 , Y 3  /  6  *  0 . 0  /

N N = N
r F  ( N . G T . 0 )  G 0  T 0  6 0

c - - - - - - - - - - -
C ( A ) .  N = 0 ;  c a l c u l a t e t h e d e s k e w c o e f f i c i e n t s

x 1  =  x ( 1 )
Y 1  =  Y ( 1 )
x 2  =  ( Y ( 4 ) - Y 1 )  /  ( x ( 4 ) - x l )

C
D 0 2 0 I = 2 , 4

2 0  z ( r )  =  Y ( r )  -  Y l  -  x 2  * ( x ( r )  -  x l )
Y 2 = ( x ( 2 ) - x r ) / t ( 2 )
2 3 = x ( 3 ) - x l - Y 2 * Z ( 3 )
z 4 = x ( 4 ) - x 1 - Y 2 * Z ( 4 )
x 3 = ( 1 . - z ( 2 ) / z ( 3 ) ) t z t
Y 3  =  ( 2 3  -  Z 4 )  / ( Z ( 2 )  *  7 3 )

c
N N = 4

c - - - - - - - - - - -
C ( B ) .  N  >  0  ;  d e s k e w  t h e  a r r a y s  X ( N ) ,  Y ( N ) .
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c . . . . .
6 0  D 0 B 0  I = 1 , N N

B  =  Y ( r )  -  Y l  -  x 2  *  ( X ( r )  -  X l )
A = X ( r ) - X l - Y 2 * B
Y ( l )  -  B  -  X 3  *  A  *  B

B 0  x ( I ) = A - Y 3 * A * Y ( l )
c . . . . .

RE TU RN
E N D

S U B R O U T I N E  I N T E R P  ( M ,  X ,  Y )
c
C  T o  o b t a i n  t r u e  v a l u e s  o f  t h e  v a r i a b l e  Y ,  b y  i n t e r p o l a t i n g  t h e
C  c o r r e s p o n d i n g  s c a l e d  o r d i n a t e  X  i n  a  p r e v i o u s ) y  g i v e n  m a r k e r  a r r a y .
C  * * * *  U s e s  4 -  t e r m  p o l y n o m i a l  i n t e r p o l a t i o n .
C  * * * *  R e q u i r e s  a  m i n i m u m  o f  2 ,  b u t  p r e f e r a b l y  4 ,  m a r k e r  p o i n t s  * * * *

C  * * * *  Z e r o s  a r e  n o t  a l t e r e d .
c - - - - - - - - - - -
C  U S E :  -
C  A T  M  N E G A T I V E ,  X  i s  a n  a r r a y  o f  N  s c a l e d  o r d i n a t e s ,  c o r r e s p o n d i n g
C  t o  t h e  N  r e f e r e n c e  m a r k e r  v a l u e s  g i v e n  i n  Y ( 1 )  t o  Y ( N )
c - - - - - -
C  A T  M  P O S I T I V E ,  X ( 1 )  t o  X ( N )  g i v e  s c a l e d  o r d i n a t e s ,
C  Y (  1  )  t o  Y ( N  )  r e t u r n  t h e  c o r r e s p o n d i  n g  i  n t e r p d  v a l  u e s .
c===========
C  T h e  a r r a y  D ( 9 9 )  s t o r e s  t h e  r n a r k e r  p o s i t i o n  ( X ) ,  i t s  v a l u e  ( Y ) ,
C  a n d  c o r r e c t e d  d i f f e r e n c e s  f o r  e a c h  i n t e r v a l .

^  D T M E N S T 0 N  x ( 2 0 ) ,  Y ( 2 0 ) ,  D ( e s )

D A T A  D ,  N M l ,  N M 2 ,  L o G  /  9 9 *  0 . 0 ,  3 *  0  /
c

N  =  I A B S ( M )
r F  ( M . G T . 0 )  G 0  T 0  1 0 0

N M l = N - i
N M 2 = N - 2
L O G = 0
1 5  ( Y ( N M l ) . 1 T . 1 0 0 .  . A N D .  Y ( N M l ) . G T . 0 . )  L O G  =  I

a===========
C ( A ) .  M  N E G A T I V E : -  S t o r e  m a r k e r  d a t a  a n d  i n t e r p o l a t i o n  t a b l e .
C

J S =  N + N M l
K S = J S + N M z
L S = K S + N M 2 - 1
D ( K S + 3 )  =  0 .  F O R  M  = 2

D ( L S + 4 )  =  6 .  F O R  M  = 3

c . . . . .
D 0  5 0  I  =  i ,  N

D ( r )  =  x ( r )
D ( N + I )  =  Y ( t )
r F  ( L o G . E Q .  l )  D ( N + r )  =  A L o G ( Y ( l ) )

r F  ( r . L T . 2 )  G 0  T 0  5 0
J = J S + l
D ( J )  =  ( D ( N + l )  -  D ( N M l + I ) )  / ( D ( I )  -  D ( l - 1 ) )

r F  (  r  .  L T . 3 )  G 0  T 0  s 0
K = K S + I
D ( K )  =  ( D ( J )  -  D ( J - 1 ) )  /  ( D ( r )  -  D ( r - 2 ) )

r F  ( r . L T . 4 )  G 0  T 0  5 0
L = L S + l
D ( L )  =  ( D ( K )  -  D ( K - r ) )  /  ( D ( I )  -  D ( I - 3 ) )

50  CONTINUE
c . . . . .

RE TURN
r  - - - - - - - - - - -

C ( B ) .  M  P 0 S I T I V E : -  I n t e r p o l a t e  X ( l )  i n  t h e  s t o r e d  a r r a y  D ( l )
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C  T h e  r e s u l t  i s  r e t u r n e d  i n  y ( l )  l w h i c h  m a y  e q u a l  X ( t ) lc . . . . .
1 0 0  D 0 2 5 0  J = 1 , N

A X  =  X ( J )
Y Y = A X
r F  ( A X . E Q . 0 . 0 )  G 0  T O  2 5 0

C  l i n d  i n t e r p o l a t i o n  s e g m e n t  I N T
I N T  -  2
D0 150 I = ?, Nt42

1 5 0  r F  ( A X . G T . D ( r ) )  r N T  =  r
C  c a l c u t a t e  y ( J )

I M T = I N T + 2  T 9 p X V A L

N S  =  N M l  * 4  +  I N T
Y Y  =  D ( N S )

N M 3 =  N M i  -  2
c . . .

D 0  2 0 0  r  =  1 ,  3
N S = N S - N M 3 - I

2 0 0  Y Y  =  Y Y *  ( A X  -  D ( r M T - j )  )  +  D ( N S )
c . . .

r F  ( L O G . E Q . 1 )  Y Y  =  E X P ( Y Y )
2 5 0  Y ( J )  =  Y Y
c . . . . .

RETURN
E N D

1 6 0


