
APPENDIX G. STANDARD TEST DATA AND RESULTS

G.1 The na in l ine  program POLRUN

T h e  p r o g r a m  P 0 L R U N  l i s t e d  b e l o w  i s  d e s i g n e d  t o  r e a d  d a t a  j n  B 0 - c o l u m n  f o r m a t ;  l i s t  h e a d i n g s  a n d
v i r t u a l  h e i g h t s ;  r u n  P O L A N ;  a n d  l i s t  t h e  c a l c u l a t e d  r e a l  h e i g h t s .  A  n u m b e r  o f  s p e c i a l  f a c i l i t i e s  a r e
a l s o  b u i l t  i n ,  p r i m a r i l y  f o r  u s e  i n  r e p e a t e d  r u n n i n g  o f  t e s t  d a t a  w i t h  d i f f e r e n t  m o d e s  o f  a n a l y s i s  o r
d i f f e r e n t  s t a r t  c o n d i t i o n s .  I n p u t  c o n s t a n t s  w h i c h  i n v o k e  t h e s e  f a c i l i t i e s  a r e  o u t l i n e d  i n  t h e  p r o g r a m
c o m m e n t s ,  a n d  t h e  s h o r t e n e d  o r  " f a s t - l o o k "  o u t p u t  i s  d e s c r i b e d  i n  s e c t i o n  G . 2 . 2 .

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

c * * *  P 0 L R U N  * * *  M A I N L I N E  F O R N ( H )  A N A L Y S I S U S I N G ' P 0 L A N
c  F e b  1 9 8 5 .
c  R e a d  (  1 ) :  f i e l d  ( a n d  s t a t i o n  h e a d i n g ) ;
c  R e a d  ( 2 ) :  d a t a ,  d a t a ,  d a t a ,
c
c  T h e  d a t a  f o r  e a c h  i o n o g r a m  t e r m i n a t e s  w i t h  a t  l e a s t  t w o  z e n o  v a l u e s  o f
c  h e i g h t .  D a t a  f o r  t h e  f o l l o w i n g  i o n o g r a m  t h e n  b e g i n s  o n  t h e  n e x t  l i n e .
c  U s e  1  b l a n k  l i n e  t o  r e r e a d  a  s t a t i o n , f i e l d  l i n e  ( 1 ) ;  2  b l a n k s  t o  e x i t .
i - - - - - - - - - - -

c - - - - - - - -  E x t e n s i o n s  l ' l a r  8 5 .
c  S e t  t h e  F I R S T  a m o d e  - v e  t o  u s e  a  c o n s t a n t  v a l u e  o f  a m o d e  t h r o u g h o u t  t h e  r u n .
c
c  S e t  a  f i n a l  p a r a m e t e r  B M 0 D E  t o  l o o p  d a t a  w i t h  m o d e s  =  a m o d e  t o  b m o d e .
c
c - - - - - - - -  I n i t i a l  d a t a  l i n e  w i t h  F H  =  9 .  g i v e s  q u i c k - c h e c k  w i t h o u t  d a t a  l i s t s ;
c  t h e n  F H  = - 9 .  r e v e r t s  t o  n o r m a l  o u t p u t .
c
c - - - - - - - -  S e t  S T A R T  >  2 0 0 .  t o  u s e  t h e  v a l u e  S T A R T - 2 0 0  f o r  a l l  f o l l o w i n q  r u n s .
c - - - - - - - - - - -  - - - - - - - -

D I M E N S I 0 N  H E A D ( 2 5 ) , F V ( 1 2 0 ) , H T ( 1 2 0 ) ,  f s ( 1 2 0 ) , h s ( 1 2 0 )
B Y T E  D A T (  9 )
CALL DATE (DAT)
b m o d e =  0 .
c m o d e =  0 .
m o d  i n =  0
s t a c o n =  0 .

f a s t  =  0 .
g o  t o  1 0 0

t d 5 L  
-  

l .

R E A D  I 2 0 ,  H E A D ,  F H , D I P ,
F 0 R M A T  ( 2 5 A 1 ,  4 F 5 . 0 ,  r 5 ,
amod 1= amode

r p r d  ( 1 )

10

20
c
100
r20

000 i
000  2
000 3
0004
000 5
0006
0007
0008
0009
00 10

0 0 1 1
00  12
00 i3
0 0 i 4
00  16
00  18
00 20
0022
0023

002s
0027
0028
00 30
003 i
0033
00 34

c
0 0 3 5  2 0 0  i  f  (  c m o d e .  e q . 0 .  )  a m o d e =  a m o d  1
0 0 3 7  N H  =  - 3

r e a d  f i e l d  a n d  m o d e
A l ' 4 0 D E ,  V A L L E Y ,  L I S T ,  b m o d e

F 5 . o )

r e a d  d a t a

1 6 1

i f  ( f h . e q .  9 .
i f  ( f h . e q . - 9 .
r F  ( F H . E Q . 0 .  )

i

go to 20
go to 10

STOP
( m o d i  n .  e q . 0 .  a n d .  a m o d e .  I  t . 0 .  )  c m o d e =  - a m o d e c o n s t a n t

m o d i  n =  m o d  i  n + 1
' i f  ( c m o d e . g t . 0 .  )  a m o d e =  c m o d e

c
i  f (  f a s t .  g t .  1 .  )  p r i  n t  1 5 0

1 5 0  f o r m a t (  t h  ,  6 0 (  t h -  )  )
i f  ( f a s t . l e . 1 .  )  P R I N T  1 4 0 ,  D A T

1 4 0  F O R M A T  ( 1 H 1 , 7 X , ' P  0  L  A  N  0 F  A P R I L  1 9 8 5 . '  , 6 7 X , 9 A 2 )
i f  ( f a s t . e q . 1 . ) p r i n t * , ' ( ( ( ( (  F  A  S  T  L  0  0  K  R  U  N

P R I N T  1 6 0 ,  H E A D ,  F H , D I P ,  A M 0 D E ,  V A L L E Y ,  L I S T ,  b m o d e
i 6 0  F O R M A T  ( 1 H 0 , 2 5 A 1 , 5 X ,  ' F H  = ' , F 5 . 2 , s X ,  ' D I P  = ' , F 6 . 1 , 5 X ,

1  ' A M O D E  = ' , F 6 . 2 , 5 X ,  '  V A L L E Y = ' , F 6 . 2 ,  '  L I S T  = ' ,  I 3 , f B . 1 )



0 0 3 8  R E A D  2 2 0 ,  H E A D , S T A R T ,  ( F V ( l ) , H T ( I ) ,  I = 1 , 5 )  r e a d ( 2 ) -
0 0 3 9  2 2 0  F 0 R M A T  ( 2 s A i ,  F s . 3 , 5 ( F 5 . 3 , F 5 . 2 )  )
0 0 4 0  r F  ( F V ( 1 ) . E Q . 0 . )  G 0  T 0  1 0 0
0 0 4 2  i f  ( s t a r t . g t . 2 0 0 .  )  s t a c o n =  s t a r t - 2 0 0 .
0 0 4 4  i f  ( s t a c o n  . S t .  0 . )  s t a r t =  s t a c o n
0 0 4 6  P R I N T  2 4 0 ,  H E A D ,  S T A R T
0 0 4 7  2 4 0  F 0 R M A T  ( 1 H 0 , 2 5 A 1 , 4 X , ' S T A R T  = ' F 7 . 3 )
0048 300 NH = NH+8
0 0 4 9  I F ( F V ( N H ) + H T ( N H ) . E Q . 0 . . o r . f v ( n h ) . e q . - 1 . . 0 R . N H . G T . 1 1 3 )  G 0  T 0  3 8 0  e n d
0 0 5 1  R E A D  3 2 0 ,  ( F V ( I ) , H T ( 1 ) ,  I = N H + l , N H + B )  - r " e a d ( Z )
0 0 s 2  3 2 0  F 0 R M A T  ( B ( F s . 3 , F 5 . 2 ) )
0053 G0 T0 300

c  l ' i  s t  d a t a .
0 0 5 4  3 8 0  i f  ( f a s t . e q . 0 .  )  g o  t o  4 0 0
0 0 5 6  f a s t  =  f a s t + l .
0 0 5 7  l i s t =  0
0058 go  to  450
0 0 5 9  4 0 0  L = 1
0 0 6 0  4 2 0  M  =  M I N 0 ( N H ,  L + 1 5 )
0 0 6 1  P R I N T  5 2 0 ,  ' 0 F R E Q ' ,  ( F V ( l ) ,  I = L , M )
0 0 6 2  P R I N T  5 2 0 ,  '  V I R T ' ,  ( H T ( l ) ,  I = L , M )
0063 L  =  M+l
0 0 6 4  r F  ( L . L E . N H . A N D . ( F V ( M - 1 ) . N E . 0 . . 0 R . F V ( M ) . N E . 0 . ) )  G 0  T 0  4 2 0
0 0 6 6  P R I N T  5 2 0

c  s a v e  o a t a
0 0 6 7  d o  4 3 0  i  =  I ,  1 2 0
0 0 6 8  f s ( i ; =  1 u 1 i ;
0 0 6 9  4 3 0  h s ( i ) =  h t ( i )

c - - - - - - - - - - -  - - - a n a l y s i  s
c

0 0 7 0  4 5 0  i f  ( b m o d e . n e . 0 .  )  p r i n t  4 8 0 ,  a m o d e
0 0 7 2  4 8 0  f o r m a t  ( ' 0 # # # #  A n a l y s e d  w i t h  m o d e  = '  ,  t 6 . L , / )
0 0 7 3  N = 1 2 0
O O 7 4  C A L L  P O L A N  ( N , F V , H T ,  F H , D I P ,  S T A R T ,  A M O D E ,  V A L L E Y ,  L ] S T )

c
c  o u t D u t

0 0 7 5  i f  ( f a s t . g e . 1 .  )  p r i n t  1 5 0
0 0 7 7  i f  ( f a s t . g e . 1 . )  g o  t o  2 0 0
0 0 7 9  L = 1
0 0 8 0  5 0 0  M  =  M I N 0 ( N + 2 ,  L + 1 5 )
0 0 8 1  p R r N T  5 2 0 ,  ' 0 F R E Q ' ,  ( F V ( r ) ,  r = 1 ,  M )
0 0 B Z  P R I N T  5 2 0 ,  '  R E A L '  ,  ( H T (  I  ) ,  I = 1 ,  M )
0 0 8 3  5 2 0  F 0 R M A T  ( A 5 ,  F 7 . 3 , 7 F 8 . 3 ,  1 X , 8 F 8 . 3 )
0084 L  =  M+l
0 0 8 5  I F  ( L . L E . N + 1  . a n d . f v ( m ) . n e . - 1 . . a n d . f v ( l  ) . n e . - 1 .  )  G 0  T 0  5 0 0

c
0 0 8 7  i  f  (  b m o d e .  n e . 0 .  .  a n d .  a m o d e .  I  t .  b m o d e  )  g o  t o  6 0 0
O O 8 9  P R I N T  5 6 0
0 0 9 0  5 6 0  F 0 R M A T  (  1 H 0 , 1 3 2 (  ' = '  

)  )
0091 G0 T0 200

c  l o o p  w i t h  m o d e  +  I
0092 600 do  620 i=  1 ,  120
0 0 9 3  f v (  i  ) =  f s (  i  )
0 0 9 4  6 2 0  h t (  i  ) =  h s (  i  )
0095 amode= amode+ l
0096 go  to  450

c
O O 9 7  E N D

162



G.2 STANDARD TEST DATA AND FAST-LOOK OUTPUT

I h e  d a t a  l i s t e d  b e l o w  a r e  u s e d  a s  i n p u t  f o r  t h e  m a i n l i n e  p n o g r a m  P 0 L R U N .  T h e y  d e f i n e  a  n u m b e r
o f  m o d e l  i o n o g r a m s  w h i c h  t e s t  m o s t  o f  t h e  d i f f e r e n t  s t a r t ,  p e a k  a n d  v a 1 l e y  p r o c e d u r e s  i n  P 0 L A N .  T h e
i n i t i a l  l i n e  (  F A S T  L 0 0 K  0 U T P U T ' )  i s  n o r m a l l y  o m i t t e d ;  w h e n  i n c l u d e d  i t  p r o d u c e s  a  s h o r t e n e d
p r i n t o u t  s u m m a r i s i n g  t h e  o v e r a l l  r e s u l t s  f o r  e a c h  1 a y e r .  F a s t - L o o k  o u t p u t  o b t a i n e d  f r o m  t h e  s t a n d a r d
t e s t  d a t a  j s  l i s t e d  i n  s e c t i o n  G . 3 . 2  b e l o w ,  a n d  t h e  n o r m a l  f u l l  o u t p u t  i s  d i s c u s s e d  i n  G . 3 .

F o r  n o r m a l  c a l c u ' l a t i o n s  t h e  f i r s t  d a t a  l i n e  g i v e s  a n  o v e r a l l  h e a d i n g  o r  s t a t i o n  i d e n t i f j c a t i o n ,
f o l l o w e d  b y  t h e  m a g n e t i c  f i e l d  c o n s t a n t s  F H  a n d  D I P ,  t h e  M o d e  o f  a n a l y s i s ,  a n d  ( o p t i o n a l )  V a l l e y  a n d
L i s t  p a r a m e t e r s .  F o l  l o w i n g  l i n e s  c o n t a i n  t h e  i o n o g r a m  d a t a  a s  ( f r e q u e n c y ,  h e j g h t )  p a i r s .  T h e  f i r s t
d a t a  l i n e  h a s  a  h e a d i n g  ( e . g . t h e  d a t e  a n d  t i m e  f o r  t h j s  i o n o g r a m )  a n d  a  v a l u e  f o r  t h e  p a r a m e t e r
S T A R T ,  f o l l o w e d  b y  5  d a t a  p o i n t s .  F o l l o w i n g  l j n e s  c o n t a i n  B  ( f r e q u e n c y , h e i g h t )  d a t a  p o i n t s  e a c h .
T h e  e n d - o f - d a t a  f o r  e a c h  i o n o g r a m  i s  s i g n a l l e d  b y  t w o  ( o r  m o r e )  z e r o  v i r t u a l  h e i g h t s .

D a t a  f o r  t h e  n e x t  i o n o g r a m  f o l l o w  i m m e d i a t e l y  i f  t h e  f i e l d ,  m o d e ,  v a 1 1 e y  a n d  l i s t  c o n s t a n t s  a r e
u n c h a n g e d  ( a s  f o r  i o n o g r a m s  1 4 ,  1 8 ,  . .  1 G  b e l o w ) .  A  b l a n k  l i n e  j n  t h e  d a t a  s e t  i n d i c a t e s  t h a t  f i e l d
c o n s t a n t s  a r e  t o  b e  c h a n g e d ,  a n d  a  n e w  l i n e  g i v l n g  F H ,  D I P ,  l , , l 0 D E ,  V A L L E Y  a n d  L I S T  p a r a m e t e r s  i s
r e a d  b e f o r e  i o n o g r a m  d a t a  c o n t i n u e s .  T w o  b l a n k  l i n e s  t e r m i n a t e  t h e  d a t a  f i l e .

T h e  f i r s t  d a t a  s e t ,  n u m b e r e d  ( 0 0 ) ,  p r o v i d e s  a  t e s t  o f  t h e  n e w  s i n g l e - p o l y n o m i a l  m o d e s  i n  P 0 L A N
w h i c h  u s e  a  s p e c i f i e d  n u m b e r  o f  r e a l - h e i g h t  c o e f f i c i e n t s  t o  r e p r e s e n t  e a c h  1 a y e r .  T h u s  M o d e  B 0
w o u l d  u s e  B  t e r m s  f o r  e a c h  1 a y e r .  T h e  v a l u e  M o d e  =  8 5  g i v e n  i n  t h e  t e s t  d a t a  s p e c i f i e s  B  r e a l
h e i g h t  c o e f f i c i e n t s  f o r  t h e  f i n a l  l a y e r ,  a n d  5  f o r  e a c h  p r e c e d i n g  1 a y e r .  L I S T  =  I  ( t h e  l a s t
p a r a m e t e r  o n  t h i s  l i n e )  c a u s e s  t h e  c a l c u l a t e d  r e a l - h e i g h t  c o e f f j c i e n t s  t o  b e  l  i s t e d  f o r  e a c h  1 a y e r .

T h e  s e c o n d  d a t a  s e t  ( 0 1 )  b e l o w  i s  a  s h o r t e n e d  v e r s i o n  o f  t h e  2 - l a y e r  m o d e l  ( 1 G ) ,  r u n  w . i t h  L I S T  -

2  t o  s h o w  q u i c k l y  a n y  m a j o r  e r r o r s  i n  t h e  o p e r a t i o n  o f  P O L A N .  F o l l o w i n g  d a t a  s e t s  ( 1 )  t h r o u g h  ( 5 )
d e m o n s t r a t e  a n d  t e s t  d i f f e r e n t  a s p e c t s  o f  t h e  a n a l y s i s ,  m o s t l y  w i t h  o n l y  t h e  n o r m a l  o u t p u t  l i s t i n g s .
T h e  u s e  o f  t h e s e  s e t s  i s  o u t l  i n e d  i n  s e c t i o n  G . 3 . 1 .

G.2.1 STANDARD TEST DATA FOR POLAN, AS READ BY THE IIAINTINE PROGRAI.I POLRUN

T o  n u n  t h i s  d a t a  i t  m u s t  b e  e n t e r e d  e x a c t l y  a s  s h o w n ,  i n c l u d i n g  b l a n k  l i n e s  a n d  w i t h  n u m e r i c a l
d a t a  i n  t h e  c o r r e c t  c o l u m n s .  V . i r t u a l  h e i g h t s  a r e  s h o w n  w i t h o u t  d e c i m a l  p o i n t s ;  t h e  5  d i g i t s  i n c l u d e
2  d e c i m a l  p l a c e s  a n d  a r e  r e a d  u s i n g  a n  F 5 . 2  f o r m a t .

Fas t  l ook  ou tpu t - ->  9 .0
(00 )  STNGLE-P0LYN0 i . | rALS .  - r . 2  20 .  85 .  0 .  1
( 4 8  X  V A L L E Y ,  m u c h  d a t a )  - 1 .  1 . 0  9 1 6 5  1 . 2  9 6 2 2  I . 6  1 0 0 2 ?  1 . 8  1 0 2 0 5  2 . 0  1 0 3 9 4
2 . 2  1 0 5 9 7  2 . 4  1 0 8 2 3  2 . 6  1 i 0 8 4  2 . 8  1 1 4 0 1  2 . 9  1 1 5 9 3  3 . 0  1 1 B l B  3 . 1  1 2 0 9 0  3 . 2  1 2 4 2 0
3 . 3  1 2 9 1 8  3 . 3 5 1 3 2 4 9  3 . 4  1 3 6 9 4  3 . 4 5 1 4 3 6 7  3 . 5  1 5 7 1 2  3 5 3 5  0 . 0 - 4 2 5 0 3 3 3 2 5 - 4 3 4 8 2 8 3 9 7

,  4447 26408- 45462535 1-4645247 40-  47 4424381-484324184 3.  6 27 600 3.7 247 B0 3.8 23682
3 . 9  2 3 1 1 3  4 . 0  2 2 7 9 9  4 . r  2 2 6 3 5  4 . 2  2 2 5 7 r  4 . 3  2 2 5 7 7  4 . 4  2 2 6 3 7  4 . 6  2 2 8 8 0  4 . 8  2 3 ? 5 0
5 . 0  2 3 7 2 3  5 . 2  2 4 2 9 5  5 . 3  2 4 6 0 0  5 . 4  2 4 9 6 8  5 . 5  2 5 3 3 3  5 . 6  2 5 7 5 7  5 . 7  2 6 1 5 0  5 . 8  2 6 6 8 6
5 . 9  2 7 2 0 0  6 . A  2 7 7 9 7  6 . 2  2 9 1 7 4  6 . 3  3 0 0 0 0  6 . 4  3 0 9 5 /  6 . 5  3 2 0 9 2  6 . 6  3 3 4 8 3  6 . 7  3 5 2 8 2
6 . 8  3 7 8 2 8  6 . 9  4 2 2 0 0  7  . 0

( 0 1 ) F I X E D  F H ;  T R A C E  L I S T 2  - 1 . 0  3 0 .  0 .  0 .  2
( iG )  E  +  F ;  N0  FC ' ,S  0 .  i 000  9700  130010100  170010700  2200 r r700  260013100
290015600  0 .0  0 .0  320028000  340026500  360026200  390026900  420028500  460032700
4900 4 I  800

( l )  STANDARD IEST  LAYERS -1 .0  30 .  0 .  0 .
(1A)  E  LAyER,MODEL START 90 .  100010000  120010200  150010500  180011000  2 i0011500
240012?00  260013000  280014100  295016500  3 .0

(18 )MODEL ABOVE EXTRApN.  100 .  100010000  120010200  150010500  180011000  210011500
240012200  260013000  280014100  295016500  3 .0

(1C)  S rART FN AT  90  KM.  0 .4  100010000  120010200  150010500  180011000  210011500
240012200  260013000  280014100  295016500  3 .0

(  1D)  E  CUSP ,  CONTTNUOUS 0 .  1000 i0000  120010200  150010500  180011000  210011500
240012200 260013000 2800i4100 295016500 300032000 320028000 340026000 360025000
380025000 410026500 430029000 450032000 470038000 490048000 5000

(  1E)E  CUSp ,DTSCONT.TNUOUS 0 .  100010000  i 20010200  150010500  180011000  210011500
240012200 260013000 280014100 295016500 3000-320.  320028000 340026000 360025000
380025000 410026500 430029000 450032000 470038000 490048000 5000

(  iF )  E  +  F ;  D IRECT START -1 .  100010000  120010200  150010500  180011000  210011500
240012200 260013000 280014100 295016500 3000 0 320028000 340026000 360025000
380025000 410026500 430029000 450032000 470038000 490048000 5000
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( iG )  E  +  F ;  N0  FC 'S  0 .  100010000  120010200  150010500  r80011000  210011500
240012200 260013000 280014100 2950i6500 0 320028000 340026000 360025000
380025000 410026500 430029000 450032000 470038000 490048000

( 2 )  V A L L E Y S .  -  1 . 0  3 0 .  O .  0 .
(24 )M0N0T0N1C (N0  \ /ALLY)  0 .  1000 i0000  120010200  150010500  180011000  210011500
240012200 260013000 280014100 295016500 3000 10.  320028000 340026000 360025000
380025000 410026500 430029000 450032000 470038000 490048000 5000

(2B)  D IRECT VALLEY CALCN 0 .  100010000  120010200  150010500  180011000  210011s00
240012200 260013000 280014100 295016500 3000 0.  320028000 340026000 360025000
380025000 410026500 430029000 450032000 4 i0038000 490048000 5000

(2C)40KM vALLEY;N0  FPEAK 0 .  100010000  i 20010200  1500 i0500  180011000  21001 i s00
240012200 260013000 280014100 295016500 3000 -8.  320028000 340026000 360025000
380025000 410026500 430029000 450032000 470038000 -1.

(2D)  MAXIMUM VALLEY.  0 .  100010000  120010200  150010500  180011000  21001 i500
240012200 260013000 280014r00 295016500 3000 5.  320028000 340026000 360025000
380025000 410026500 430029000 450032000 470038000 490048000 5000

(2E)  DEEP VALLEY 0 .  100010000  120010200  150010500  180011000  210011500
240012200 260013000 280014100 295016500 3000 -0.5 320028000 340026000 360025000
380025000 410026500 430029000 450032000 470038000 490048000 5000

(2F )  SHALL0 I i  VALLEY 0 .  100010000  120010200  150010500  180011000  210011500
240012200 260013000 280014100 295016500 3000 - .01 320028000 340026000 360025000
380025000 410026500 430029000 450032000 470038000 490048000 5000

(3 )PEAKFIT :  HH=300 ,SH=60  -1 .0  30 .  0 .  O .
(3A)  CHAPMAN,  N0  FC 'S  -1 .  2 .8  18729  3 .0  20633  3 .3  21791  3 .6  22720  3 .9  235s7
4 . 2  2 4 4 7 8  4 . 5  2 5 3 9 6  4 . 8  2 6 3 8 0  5 . 0 8 2 7 3 8 5  5 . 3 s 2 8 4 6 9  5 . 6  2 9 6 1 5  5 . 8  3 0 6 7 0  6 . 0  3 1 9 0 1
6 .2  33391  6 .4  35296  6 .6  37973  6 .8  4?566  6 .9  47209

( 3 8 )  T R U N C A T E D :  l , l i T H  F 0  - 1 . 5 . 3 5 2 2 9 1 8  5 . 6  2 6 8 9 3  5 . 8  2 8 5 3 2  6 . 0  3 0 1 1 6  6 . 2  3 1 8 5 0
6 . 4  3 3 9 4 0  6 . 6  3 6 7 5 9  6 . 8  4 1 4 6 8  6 . 9  4 6 1 6 1  7 . 0

(3C)  w rTH F0  +  FX  -1 .  5 .3522918  5 .6  26893  5 .8  28532  6 .0  30116  6 .2  31850
6 . 4  3 3 9 4 0  6 . 6  3 6 7 5 9  6 . 8  4 1 4 6 8  6 . 9  4 6 1 6 1  7 . 0  7 . 5 1 8

( 3 D )  T , J I T H  F X  o N L y  - 1 . 5 . 3 5 2 2 9 1 8  5 . 6  2 6 8 9 3  5 . 8  2 8 5 3 2  6 . 0  3 0 1 1 6  6 . 2  3 1 8 5 0
6 . 4  3 3 9 4 0  6 . 6  3 6 7 5 9  6 . 8  4 1 4 6 8  6 . 9  4 6 1 6 1  0 . 0  7 . 5 1 8

( r r 1  w r T H  B A D  F C  - 1 . 5 . 3 5 2 2 9 1 8  5 . 6  2 6 8 9 3  5 . 8  2 8 5 3 2  6 . 0  3 0 1 1 6  6 . 2  3 1 8 5 0
6 . 4  3 3 9 4 0  6 . 6  3 6 7 5 9  6 . 8  4 1 4 6 8  6 . 9  4 6 1 6 1  6 . 9 5

( 4 )  X  M Y S  N 0  p H y S  E Q U N S  - 1 . 2  2 0 .  - 5 .  0 .
(4A)START TEST3A, FrX FB 0.-176627r28-185326469-194226085-203225868-212325758
-221625720  1 .0  23512  1 .1  23556  1 .2  ?3642  1 .3023756  1 .4  23887  1 .5  2403 i  1 .6  24184

1 .7  24344  1 .8  24509  t . 9  24678  2 .0  24850  2 .1  25025  2 .2  25201  2 .3  25380  2 .4  25560
2 .5  25741  2 .6  25923  2 .7  26106  - r .

( 4 )  X  M Y S  h J r T H  F r X E D  F B  - 1 . 2  2 0 .  0 .  0 .
(4A)START TEST3A, FrX FB 0.-176627r28-185326469-194226085-203225868-212325758
- 2 2 1 6 2 5 7 2 0  1 . 0  2 3 5 1 2  1 . 1  2 3 5 5 6  1 . 2  2 3 6 4 2  1 . 3 0 2 3 7 s 6  1 . 4  2 3 8 8 7  1 . 5  2 4 0 3 1  L 6  2 4 1 8 4

1 .7  24344  1 .8  24509  r . 9  24678  2 .0  24850  2 .1  25025  2 .2  25201  2 .3  25380  2 .4  25560
2 .5  25741  2 .6  25923  2 .7  26106  -1 .

( 4 8 )  X  V A L L E y ,  D A T A  E R R .  - 1 .  1 . 0  9 1 6 5  1 . 2  9 6 2 2
2 . 2  1 0 5 9 7  2 . 4  1 0 8 2 3  2 . 6  1 1 0 8 4  2 . 8  1 1 4 0 1  2 . 9  1 1 s 9 3
3 . 3  1 2 9 1 8  3 . 3 5 1 3 2 4 9  3 . 4  1 3 6 9 4  3 . 4 5 1 4 3 6 7  3 . 5  r 5 7 1 2

- 4447 26408- 454625351-4645247 40- 47 442438 i- 484324 184
3 . 9  2 3 1 1 3  4 . 0  2 2 7 9 9  4 . r  2 2 6 3 5  4 . 2  2 2 5 7 1  4 . 3  2 2 5 7 7
5 .0  23723  5 .2  24295  5 .4  24968  5 .6  ?5757  5 .8  26686
6 .4  30957  6 .5  32092  6 .6  33483  6 .7  35282  6 .8  37828

2  PARAMETERS,  l , , l I TH  L IST .  -1 .2  20 .  O .O  -1 .0  -1
( 4 C )  T E S T  4 8 ,  X  V A L L E Y .  - 1 .  1 . 0  9 1 6 5  1 , . 2  9 6 2 2
2 . 2  1 0 5 9 7  2 . 4  1 0 8 2 3  2 . 6  1 1 0 8 4  2 . 8  1 1 4 0 1  2 . 9  1 1 5 9 3
3 . 3  1 2 9 1 8  3 . 3 5 1 3 2 4 9  3 . 4  1 3 6 9 4  3 . 4 5 1 4 3 6 7  3 . 5  r 5 7 1 2

- 4447 26 408- 4546 2 5 3 5 1 - 464 5? 47 40 - 47 4 424 38 1 - 484 324 184
3 . 9  2 3 1 1 3  4 . 0  2 2 7 9 9  4 . 1  2 2 6 3 5  4 . 2  2 2 5 7 1  4 . 3  2 2 5 7 7
5 .0  23723  5 .2  24295  5 .4  24968  5 .6  ?5757  5 .8  26686
6 .4  30957  6 .5  32092  6 .6  33483  6 .7  35282  6 .8  37828

1 . 6  1 0 0 2 2  1 . 8  1 0 2 0 5  2 . 0  1 0 3 9 4
3 . 0  1 1 8 1 8  3 . 1  1 2 0 9 0  3 . 2  1 0 1 1 4
3535  0 .0 -425033325 -434828397
3.6 27640 3.7 24780 3.8 23682
4.4 ?2637 4.6 22880 4.8 23250
6 . 0  2 7 7 9 7  6 . ?  2 9 1 7 4  6 . 3  3 0 0 0 0
6 .9  42200  7 .0

1 .6  10022  l .B  10205  2 .0  i 0394
3 . 0  1 1 8 1 8  3 .  i  1 2 0 9 0  3 . 2  1 ? 4 3 7
3535  0 .0 -425033325 -434828397
3.6 27600 3.7 24780 3.8 23682
4.4 22637 4.6 22880 4.8 23250
6 . 0  2 7 7 9 7  6 . 2  2 9 t 7 4  6 . 3  3 0 0 0 0
6 .9  42200  7  . 0

( s ) v A R Y I l { c  F B ;  W I T H  L I S T  1 . 0  3 0 .  0 .  0 .  1
(5A)  T tST6B N IGHT,D IP  30  0 . -168234309 -175732046 -183230575 -190729572 -198328863
-206028351 114028970 122028056 130027455 138027046 146026763 154026566 162026430

170026338 180026268 190026236 200026232 220026281 -1.

t64



cANBERRA F lELD( | , JRONG FH)  1 .52  57 .3  0 .  0 .  1
(58)  BAD START DATA 0.-255217300-263317300-270617600-?75818600 163515000
169915000 1774i5100 182816200 1856r7800 188719600 193418900 2008lB/00 206220000
208423100 208925200 ?09629900

G-2.2  Fas t - look  ou tpu t  p roduced by  P0LRUN

T h e  i n i t i a l  l i n e . i n  t h e  s t a n d a r d  d a t a  l i s t i n g  a b o v e  s e t s  a  v a l u e  o f  9 . 0  f o r  t h e  g y r o f r e q u e n c y .
T h i s  i n f o r m s  t h e  m a i n l i n e  p r o g r a m  P 0 L R U N  t h a t  l i s t i n g s  s h o u l d  b e  r e s t r i c t e d  t o  t h e  o v e r a l l  c o n s t a n t s
f o r  e a c h  1 a y e r .  T h e  r e s u l t  i s  a  c o m p a c t  o u t p u t ,  a s  r e p r o d u c e d  b e l o r v .  T h e  m a i n  i o n o s p h e r i c
c h a r a c t e r . i s t i c s  a r e  s h o w n ,  a n d  w i t h  f i x e d  t e s t  d a t a  t h e  c o r r e c t n e s s  o f  t h e  f i n a l  p e a k  c o n s t a n t s  v e r i f y
t h e  c o r r e c t n e s s  o f  a l l  s t e p s  i n  t h e  c a l c u l a t i o n .  A p a r t  f r o m  t h - o  l a s t  d a t a  s e t  ( 5 ) ,  a n d  t h e
i n t e r m e d i a t e  l a y e r s  j n  4 8  a n d  4 C ,  a l l  c r i t i c a l  f r e q u e n c i e s  s h o u l d  b e  c l o s e  t o  3 . 0 ,  5 . 0  o r  7 . 0  M H z .
F a s t - l o o k  o u t p u t  f r o m  P 0 L R U N  i s  c a n c e l l e d  a t  a n y  t i m e  b y  s p e c i f y i n g  a  g y r o f r e q u e n c y  F H  =  - 9 . 0 .  T h e
c o n t r o l  v a l u e s  o f  F H  c a n  b e  a c c e p t e d  o n l y  w h e n  t h e  p r o g r a m  i s  e x p e c t i n g  a  s t a t i o n / f i e l d  l i n e  ( i . e .  a t
t h e  s t a r t  o f  t h e  d a t a  o r  f o l l o w i n q  a  b l a n k  I i n e ) ,  a n d  m u s t  a l w a y s  b e  f o l l o w e d  b y  a  n o r m a l
s t a t i o n / f i e l d  I  i n e .

( 0 )  s t N G L t - P 0 L Y N 0 l ' 1 t A t s F l  = - 1 . 2 0  0 l P  =  2 0 . 0

t 9 - A U G - 3 5

A l l O D E  =  8 5 . 0 0  V A L L E Y =  0 . 0 0  L I S T  =  i  0 . 0

( 0 )  X  V A L L t Y .  m u c h  d a t a .  S T A R T  '  - 1 . 0 0 0

P e a x  3 . 5 3 2  ( * / - 0 . 0 3 5 )  l 4 H z ,  H e i q h t  1 1 6 . 8  ( * / -  0 . 6 )  k m .  S c d l e  H e i g h t  1 2 . 3  ( + 1 -  0 . 8 )  k n .  S l a b  ( t o  p e a k )  =  1 6 . 0  k m .
2  y a l l e y  2 3 . 2 k m w i d e ,  0 . 0 9 1 ' 4 H z d e e p .  d e v n  1 . 2 0 k m  B t e r m s f i t t i n g 2 9 A + 7  X r a y s  + 4  h x = 1 4 8 . 4

p e a k  6 . 9 9 9  ( + / - 0 . 0 1 7 )  t ' 1 f 2 ,  H e i g h r  2 5 0 . 4  ( + / -  0 . 9 )  k n .  S c a l e  H e i g h r  5 9 . 3  ( + / ' , -  1 . 2 )  k n .  S l a b  { t o  p e a k ) .  8 6 . 8  k m .

P O L A N  O F  A P R I L 1 9 8 5 .
i . : ( <  F  A  S  T  L  0  0  K  R  U  N  ) ' ) ) ) )

( 1 ) F l X E t )  F r l ;  T M C E  L I S T 2

( l G )  E  +  F ;  N 0  F C ' , S

P e d k  3 . 0 4 6  ( + / - 0 . 0 0 3 )  l { H z ,
2  v a l l e y  2 7 . 6  k m  w r d e ,

P e d k  5 . 0 6 2  ( + / - 0 . 0 1 9 )  l ' 1 H z ,

F f l  = - 1 . 0 0  D l P  =  3 0 . 0  A f 4 o D t  =  0 . 0 0

S T A R T  =  0 .  0 0 0

H e i q h t  1 2 5 . 2  ( * / -  0 . 1 )  k n .  S c a l e  H e ' i g h t  i 8 . ?  ( + / -  0 . 0 )  k m .  S l a b  ( t o  p e a k )  =  2 3 . 2  k n .
0 . 1 1 l ' l H z d e e p .  d e v n  1 . 2 3 k m  5 l e r m s f i t t i n g  5 0 + 0 x r a y s  + 4  h x = 1 5 8 - 3

f l e i g h t  2 6 3 - 5  ( + / -  1 . 3 )  k m .  S c a l e  H e j g h t  6 8 . 0  ( + / -  1 . 2 )  k m .  S l a b  ( t o  p e a k )  =  I 0 0 . 9  k n

(  I  )  S J A N D A R D  T E S T  L A Y I R S

( 1 A )  E  L A Y E R , I { O D E L  S T A R T

P e a k  3 .  0 0 2  (  + / - 0 .  0 0 7  )  l " l H z  ,

F H  = - 1 . 0 0  D I P  =  3 0 . 0

S T A R T  -  9 0 . 0 0 0

H e i g h t  1 2 3 . 3  ( + / -  0 . 2 )  k m

AMoDE =  0 .  00 V A t L i Y =  0 . 0 0 L I S T .  O  O . O

S l a b  ( t o  p e a k )  =  1 9 . 1  k n .

S l a b  ( t o  p e a k )  =  l B . 3  k m .

5 1 a b  ( t o  p e a k )  =  1 8 . 9  x m .

S l  a b  (  t o  p e a k  )  =  1 0 7 . 0  k m .

S l a b  ( t o  p e a k )  =  1 0 6 . 9  k m .

( l C )  S T A R T  F N  A T  9 0  K r 4 .

P e d k  3 . 0 0 2  { + / - 0 . 0 0 / )  I ' l f i z ,

START =  O.  4OO

f l e i g n t  1 2 3 . 5  ( + / -  0 . 2 )  k m .

(  l B ) f 4 0 D E L  A B 0 v r  E X T P i P N .

P e d k  3 . 0 0 1  ( + / - 0 . 0 0 7 )  i ' 4 H 2 ,

s T A R T  = 1 0 0 . 0 0 0

H e i g h t  1 2 3 . 9  ( + / -  0 . 2 )  k m .

S c a l e  H e i g h t  1 4 . 9  ( + / -  0 . 2 )  r n .

S c a l e  H e i g h t  1 4 . 7  l + / -  0 . 2 )  k m .

S c a ) e  l - l e i g h t  1 4 . 9  ( + / -  0 . 2 )  k m .

S c a l e  H e j g h t  7 9 . 2  l + / -  5 . 5 )  k m .

S c a l e  H e i g h t  1 9 . 8  \ + / -  5 . 3 )  k m .

(  l D )  E  C U S P  ,  C O N T I N U O U S  S T A R T  =  0 . 0 0 0

P e a k  4 . 9 9 8  ( + / - 0 . 0 3 7 )  l ' 1 H 2 ,  H e t g h t  2 6 2 - 7  ( + / -  4 . 4 )  k m

(  1 E ) t  C U S P , D T S C O i l T T N U 0 U S

P e a k  4 . 9 9 8  ( + / - 0 . 0 3 6 )  M H z ,

S T A R T  =  O .  O O O

H e i g h t  2 6 2 . 6  ( + / -  4 . 3 )  k m

( I F )  E  +  F ;  D I R E C T  S T A R T

P e a k  3 . 0 0 1  ( + / - 0 . 0 0 7 )  l ' 1 H 2 ,
2  v a  1  1  e y  3 2 . 0  k m  w  i d e ,

P e a k  4 . 9 9 7  ( + / - 0 . 0 3 0 )  i l H z ,

S T A R T  =  - 1 . O O O

H e i g h t  1 2 4 . 5  ( + / -  0 . 2 )  k m .  S c a l e  H e i g h t  1 4 . 5  ( + 7 -  0 . 2 )  k m .  S l a b  ( t o  p e a k )  =  1 7 . 5  k m .
0 . 1 2 M H z d e e p .  d e v n  l . 8 4 k n  5 t e r m s f i t t i n g  5 0 + 0 x r a y s  + 4  h x = 1 6 4 . 5

H e i g h t  2 6 8 . 5  ( * / -  3 . 3 )  k t .  S c a l e  f l e i g h t  1 6 . 1  ( + / -  4 . 1 )  k n .  S l a b  ( t o  p e a k )  =  1 0 J . 7  k n .

( t G ) E + F ; N 0 F C S

P e a k  3 . 0 0 7  ( + / - 0 . 0 0 6 J  f l H z ,
2  v a l l e y  3 1 . 5  k m  w i d e ,

P e a  k  4 .  9 3 6  (  + / - 0  .  0 3 2  )  l l H z  ,

s T A R r  =  0 . 0 0 0

H e i q h t  1 2 3 . 6  ( * / -  0 . 2 )  k m .  S c a l e  H e i g h t  1 5 . 2  \ + i -  0 . 2 )  k m .  S l a b  ( t o  p e a k )  =  1 9 . 3  k m .
0 . l . 2 l 4 H z d e e p .  d e v n  l . 8 0 k m  5 t e r m s f i t t i n g  5 0 + 0 X r a y s  + 4  h x = 1 6 2 . 8

H e i g h t  2 6 6 . 3  ( * / -  3 . 5 )  k m .  S c a l e  H e l g h t  7 4 . 7  ( + 1 -  4 . 5 )  k m .  S l a b  ( t o  p e a k )  -  i 0 3  6  k m .

1 6 5



( 2 )  V A L L I Y S .  F H  = - 1 . 0 0  O l P  =  3 0 . 0  A l ' l o D E  =  0 . 0 0  v A L t E Y =  0 . 0 0  t l S T  =  0  0 . 0

( 2 A ) l r 0 r l 0 I O N I c  ( N 0  V A L L Y )  S T A R T  =  0 . 0 0 0

P e a k  3 . 0 0 2  ( + / - 0 . 0 0 7 )  M H z ,  H e i g h t  1 2 3 . 3  ( * / -  0 . 2 )  k r .  S c a l e  H e i g h r  1 4 . - a  ( + / -  0 . 2 )  k m .  5 1 a b  ( ' . o  p e a l i )  =  i 9 . i  k r

P e d k  1 . 9 9 9  ( + / - 0 . 0 3 6 )  l " l H z ,  i l e i g h l  2 6 2 . 1  ( + , i -  4 . 3 )  k m .  S c a l e  H e j g h t  8 0 . 3  ( + / -  5 . 3 )  k m .  5 l d b  ( t o  p e a k )  =  1 0 6 . 5  k n

( 2 8 )  D I R E C T  V A L L E Y  C A L C N  S T A R T  =  0 . 0 0 0

P e d k  3 . 0 0 2  ( * / - 0 . 0 0 7 )  M H z ,  H e i g h t  1 2 3 . 3  l + / -  Q . 2 )  k n .  S c a l e  H e i g h t  1 4 . 9  ( + / -  0 . 2 )  k m .  S l a b  ( t o  p e a k )  =  1 9 . 1  k m .
2  v a ) l e y 3 l . 7 k m w i d e ,  0 . 1 2 M H z d e e p .  d e v n  1 . 8 8 k m  5 t e r m s f i t t i n g  5 0 + 0 X r a y s  + 4  h x = 1 6 3 . 1

P e a k  4 . 9 9 7  ( * i - 0 . 0 2 9 )  M H z ,  H e i g h t  2 6 7 . 8  ( + / -  3 . 2 )  k m .  S c a l e  H e i g h t  7 6 . 4  ( + / -  4 . 1 )  k m .  S l a b  ( t o  p e a k )  =  1 0 4 . 7  k n .

( 2 C ) 4 0 K f 1  V A L L T Y ; N 0  F P E A K  S T A R T  =  0 . 0 0 0

P e a k  3 . 0 0 2  ( + / - 0 . 0 0 7 )  M f l z ,  H e i q h t  1 2 3 . 3  ( + / -  0 . 2 )  k m .  S c a l e  H e i g h t  1 4 . 9  ( + / -  0 . 2 )  k m .  S l a b  ( t o  p e a k )  =  1 9 . 1  k n .
2  v a ) ) e y 4 0 . 0 k m w i d e ,  0 . 2 0 l 4 H z d e e p .  d e v n  0 . 8 2 k m  5 t e r m s f i t t i n g  5 0 + 0 x r a y s  + 4  h x . 1 6 9 . 3

(2D)  l rAXI l '1u t ' l  VALLEY.  S IARI  =  0 .000

P e a k  3 . 0 0 2  ( * / - 0 . 0 0 7 )  l t 4 H z ,  H e i g h t  1 2 3 . 3  ( * / -  0 . 2 )  k n .  S c a l e  H e i g h t  \ 4 . 9  ( + / -  0 . 2 )  k m .  S l a b  ( t o  p e a k )  =  1 9 . 1  k n .
2  v a i l e y 6 2 . 8 k m w j C e ,  0 . 4 2 l 4 H z d e e p .  d e v n  6 . 1 5 k m  5 l e r m s f i t t i n g  5 0 + 0 X r a y s  + 4  h x = i 8 8 . 6

P e a k  4 . 9 9 2  ( ' / - 0 . 0 3 8 )  [ a H z ,  H e i g h t  ? 7 4 . 5  l + / -  3 . 7 1  k n .  S c a l e  H e i g h t  1 0 . 8  ( + / -  4 . 9 )  k m .  S l a b  { t o  p e a k )  =  9 8 . 5  k m .

{ 2 [ )  D E E P  V A L L T Y  S T A R T  =  0 . 0 0 0

P e a k  3 . 0 0 2  ( + / - 0 . 0 0 7 )  l 4 H z ,  H e i g h t  i 2 3 . 3  ( * / -  0 . 2 )  k n .  S c a l e  H e i g h t  1 4 . 9  \ + / -  0 . 2 )  k m .  S l a b  ( t o  p e a k )  =  1 9 . l  k m .
2  v a l 1 e y 4 0 . 4 k m w i d e ,  0 . 4 3 M H z d e e p .  d e v n  5 . 4 0 k m  5 t e r m s f i t t i n g  5 0 + 0 X r a y s  + 4  h x - I 7 0 . 4

P e a k  4 . 9 9 6  ( + / - 0 . 0 2 9 )  I ' l H z ,  H e i g h t  2 7 1 . 1  ( + / -  3 . 0 )  k n .  S c a l e  H e i g h t  7 4 . 5  ( + / -  3 . 9 )  k m .  S l d b  ( t o  p e a k )  =  1 0 2 . 8  k m .

(  2 F  )  S | I A L L O W  V A L L E Y  S T A R T  =  O .  O O O

P e a k  3 . 0 0 2  ( * / - O . O O Z )  Y t t . ,  H e i g h t  1 2 3 . 3  ( * / -  0 . 2 )  k n r .  S c a l e  H e i g h t  1 4 . g  ( + / -  0 . 2 )  k m .  S l a b  ( t o  p e a k )  =  1 9 . 1  k n .
2  v a l l e y  7 . 7 k m w l d e ,  0 . 0 l M H z d e e p .  d e v n  3 . 8 5 k m  5 t e r m s f j t t i n g  5 0 + 0 X r d y s  + 4  h x = i 1 6 . 5

P e a k  4 . 9 9 9  ( + / - 0 . 0 2 7 )  n u z ,  H e i g h t  2 6 4 . 9  ( + / -  3 . 1 )  k m .  S c a l e  H e i g h t  1 8 . 9  ( + / -  3 . 8 )  k m .  S l a b  ( t o  p e d k )  =  1 0 7 . 0  k m .

( 3 ) P E A K F I T :  h f 1 = 3 0 0 , 5 1 1 = 6 0  F H  = - i . 0 0  0 l P  =  3 0 . 0  A M O D E  =  0 . 0 0  V A L I E Y =  0 . 0 0  L l S T  =  0  0 . 0

(  3A )  CHAP[1AI i  ,  N0 FC'5  SIART =  -  1 .000

P e a k  7 . 0 0 3  ( + / - 0 . 0 0 9 )  l ' 4 H 2 ,  H e i g h t  3 0 0 . 0  ( * / -  0 . 8 )  k m .  S c a l e  H e i g h t  6 A . 3  ( + 1 -  1 . 1 )  k m .  S i a b  ( t o  p e a k )  =  7 6 . 4  k n

( 3 8 )  T R U N C A T E D :  1 , , / l T H  F 0  S T A R T  =  - t . 0 0 0

P e a k  7 . 0 0 1  ( * / - 0 . 0 0 8 )  l ' 4 H 2 ,  H e i g h t  2 9 9 . 9  ( + / -  0 . 7 )  k m .  S c d l e  H e i g h t  6 0 . 1  ( + / -  1 . 0 )  k n .  S l a b  ( t o  p e d k )  =  6 1 . 2  k m

( 3 C )  l { l T l l  F 0  +  F X  S T A R T  =  - 1 . 0 0 0

P e a k  7 . 0 0 1  ( + / - 0 . 0 0 8 )  f 4 H z ,  H e i g h t  2 9 9 . 9  ( + / -  0 . 6 )  k m .  S c a l e  H e i g h t  6 0 . 1  ( + / -  0 . 9 )  k m .  S l a b  ( r o  p e a k )  =  6 1 . 2  k n

( 3 D )  r , / J T H  F X  0 N [ Y  S T A R T  =  - 1 . 0 0 0

P e a k  / . 0 0 1  ( + / - 0 . 0 0 8 )  M H z ,  H e i g h t  2 9 9 . 9  ( + / -  0 . 7 )  k m .  S c a l e  H e i g h t  6 0 . 1  ( t / -  1 . 0 )  k m .  S l a b  ( t o  p e a k )  =  6 1 . 2  k m

( 3 E )  l , ] l T H  B A D  F C  S T A R I  =  - 1 . 0 0 0

2 e a k  6 . 9 6 8  ( + / - 0 . 0 3 1 )  I ' l H z ,  H e i g h t  2 9 7 . 4  ( r / -  2 . 5 )  k n .  S c a l e  S e i g h t  5 6 . 3  ( + / -  3 . 8 )  k m .  S l a b  ( t o  p e a k )  =  5 9 . 1  k r

( 4 )  X  R A Y S  N 0  p H Y S  T Q U N S  F H  = - 1 . 2 0  D I P  =  2 0 . 0  A M O D E  =  - 5 . 0 0  V A L L E Y =  0 . 0 0  L I S T  =  0  0 . 0

( 4 A ) S T A R T  T t S T 3 A ,  F I x  F B  S T A R T  =  C . 0 0 0
I  s t a r t o f f s e t = - 1 2 . 2 k n ,  s l a b  8 4 . 7 k m .  d e v n  0 . 0 0 k m  S t e r n s f i t t i n g  6 0 + 6 X r a y s + 0 .  h x = 2 1 3 . 8

( 4 )  X  R A Y S  l . l l T H  F I X E D  F B  F l l . - 1 . 2 0  D I P  =  2 0 . 0  A I 4 O D E  =  0 . 0 0  V A L L E Y .  0 . 0 0  L I S T  =  0  0 . 0

( 4 A ) S I A R T  T E S T 3 A ,  F I X  F B  S T A R T  =  0 . 0 0 0
1  s t a r t o f f s e t - - 2 9 . 1 k n ,  s l a b  7 . 3 k m .  d e v n  1 . 0 0 k m  S t e r m s f i t t i n g  6 0 + 6 X r a y s + 3 .  t t x = 2 1 4 . 6
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( 4 8 )  X  V A L L E Y ,  O A T A  E R R .

r * * * * r e d u c e :  d a t a  e r r o r  a t

P e a k  3 . 5 3 3  ( + / - 0 . 0 0 5 )  M H z ,
3  v a l l e y  2 1 . 8  k n  w i d e ,

P e a k  7 . 0 0 0  l + / - 0 . 0 0 2 )  M H z ,

S T A R T  =  - 1 . O O O

f , h =  3 . 1 0 0 I 1 8 . 1 6 8  3

H e i g h t  1 1 6 .  |  ( + / -  0 . 2 )
0 . 0 7  l " l H z  d e e p .  d e v n

H e j g h t  2 5 0 . 6  \ + i -  0 . 2 )

2 0 0  9 8 . 7 1 6  3 . 3 0 0  r 2 7 . 0 0 7

k m .  S c a l e  f l e i g h t  1 2 . 5  ( + / -  0 . 4 )  k m .
0 . 6 0  k m  8  t e r m s  f i t t i n g  5  0  +  5  X

k m .  S c a ) e  H e i g h t  5 9 . 8  ( + 7 -  0 . 3 )  k m .

S l  a b  (  t o  p e a k  )
rays  +  4

S ' l a b  ( t o  p e a k )

N X

8 6 . 1

( m .
14.1  .  3

k m .

2  PARAMEIF.RS,  l ,1 ITH L IST.

( 4 C )  l E S T  4 8 ,  X  V A L L E Y .

P e a k  3 . 5 3 3  ( + / - 0 . 0 0 5 )  M H z ,
7  v a l l e y  1 8 . 4  k m  w i d e ,

p e a k  7 . 0 0 0  ( + / - 0 . 0 0 2 )  M H z ,

F H  = . I . 2 0  D I P

S T A R T  =  - L 0 0 0

H e i g h t  1 1 6 . 0  ( + / -
0 .  0 4  M H z  d e e p .

H e i g h t  2 5 0 . I  ( + / -

2 0 . 0  A M 0 D E  =  0 . 0 0  V A L L E Y =  - 1 . 0 0

0 . 2 )  k m .  S c a l e  H e i g h t  1 2 . 5  ( + / -  0 . 4 )  k m .
d e v n  0 . i 6  k m  I  t e r n s  f j t t i n g  5  0  +

0 . 2 )  k m .  S c a l e  H e i g h t  6 0 . 0  ( + / -  0 . 3 )  k m .

S l a b  ( t o  p e a k )  =  1 5 . 4  k m .
r a y s  + 4  h x = 1 4 2 . 3

S l a b  ( t o  p e a k )  =  8 6 . 9  k m .

- l 0 . 0

5 X

( 5 ) v A R Y I N G  F B ;  l . / l T H  L I S T

( 5 A )  T E S T 6 B  N I G H T , D I P  3 O
I  s t a r t  o f f s e t  =  - 7 8 . 8
2  s t a r t  o f f s e t  =  - 7 7 . 9

F H  =  1 . 0 0

START = O
s l a b  0
s l a b  0

3 0 . 0

o e v n  0 . 8 3
d e v n  0 . 8 6

r o r h (  f i t t i n d  6

t e r m s  f i  t t i  n 9  6

0 . 0

h x  '  2 2 7  - 3
h x  =  2 2 7  . 7

D I P 0 . 0 0  V A L L E Y =  0 . 0 0  L i S T  =  1

+ 3
+ 3

0 + 6 x
0 + 6 x

k n 8
k m 8

000
0 k m
I  km

k m ,
k m ,

r d y s
r a y s

C A N B E R M  F I I L D ( I I R O N G  F H )

( 5 8 )  B A D  S T A R T  O A T A
I  s t a r t  o f f s e t  =  - 5 6 . 3  k m ,

x  r a y  w e i g h t s  r e d u c e d  t o  1 , / 4
3  s t a r t  o f f s e t  =  - 5 7 . 2  k m ,

P e a k  2 . 0 9 6  ( + / - 0 . 0 0 6 )  l ' 1 H 2 ,

F H  =  L 5 2  D I P

S I A R T  =  0 . 0 0 0
s l a b  - 2 8 . 9  k m .

s ' l a b  - 2 4 . 8  k m .

H e i g h t  1 4 7 . 0  ( + / -

5 7 . 3

d e v n

d e v n

0 . 4 )  k m

A M 0 D E  =  0 . 0 0  V A L L E Y =  0 . 0 0  L I S T  =  I  0 . 0

t . 6 0 k m  6 t e r m s f i t t i n g  4 0 t 2 X  r a y s + 3 .  h x = 1 3 I . 4

1 . 5 8  k n  6  t e r n s  f i t t i n g  4  0  +  2  X  r a y s  +  3 .  h x  =  1 3 0 . 6

S c a l e  H e j g h t  9 . 4  ( + / - 1 1 . 3 )  k n .  S l a b  ( t o  p e a k )  =  2 5 . 9  k m

G.3. STAI{DARD RESULTS AIID DISCUSSIOI{

G . 3 .  I  D i  s c u s s i o n  o f  t h e  t e s t  o u t p u t

T h e  f u l l  o u t p u t  o b t a i n e d  f r o m  t h e  s t a n d a r d  t e s t  d a t a ,  a s  p r o d u c e d  b y  t h e  p r o g r a m  P O L R U N ,  i s
l i s t e d  i n  s e c t i o n  G . 3 . 2  b e l o w .  I t  i s  o b t a i n e d  b y  r u n n i n g  t h e  s t a n d a r d  t e s t  d a t a  o f  s e c t i o n  G . 2  a f t e r
d e ' l e t i o n  o f  t h e  i n i t i a l  l i n e  w h i c h  s e t s  F H  =  9 . 0 .  R e s u l t s  t h e n  l i s t  t h e  i n i t i a l  v i r t u a l - h e i g h t  d a t a
a n d  t h e  c a l c u l a t e d  r e a l - h e i g h t  p r o f i l e ,  a l o n g  w i t h  a n y  a d d i t i o n a l  t r a c e  i n f o r m a t i o n  w h i c h  h a s  b e e n
r e q u e s t e d  b y  u s e  o f  a  n o n - z e r o  v a l u e  f o r  t h e  p a r a m e t e r  L I S T .  T h e  o u t p u t  j n  G . 3 . 2  w a s  o b t a i n e d  o n
a  P D P l 1 / 1 0  m i n i c o m p u t e r  w i t h o u t  f l o a t i n g  p o i n t  h a r d w a r e ,  a n d  r e q u i r e d  a  t o t a l  r u n n i n g  t i m e  o f  1 9
m i  n u t e s .

T h e  f i r s t  d a t a  s e t  ( 0 0 )  u s e s  a  r e a s o n a b l y  l a r g e  n u m b e r  o f  v i r t u a l - h e i g h t  p o i n t s ,  c o v e r i n g  t w o
l a y e r s  a n d  w i t h  e x t r a o r d i n a r y  r a y  d a t a  p r o v i d e d  f o r  t h e  i n t e r v e n i n g  v a l l e y  c a l c u l a t . i o n .  T h i s  s e t  i s
b a s i c a l l y  a n  e x p a n d e d  v e r s i o n  o f  t h e  X - V a l l e y  d a t a  o f  ( 4 8 ) ,  a n d  g i v e s  s i m i l a r  r e s u l t s .  I t  i s  r u n  h e r e
w i t h  A M 0 D E  =  8 5 ,  t o  d e t e r m i n e  a  s - 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  t h e  f i r s t  l a y e r  a n d  a n  B - t e r m
p o l y n o m i a l  f o r  t h e  f i n a l  l a y e r .  U s e  o f  L I S T  =  I  g i v e s  t h e  l i n e s  " * a d j u s t  "  i n  t h e  o u t p u t ,
s h o w i n g  t h e  b a s i c  p r o f i l e  c o n s t a n t s  a t  e a c h  s t e p .  V a l u e s  q l  t o  q 5  a r e  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  f o r
t h e  f i r s t  l a y e r ,  w h i l e  t h e  f i n a l  n u m b e r  ( 1 . 7 4 )  o n  t h e  s a m e  I i n e  i s  t h e  r . m . s .  d e v i a t i o n  i n  k m  o f  t h e
f i t  t o  t h e  v j r t u a l - h e i g h t  d a t a .  S o m e  f u r t h e r  c o n s t a n t s  a r e  l i s t e d  o n  t h e  t r a c e  l i n e s  b e g i n n i n g  " # #
" ;  n o  h e a d i n g  i s  g i v e n  f o r  t h e s e  v a l u e s  a t  L I S T  =  1 ,  b u t  h e a d i n g s  c a n  b e  s e e n  i n  t h e  f o l l o w i n g
b l o c k  ( t h e  l i n e s  b e g i n n i n g  " # # T R A C E :  "  i n  t h e  ( 1 G )  a n a l y s i s ) .

T h e  o u t p u t  f o r  s e t  ( 0 0 )  s h o w s  t h e  o p e r a t i o n  o f  t h e  n e w  s i n g l e - p o l y n o m i a l  m o d e s . i n  P O L A N ,  a n d
t h e  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  w i t h  a  h i g h l y  o v e r - d e t e r m i n e d  d a t a  s e t .  T h e  c a l c u l a t i o n s  f o r
t h e  f i n a l  1 a y e r ,  i n c l u d i n g  t h e  v a l l e y  r e g i o n ,  u s e  a  r e a l - h e i g h t  p o l y n o m i a l  w i t h  8  t e r m s  f i ' u t e d  t o  2 9
o r d i n a r y - r a y  d a t a  p o i n t s ,  7  e x t r a o r d i n a r y - r a y  p o i n t s ,  a n d  4  p h y s i c a l  c o n d i t i o n s  ( u s e d  t o  p r e d i s p o s e
t h e  v a l l e y  s o l u t i o n  t o  a  p h y s i c a l l y  a c c e p t a b l e  f o r m ) .  T h e  t o t a l  o f  4 0  s i m u l t a n e o u s  e q u a t i o n s  f i t t e d
' i n  t h e  l e a s t - s q u a r e s  s o l u t i o n  i s  t h e  l i m i t  a v a i l a b l e  i n  t h e  c u r r e n t  v e r s i o n  o f  P 0 L A N .  T h i s  l j m i t  c a n
b e  i n c r e a s e d  i f  r e q u i r e d  b y  c h a n g i n g  t h e  f i r s t  d i m e n s i o n  o f  t h e  a r r a y  B ( 4 0 , 1 7 ) .
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T h e  B  p o l y n o r n i a l  c o e f f i c i e n t s  w h i c h  d e s c r i b e  t h e  f i n a l  l a y e r ,  a s  a  f u n c t i o n  o f  D F  =  ( f  -  f o E ) ,
a r e  Q 0  t o  Q 7 .  Q 1  t o  Q 7  a r e  a s  l i s t e d  b y  P 0 L A N ,  w h e n  r u n  w . i t h  L I S T  =  1 .  T h e  l i s t e d  v a l u e  f o r  Q B
g i v e s  t h e  c o n s t a n t  o f f s e t  o r  r e a l - h e i g h t  s h i f t  a t  t h e  s t a r t  f r e q u e n c y  ( f o E )  o f  t h i s  p r o f i l e  s e c t i o n ,
w h i c h  i s  u s e d  i n  c a l c u l a t i n g  t h e  v a l l e y  w i d t h .  F c r  t h e  r e a l - h e i g h t  e x p r e s s i o n  t h i s  t e r m  i s  i g n o r e d ,
a n d  t h e  i n i t i a l  c o n s t a n t  t e r m  Q 0  i s  o b t a i n e d  b y  a d d i n g  t h e  l  i s t e d  v a l u e s  o f  H M A X  ( f o r  t h e  E  l a y e r )
a n d  V A L L E Y  | , l I D T H .  T h i s  g i v e s  t h e  r e a l  h e i g h t  a t  t h e  b e g i n n i n g  o f  t h e  F  1 a y e r ,  j u s t  a b o v e  t h e  v a l 1 e y
r e g i  o n ,  a n d  t h e  F -  1  a y e r  p r o f i  1  e  i  s

h ( f )  =  Q 0  +  Q 1 * D F  +  Q 2 * o F 2  +  Q 3 * D F 3  + +  Q 7 * D F 7
T h e  o r d e r  o f  t h e  e x p a n s i o n  ( t h e  n u m b e r  o f  t r u e  p o l y n o m i a l  t e r m s  i n  Q )  j s  g i v e n  b y  t h e  v a l u e  o f  M T' l  

i s t e d  o n  t h e  s a m e  I  i n e ,  a s  i n  t h e  o u t p u t  b e l o w .

T h e  s e c o n d  a n a l y s i s  ( 0 1 )  i n  t h e  s t a n d a r d  d a t a  s e t  u s e s  a  s h o r t e n e d  v e r s i o n  o f  t h e  t w o - l a y e r
d a t a  ( 1 G ) ,  r u n  w i t h  L I S T  =  2 .  T h i s  p r o d u c e s  s o m e  t r a c e  i n f o r m a t i o n  i n  a  n o r m a l  s t a r t /  f i r s t - 1 a y e r /
v a l l e y /  s e c o n d - 1 a y e r  c a l c u l a t i o n  u s i n g  t h e  m i n i m u m  a m o u n t  o f  d a t a  n e c e s a r y  f o r  a  r e a s o n a b l y  c o m p l e t e
c h e c k  o f  t h e  o r d i n a r y - r a y  s e c t i o n s  i n  P O L A N .  R e s u l t s  f r o m  t h e  m a i n  d a t a  g r o u p s  ( I )  t o  ( 5 )  t h e n
f o l l o w ,  t o  t e s t  a n d  j l l u s t r a t e  d i f f e r e n t  a s p e c t s  o f  t h e  o p e r a t i o n  o f  P O L A N .  T h e  v i r t u a l  h e i g h t s
i n  g r o u p s  ( 1 )  a n d  ( 2 )  a r e  a n  a r b i t r a r y  s e r i e s  u s e d  t o  p n o v i d e s  a  s i m p l e ,  c o m p a c t  d a t a  s e t  f o r  t e s t
p u r p o s e s .  T h e y  a r e  c o n s t r u c t e d  t o  g i v e  c r i t i c a l  f r e q u e n c i e s  o f  a b o u t  3 . 0  M H z  f o r  t h e  E  l a y e r  a n d  5 . 0
f o r  t h e  F  l a . y e r ,  s o  t h a t  r e s u l t s  c a n  b e  c h e c k e d  r a p i d l y .

0 f  t h e  p r o f i l e s  i n  g r o u p  l ,  ( 1 A ) ,  ( 1 8 ) ,  ( l C )  a n d  ( l F )  s h o w  t h e  4  d i f f e r e n t  t y p e s  o f  s t a r t
t r e a t m e n t  a v a i l a b l e  f o r  u s e  w i t h  o r d i n a r y  r a y  d a t a .  ( l D )  a n d  ( 1 t )  s h o w  c a l c u l a t i o n s  a c r o s s  a  c u s p  i n
t h e  v i r t u a l - h e i g h t  d a t a ,  a s s u m i n g  a  c o n t i n u o u s  v a r j a t j o n  i n  p r o f i l e  g r a d i e n t  d c r o s s  t h e  c u s p  ( 1 D ) ,  o r
a l l o w i n g  a  g r a d j e n t  d i s c o n t i n u i t . y  a t  t h e  c u s p  f r e q u e r r c y  ( 1 E ) .  ( 1 G )  v e r i f i e s  t h e  a c c u r a c y  o f  p e a k
a n d  v a l l e y  c a ) c u l a t . i o n s  w h e n  t h e  c r i t . i c a l  f r e q u e n c i e s  a r e  n o t  s c a l e d .

R e s u . l t s  i n  g r o u p  ( 2 )  s h o w  t h e  d i f f e r e n t  t y p e s  o f  v a l l e y  c a l c u l a t i o n  p o s s i b l e  w i t h  o r d i n a r y - r a y
d a t a  o n 1 y .  I n  t h e  e x a m p l e s  s h o w n  t h e s e  d j f f e r e n t  r e s u l t s  a r e  o b t a i n e d  b y  s p e c i f y i n g  d i f f e r e n t  v a l u e s
f o r  t h e  v j r t u a l  h e i g h t  a t  t h e  c r i t i c a l  f r e q u e n c y  o f  t h e  1 a y e r .  T h i s  v i r t u a l  h e i g h t  d e f i n e s  a  v a 1 1 e y
f l a g  H V A L  w i t h i n  P O L A N .  T h e  c o r r e s p o n d i n g  f r e q u e n c y  i s  e i t h e r  a  s c a l e d  v a l u e  o f  f o E ,  a s  s h o r ^ / n  i n
s e t  ( 2 ) ,  o r  i s  z e r o  i f  t h e  c r i t i c a l  f r e q u e n c y  i s  n o t  s c a l e d .  T h e  s a m e  r " e s u l t s  c a n  b e  o b t a i n e d ,  f o r  a
s e r i e s  o f  i o n o g r a m s  i n  w h i c h  t h e  v i r t u a l  h e i g h t  a t  t h e  l a y e r  b o u n d a r y  h a s  t h e  n o r m a l  z e r o  v a l u e ,  b y
p r o v i d i n g  a  n o n - z e r o  v a l u e  f o r  t h e  i n p u t  p a r a m e t e r  V A L L E Y .  T h i s  i s  f e a d  f r o m  t h e  s t a t i o n / f i e l d  c a r d
b y  P O L R U N ,  a n d  p a s s e d  t o  P 0 L A N  a s  a n  i n p u t  p a r a m e t e r ;  w h e n  t h e  v i r t u a l  h e i g h t  i s  z e r o  a t  a  c r i t i c a l
f r e q u e n c y ,  P O L A N  s e t s  H V A L  e q u a l  t o  V A L L E Y .  I n  m o s t  o r d j n a r y - r a y  c a l c u l a t i o n s  t h e  w i d t h  o f  t h e  v a 1 1 e y
i s  d e t e r m i n e d  b y  a p p l y i n g  r e a s o n a b l e  p h y s i c a l  c o n d i t i o n s  a n d  l i m i t s ,  a n d  t h e  v a l l e y  d e p t h  b e a r s  a
f i x e d  r e l a t i o n  t o  t h e  w i d t h  ( a s  d e s c r i b e d  i n  s e c t i o n  7 . 2  o f  t h i s  r e p o r t ) .

I n  \ 2 A )  b e l o w  t h e  E  a n d  F  l a y e r s  a r e  a s s u m e d  t o  b e  c o n t i n u o u s  w i t h  n o  i n t e r v e n i n g  v a 1 1 e y .  T h i s
r e s u l t  g i v e s  t h e  l o w e r  l i m i t  t o  t h e  r a n g e  o f  p o s s i b l e  h e i g h t s  f o r  t h e  u p p e r  l a y e r ,  a n d  i s  o b t a i n e d
b y  s e t t i n g  H V A L  e q u a l  t o  1 0 . 0 .  ( 2 B )  s h o w s  t h e  d e f a u l t  p r o c e d u r e  o b t a i n e d  w h e n  H V A L  =  0 . 0 .  T h e
s o l u t i o n  f o r  t h e  v a l l e y  w j d t h  i s  t h e n  a  l e a s t - s q u a r e s  r e s u l t  i n c o r p o r a t i n g  d e s i r a b l e  p h y s i c a l  c r j t e r j a
w h i c h  s p e c i f y  t h e  c o n t i n u i t y  o f  g r a d i e n t  a t  t h e  t o p  o f  t h e  v a l l e y  r e g i o n ,  a p p r o x i m a t e  r e l a t i o n s
b e t w e e n  t h e  e x p e c t e d  v a 1 1 e y  w i d t h  a n d  t h e  h e i g h t  o f  t h e  u n d e r l y i n g  p e a k ,  a n d  t h e  p r e f e r e n c e  f o r  a
s m o o t h  ( 1 o w - o r d e r )  r e a l - h e i g h t  p r o f i l e .  T h e  " s t a n d a r d "  v a l l e y  w i d t h  f o r  a  p e a k  h e i g h t  o f  I 2 3 . 3  k m  i s
2 i . 6  k m .  A  p r e f e r e n c e  f o r  t h . i s  w i d t h  i s  i n c l u d e d  i n  t h e  l e a s t  s q u a r e s  s o l u t i o n ,  w i t h  a b o u t  t h e  s a m e
w e i g h t  a s  a  v i r t u a l - h e i g h t  p o i n t ;  t h e  c a l c u l a t e d  w i d t h  i s  a p p r e c i a b l y  l a r g e r  s i n c e  t h e  d a t a  t h e n
g l v e s  a  s m o o t h e r  c o n t i n u a t i o n  i n t o  t h e  f o i  l o w i n g  F  1 a y e r .

( 2 C )  s p e c i f i e s  a  4 0  k m  w i d e  v a 1 1 e y  b e t w e e n  t h e  t w o  l a y e r s ,  b y  s e t t i n g  I I V A L  e q u a l  t o  - 8 . 0  ( t h i s
i s  m i n u s  o n e  f i f t h  o f  t h e  d e s i r e d  w i d t h ) .  T h e  c o n d i t i o n  " V a l l e y  | ^ I i d t h  =  4 0 . 0  k m "  i s  t h e n  i n c l u d e d' i n  t h e  l e a s t - s q u a r e s  s o l u t i o n  w j t h  a  c o m p a r a t i v e l y  l a r g e  w e i g h t .  T h e  r . m . s  d e v i a t i o n  l i s t e d  f o r  t h e
v a l l e y  c a l c u l a t i o n  i s  s m a l l e r  i n  t h i s  r u n ,  s i n c e  t h e  d a t a  p r o v i d e  a  s m o o t h e r  f i t  w i t h  t h i s  w i d e r
v a l l e y .  ( 2 C )  a l s o  s h o w s  t h e  u s e  o f  a  d a t a  f r e q u e n c y  o f  - 1 . 0  t o  t e r m . i n a t e  t h e  p r o f i l e  b e f o r e  a  l a y e r
p e a k .  I n  ( 2 D )  a n  u p p e r - 1 i m i t  r e s u l t  i s  o b t a i n e d  f o r  t h e  h e i g h t  o f  t h e  u p p e r ' l a y e r  b y  s e t t i n g
H V A L  =  5 . 0 .  T h i s  i n i t i a l l y  r e q u e s t s  a  v a l l e y  w i d t h  o f  5  t j m e s  t h e  s t a n d a n d  v a l u e  ( o r  o v e r  1 0 0  k m ) .
S u c h  a  l a r g e  v a l u e  j s  n o t  n o r m a l l y  c o m p a t i b l e  w i t h  t h e  v i r t u a l  h e i g h t  d a t a ,  a n d  g i v e s  u n a c c e p t a b l e
g r a d i e n t s  a b o v e  t h e  v a 1 l e y  r e g i o n .  l , J h e n  t h . i s  o c c u r s  P 0 L A N  r e d u c e s  t h e  v a l l e y  w i d t h  p r o g r e s s i v e l y
u n t i l  a n  a c c e p t a b l e  s o l u t i o n  i s  o b t a i n e d .  ( 2 E )  a n d  ( 2 F )  u s e  s m a 1 l  n e g a t i v e  v a l u e s  o f  H V A L  t o  s p e c i f y
t h e  d e p t h  o f  t h e  v a l l e y ,  i n  M H z .  T h e  v a l u e s  q i v e n  a r e  m o d i f i e d  t c  s o m e  e x t e n t  t o  e n s u r e  t h a t  t h e y  d o
n o t  a p p r o a c h  t h e  v a l u e  o f  f o E .

T h e  d a t a  s e t  ( 3 )  c o n s i s t s  o f  a c c u r a t e  v i r t u a l  h e i g h t s  f o r  a  C h a p m a n  l a y e r  w i t h  a  c r i t i c a l
f r e q u e n c y  o f  7 . 0  M H z ,  a  p e a k  h e i g h t  o f  2 5 0 . 0  k m  a n d  a  s c a l e  h e i g h t  o f  6 0 . 0  k m .  T h e  l a y e r  w a s
t r u n c a t e d  b e l o w  2 . 8  l ' 1 H z  i n  c a l c u l a t i n g  t h e  d a t a  f o r  ( 3 A ) ,  a n d  b e l o w  5 . 3 5  M H z  f o r  ( 3 8 )  t o  ( 3 E ) ,  s o  n o
a l l o w a n c e  i s  r e q u i r e d  f o l i o n i s a t o n  b e l o w  t h e s e  s t a r t i n g  f r e q u e n c i e s .  R e s u l t s  o b t a i n e d  u s i n g  t h e" d i r e c t  s t a r t "  i n  P 0 L A N  t h e r e f o r e  g i v e  a  d i r e c t  c h e c k  o n  t h e  a c c u r a c y  o f  t h e  p r o f i l e  c a l c u l a t i o n
( u s i n g  a  f a i r l y  s m a l l  n u m b e r  o f  p o i n t s ) ,  a n d  o n  t h e  p e a k  f i t  p r o c e d u r e  w i t h  d i f f e r e n t  t y p e s  o f
c r i t i c a l  f r e q u e n c y  d a t a .
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G r o u p  ( 4 )  c h e c k s  t h e  o p e r a t i o n  o f  t h e  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  u s i n g  e x t r a o r d l n a r y  r a y
d a t a .  f n b  v i i t u a l  h e i g h t s  i r e  c a l c u l a t e d  f r o m  a  p r o f i l e  c o n s i s t i n g  o f  t w o  o v e r l a p p i n g  C h a p m a n
l a y e r s ,  w i t h  a n  o v e r a l i  c r i t i c a l  f r e q u e n c y  o f  7 . 0  l " l H z ,  a  p e a k  h e i g h t  o f  2 5 0 . 0  k m  a n d  a  s c a l e  h e i g h t
o f  6 0 . 0  k m .  T h e  g y r o f r e q u e n c y  i s  i n d e p e n d e n t  o f  h e i g h t  ( s o  a  n e g a t i v e  v a l u e  i s  g i v e n  f o r  t h e  i n p u t
p a r a m e t e r  F H ) .  ( 4 n )  i s  a  s t r a i g h t f o r w a r d  s t a r t  c a l c u l a t i o n ,  w i t h  t h e  l a y e r  p e a k  o m i t t e d  b y  u s i n g
a  f i n a l  f r e q u e n c y  o f  - 1 .  ( 4 8 )  s h o w s  t h e  s t a n d a r d  e x t r a o r d i n a r y - r a y  v a l l e y  c a l c u l a t i o n  i n  w h i c h
o n ' l y  a  s i n g l e  v a l l e y  p a r a m e t e r  j s  c a l c u ' l a t e d  f r o m  t h e  d a t a .  T h u s  t h e  l i s t e d  v a l u e  f o r  t h e  v a l l e y
d e o t h  i s  n o t  a n  i n d e p e n d e n t  r e s u l t ,  b u t  i s  a  s i m p l e  f u n c t i o n  o f  t h e  c a l c u l a t e d  w i d t h  ( a s  d e s c r i b e d
i n  s e c t i o n  9 . 2 ) .  0 n 1 y  t h e  f i r s t  5  o f  t h e  e x t r a o r d i n a r y - r a y  d a t a  p o i n t s  h a v e  b e e n  u s e d  i n  t h e

c a l c u l a t i o n ,  s i n c e  t h e s e  c o v e r  t h e  o p t i m u m  f n e q u e n c y  r a n g e  o f  a b o u t  0 . 5  M H z  a b o v e  t h e  c r i t j c a l
f r e q u e n c y  o f  t h e  l o w e r  1 a y e r .  T h e  r e m a i n d e r  o f  t h e  X - r a y  d a t a  a r e . i g n o r e d  b y  P 0 L A N  s i n c e  t h e i r
i n c l u s i o n  w o u ' l d  n o t  i n c r e a s e  t h e  a c c u r a c y  o f  t h e  c a l c u l a t ' i o n .  ( 4 8 )  a l s o  s h o w s  t h e  d e t e c t i o n  o f  a
s i m p l e  d a t a  e r r o r ,  i n  t h e  v i r t u a l  h e i g h t  a t  3 . 2  M H z .  T h i s  e r r o r  i s  d e t e c t e d  j n  t h e  " r e d u c t i o n "

p h a s e  i n  P 0 L A N  a n d  t h e  p o i n t . i s  a u t o m a t i c a l l y  d e l e t e d  f r o m  t h e  c a l c u l a t i o n s .

R e s u l t s  ( 4 C )  a r e  f o r  t h e  s a m e  d a t a  s e t  a s  ( 4 A ) ,  b u t  a r e  r u n  w i t h  t h e  i n p u t  p a r a m e t e r  V A L L E Y  =

- 1  t o  g i v e  t h e  t w o - p a r a m e t e r  v a l l e y  a n a l y s i s .  T h i s  r u n  a l s o  h a s  L I S T  =  - 1  t o  g i v e  a  t r a c e  o f  t h e
s t a r t ,  [ e a k  a n d  v a l l e y  c a l c u l a t i o n s .  T h e  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  i n  ( a C )  t r i e s  s u c c e s s i v e
v a l u e s  o f  v a 1 1 e y  d e p t h ,  c a l c u l a t . i n g  t h e  o p t i m u m  v a l l e y  w i d t h  e a c h  t i m e ,  t o  f i n d  t h e  c o m b i n a t i o n
w h i c h  g i v e s  t h e  s m a l l e s t  r . m . s  e r r o r  w h e n  f i t t e d  t o  t h e  c o m b i n e d  d a t a  ( O - r a y  h e i g h t s ,  X - r a y  h e i g h t s
a n d  t h i e e  " p h y s i c a l  c o n d i t i o n s " ) .  D e p t h s  o f  a b o u t  0 . 1  a n d  0 . 5  M H z  a r e  t r i e d  f j r s t ,  a n d  i t e r a t i o n
t h e n  c o n t i n u e s  f r o m  w h i c h e v e r  o f  t h e s e  t r i a l  v a l u e s  g a v e  t h e  s m a l l e r  r . m . s  d e v i a t i o n .  T h e  m i n i m u m
d e v i a t i o n  f i n a l l y  f o u n d  i s  0 . 1 6  k m ;  s i g n i f i c a n t l y  l e s s  t h a n  t h e  v a l u e  o f  0 . 6  k m  f o r  t h e  o n e - p a r a m e t e r
v a 1 1 e y  f i t t e d  t o  t h e  s a m e  d a t a  i n  ( a B ) .  l ^ / i t h  a c c u r a t e  m o d e l  d a t a ,  a s  h e r e ,  t h e  t w o - p a r a m e t e r
p r o c e d u r e  g i v e s  g o o d  r e s u l t s .  l ^ l i t h  m o s t  p r a c t i c a l  i o n o g r a m s ,  h o w e v e r ,  t h e  a c c u r a c y  o f  t h e  d a t a  i s  n o t

s u f f i c i e n t  f o r  a  m e a n i n g f u l  d e t e r m j n a t i o n  o f  t w o  v a 1 l e y  p a n a m e t e r s  a n d  t h e  d e f a u l t  s i n g . l e - p a r a m e t e r
a n a l y s i s  s h o u l d  b e  u s e d  j n  P 0 L A N .

T h e  " * a d j u s t "  l i n e s  i n  ( 4 C )  g i v e  a  t r a c e  l i n e  f o r  t h e  f i r s t  s t e p ,  a n d  t h e n  f r o m  j u s t  b e f o r e
t h e  p e a k .  H e a d i n g s  f o r  t h e  t r a c e  d a t a  a r e  n o t  p r i n t e d  a t  L I S T  =  - 1 '  b u t  t h e y  c a n  b e  s e e n  i n  t h e

f o l l o w i n g  o u t p u t  ( 5 ) .  T h e  s e c o n d  " * a d j u s t "  l i n e  s h o w s  t h a t  t h e  p r o f i l e  s e c t i o n  b e l o w  t h e  p e a k

b e g a n  a t  t h e  l 4 t h  d a t a  p o i n t ,  f i t t i n g  t h e  v i r t u a l  h e i g h t s  a t  f r e q u e n c i e s  f r o m  3 . 3  t o  3 . 5  M H z  w i t h  a

r . f r . s .  e r r o r  o f  0 . 0 1  k m .  I n  t h e  s e c o n d  v a l l e y  c a l c u l a t i o n  t h e  i n i t j a l  c u r v a t u r e  o f  t h e  r e a l - h e i g h t
p o l y n o m i a l  w a s  p o s i t i v e ,  a s  s h o w n  b y  t h e  p o s i t i v e  v a l u e  o f  t h e  c o e f f i c i e n t  q ( 2 ) .  A  " p h y s i c a l

c o n a i t i o n "  b u i l t  i n t o  P O L A N  r e q u i r e s  t h a t  t h e  c u r v a t u r e  b g  n e g a t i v e  j u s t  a b o v e  a  v a l l e y ,  s o  t h e
s u b r o u t i n e  A D J U S T  a d d e d  t h e  e q u a t i o n  q ( 2 )  =  - 2 . 0  k n / l 4 H z z  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 i s
g a v e  a  n e w  r e s u l t  w i t h  q ( 2 )  e q u a l  t o  - 1 . 5 ,  a n d  t h e  r . m . s .  f j t  e r r o r  s l i g h t l y  i n c r e a s e d  ( f r o m  4 . 6 8  t o
q . A :  k m ) .  F o l l o w j n g  t h e  v a 1 1 e y  c a l c u l a t i o n ,  f o u r  o f  t h e  r e a l - h e i g h t  s t e p s  h a d . h i g h - o r d e r  c o e f f i c i e n t s
w h i c h  w e r e  c o n s i d e r g d  o s c i l l a t o r y .  T h i s  w a s  f i x e d  b y  a d d i n g  t h e  c o n s t r a i n t  q ( m q )  =  0 . 0  j 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 ,  w h e r e  m q  . i s  t h e  i n d e x  o f  t h e  h i g h e s t - o r d e r  c o e f f i c j e n t .  C a l c u l a t e d
c o e f f i c i e n t s  w o u l d  a l s o  b e  c l a s s j f i e d  a s  o s c i l l a t o r y  i n  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  p o l y n o m i a l  '
b u t  n o  a c t i o n  w a s  t a k e n  a t  t h i s  p o i n t  s i n c e  r a p i d  c h a n g e s  i n  g r a d i e n t  a r e  n o r m a l  j u s t  b e l o w  a  p e a k .

D a t a  s e t s  ( 5 A )  a n d  ( 5 8 )  u s e  t h e  n o r m a l  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 .  T h e  s t a r t  c a l c u l a t i o n
i n  ( 5 A )  g i v e s  a n  u n a c c e p t a b i y  l a r g e  v a l u e  f o r  t h e  i n i t i a l  r e a l - h e i g h t  g r a d i e n t  q ( 1 )  a t  t h e  f i r s t
f r e q u e n c y  F A ,  s o  t h i s  i s  r e d u c e d  f r o m  6 7 1  t o  2 5 8  k n / t [ H z .  T h e  s t a r t  c a l c u l a t i o n  i s  i t e r a t e d  o n c e
t o  a O ; u s t  f o r  t h e  v a r i a t i o n  o f  g y n o f r e q u e n c y  w i t h  h e i g h t .  O n  t h e  s e c o n d  c a l c u l a t i o n  t h e  c a l c u l a t e d
v a l u e  f o r  t h e  t h i c k n e s s  o f  t h e  J n d e r l y i n g  s i a b  o f  l o w l d e n s i t y  i o n i s a t i o n  w a s  n e g a t i v e  ( - 0 . 0 2  k m ) '  s o
t h e  l p a c t - s n r a r p q  q o l u t i o n  w a s  r e c a l c u l a i e d  w i t h  t h e  a d d e d  c o n d i t i o n  S L A B  =  0 . 1 .  T h i s  s m a l  l  c h a n g e
c a u s e d  a  n e g l i g i b l e  i n c r e a s e  i n  t h e  r . m . s .  f i t t i n g  e r r o r .

T h e  c a l c u l a t i o n  o f  ( 5 8 )  j s  f o r  a n  i o n o g r a m  p r o c e s s e d  w i t h  a n  i n c o r r e c t  v a l u e  o f  g y r o f r e q u e n c y .
T h e  p r o g r a m  h a d  s o m e  d i f f i c u l t y  i n  f i t t i n g  a  p h y s i c a l l y  a c c e p t a b l e  p r o f i l e  t o  t h e  c o m b j n e d  o n d i n a r y
a n d  e x t i a o r d i n a r y  r a y  s t a r t  d a t a .  T h i s  i i  s h o w n  p r i m a r i l y  b y  t h e  r e p e a t e d  r e d u c t i o n  o f  t h e  s t a r t i n g
h e i g h t  ( t h e  r e d u l t i o n  o f  t h e  c o e f f i c i e n t  q m  b y  t h e  s t a r t / v a l l e y  p r o c e s s i n g  s u b r o u t i n e  S T A V A L )  t o

a v o i d  n e g a t i v e  r e a l  h e i g h t  g r a d i e n t s  a t  h i g h e r  f r e q u e n c i e s .  E v e n t u a l l y  t h e  p r o g r a m  d e c i d e d  t h a t  t h e

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

s t i 1 l  r e q u i r e d  a t  f r e q u e n c i e s  b e l o w  t h e  f i r s t  d a t a  p o i n t .
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G.3.2  FULL TEST OUTPUT

F o l l o w i n g  l i n e s  a r e  a s  o b t a i n e d  f r o m  a  p D p 1 1 / 1 0  c o m p u t e r ,  u s i n g  Z 4 - b i t  f l o a t i n g  p o i n t  a c c u r a c y .
W j t h  o t h e r  m a c h i n e s  s i i g h t  v a r i a t i o n s  c a n  b e  e x p e c t e d  i n  t h o s e  q u a n t i t i e s  w h i c h  a r e  n o t  w e l l  d e f i n e d
F o r  e x a m p l e . i n  s t a r t  c a l c u l a t i o n s  u s i n g  e x t r a o r d i n a r y  r a y  d a t a  t h e  h e i g h t s  i n  t h e  u n o b s e r v e d  r e g i o n
( a t  f r e q u e n c r ' e s  b e l o w  f m i n )  m a y  v a r y ,  i n  a  * a y  w h i c h - c h a n g e s  t h e  c a l c u i a t e d  h e i g h t s  i n  t h e  o b s e r v e d
n a n g e  b y  l e s s  t h a n  a b o u t  0 . 1  k m

r ' 0  L  A  t i  0 F  A f i i l t  1 9 8 5 .

i 0 0 J  S l l i G L ! - P r i t Y r , l u l l l l L : .  F l i  = - 1 . 2 0  : l i p .  2 ' J . 0

1 9 - A U G - 8 5

L : S r  -  I  0 . 0

i j B  X  / A L t t Y ,  r r l c h  d a ! a )  S T I R T  -  i . 0 0 0

F R E Q  1 . 0 0 0  1 . 2 0 0  1 . 6 0 0  1 . 8 0 C  : . 0 0 0  2 . 2 C C  2 , 1 0 0  ? . 0 0 0  Z . B 0 O  2 . 9 0 0  3 . 0 0 0  3 . 1 0 0  j . 2 0 0  J . 3 0 0  3 . 3 5 0  1 . 4 0 0v t R i  9 1 . 5 : 0  9 5 . 2 2 A  t A A . 2 2 A  i 0 2 . 0 5 i . t  1 0 3 . 9 4 0  t i t 5 . 9 / 0  1 0 8 . 2 3 0  1 1 0 . 3 . 1 0  i 1 4 . 0 1 0  1 1 5 . 9 1 0  1 1 8 . 1 8 0  1 2 0 . 9 0 0  l 2 4 . 2 a a  v 9 . i g u  r : z . q c o  t : e . g q o

F R I Q  1 . 4 5 0  3 . 5 0 0  3 . 5 J 5  - . 1 . 2 5 0  , 4 . 3 4 3  - 1 . 4 4 /  - r  5 , 1 6  - r . 6 d 5  - 4 . 7 4 4  - 4 . 8 4 3  3 . 6 0 0  3 . 7 0 0  3 . e 0 0  3 . 9 0 0  4 . { J i l 0  4 . 1 0 0v l R i L 1 3 . 6 / 0  1 5 7  1 2 0  0 . 0 0 0  . 1 1 3 . 2 5 0  2 8 : . 9 / 0  2 6 4 . O t l ]  : 5 1 . 5 i 0  2 4 7 . ; 0 0  2 4 3 . 8 1 0  2 4 1 . 8 4 0  2 7 6 . 0 0 0  2 4 l . 8 0 0  2 3 6 . 8 2 A  ' J : 1 . r 3 0  2 ? 7 . 9 9 A  2 2 6 . 3 5 0

F R I Q  4  2 C 0  4 . 3 C 0  4  4 0 0  4  6 0 0  1 . 3 0 0  5 . 0 0 0  4 . 2 0 0  r . 1 0 0  5 . 4 0 0  5 . 5 0 0  5 . 6 0 0  5 . / 0 0  5 . 8 0 0  5 . 9 0 0  6 . 0 0 0  6 . 2 0 0/ 1 R 1 2 2 5 . i  I 0  2 2 5 . i 1 A  2 2 6 . 3 1 A  2 Z E . g A C  2 a Z . 5 0 0  : 3 7 . 2 1 0  2 4 2 . 9 5 0  2 t 6 . r O 0  2 c 9 . 6 8 A  2 5 3 . T A  2 : 7 . 5 7 0  2 5 1 . 5 0 0  2 6 6 . 8 6 0  2 7 2 . A A 0  z t / . g / 0  ? g t . t 4 A

F R L Q  6 . 3 0 0  6  d 0 0  6 . 5 0 0  6 . 6 0 t  5 . / 0 0  6 . s c l n  5 . - 0 0 0  7 . 0 0 0  0 . 0 0 0  D . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0/ l R T 3 0 0 . 0 0 0  : 0 9 . 5 / 0  i 2 c . 9 2 0  3 i 4 . g 3 o  3 a ? . 8 ? i )  - t 7 8 . 1 ! !  , : 1 2 2 . 0 c 0  0 . ' t 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

4 5
-  1 5 . 2 5  2 . 6 5  1 . 7 4

f ' e a l .  3 . 5 1 2  ( + ' - 0 . 0 3 : )  l ' 1 l l z ,  l l e i g r i  1 1 5 . 3  ( ' /  0 . 6 )  k m .  5 c 3 l e  H e r g h t  1 2 . 3  ( + , / -  0 . g )  k m .  S l a b  ( t o  p e a k ) .  1 6 . 0  k m .n {  3 l :  1 9  1 9  8  i  r z a a a  3 . t : 3 . 5 :  L a  4 , a  2 9  0  0  7  4  8 5  t 0  1 2 5 . 9 6  3 . 5 3  / . 0 0 1 2 . 2 1  6 . 7 7  1 . 0 0  1 8 . 3 9  0 . 0 7* a d j u s i  - - -  1 9  8  /  1 2 3 . 5 4  3 . 5 3  t i . 9 0  4 E . 1 0  - 7 : . i 0  9 9 . 9 4  - 7 6 . a 2  : 1 . 9 J  - b . 9 0  o . 6 0  1 4 . 6 0  r . ? 0I  v a i l e y 2 l . 4 k n w r d e ,  0 . 0 7 : ' 1 l j z d e " p .  c e v n  i . 2 c k n r  8 t e r n s f i t t i n g z g a + f  X r a y s  + 4  h x - 1 4 , / . 11 1  3 . 1 :  i 9  1 9  L '  r 2 4 . 3 3  3 . 5 :  1 . 5 0  1 2  ! 9  2 9  0  0  7  4  8 5  i 0  1 2 5 . 9 r ;  3 . 5 3  / . 0 0  1 7 . 2 1  . , s 6  l . r ) { J  2 t . J /  0 . 0 9' a d . r ! s t  - - -  1 9  3  r -  r 2 4 . 3 , i  3 . 5 t  5 . 9 0  1 2 . r r  - 6 c . 9 8  a 4 . r 2  - 6 5 . 5 1  2 8 . 0 4  - b . 1 5  0 . 5 4  l 5 . b b  1 . 2 02  v a l l e y 2 3 . 2 k m w ; r l e ,  0 . 0 9 l 4 l i z d e e p .  d e v n  l . 2 0 k m  6 i . e r m s f i t t i n g 2 g A + l  x r a y s  + 4  h x = 1 4 8 . 4

P e a k  5 . 9 9 9  ( + / - 0 . 0 1 7 )  M l l z ,  H e i g h r  2 5 0 . 4  ( . / -  C . 9 )  k m .  S c 3 t e  H e j g n r  5 9 . 3  ( + / -  1 . 2 )  k h .  S t d b  ( r o  D e a k )  =  b b . g  k m .

F R E Q  1 . 0 0 0  r . z a a  i . 6 0 0
R E / i t  9 1 . 6 5 C  9 3 . 1 / 4  9 5 . 1 0 9

1 . 8 0 c  2 . 0 0 0  2 . 2 a a  2 . 4 0 0  2 . 0 0 0  2 . 8 0 0  2 . 9 0 0  3 . 0 0 0  3 .  l o 0  3 . 2 0 0  3 . 3 0 0  3 . 3 5 0  i . 4 0 09 6 . 0 4 1  9 1 . 2 1 4  9 8 . i t c  1 0 0 . i 9 1  1 0 1 . 5 6 1  r 0 2 . 8 6 9  1 0 3 . 5 3 2  1 0 4 . 2 7 6  1 0 5 . 1 8 2  t 0 6 . 3 5 5  r o z . g i l  r o e . g z s  r r o . o g z

0 .  0 0 0  0 .  0 0 0
0 .  0 0 0  0 .  0 0 0

F R E Q  3 . 4 5 0  3  5 0 0  3 . s 3 2  3 . 5 1 1  3 . 4 4 6  3 . 4 4 5  3 . 5 3 ?  3 . 5 0 0  3 . 7 0 0  3 . 8 0 0  3 . 9 0 0  4 . 0 0 0  4 . 1 0 0  4 . 2 0 A  4 . 3 0 0  4 . 4 0 0R t A L l 1 1  1 5 0  1 r 2 . 9 6 2  r 1 6  7 7 I  1 2 0 . 5 ' 1 3  i 2 4 . : 2 6  r 3 3 . / 2 2  r 3 9 . g B 5  r 4 2 . 6 2 6  r 4 5 . 7 9 4  t , l s . : s 0  t : o . o : q  1 5 2 . 7 1 5  1 5 4 . 7 5 8  1 5 6 . 7 4 5  t 5 B . / z g  I 6 a . t e

F R I Q  4  6 0 0  ' 1 . 8 0 0  5 . 0 0 0  5 . 2 0 a  5 . 3 0 0  5 . 4 0 0  5 . 5 0 0  5 . 5 0 0  5 . 7 0 0  5 . 8 0 0  5 . 9 0 0  6 . 0 0 0  6 . 2 0 0  6 . 3 0 0  6 . 4 0 0  6 . 5 0 0R E A 1 1 6 4 . 6 5 0  1 6 E . 5 0 5  i 7 2 . 2 8 5  1 7 6 . 0 8 7  1 7 8 . 0 4 4  1 8 0 . 0 6 4  1 8 2 . 1 6 4  1 8 4 . 3 5 9  1 8 6 . 6 5 5  1 8 9 . 0 5 6  1 9 t . 5 6 2  1 9 4 . 1 7 1  1 9 9 . 7 i 8  2 0 2 . 7 0 0  2 0 5 . 8 9 3  2 0 9 . d 0 7

F R E Q  6 . 6 0 0  6 . 7 A A  6 . 8 0 0  6 . 9 0 0  6 . 9 9 9  5 . 3 i 5  6 . 3 8 4  5 . 3 4 2  A . A U  5 2 7 . 0 7 1
R t 4 1 2 1 3 . 4 0 9  2 i 3 .  t 5 6  2 2 4 . 0 0 s  2 3 i . 3 3 6  2 5 0 . 4 4 0  2 3 0 . 8 5 6  3 1 2 . 8 / 2  : , i 6 . 5 2 1  o . e o r  s s . : t i

P  O  L  A  i i  O F  A P R i L  1 9 8 5 .

( 0 1 ) F i X t D  F H ;  i R A C E  L I S T 2  F N  = - i . 0 C

( l G )  E  r  F ;  N 0  F C ' 5 S T A R T  =  0 .  0 0 0

D l f ' j =  1 0 . 0 A l l i i D S  =  0 . 0 0  T A L L E Y =  0 . 0 0

1 9 . A U G - 8 5

L r s r  =  2  0 . 0

F R E Q  1 . C 0 0  r . 3 0 0  1 . 7 0 0  2 . 2 0 0  2 . 6 0 0  2 . _ 0 0 0
r l R T  9 / . C 0 0  i 0 1 . 0 0 0  1 0 7 . 0 0 0  1 1 7 . 1 1 0 0  1 3 1 . 0 0 0  1 5 6 . 0 c 0

3 . 4 0 0  3 . 6 0 0  3 . 9 0 0  4 . 2 A A  4 . 6 0 0  4 . 9 0 0
2 6 5 . 0 0 0  2 6 2 . 0 0 0  2 6 9 . 0 0 0  2 8 5 . 0 0 0  3 2 7 . 0 0 0  4 1 8 . 0 0 0

0 . 0 0 0  3 . 2 0 0
0  . 0 0 0  2 8 0 .  0 0 0

2 . 9 0  0 . 0 0
1 5 6 . 0 0  0 . 0 0

n a  f a  f r m  k r m  x v  n f  n r  n l  n x
8 2 . 7 1  0 . s 0  0 . 5 0  i  2 9  4  0  0  0
8 2 . 1 1  0 . 5 0  0 . 5 0  I  2 9  4  0  0  0

i A R G S :  N , f 1 , f r '  1 2 0  1 . 0 0  9 7 . 0 0  f b , d i p , s t d r t =  - i . 0 0  l 0 . c o  0 . 0 0  a m o d e , v a r  r e y , r i s t .  0 . 0 0  0 . 0 0  2

d F R Q  1 . 0 0  1 . 3 0  t . / 0  2 . 2 a  2 . 6 0
i H T S  9 7 . 0 0  1 0 1 . 0 0  1 0 / . 0 0  t  l / . 0 0  1 3 1 . 0 0

3 . 2 4  3 . 4 0  3 . 6 0  3 . 9 0
2 3 C .  0 0  2 6 5 . 0 0  2 6 2  . 0 A  2 6 9  . 0 A

4 . 2 4  4 . 6 0  4 . 9 0  0 . 0 0
2 8 (  . 0 0  J 2 -  .  L 0  4  1 8 . 0 0  0  .  0 0

4 n T R t C E :  k r
i .  ? . 2 :  1
, '  t . i :  I

' d d J u s t - - - - -
- a d j ! 5 t  - - -

- a d J U s t  - - -

l k  j m  m r
1 6 /

l k  j m  i r t
j . r i 4
.1 5 5
, 1  5 )

ns  mode nod hs  fc  fcc
I  5  5  9 3 . 1 3  0 . 0 0  0 . 0 0
I  5  5  9 3 .  4 3  0 . 0 0  c . 0 0

s h  p a r h t  h v a l  v w i d t h  v d e D t h
0 .  0 0  1 9 .  1 0  1  . 0 0  0 . 0 0  0 .  0 0
0 .  0 0  0 .  0 0  0 .  0 0  c . 0 0  0 . 0 0

h a  f a  f n  q l
8 2 . / 1  A . a A  t . / c  1 5 . 2 3
- ! 0 . 3 4  l . c 0  2 . 6 c  9 . 0 1
- a : . i 0  1 . 1 0  2 . 9 c  9 . i l

2 3 4
- 7 1 . 1 1  i 5 . 4 8  - 2 6 . 7 8

1 . 0 8  - 1 . 0 8  0 . 4 8
a . / 2  2 . 4 5  - 1 . 9 0

0 . 9 4
A . ' t i  0 .  i 3
2 . 4 4  0 . 0 8

S l d b  ( t o  p e d l  )  =  2 l . l  l r l

+ l T R . l i L :  t , .  l k ' f :  
h a

5  9 , r .  l 0
4  1 3 t . 6 9
I  i 3 / .  b 9
. 1  1 3 7 . 6 9
1  1 3 3 . 3 3
, t  1 3 8 . 8 3
1  l i E . 3 3

i d e ,  0 . 1 1

k r n  k v  n f  n r  n l
9  3 /  5  0  0
9  1 7  5  0  0

3 9 . 3 5  - 6 . 7 0
9 3 i 5 0 0
9  j j  5  0  0

1 5 . r i  1 . 3 5
9 3 7  5  0  0

o e v n  1 . ? 3  ( n

h v a l  v w i d t h  v c e p t h
0 .  0 0  0 .  0 0  . 1  . 0 0
1 . 0 0  2 2 . 6 0  0 . 0 9

r . a 0  2 7 . 6 2  0 . 1 1
h x  =  1 5 8 . 3

r t  2 . 2 1  9
r +  1 . 3 :  9
" d d J U S l  - - -
c i  , i . 3 :  9
, i  3 . 3 i  - a
* a d j ! s i  , - -
i :  4 . 1 :  9

2  v a ) ) e y  2 7 . 6

I  . 0 0  2 5 .  6 5  0 .  0 9
1 . 0 0  2 s . 5 5  0 . 1 1

3 . 0 5
l . c 5
4  . 2 C
: . 0 5
i . 0 5
4 .  2 0
i . r 5

J m
5
5

n x  r n s  n o d e  m o d  h s  f c  f c c  s h  p a r n l
0  0  5  5  1 2 0 . 2 7  3 . 0 5  0 . 0 0  1 8 . 1 8  9 . 8 6
0  4  5  5  1 3 6 . 5 1  3 . 0 5  0 . 0 0  2 5 . 4 5  1 2 . 4 8

- 0 . 2 0  z . a t  1 3 . 1 6  1 . 3 6
i l  4  5  5  1 3 6 . 5 1  3 . 0 5  0 . 0 0  2 5 . 4 5  1 2 . 4 8
0  4  5  5  1 3 6 . 5 i  3 . 0 5  0 . 0 0  2 : . 1 5  1 3 . 6 2

, 2 .  r  I  2 .  1 3  1 4 . 0 0  1 . 2 3
0  4  5  5  1 3 6 . 5 1  3 . 0 5  0 . 0 0  2 5 . 4 5  i 3 . 6 2

5  t e r m s  f i t t i n g  5  0  +  0  X  r a t r ' s  +  4
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i , o [ A f , r  o F  n P R i t 1 9 6 5 .  ] c - 1 i l l c - 8 5

( l )  S T A I D A R C  T E S T  L l Y t R S  F H  - - 1 . C 0  l l P  -  l 0 . l  A [ t ] D t  =  0 . 0 0  r i ' r L L t Y =  { 1 . i 0  t 1 : T '  u  C . 0

(  1 A )  '  L A Y E R , I I O D E L  s T A R T  S T A R T  =  - q l ] . O t ) O

F R I Q  I . 0 0 0  1 . 2 0 0  1 . 5 0 0  1 . s 0 0  2 . 1 0 0  2 . 4 0 0  2 . 5 0 C  2 . d O C  2 . 9 5 0  l . ' J O l  0 . J 0 0  ! . , l 0 t l  0  0 1 1 0

v t a i i o o . o o o  t c 2 . 0 0 0  1 0 5 . 0 0 0  t L 0 . 0 o o  1 1 5 . 0 0 0  t 2 2 . 0 0 0  1 3 0 . 0 0 c  i i l . o 0 0  1 b 5 . 0 0 0  0 . c o c  0 . 0 0 c  r r . r l i l i l  0 . ! 0 u

p e a k  1 . 0 0 2  ( , r - 0 . 0 0 / )  M H z ,  H e i g h t  1 2 3 . 3  i + , ' -  c . : )  [ m .  5 c a l e  l ] e j q n r  1 4 . - q  ( + / -  0 . 2 )  k n .  5 l . b  ( i .  p e a k ) '  l 9  r  r r r '

F R E Q  0 . 5 0 1 1  0 . 7 5 0  1 . 0 0 0  i . 2 0 0  1 . 5 ! 0  1 . 3 C 0  2 . 1 0 0  : l . 4 c c  2 . 6 0 0  2 . 8 0 0  ?  9 a a  l . ! r ' 2  ?  t 2 3  2  i t r  : 5 0 :  t  r ' 0 7

R F A L  9 0 . 0 0 0  9 3 . 6 1 8  9 5 . 2 2 i  - c 6 . 5 8 4  9 8 . i 0 2  L 0 l . i l 9  1 r 3 . 8 0 8  i 0 6 . 9 4 1 r  i 0 9 . i 8 0  1 l l . l 9 /  1 I 8 . 2 4 !  i : 3 . 1 ' i 9  i l 0 . Y 8 a  l i 9 . l 2 2  1 r /  i q ' 1  1 - 1 . 1 7 0

(  1 B ) r . 1 0 D E L  A B 0 / E  t X T R A P T .  S T A R T  = 1 C 0 . 0 0 0

F R E Q  1 . 0 0 0  L 2 A A  1 . 5 0 0  1 . 3 0 0  2 . 1 0 r r  2 . $ c  2 . 5 0 c  2 . 8 C 0  2 . 9 5 0  1 . 0 0 0  i l  i l i l i l  r . l a l !  0 . O c c

r r R r 1 0 o . o 0 0  i 0 2 . 0 0 0  1 0 5 . 0 0 0  i 1 0 . 0 0 0  1 1 5 . 0 0 0  i 2 2 . 0 o o  r 3 0 . 0 0 0  r 4 1 . 0 0 0  i 5 5 . 0 0 0  c . 0 0 c  0 . 0 1 1 0  c . 0 0 c  0 . 0 0 0

P e a k  3 . 0 0 1  ( + / - 0 . 0 0 7 )  l ' 1 f l z ,  H e i g h t  1 2 3 . 9  ( + , ' -  0 . 2 )  k m .  5 c a l e  H e r g n r -  1 ' 1  7  ( * / -  0 . 2 )  k n  : l ' b  l t o  p e d k )  =  l 3  i  k n '

F R E Q  0 . 5 0 0  0 . 7 5 0  1 . 0 0 c  i . 2 0 0  1 . 5 0 0  1 . 8 0 0  2 . 1 0 0  2 . 4 C C  2 . 6 0 0  2 . 8 0 0  2 . 9 a 0  : . 0 0 1  2 . 9 2 2  ? . i 3 A  2  5 0 5  t . 0 i l 7

R E A L  9 6 . 0 0 0  9 6 . t l A  g t . 5 3 t  9 8 . 5 5 2  1 0 0 . 1 5 6  1 0 2 . 3 1 4  1 0 4 . 8 2 2  i 0 7 . 8 2 1  1 1 0 . 5 9 0  1 1 4 . 1 4 5  l i 3 . - q 5 4  1 2 3 . - o 4 2  1 l ] . 4 6 8  L l - a . 3 9 0  t ; 7 . i 4 c  0 . 1 6 i

(  r c )  S T A R T  F N  A T  9 0  K l 4 .  S T A R T  =  0 . 4 0 0

F R E Q  1 . 0 0 0  1 . 2 0 0  1 . 5 0 0  i . B 0 o  2 . 1 0 0  2 . 4 0 a  2 . 6 0 0  2 . 3 0 0  2 . 9 r i 0  : . c o c  t . r . 0 0  0 . t r c c  ' 1 . 0 0 0

v t R T 1 0 0 . 0 0 0  1 0 2 . 0 0 0  1 0 5 . 0 0 0  1 1 0 . 0 0 0  1 1 5 . 0 0 0  1 2 2 . 0 0 0  1 3 0 . 0 0 0  1 4 1 . 0 0 !  1 6 5 . 0 0 0  0 . 0 0 0  0 . c c 0  i | J 0 0  0 . 0 0 0

p e a k  3 . 0 0 2  ( + i - 0 . 0 0 7 ) : . t H z ,  H e i g h t  1 2 3 . 5  1 . + / -  0 . 2 )  k m .  5 c a l e  i l e r g h i  i 4 . ' 9  { '  -  C . 2 )  k n .  ! l a . \  i i u  o e a [ )  -  1 8 . - a  k n

F R i Q  0 . 4 0 0  0 . 7 0 0  1 . 0 0 0  1 . 2 0 0  t . 5 0 0  1 . 8 0 0  2 . 1 0 c  2 . 4 a a  2 . 6 0 r : J  2 . 3 0 0  2 . 9 5 0  3 . C 0 2  2 . ' ) 2 3  2 . 1 } , A  2 . 5 0 5  C . 0 0 7

R E A L  9 0 . 0 0 0  9 4 . { J 1 t  9 5 . 5 9 8  9 1 . 0 2 4  g B . g b t  1 0 1 . 3 3 3  1 0 3 . 9 8 9  1 0 7 . 0 9 6  1 0 9 . 9 2 4  i 1 3 . 5 3 0  1 i 8 . 3 7 1  1 ? r . ' 1 : 4  1 3 i . C 7 l i  1 3 9 . 0 t 6  1 4 7 . 5 : i  C . L 6 t

(  I D )  '  C U S P  ,  C O N T i N U O U S  S T A R T  =  C . O O c l
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APPEI{DIX H. THE SIMPLIFIED PROGRAI.I SPOLAN

H. I CONSTRUCTIOIl

S P 0 L A N  p r o v i d e s  a  m u c h  s h o n t e r  a n d  s i m p l e r  v e r s i o n  o f  P 0 L A N ,  f o r  u s e  w h e n  f u l l  e x t r a o r d i n a r y  r a y
s t a n t i n g  a n d  v a l l e y  c o r r e c t i o n s  a r e  n o t  r e q u i r " e d  a n d  p a r a b o l i c  l a y e r  p e a k s  a r e  a c c e p t a b l e .  S p O L A N
a g c g p t s  t h e  s a m e  i n p u t  p a r a m e t e r s  a n d  g i v e s  t h e  s a m e  t y p e s  o f  a n a l y s i s .  T h e  s i m p l i f i e d  v e r s j o n  o f
P O L R U N  l i s t e d  i n  s e c t i o n  H . 3  c a n  b e  u s e d  w i t h  e i t h e r  p r o g r a m .  V a l u e s  o f  A M O l l E  i n  t h e  r a n g e  1 1  t o  2 0
s h o u l d  n o t  b e  u s e d  w i t h  S P 0 L A N ,  w h i c h  d o e s  n o t  h a v e  a n  o p t i o n a l  1 2 - p o i n t  i n t e g r a t i o n .  L a i g e r  v a l u e s
o f  A M 0 D E  c a n  b e  u s e d ,  a s  i n  P O L A N .  T h u s  A M 0 D E  =  B 5  w i l l  u s e  a n  B - t e n m  r e a l - h e i g h t  e x p r - e s i i o n  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 .  S P 0 L A N  a c h i e v e s  t h i s  b y  s e t t j n g  t h e  p a r a m e t e r s  f o r  t h e
f i r s t  a n d  s e c o n d  l a y e r s  i n t o  t h e  1 1 t h  a n d  1 2 t h  e l e m e n t s  o f  t h e  m o d e - d e f i n i n g  a r r a y s  I T ,  I V  a n d  I R .

A p a r t  f r o m  t h e  a b s e n c e  o f  e x t r a o r d i n a r y  n a y  c a l c u l a t i o n s ,  s o m e  o t h e r  s i m p l i f j c a t i o n s  j n  S p 0 L A N
c a u s e  s l i g h t  d i f f e r e n c e s  i n  t h e  c a l c u l a t e d  r e a l  h e i g h t s .  5 - p o i n t  g a u s s i a n  i n t e g r a t i o n  j s  u s e d
t h r o u g h o u t ,  s o  t h a t  S P O L A N  i s  f a s t e r  t h a n  P 0 L A N  b u t  w i l l  b e  l e s s  a i c u r a t e  a t  h i q h  l a t i t u d e s .  A t
l o w  a n d  m e d i u m  l a t j t u d e s  t h e  d i f f e r e n c e  j s  n o r m a l l y  n e g ) i g i b l e  w i t h  s i n g l e - l a y e i  i o n o g . a m s .  W h e n  a
s e c o n d  l a y e r  i s  p r e s e n t  t h e r e  w i l l  b e  l a r g e r  c h a n g e s  i n  t h e  c a l c u l a t e d  i e a l  h e i g h t s  o i  t h e  u p p e r
l a y e r .  T h e s e  a r e  c a u s e d  b y  t h e  s l i g h t l y  d i f f e r e n t  f o r m  a s s u m e d  f o r  t h e  p e a k  o f  t h e  f i r s t  l a y e r ,  a n d
d i f f e r e n c e s  i n  t h e  s i z e  a n d  s h a p e  o f  t h e  a s s u m e d  v a l l e y  b e t w e e n  l a y e r s .  S i n c e  t h e  t r u e  v a l l e y  i s  n o t
k n o $ / n ,  h o w e v e r ,  t h e s e  d i f f e r e n c e s  h a v e  l i t t l e  p h y s . i c a l  s i g n i f i c a n c e .

Star t  p rocedures .
A s  i n  P 0 L A N ,  a  p o s i t i v e  v a l u e  ( g r e a t e r  t h a n  4 4  k m )  f o r  t h e  p a r a m e t e r  S T A R T  i s  u s e d  t o  i n p u t  a

m o d e l  s t a r t i n g  h e i g h t  f o r  u s e  a t  t h e  f i x e d  s t a r t i n g  f r e q u e n c y  o f  0 . 5  M H z .  I f  S T A R I  i s  z e r o ,  t h e  f i r s t
f e w  v i r t u a l  h e i g h t s  a r e  u s e d  t o  o b t a i n  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  ( a s  d e s c r i b e d  j n  s e c t i o n  6 . 2 ,
p a g e  2 4 ) .  S e t t i n g  S T A R T  =  - 1 . 0  g i v e s  a  d i r e c t  s t a r t  f r o m  t h a  f i r ; t  d a t a  p o i n t  F V ( 1 ) ,  H T ( 1 )  w i t h  n o
a l l o w a n c e  f o r  u n d e r l y i n g  i o n i s a t i o n .

A n  a d d j t i o n a l  s t a r t  p n o c e d u r e  h a s  b e e n  j n t r o d u c e d  i n  S P O L A N  t o  g i v e  a  s i m p l e  b u t  w o r t h w h j l e
a l l o w a n c e  f o r  l o w - d e n s l t y  i o n i s a t i o n  b e l o w  t h e  n i g h t - t i m e  F  1 a y e r .  i h i s  p r o c e d u r e  i s  i n v o k e d  w h e n  t h e
p a r a m e t e r  S T A R T  i s  n e g a t i v e  ( a n d  l e s s  t h a n  - 4 4 . 0 ) .  I t  u s e s  a  s i n g l e  e x t r a o r d i n a r y - r a y  v i r t u a l  h e i g h t
t o  c a l c u l a t e  a  s u i t a b l e  s t a r t i n g  h e i g h t  a s  d e s c r i b e d  i n  s e c t i o n  S . 0 . 2  ( p a g e  5 0 ) .  F o r  e a c h  r e c o r d i n g
s i t e  a  t a b ' l e  i s  p r e p a r e d  g i v i n g  t h e  e x t r a o r d i n a r y - r a y  f r e q u e n c y  f *  t o  b e  u s e d ,  a s  a  f u n c t i o n  o f  t h e
m i n i m u m  o b s e r v e d  o r d i n a r y - r a y  f r e q u e n c y  f m i n .  T h e  v i r t u a l  h e i g h t " h ' ,  o f  t h e  e x t r a o r d r n a r y  r a y  a r  r n e
f r e q u e n c y  f *  i s  m e a s u r e d  f o r  e a c h  i o n o g r a m  ( w i t h  s o m e  c a u t i o u s - e x t r a ' p o l a t i o n  j f  t h e  t r a c e  d o e s  n o r
e x t e n d  d o w n  t o  f * ) .  S e t t i n g  t h e  p a r a m e t e r  S T A R T  e q u a l  t o  - h ' x  t h e n  c a u s e s  S P 0 L A N  t o  c a l c u l a t e  a
m o d e l  s t a r t i n g  h e i g h t  u s i n g  e q u a t i o n s  2 8  a n d  2 9  o n  p a g e  5 1 ,  f o i  a  s t a r t i n g  f r e q u e n c y  f ,  o f  0 . 5  t 4 H z .
T h e  c a l c u l a t e d  p r o f i l e  i s  t h e  s a m e  a s  i f  t h e  e q u a t i o n i  i n  s e c t i o n  8 . 6 . 2  w 6 r e  a p p l i e i  m i n u a l l y  t o  t h e
m e a s u r e d  v a l u e  o f  h ' * ,  a n d  t h e  s t a r t i n g  h e i g h t  o b t a i n e d  e n t e r e d  a s  t h e  ( p o s i t i v e )  v a l u e  o f  S T A R T .

T h e  P e a k  a n d  V a l l e y  c a l c u l a t i o n s  i n  S P E A K .
P 0 L A I ' l  u s e s  a  r a t h e r  c o m p l e x  p r o c e d u r e  f o r  l e a s t - s q u a r e s  f i t t i n g  o f  a  t r u e  C h a p m a n - 1 a y e r  p e a k  t o

a l l  a v a i l a b l e  d a t a .  I n  S P 0 L A N  t h e  c r i t i c a l  f r e q u e n c y  o f  a  l a y e r  s h 6 u l d  p r e f e r a b l y  b e  s c a l e d  f r o m  t h e
i o n o g r a m .  T h e  a n a l y s i s  t h e n . i n c l u d e s  a  p a r a b o l i c  p e a k  e x p r e s i i o n  i n  t h e  r e a l - h e i g h t  f u n c t i o n  f i t t e d
t o  t h e - v i r t u a l - h e i g h t  d a t a .  I f  b h e  c r i t i c a l  f r e q u e n c y  i s  n o t  s c a l e d  i t  i s  d e t e r m i n e d  b y  f i t t i n g  a
p a r a b o l i c  e x p r e s s i o n  t o  t h e  l a s t  3  p o i n t s  o n  t h e  c a l c u l a t e d  p r o f i l e .  I n  b o t h  c a s e s  r e s u ' l t s  a r e
m o d j f i e d  t o  a v o i d  m o s t  o f  t h c  s y s t e m a t i c  e r r o r  w h i c h  o c c u r s  f n o m  u s e  o f  t h e  p a r a b o l i c  a p p r o x i m a t i o n
( p a r t i c u l a r l y  i n  t h e  c a l c u l a t e d  v a l u e s  o f  s c a l e  h e j g h t ,  a s  d i s c u s s e d  i n  T i t h e r i d g e ,  r g g ' 5 i ) .  T h i s
c o r r e c t i o n  i s  a c h i e v e d  b y  c h a n g i n g  t h e  c o n s t a n t s  0 . 2 5  ( i n  t h e  o ^ i t i c a l  f r e q u e n c y - c a l c u l a t i o n )  a n d  0 . 5
( i n  t h e  s c a l e  h e i g h t )  t o  0 . 2 6 3  a n d  0 . 5 5  r e s p e c t i v e i y .

A  s i m p l e  m o d e l  v a l l e y  i s  a d d e d  b e t w e e n  l a y e r s .  T h i s  c o r r e s p o n d s  a p p r o x i m a t e l y  t o  t h e  s t a n d a r d
m o d e l  u s e d  b y  P O L A N ,  w i t h  a  v a l l e y  w i d t h  e q u a l  t o  H I 4 A X / 2  -  4 0  k m  w h e r e  H M A X  i s  t i r e  h e i g h t  o f  t h e
u n d e r l y i n g  p e a k .  T h e  d e p t h  o f  t h e  v a l l e y  a l s o  c o r r e s p o n d s  a p p r o x i m a t e l y  t o  t h e  " s t a n d a r d "  v a l u e ,
i n c r e a s i n g  f r o m  0 . 0 5  M H z  a t  a  w i d t h  o f  1 0  k m  t o  0 . 3  M H z  a t  a  w i d t h  o f  6 0  k m .  T h e  v a l l e y  d o e s  n o i
i n c l u d e  t h e  i n i t i a l  p a r a b o l j c  s e c t i o n  u s e d  b y  p 0 L A N ,  b u t  h a s  a  l i n e a r  v a r i a t i o n  o f  e l e c t r o n  d e n s i t y
b e t w e e n  t h e  p o i n t s  l  i s t e d . i n  t h e  o u t p u t .  T h e  w i d t h  a n d  d e p t h  o f  t h e  v a l l e y  c a n  b e  a l t e r e d  b y  g i v i n g
a  n 0 n - z e r o  v a l u e  f o r  t h e  i n p u t  p a r a m e t e r  V A L L t Y ,  o r  f o r  t h e  ' v i r t u a l  h e i g h t '  a t  t h e  c r i t i c a i
f r e q u e n c y  o f  a  1 a y e r .  T h e s e  c h a n g e s  a r e  t h e  s a m e  a s  t h o s e  u s e d  i n  P O L A N .  T h u s  a  v a l u e  o f  V A L L F y
b e t w e e n  0 . 0  a n d  5 . 0  m u l t i p l i e s  t h e  w i d t h  o f  t h e  m o d e l  v a l l e y  b y  t h i s  f a c t o r ;  a  n e g a t i v e  v a l u e
V A L L E y  -  - D  p r o d u c e s  a  v a l l e y  w . i d t h  e q u a l  t o  - 5 D  k m ;  a n d  l n y  d e c i m a l  p a r t  o f  V A L i E y  r s  u s e d  r o
s p e c i f y  t h e  v a l l e y  d e p t h  j n  M H z .

T h e  s u b r o u t i n e  C 0 E F I S  c a l c u l a t e s  t h e  c o e f f i c i e n t s  f o r  t h e  r e a l  a n d  v i r r u a l  h e i g h t  e q u a t i o n s ,
i n  t h e  s a m e  w a y  a s  t h e  P O L A N  s u b r o u t i n e  C O E F I C .  T h e  m u c h  s h o r t e r  f o r m  o f  C 0 [ F I S  i s  d u e  t o  t h e  u s e  o f
5 - p o i n t  g a u s s i a n  i n t e g r a l s  a t  a l l  t i m e s ,  t h e  u s e  o f  e q u a l  w e i g h t i n g  f o r  a l l  e q u a t i o n s ,  a n d  u s e  o f  a
c o n s t a n t  g y r o f r e q u e n c y .  T h e  s u b r o u t i n e  S S 0 L V E  u s e s  t h e  s a m e  a c c u r a t e  p r o c e d u r e  a s  j n  p 0 L A N  b u t  d o e s
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n o t  i n c l u d e  t h e  f a c i l i t y  f o r  a l t e r i n g  a  s o l u t i o n .  T h e  f u n c t i o n  s G I N D  c a l c u l a t e s  t h e  v a l u e s  o f  q r o u p

r e f r a c t . i v e  i n d e x  u s i n g  t n e  s a m e  e q u a r t o n s  a s  i n  P O L A N ,  b u t  f o r  t h e  o r d i n a r y  r a y  o n l y  a n d  a s s u m i n q  a

f i x e d  v a l u e  o f  g y r o f r J q r . n . V .  T h u s  f o r  S P 0 L A N  t h e  g i v e n  v a l u e  o f  g y r o f r e q u e n c y  F H  i s  a l w a y s  t h e  v a l u e

i n  t h e  i o n o s p h e i e ;  t h i s  c o n r e s p o n d s  t o  t h e  u s e  o f  - F H  i n  P 0 L A N '

H.2  TEST RESULTS

H . 2 . 1  T h e  t e s t  d a t a

T h e  d a t a  l i s t e d  b e l o w  a r e  a  s u b s e t  o f  t h o s e  u s e d  b y  P O L A N  a n d  g l v 9 n  ] n  s e c t i o n  G ' 2 '

E x t r a o r d i n a r y  r a y  t e s t s  h a v e  b e e n  e l i m i n a t e d ,  e x c e p t  f o r  t h e  d a t a  s e t  ( 4 A )  w h i c h  l ' / a s  a d a p t e d  t o

i l l u s t r a t e  t h e  s i n g l e - p o i n t  s t a r t  c o r r e c t . i o n .  C o r r e s p o n d i n g  r e s u l t s  g i v e n  i n  H ' 2 ' 2  a r e  s u f f i c i e n t

t o  v e r i f y  t h e  o p e r a t t o n  o f  S P O L A N .  T h e  f u l l  s e t  o f  t e s t  d a t a  i n  G . 2  c a n  b e  r u n  w i t h  S P 0 L A N  w i t h

n o  c h a n o e  a D a r t  f r o m  t h e  e l  i m i n a t i o n  o f  e x t r a o r d i n a r y - r a y  d a t a '

(  1  )  S T A N D A R D  T E S T  L A Y T R S  -  1 . 0  3 0 .  0 .  0 .
i u )  r  UvER,MoDEL  s rART 85 .  i 00010000  120010200
2400r22oo  260013000  280014100  295016500  3 .0

(1C)  START FN AT  90  K l ' 4 .  0 .4  100010000  120010200
24oOr22oo  260013000  280014100  295016500  3 .0

(  1F )  E  +  F ;  D IRECT START -1 .  100010000  120010200
240012200 260013000 280014100 295016500 3000 0
3BO02s0oo 410026500 430029000 450032000 470038000

(  1 G )  E  +  F ;  N 0  F C ' S  0 .  1 0 0 0 i 0 0 0 0  1 2 0 0 1 0 2 C 0
24OO|220O 260013000 280014100 295016500 0
380025000 410026500 430029000 450032000 470038000

( 2 )  V A L L E Y S .  -  1 . 0  3 0 .  0 .  0 .
(2A)MON0TONrc  (N0  \ /ALLY)  0 .  100010000  120010200

240012200 260013000 280014100 2950i6500 3000 10.
380025000 410026500 430029000 450032000 470038000

(2C)40KM vALLEY;NO FPEAK 0 .  100010000  120010200
24OOL220O 260013000 280014100 29s016s00 3000 -8.
380025000 410026500 430029000 450032000 470038000

(2E)  DEEP VALLEY 0 .  100010000  120010200
?40012200 260013000 280014100 2950i6500 3000 -0.5
380025000 410026500 430029000 450032000 470038000

(2F )  SHALLOW VALLEY 0 .  i 00010000  120010200
?40012200  260013000  280014100  295016500  3000  - . 01

3BOO25000 410026500 430029000 4s0032000 470038000

( 3 ) P E A K F I T :  H M = 3 O 0 , S H = 6 0  - 1 . 0  3 0 .  0 .  0 .
( : n )  c H n p N n r u ,  N O  F C ' s  - 1 . 2 . 8  1 8 7 2 9  3 . 0  2 0 6 3 3
4 .2  24478  4 .5  25396  4 .8  26380  5 .0827385  5 .3528469
6 .2  33391  6 .4  35296  6 .6  37973  6 .8  42566  6 .9  47209

(38 )  TRUNCATED:  I . I ITH  FO -1 ,5 .3522918  5 .6  26893
6 . 4  3 3 9 4 0  6 . 6  3 6 7 5 9  6 . 8  4 1 4 6 8  6 . 9  4 6 1 6 i  7 . 0

(3E)  | ^J lTH  BAD FC - r . 5 .35?291 '8  5 .6  26893
6 . 4  3 3 9 4 0  6 . 6  3 6 7 5 9  6 . 8  4 1 4 6 8  6 . 9  4 6 1 6 1  6 . 9 5

(4 )  x  RAY START.  - r . 2  20 .
i q A ) s t a r t  T e s t  w i t h  h ' x :  - 2 7 I .  1 . 0  ? 3 5 7 2  1 . 1  2 3 5 5 6  I . 2  2 3 6 4 2  1 . 3 0 2 3 7 5 6  1 . 4  2 3 8 8 7'1 .5  

24031  1 .6  24184  1 .7  24344  1 .8  24509  L9  24678  2 .0  24850  2 '1  25025  2 .2  25201
2 .3  25380  2 .4  25560  2 .5  25741  2 .6  25923  2 .7  26106  - r .

N 0 T E : -  F o r  a  s h o r t e n e d  ( p e a k s  o n l y )  o u t p u t  p r e c e d e  n o r m a l  d a t a  w i t h  t h e  l i n e :

F o r  f a s t -  I  o o k  o u t P u t :  9 . 0

150010500  180011000  210011500

150010500  1800 i1000  210011500

150010500  1800 i1000  210011500
320028000 340026000 36002s000
490048000 5000
150010500  180011000  210011500
320028000 340026000 360025000
490048000

150010500  180011000  210011500
320028000 340026000 360025000
490048000 5000
150010500  180011000  210011500
320028000 340026000 36002s000
- 1 .

150010500  180011000  210011500
320028000 340026000 360025000
490048000 5000
1500 i0500  180011000  210011500
320028000 340026000 36002s000
490048000 5000

3 .3  21791  3 .6  227?0  3 .9  23597
5 . 6  2 9 6 1 5  5 . 8  3 0 6 7 0  6 . 0  3 1 9 0 1

5 .  B  2 8 5 3 2  6 . 0  3 0  1  1 6  6 .  2  3  1 8 5 0

5 . 8  2 8 5 3 2  6 . 0  3 0 1 1 6  6 . 2  3 1 8 5 0
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H.2.2  Output  p roduced by  5p0MN

S P C L n r i  o f  D e c 1 9 8 4 .  t 8 _ S E p _ 8 5

{ 1 ) : I i l t l l j / , t D  T t S i  t A Y I R S  f b  = - 1 . 0 0  d i p . 3 0 . 0  a m o d e  =  0 . 0  v a 1 1 e y =  0 . 0 0  t i s t -  0

( 1 A )  !  L A Y I R , f 1 O D t L  S I A R T  s t a r t  =  8 5 . C

r r e q  1 . 0 0 0  1 . 2 0 0  1 . 5 0 0  1 . 8 0 0  2 . 1 0 0  2 . 4 0 a  2 . 6 0 0  2 . B a a  2 . 9 5 0  3 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

v r r r 1 0 0 . 0 0 0  1 c 2 . 0 0 0  1 0 5 . c 0 0  1 I 0 . 0 0 0  1 1 5 . 0 0 0  1 2 2 . 0 0 0  r 3 0 . 0 0 0  1 4 1 . 0 0 0  1 6 5 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

P e a k  1 . 0 0 0  i \ 4 h 2 .  H e i g h t  1 2 2 . 7  k m .  S c a l e  H e j g h t  1 1 . 8  k m .

F R E Q  0 .  5 0 0  0 . 8 0 0  1  .  0 0 0  1  .  2 0 0  1 .  5 0 0  1  .  8 0 0  2 .  1 0 0  2 .  1 0 0  2 .  6 0 0  2 .  8 0 0  2 .  9 5 0  3 . 0 0 0

R f A L  8 5 . 0 0 0  9 0 . 0 1 5  9 2 . s 1 0  9 4 . 5 0 5  9 5 . 9 9 1  9 9 . 6 9 3  1 0 2 . 6 4 8  1 0 5 . 9 1 3  1 0 8 . 8 1 7  1 1 2 . 5 9 5  i 1 7 . 2 9 6  r 2 2 . 6 8 2  1 4 . 8 1 4

(  i C )  S I A R I  i i l  A I  9 0  K l l .  s t a r t  .  0 . 4

f r e q  1 . 0 0 0  1 . 2 0 0  1 . 5 0 0  1 . 8 0 0  2 . 1 0 0  2 . 4 0 0  2 . 6 0 0  2 . 8 0 0  ? . 9 5 0  3 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

v r r t 1 0 0 . 0 0 0  I 0 2 . 0 0 0  1 0 5 . 0 0 c  1 1 0 . 0 0 0  1 1 5 . 0 0 0  1 2 2 . 0 0 0  1 3 0 . 0 0 0  1 4 1 . 0 0 0  1 5 5 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

P e a k  3 . 0 0 0  H h z .  H e i g h t  1 2 3 . 5  k m .  S c a l e  H e i g h t  i 4 . 6  k n .

F R E Q  0 . 4 0 0  0 . i 6 0  1 . 0 0 0  i . 2 0 C  1 . 5 0 0  1 . 8 0 0  2 . 1 0 0  2 . , 1 0 0  2 . 6 0 0  2 . 8 0 0  2 . 9 5 0  3 . 0 0 0

R t A L  9 0 . 0 0 0  9 3 . 7 8 3  - q 5 . 5 8 8  9 6 . 8 9 0  9 8 . 8 5 5  i 0 1 . 1 9 i  1 0 3 . 9 2 8  1 0 7 . 0 1 1  1 0 9 . 8 3 3  1 1 3 . 5 3 5  t 1 8 . i 8 4  1 2 3 . 4 9 0  1 4 . 5 9 1

i l F )  [  +  F ; 0 l R | C T  S T A I { T  s t a r t  =  - 1 . 0

f r e a  1 . 0 0 0  1 . 2 0 0  1 . 5 0 0  1 . 8 0 0  2 . 1 0 0  2 . 4 0 0  2 . 6 0 0  2 . 8 0 0  2 . 9 5 0  3 . 0 0 0  3 . 2 0 0  3 . 4 0 0  3 . 6 0 0  3 . 8 0 0  4 . 1 0 0  4 . 3 0 0
4 . 5 0 0  4 . 7 0 0  4 . 9 0 0  5 . 0 0 0  0 . 0 0 0

v r r t l 0 0 . 0 0 0  1 0 2 . 0 0 0  1 0 s . 0 0 0  1 1 0 . 0 0 0  1 1 s , 0 0 0  1 2 2 . 0 0 0  1 3 0 . 0 0 0  r 4 1 . 0 0 0  1 6 5 . o o o  0 . 0 0 0  2 8 0 . 0 0 0  2 6 0 . 0 0 0  2 5 0 . 0 0 0  2 5 0 . 0 0 0  2 6 5 . 0 0 0  2 9 0 . 0 0 0
. 1 2 0 .  0 0 0  3 8 0  . 0 0 0  4 8 0 . 0 0 0  0 . 0 0 0  0  . 0 0 0

P e a k  3 . 0 0 0  I ' l h z .  H e i g h t  1 2 4 . 7  k m .  S c a l e  H e i g h t  1 4 . 3  k n .
V a l l e y  w i d t h  2 2 . 4  k n ,  D e p t h  0 . 1 1  l ' 1 h 2 .

P e d k  5 . C 0 0  M h z .  H e j g h t  2 7 3 . 9  k m .  S c a t e  H e i g h t  8 5 . 6  k m .

F R I Q  1 . 0 0 c  l . 2 0 i i  1 . 5 0 0  1 . 3 0 0  2 . 1 0 0  2 . 4 0 0  2 . 6 a a  2 . 3 0 0  2 . 9 s 0  3 . 0 0 0  2 . 8 8 8  3 . 0 0 0  3 . 2 A A  3 . 4 0 0  3 . 6 0 0  3 . B O O
4 . 1 0 c  4 . 3 0 0  4 . 5 0 0  4 . 7 0 0  4 . - a 0 0  5 . 0 0 0

R E A L 1 0 0 . 0 0 c  i 0 0 . 4 2 8  1 0 i . 6 4 6  1 0 3 . 4 5 0  1 0 5 . 8 4 0  1 0 8 . 6 6 6  1 1 1 . : 5 8  1 1 4 . 9 4 6  1 i 9 . 5 2 2  1 2 4 . 7 0 9  1 3 9 . 4 6 4  r 4 1  . A 6 4  $ g . 7 4 6  1 6 7 . 2 4 0  1 7 2 . 3 8 2  1 7 7 . t 3 3
i 3 5 . 4 4 2  1 9 1 . 0 i 7  2 0 3 . 2 A 4  2 1 1 . 3 4 8  2 3 9 . 8 2 6  2 7 3 _ 9 1 3  8 5 . 6 4 /

( 1 G )  !  +  F ;  X 0  F ( : ' S  s t d r r  =  0 . C

f ' e a  I . c 0 !  i . 2 0 0  1 . 5 0 0  1 . 8 0 0  2 . 1 0 0  2 . 4 0 0  2 . 6 0 0  2 . 8 a 0  2 . 9 s 0  0 . 0 0 0  3 . 2 0 0  3 . 4 0 0  3 . 6 0 0  3 . 8 0 0  4 . 1 0 0  4 . 3 0 04 . 5 0 C  1 . / 0 C  4 . 9 0 0  0 . 0 0 0  0 . 0 0 0

v r f t 1 0 0 . 0 0 c  1 0 2 . 0 0 0  1 0 5 . 0 0 0  1 1 0 . 0 0 0  1 1 5 . 0 0 0  i 2 2 . 0 c 0  1 3 0 . 0 0 0  1 4 1 . 0 0 0  1 6 5 . 0 0 0  0 . 0 0 0  2 8 0 . 0 0 0  2 6 0 . 0 0 0  2 5 0 . 0 0 0  2 5 0 . 0 0 1 r  2 6 5 . 0 0 0  2 9 0 . 0 O O3 2 0  . 0 0 c  3 3 0 . 0 0 0  4 8 0 . 0 c 0  0 . 0 0 0  0 .  0 0 0

! e , r (  3 . J 0 :  l ' 1 h : .  H e i g h t  1 2 3 . 7  k m .  l c a t e  H e i g h t  1 5 . l  k m -
v a l l e y  r j d t h  2 1 . 9  < m ,  : i e J t h  0 . l l  l , 1 h z .

I J e a i .  5 . ( ] C C  M h z .  H e r g h t  2 7 3 . 3  k m .  S c a l e  H e i g h t  8 4 . 8  k n .

F R I O  0 . 5 0 0  0 . 8 0 0  1 . 0 0 0  1 . 2 0 0  1 . 5 0 c  1 . 8 0 0  2 . r 0 0  2 . 4 0 0  2 . 6 0 0  2 . 8 0 0  2 . 9 5 0  3 . 0 0 2  2 . g g 2  3 . 0 0 2  3 . 2 A A  3 . 4 0 0:  .  6 C 0  3 .  E 0 0  4 .  1 0 0  4 .  i 0 0  4 .  5 0 c  4 .  / 0 0  4 .  9 0 0  5  .  r 0 0

R t r t  9 0  i 0 c  9 1 . 3 1 5  9 5 . 0 1 1  - 4 6 . 4 6 2  9 8 . 5 2 3  1 0 0 . 9 3 0  1 0 3 . 7 0 5  1 0 6 . 8 2 2  1 0 9 . 5 s 5  1 1 3 . 2 0 1  1 1 8 . 1 2 8  1 2 3 . 7 0 5  1 3 8 . 1 2 8  1 4 5 . 5 5 8  1 6 0 . 2 3 4  1 6 8 . 1 2 5
1 7 3 . 1 1 2  l / 7 . 8 1 8  1 8 5 . 9 9 9  1 9 3 . 5 1 8  2 A 3 . 4 0 1  2 1 1 . 5 2 7  2 3 9 . 6 i 5  2 1 3 . 3 4 9  8 4 . 7 5 5

IBO



: P C L A N  o f  D e c  1 9 8 4

(2 )  \ /At-r . i  Ys.

t B - s t P - 8 5

f b  = - 1 . 0 0  d i p  .  3 0 . 0  a n o d e  =  0 . 0  v a 1 l e y =  0 . 0 0  I  i s t '  0

( 2 , ' , ) l ' l 0 N 0 i 0 N I C  ( N 0  V A L I  Y )  s ' r a r t  =  C . 0

f r e q  1 . C 0 0  L 2 a 0  1 - 5 0 C  1 . 3 0 1 1  2 . i 0 0  2 . , 1 0 0  2 . 5 0 0  2 . 3 0 0  2 . 9 5 0  i . 0 0 0  3 . 2 0 0  3 . 4 0 0  : . 6 0 0  3 . 3 0 0  4 . 1 0 0  4 . 1 0 C
.1 .  5 iJ0  4 .  7 i l0  1 .  9 r r0  5 .  000 0 .  000

v 1 r r 1 C 0 . O 0 0  1 0 2 . 0 0 0  1 0 5 . 0 0 0  1 i 0 . 0 0 0  1 1 5 . c 0 0  1 2 ? . 0 0 0  1 1 0 . 0 0 0  1 4 1 . c 0 0  1 6 5 . 0 0 0  1 0 . 0 0 0  2 8 0 . 0 0 0  2 5 0 . 0 0 c : 5 0 . 0 0 0  2 5 0 . 0 c 0  2 6 5 . c 0 0  2 9 0  0 0 0

3 2 ( , r . . - r i 0  3 8 0 . 0 0 0  4 8 0 . 0 0 0  0 . 0 0 0  c . 0 0 0

P e a k  l . i . l 0 0  l ' 4 h 2 .  l l e r , J h t  1 2 3 , 4  k r n .  S c d l e  l l e j q h l  1 4 . 6  k m .
P - " d k  5 . 0 C 0  l 1 h z .  H e i g h t  2 7 0 .  I  k m .  S c a l e  H e i g h t  8 7 . 2  k n .

r R t Q  0 , s 0 0  0 . 3 0 0  1 . 0 0 0  1 . 2 0 0  1 . s 0 0  r . i J 0 0  2 . 1 0 c  2 . 4 a a  2 . 6 0 0  2 . 8 0 0  2 . 9 5 0  3 . 0 0 0  3 . 2 0 0  3 . 4 c 0  . J . 6 0 0  3 . 8 0 0
4 .  i 0 0  4 .  3 0 0  4 .  5 0 0  4 .  7 0 0  4 .  9 0 0  5  . 0 0 0

R I A L  9 0 . 0 0 0  9 3 . 1 i 5  9 5 . 0 1 i  9 6 . 4 5 2  9 8 . 5 2 3  1 0 0 . 3 3 0  1 0 3 . r 0 5  r 0 6 . 8 2 2  1 0 9 . 5 5 9  i 1 3 . 3 7 4  i 1 8 . 0 3 3  1 2 3 . 3 5 3  1 4 7 . 0 6 7  1 5 8 . ? 1 2  1 6 4 . 4 0 3  1 7 0 . 3 i 4
1 / 9 . , 1 0 3  1 8 i . 6 9 3  1 9 8 . 0 6 9  2 1 2 . 5 5 6  2 3 5 . 3 5 8  2 7 0 . 0 6 5  8 7 . 2 0 5

( 2 C ) 4 0 K t r  v A L L t Y ; i l { )  F P I A K  s t a r t  -  0 . 0

f r e . l  i _ c 0 0  1 . 2 0 0  1 . 5 0 0  1 . 8 0 0  2 . 1 0 c  2 . 4 0 0  2 . 6 0 0  2 . 3 C 0  2 . 9 5 0  3 . 0 0 0  3 . 2 0 0  3 . 4 0 0  3 . 6 0 0  3 . 3 0 0  4 . ' , 1 0 0  4 . 3 0 0
4  5 0 0  4 .  7 0 0  -  i  .  0 0 0  0 .  0 0 0  0 .  0 0 0

v r r r 1 0 0 . 0 0 0  1 0 2 . c 0 0  1 0 5 . c 0 0  1 1 0 . 0 0 0  1 1 5 . 0 0 0  r 2 2 . 0 0 0  l ] 0 . 0 0 0  1 4 ] . 0 0 0  1 5 5 . 0 0 0  ' , 9 . 0 0 0  2 8 0 . 0 0 0  2 6 0 . 0 0 0  2 5 0 . 0 0 0  2 5 0 . 0 c 0  2 6 5 . 0 0 0  2 9 0 . c 0 0
3 2 0 .  0 0 0  3 8 0 .  0 0 0  0 . 0 0 0  0 .  0 0 0  0 .  0 0 0

P e a k  3 . 0 0 0  l 1 h z .  i l e i g h t  1 2 3 . 4  k m .  S c a l e  H e i g h t  1 4 . 6  k m .
V a l l e y  w i d t h  4 0 . 0  k m ,  D e p t h  0 . 2 0  i ' 4 h 2 .

F R I Q  0 . 5 0 0  0 . 3 c 0  1 . 0 0 0  1 . 2 0 0  1 . 5 0 0  1 . 8 0 0  2 . r 0 0  2 . 4 A 0  2 . 6 0 0  2 . 8 0 0  ? . 9 5 A  3 . 0 0 0  2 . 8 0 0  3 . 0 0 0  3 . 2 4 4  3 . 4 0 0
3 . 6 0 0  3 . 8 0 0  4 . 1 0 c  4 . r 0 0  4 . 5 0 0  , 1 . 7 0 0

R E A r  9 0 . 0 0 0  9 3 . 3 1 5  9 5 . 0 1 i  9 6 . 4 6 2  9 8 . 5 2 3  1 0 0 . 9 3 0  1 0 3 . / 0 5  1 0 6 . 8 2 2  1 0 9 . 6 5 9  1 1 3 . 3 7 4  1 1 8 . C 3 3  1 2 3 . 3 5 J  1 4 9 . 7 5 3  1 6 3 . 3 5 3  1 6 9 . 0 6 7  1 i 3 . 9 4 4
i / 8 .  i 0 5  1 8 1 . 9 5 6  1 3 9 . 5 6 5  1 9 6 . 7 1 4  2 0 6 . 2 2 2  2 r 9 . 9 1 r  1 9 8 . 7 4 5

( 2 t )  D E E P  V A L L E Y  s t a r t -  =  0 . 0

f r e q  1 . 0 0 0  1 . z D L r  1 . 5 0 0  1 . 8 0 0  2 . 1 0 0  2 . 4 0 0  2 . 6 0 0  2 . 8 0 0  2 . 9 5 0  3 . 0 0 0  3 . 2 0 0  3 . 4 0 0  3 . 6 0 0  3 . 8 0 0  4 . 1 0 0  ' 1 . 3 0 0
t . 5 0 0  4 . t c a  4 . 9 0 0  5 . 0 0 0  0 . 0 0 0

v i r t i 0 0 . O 0 0  1 0 2 . 0 0 0  1 0 5 . 0 0 0  1 1 0 . 0 0 0  1 1 5 . 0 0 0  1 2 2 . 0 0 0  1 3 0 . 0 0 0  1 4 1 . 0 0 0  1 6 5 . 0 0 0  - 0 . 5 0 0  2 8 0 . C C O  2 6 0 . 0 0 0  2 5 0 . 0 0 0  2 5 0 . 0 0 0  2 6 5 . 0 0 0  2 9 0 . 0 0 0
3 2 0 .  0 0 0  3 8 0 .  0 0 0  4 8 0 . 0 0 0  0 .  0 0 0  0 .  0 0 0

P e d !  3 . 0 0 0  l l h z .  H e j g h t  1 2 3 . 4  k m .  S c a l e  H e i g h l  1 4 . 6  k m .
V a l l e y  w i d t h  2 1 . 7  ( m ,  D e p t h  0 . 5 0  f 4 h z .

P e a k  5 . 0 0 0  l " l h z .  H e i q h t  2 7 4 . 4  k m .  S c a l e  H e i g h t  8 5 . 4  k n .

F R E Q  0 . 5 C 0  0 . 8 0 0  1 . 0 0 0  1 . 2 0 0  1 . 5 0 0  1 . 8 0 0  2 . 1 0 0  2 . 4 0 0  2 . 6 0 0  2 . 3 0 0  2 . 9 5 A  3 . 0 0 0  2 . 5 C 0  3 . 0 0 0  3 . 2 0 0  3 . 4 0 0
1 . 6 0 0  3 . 3 0 0  4 . i 0 0  4 . 3 0 0  4 . 5 0 0  4 . 7 0 0  4 . 9 0 0  5 . 0 0 0

R E A r  9 0 . 0 0 0  9 3 . 3 1 5  9 5 . 0 1 1  9 6 . 4 6 2  9 8 . 5 2 3  1 0 0 . 9 3 0  1 0 3 . 7 0 5  1 0 6 . 8 2 2  1 0 9 . 6 5 9  i 1 3 . 3 7 4  u B . U 3 l  I 2 3 . 3 5 3  i 3 7 . 6 5 9  1 4 5 . 0 2 9  1 6 0 . 7 5 1  1 6 8 . 7 1 9
) . 1 3 . 5 t ' 6  r / ' 8 . 2 8 2  1 8 6 . 3 3 7  1 9 3 . 9 5 0  2 0 3 . 9 3 4  2 1 8 . 0 i 6  2 4 0 . 4 5 3  2 7 1 . 4 4 4  3 5 . 4 0 s

( 2 F )  s H A L L l ] l . /  V A L L I Y  s t d r r  -  0 . 0

f r e q  1 . 0 0 0  1 . 2 0 0  1 . 5 0 0  1 . B O O  2 . 1 0 0  2 . 4 0 0  2 . 6 0 0  2 . 8 0 0  2 . 9 5 0  3 . 0 0 0  3 . 2 0 C  3 . 4 0 0  3 6 0 0  3 8 0 0  4 . 1 0 0  4 3 0 0
4 .  5 0 0  4 .  7 0 0  4 .  9 0 0  5 .  0 0 0  0 .  0 0 0

v i r t 1 0 0 . 0 0 0  1 0 2 . 0 0 0  1 0 5 . 0 0 0  1 1 0 . 0 0 0  1 1 5 . 0 0 0  1 2 2 . 0 0 0  1 3 0 . 0 0 0  1 4 1 . 0 0 0  1 6 5 . 0 0 0  - 0 . 0 1 0  2 8 0 . 0 0 0  2 6 0 . 0 0 0  2 5 0 . 0 0 0  2 5 0 . 0 0 0  2 6 5 . 0 0 0  2 s 0 . 0 0 0
3 2 0  .  0 0 0  3 6 0 . 0 0 0  4 8 0 .  0 0 0  0  .  0 0 0  0 .  0 0 0

P e d k  3 . i r 0 0  l ' 1 r 2 .  l l e i g h t  1 2 3 . 4  k n .  S c a l e  H - " i g h t  1 4 . 6  ! . 1 .
r ' , r l l e y  ! i d i h  2 1 . 7  < n ,  D e p t h  0 . 0 1  l 1 h z .

P e a k  5 . 0 0 0  l , 1 h z .  f l e i g h t  2 7 2 . 4  k m .  S c a l e  H e i g h t  8 6 . 1  k m .

F R E Q  0 . 5 0 0  0 . 8 0 0  1 . 0 0 0  r . 2 0 0  1 . 5 0 0  1 . 8 0 0  2 . 1 0 0  2 . , 1 0 0  2 . 5 c 0  2 . 8 c 0  2 . 9 5 i  : . 0 0 c  2 . 9 9 0  i . l c O  1 . 2 0 0  3 . ' 1 0 0
1 . 6 0 0  3 . 8 0 0  4 . r 0 0  4 . 3 0 0  4 . 5 0 0  4 . / 0 0  4 . 9 0 0  a . 0 0 0

R E A L  9 0 . 0 0 0  9 3 . , i 1 5  9 5 . 0 1 t  9 6 . 4 6 2  9 8 . 5 2 3  1 0 0 . 9 3 C  t C 3 . 7 0 5  1 0 6 . 8 2 2  1 0 9 . 6 5 9  1 r 3 . 3 7 1  1 1 8 . 0 : 3  1 2 3 . 3 5 3  1 1 7 . 5 5 9  1 4 5 . 0 2 9  1 5 6 . 5 7 4  1 6 4 . 2 8 1
1 6 - q . 8 0 5  1 7 4 . i 3 2  1 8 3 . 1 5 7  1 9 1 . 0 3 9  2 0 1 . 3 6 6  2 1 5 . 6 1 3  2 3 E . r t 4  2 i 2 . ! 3 2  3 b . 0 7 8

1 8 1



S P O L A N  o f  D e c 1 9 B 4  t B - 5 E p - 8 5

( 3 ) t ' t A K F l l :  l l M - 3 0 0 , S H = 6 0  f b . - 1 . 0 0  d i o  =  l 0 . C  a m o d e  =  0 . 0  v a l l e y =  0 . 0 0  t j s t _  O

( 3 4 )  C H A P l 4 A i l ,  N 0  F C ' S  s r d r t  -  - 1 . 0

f r e q  2  8 0 0  1 . 0 0 0  3 . 3 0 0  3 . 6 0 0  3 . 9 0 0  4 . 2 0 0  4 . 5 0 0  4 . 3 0 0  5 . 0 8 0  5 . 3 5 0  5 . 6 0 0  5 . 8 0 0  6 . 0 0 0  6 . z a a  6 . 4 0 0  6 . 6 0 06 . 8 0 0  6 . 9 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

v r r t 1 8 7  2 9 0  2 0 6 . 3 3 0  2 l l . 9 1 0  2 2 1  - 2 a a  n 5 . 9 7 0  2 4 4 . 7 8 0  ? 5 3 . 9 6 A  2 6 3 . 8 0 0  2 7 3 . 8 5 0  2 8 4 . 6 9 0  2 9 6 . 1 5 C  3 0 6 . 7 0 0  3 l 9 . 0 l o  3 3 3 . 9 1 0  1 5 2 . 9 6 0  3 7 9 . 7 3 04 2 5 . 6 6 0  4 7 Z . A 9 A  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

P e a k  / . 0 0 0  l , 1 h z .  t l e i g h t  3 0 0 . 8  k n .  S c a l e  H e j g h t  5 9 . 5  k n .

F R E Q  2  8 0 0  3 . 0 0 0  3 . 3 0 0  3 ' 6 0 0  3 . - o 0 0  4 . 2 a 0  4 . 5 0 0  4 . 8 0 0  5 . 0 8 0  5 . 3 5 0  5 . 6 0 0  5 . 8 0 0  6 . o o o  6 . 2 A A  6 . 4 0 0  6 . 6 0 06 . 8 0 0  6 . - 0 0 0  7 . 0 0 0

R t A L 1 8 7 ' 2 9 0  1 9 0 . J 6 3  1 9 4  S 5 ;  r 9 9 . 5 5 2  2 A 4 . 2 A A  2 0 8 . 9 4 8  2 1 3 . 8 4 7  ' : 1 8 . 9 6 t  2 2 3 . 9 9 6  2 2 g . t 7 3  2 3 4 . 3 4 5  ? 3 8 . 8 2 g  2 4 3 . 7 2 6  2 4 9 . 1 8 5  2 5 5 . 4 5 9  2 6 3 . 0 4 62 1 3 . 1 7 7  2 8 A . 7 3 6  1 0 0 . 8 3 3  5 9 . 5 , 1 3

( 5 8 )  T R U N C A T E O :  r l l T l l  F C  3 t a r i  =  - 1 . 0

f r e q  s . 3 5 0  5 . 6 0 0  t . 6 0 0  6 . 0 0 0  6 . 2 0 0  6 . 4 c 0  6 . 6 0 0  6 . 8 0 0  6 . 9 0 0  i . 0 o o  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

v t r t 2 2 9 . l B A  2 6 8 . 9 3 0  2 8 5 . 3 2 0 : 0 i . 1 5 0  3 1 8 . : 0 0  3 3 9 . 4 C 0  3 6 7 . 5 9 0  4 1 4 . 6 8 0  4 6 t . 6 l O  c . 0 0 0  0 . 0 0 0  o . o o o  0 . 0 0 0

l ' e a k  / . 0 0 0  t l h : .  i i e j l h t  3 0 0 . 8  k m .  S c a l e  H e l g h t  5 9 . 5  k m .

F R I Q  r . : s 0  5 . 6 \ j c  5 . 8 0 0  6 . 0 0 0  6 . 2 a 0  6 . 1 0 0  6 . 6 0 0  6 . 8 0 0  5 . 9 0 U  7 . 0 0 0

R r A L 2 2 9 .  i B O  ? 3 4 . 1 4 0  2 3 8 . 8 J 5  2 4 3 . 7 2 9  2 4 9 .  l 9 i  2 5 5 . 4 6 5  2 6 3 . 0 6 0  2 t 3 . 2 5 1  2 8 A . 1 4 4  3 0 0 . 7 7 2  5 9 . 4 5 7

{ 3 E )  I J I T H  B A 0  F C  s t a r t  =  - l . O

r r e q  5 . 3 5 0  5  6 0 0  5 . 8 0 0  6 . 0 0 0  6 . ? a a  6 . 4 0 0  6 . 6 0 0  6 . 8 0 0  6 . 9 0 0  6 . 9 5 0  i 1 . 0 0 0  0 . 0 0 0  0 . 0 0 0
v i r t 2 2 9 . 1 8 0  2 6 8 . 9 3 0  2 1 1 5 . 3 2 0  3 0 1 . 1 6 0  3 1 8 . s 0 0  3 3 9 . 4 0 0  3 6 7 . 5 9 0  4 1 4 . 6 8 0  4 6 t . 6 i o  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

P e a k  6 . 9 5 0  i v l h z .  H e i g h t  2 9 2 . 9  k m .  S c a l e  H e i q h t  5 0 . 5  k n .

F R E Q  5 . 3 5 0  5 . 6 0 0  5 . 8 0 0  6 . 0 0 0  6 . 2 0 0  6 . 4 0 0  6 . 6 0 c  5 . 8 0 0  6 . 9 0 0  6 . 9 5 0

R t A L 2 2 9 - 1 8 0  2 3 4 . 3 4 0  2 3 8 . 8 3 5  2 4 3 . 7 2 9  2 4 9 . 1 9 1  2 5 5 . 4 6 5  z i l . A 5 9  2 7 3 . 2 7 7  2 S 0 . 7 2 5  2 9 2 . 3 3 0  5 0 . 5 5 0

S P 0 L A N  o f  0 e c 1 9 8 4 .  
t 8 _ S E p _ 8 5

( 4 )  X  R A Y  S T A R I .  f b  = - i . 2 0  d i p  =  2 0 . 0  a m o d e  =  0 . 0  v d l t e y =  0 . 0 0  t i s t .  0

( 4 4 ) S t i f t  T e s t  w i t h  h  x :  s t a r t  = - Z l 1 . 0

f r e q  l ' 0 0 0  l  l 0 0  1 . 2 0 0  1 . 3 0 0  i . 4 0 0  1 . 5 0 0  1 . 6 0 0  l . i o o  r . 8 0 0  r . 9 0 0  2 . 0 0 0  2 . 1 0 0  z . 2 o o  2 . 3 0 { J  z . 4 o o  2 . 5 0 02 . 6 0 0  2 . / 0 0  _ 1 . 0 0 0  0 . 0 0 c  0 . 0 0 0

v i r t 2 3 5  l 2 0  2 3 5  5 6 a  2 3 6 - 4 2 c  2 3 7 . 5 6 0  2 3 8 . 8 7 0  2 4 0 . 3 1 0  2 4 I . 8 1 0  2 4 3 . 4 4 a  z l a . 0 9 o  2 4 6 . / 8 a  z 4 B . s a o  z 5 o . z 5 a  z 5 z . o r o  2 5 3 . 8 0 0  2 5 5 . 6 0 0  2 5 7 . 4 r 02 5 9 . 2 3 a  2 6 1 . 0 6 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 F R I Q  0  5 c 0  0  3 0 0  1 . 0 0 0  1 . 1 0 0  1 . 2 0 0  1 . . 1 0 0  1 . 4 0 0  1 . 5 0 0  1 . 6 0 0  1 . 7 0 0  1 . 8 0 0  1 . 9 0 0  2 . 0 0 0  2 . 1 0 0  2 , 2 0 0  2 .
2 . 4 4 0  2 . 5 A A  2 . 6 0 0  2 . 7 a 0

R E A L 1 6 i  5 6 0  1 8 9  2 3 8  2 0 i . 4 t 9  2 A 5  5 9 6  2 A 8 . 5 ? ?  2 l : r . 4 A g  2 1 3 . 7 2 5  2 r 5 . g 4 r  2 r / . s 8 6  2 \ g . 8 ? 2  2 2 1 . 5 8 8  2 2 3 . 3 3 g  2 2 4 . 9 8 2  2 2 6 . 6 0 9  2 2 8 . 1 6 6  2 2 g . 7 o l2 3 1 . 2 0 2  ? 3 2 . 6 8 1  2 3 4 . 1 3 2  ? 3 5 . 5 t ) r  ? 3 t . r 5 Z

IB2



H . 3  L I S T I N G S

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

c a s e .  L i n e s  d e i l i n g  m a i n l !  w i t h  e x c e p t i o n s  t o  n o r m a l  o p e r a t j o n ,  o r  w i t h  t h e  p r o d u c t i o n  o f  a d d i t i o n a l

t r a c e  l i s t i n g s ,  a r e  i n  l o w e r  c a s e .  T r a c e  l i s t i n g s  a r e  i n v o k e d  w h e n  t h e  i n p u t  p a r a n r e t e r  L i S T  i s

n o n - z e r o ;  c o i r e s p o n d i n g  p r o g r a m  l i n e s  a r e  i n d j c a t e d  b y  > > >  j n  c o l u m n s  7 6  t o  7 8 .

H.3 .1 .  The main l ine  program,  and the  main  subrout ine  SPOLAN

c  * *  S P O L A N . F O R  * *  -  P O L R U N  w i t h  s i m p l i f i e d  P 0 L A N .
c
c
c
c

0 c t  1 9 8 4 .
R e a d - ( 1 ) :  f i e 1 d ,  - ( 2 ) :  d a t a ,  d a t a '
1  b l a n k  t o  r e r e a d  s t a t i o n / f i e l d  d a t a  ,  2  i l u n f i  t o  " n a .

000 1
000 2
000 3
0004
000 5

0006
0007
0008
00 10
00 12
00  13

00 i4
00  15
00 l6
00 l8
00  19
0020
002 i
0022
0024
002 5
0026

0027
00 29
00 30
0031

00 32
0033

20
C

100
r20

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 - - - - - - - - - - -

d i m e n s j o n  h e a d ( 6 ) ,  f v (  1 0 0 ) ,  h t (  1 0 0 )
b y t e  d a t ( 9 )
c a l l  d a t e ( d a t )
t f =  0
l f =  l - l t  

, e a d  f . i e l d  a n d  m o d e
R E A D  1 2 0 ,  H E A D ,  F H , D I P ,  A I " 1 O D E ,  V A L L E Y , L I S T
f o r m a t  ( 6 a 4 , 1 x ,  4 f 5 . 0 ,  i 5 )

i f  ( f h . e q . 0 . )  s t o p
i f  ( f h . e q . 9 .  )  g o  t o  2 0

p r i n t  1 4 0 ,  d a t ,  h e a d ,  f h , d i p ,  a m o d e '  v a l l e y ' l  i s t
1 4 0  i o r m a t  ( ' 1 S P 0 L A N  o f  d e c  i 9 8 4 . ' , B 4 x , 9 a Z  / 1 h 0 ' 6 a 4 ' 6 x ' ' f b  = ' ' F 5 . 2 '

1  5 x ' d i p  = ' , f 5 .  1 , 5 x , ' a m o d e  = ' , f 5 . 1 , 5 x , ' v a l l e y = ' ' t U . r , '  l ' i s t = ' ' i 3 )
c - - -
c  r e a d  d a t a
2 0 0  R E A D  2 2 0 ,  H E A D ,  S T A R T ,  ( F V ( l ) , H T ( l ) ,  I  =  1 , 5 )
2 2 0  f o r m a t  ( 6 a 4 , f 6 . 3 , 5 ( f 5 . 3 , f 5 . 2 ) )

j f  ( f v ( l ) . e q . 0 . )  9 o  t o  1 0 0
p r i n t  2 4 0 ,  h e a d ,  s t a r t

2 4 0  f o r m a t  ( / 1 n 0 , 6 a q , 0 x , ' s t a r t  = ' ' f 6 . 1 )

N  =  - 3
300 N =  N+B

r F  ( H T ( N ) . E Q . 0 .  . 0 R .  N . G T . 8 7 )  G 0  T 0  4 0 0
R E A D  3 2 0 ,  ( F V ( 1 ) , H T ( l ) ,  I  =  N + 1 , N + 8 )

3 2 0  f o r m a t  ( B ( f 5 . 3 , f 5 . 2 ) )
G0 T0 300

c
4 0 0  i f  ( l f . e q . 0 )  g o  t o  5 0 0

p r i n t  6 2 0 ,  ' f r e q ' ,  ( f v ( i ) , i  =  1 , n )
p r i n t  6 2 0 ,  ' v i r t ' ,  ( h t ( i ) , i  =  I ' n )

I  i  s t  d a t a .

a n a l  y s i  s

F H , D I P ,  S T A R T , A M O D E ,  V A L L E Y , L I S T * I f  )

p r i  n t  6 2 0
c
5 0 0  N = 9 9

C A L L  S P O L A N  ( N , F V , H T ,
c
c o u t p u t

0 0 3 4  i f  ( 1 f . e q . 0 )  g o  t o  6 4 0
0 0 3 6  P R I N T  6 2 0 ,  F R E Q ' ,  ( F V ( l ) ,  I  =  1 , N )
0 0 3 7  P R I N T  6 2 0 ,  ' R E A L ' ,  ( H T ( l ) ,  I  =  1 , N + 1 )
0 0 3 8  6 2 0  f o r m a t  ( 1 h 0 , a 4 ,  f 7 . 3 , 7 f 8 . 3 , 1 x , 8 f 8 . 3  /  ( 4 x B f B . 3 ' 1 x 8 f 8 ' 3 ) )
0 0 3 9  6 4 0  p r i n t  6 2 0
0040 G0 T0 200
OO41 END
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O O O l  S U B R O U T I N E  S P O L A N  ( N , F V , H T ,  F B , D I P ,  S T A R T , A T " I O D E ,  V A L L i Y , L L I S T )
c  O c t  1 9 8 4 .
c  G e n e r a l i s e d  p o l y n o m i a l  a n a l y s i s ;  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 .
c  S i m p l  i f i e d  P 0 L A N  f o r  o r d i n a r y  r a y  o n l y ,
c  u s i n g  a  m a x i m u m  o f  1 2  t e n m s  ( N T )  f i t t i n g  2 4  p o . i n t s  ( r u n + X y ; .
c
c  C a l l  w i t h  N  e q u a l  t o  t h e  d i m e n s j o n  o f  t h e  d a t a  a r n a y s  F V ,  H T .
c  T h e  n u m b e r  o f  v a l i d  d a t a  p o i n t s  m u s t  b e  l e s s  t h a n  N  _  1 2 .
c  I n p u t  d a t a  i s  t e r m i n a t e d  b y  t w o  z e r o  v a l u e s  o f  H l .
c  I o n o s p h e r i c  l a y e r s  a r e  s e p a r a t e d  b y  a  z e r o  h e i g h t ,  w i t h  F V  e q u a l  t o  z e r o
c  o r  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 o r  t h e  i o w e r  l a y e r .
c  ( T h e  z e r o  h e i g h t  m a y  b e  r e p l a c e d  b y  s o m e  v a l u e  <  4 b  k m ,  t o  s p e c i f y  a
c  n o n - s t a n d a r d  f o r m  f o r  t h e  v a l l e y  f o r  t h e  c u r r e n t  i o n o g r a m ;  s u c h  v a l u e s
c  a r e  i n t e r p r e t e d  a s  d e s c r i b e d  u n d e r  V A L L E Y  b e l o w ) .
c  F B  a n d  D I P  g i v e  t h e  g y r o f r e q u e n c y  ( i n  M H z )  a n d  t h e  m a g n e t i c  d i p  a n g l e  ( i n
c  d e g r e e s )  i n  t h e  i o n o s p h e r e .
C

c  S T A R T  = - 1 .  g i v e s  a  d i r e c t  s t a r t  f r o m  t h e  f i r s t  p o i n t  F V ( 1 ) , H T ( 1 )
c  : 0  u s e s  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 ,  a t  a  f r e q u e n c y  o f  0 . 5  l 4 H z .
c  : , 4 4  q i v e s  a  m o d e l  s t a r t i n g  h e i g h t ,  a t  0 . 5  M H z
c  ' . - 4 4  g i v e s  a n  X - r a y  v j r t u a l  h e i g h t  t o  c a l c u l a t e  t h e  s t a r t  c o r . r e c t i o n .
c  0 . .  s r A R T . : 4 4  d e f i n e s  a  s t a r t  f r e q u e n c y ,  t o  u s e  a t  f {  =  9 0  ( 2 0 )  1 7 0  k m .
c
c  A l " 1 0 D E  s p e c i f i e s  t h e  m o d e  o f  a n a l y s i s ,  a s  i n  p O L A N .
c  0  g i v e s  t h e  d e f a u l t  M o d e  5  a n a l y s i s  ( t h e  s i m p l e s t  l e a s t  s q u a r e s  m o d e )
c  1 ,  2  =  )  i n e a r ,  p a r a b o l i c  l a m i n a t i o n  a n a i y s i s .
c  3 , 4  =  o v e r l a p p i n g  c u b i c ,  q u a d r a t i c  s e c t i o n s .
c  5  t o  9  a r e  l e a s t  s q u a r e s  c a l u l a t j o n s  w i t h  1 T  t e r m s  f i t t i n g  I V  v i r t u a l
c  h e i g h t s  a n d  ! l R !  k n o w n  r e a l  h e i g h t s ,  w h e r e  I T ,  I V  a n d  I R  a r e  i n  D A T A .
.  i g  g i v e s  a  s i n g l e  p o l y n o m i a l  a n a l y s i s  ( u p  t o  1 2  t e r m s  f i t t i n g  2 4  h t s ) .
c  I * 1 0 + J  u s e s  I  t e r n s  f o r  f i n a l  1 a y e r ,  J  f o r  l o w e r  l a y e r s .
C

c  V A L L E Y  =  0  g i v e s  t h e  s t a n d a r d  f u l l  v a l l e y ,  w i t h  a  w i d t h  e q u a l  t o  t w j c e  t h e
l o c a l  ( n e u t r a l )  s c a l e  h e i g h t .

c  V A L L 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 ' w i d i h  b y  t h i s  f a c t o r .
c  T h e  r e s u l t i n g  p r o f i l e  m a y  g i v e  a  n e g a t i v e  g r a d i e n t  a b o v e  t h e  v a 1 1 e y .
c  V A L L E Y  =  1 0  g i v e s  n o  v a 1 l e y  b e t w e e n  l a y e r s .
c  N e g a t i v e  v a l u e s  o f  V A L L E Y  s p e c i f y  a  v a 1 1 e y  w i d t h  o f  5 * l N T ( - V A L L E Y )  k m .
c  A n y  d e c i m a l  p a r t  o f  V A T L E Y  s p e c i f i e s  t h e  d e p t h  ( i n  M H z )  f o r  a  l i n e a r  u a i l e y .
c
c  L L I S T  =  1  T 0  6  g i v e s  i n c r e a s i n g  p r i n t e d  ( t r a c e )  o u t p u t .
c  U s e  L L I S T  n e g a t i v e  t o  s t a r t  t r a c e  a t  f i r s t  s u b - p e a k  s e c t i o n .
c - - - - - - - - - - -

0002
000 3
0004
000 5
0006
0007
0008
0009
00  10
0 0 i 2  I
00  13

c
0 0  1 5
00  16
00  17
00 1B
0 0  1 9

c
0020  2
002  1
0023
0024
002 5
0026 3
0027
0028
0029

d i m e n s i o n  f v ( 9 ) ,  h r ( 9 )  ,  i t ( 1 2 ) ,  j v (  1 2 ) ,  i r (  t 2 )
c o m m o n  / p o 1 /  b 1 4 9 , 1 3 ) , q ( 1 2 ) ,  f a , h a , f c ,  n t , m t ,  j v
d a t a  I T  /  1 , 2 , 3 , 4 , 5 , 6 , 6 ,  6 ,  7 , 3 3 ,  1 . 2 , I 2  /  ! n u m b e r  o f
d a t a  I V  /  I ,  I ,  2 ,  3 ,  4 ,  5 , 7 ,  8 , 1 3 ,  2 4 ,  2 4 , ? 4  / ! n o  o f  v i r t
d a t a  I R  /  0 , - 1 , - 1 . ,  1 , - 2 , - 3 , - 4 , - 4 , - 6 ,  - 3 ,  - 3 , - 3  / t n o  o f  r e a l

s q ( x )  =  s q r t (  1 . - x * x )
l i s t  =  l l i s t
a  =  s g i n d ( a b s ( f b ) ,  - a b s ( d i p ) )

i f  (  l . i s t . n e . 0 )  p r i n t  1 ,  f b , d i p , s t a r t , a m o d e , v a l l e y , l l i s t
f o r m a t  ( ' 0 a r g s  - ' 5 f 8 . 2 , i 5 )

1 F  ( S T A R T . G T . - 4 4 .  )  G 0  T 0  2

t e n m s  i n  p o 1 y .
h e i  g h t s  f i  t t e d
h e  i  g h t s  f i  t t e d

s e t f i e l d

C a l c u l a t e  s t a r t  h e i g h t  f r o m  X - r a y  h ,
A -  F V (  1 ) / F B
9 =  ( A * 2 .  i 6 + 0 . 3 8 ) * A  - 0 . 5 3
E =  ( A * 2 . 9 4 - 5 . 6 3 ) * A  + 2 . 8 1
c =  D + E * C 0 S (  .  0 4 1 * A B S ( D r P ) - .  2 5 )
s T A R T =  H T (  1  ) + F B * C * ( H T (  1  ) + S T A R T )

M o v e  d a t a  u p  I 0  ( o r  1 2 )  p ) a c e s
I S
i F
DO

( S T A R T .  L T .  0 .  )  i s  =  i 0
3  J  =  I S ,  N - i
I - N - J
F V ( r S + r ) =  F V ( r )
H T (  r S + r  ) =  H T (  r  )=  F V ( 1 )
=  H T (  i  )
=  r s - 1 0

FA
HA
I S

I B 4



00 30
c

00 32
0033
00 34
00  36

c
00 37
00  39
00 40
0041  4
0042
004 3
0044
0045
0046
0047

c
0048 5
0049
00 50
0 0 5 1
00 52
00 54
0055
00  56

C

0058 10
00 59
00 60
0062
006 3
0064
0066

c
0 0 6 7  1 5  N T  =  I T ( M O D )
0 0 6 8  N V  =  I V ( M O D )
0 0 6 9  N H  =  M A X 0 ( 1 , M 0 D - 6 )
0 0 7 0  N N R =  I R ( M 0 D )
0 0 7 1  1 8  N R  =  I A B S ( N N R )
0 0 7 2  N L  =  M I N 0 ( 1 , N R - N N R )
0 0 7 3  K R  =  K R - N R + N L
0 0 7 4  F C C =  0 .

c
0075  D0  20
0076  MF
0077 FM
0078  I  F
0080 20 I  F
0082 G0 T0

c
0083 30
0084
0086
OOBB
0089
0090 50
009 1
00 92
0094 98

d r  r e c t

e x t r a p n .
mode I
l i m i t

m o d e l  F

v i  r t u a l

r e a l
L K =  L a s t  r e d u c e d  h t .

n  te  rms
1 s t 1  a y e r
o n e  p o l y

c 0 n s t a n ! s
o r d e r  o f  p o l y n o m i a I
v  i  r t u a  I  h t s  t o  u s e
m a x l  m u m
r e a l  h t s  t o  c a l c .

*** ***************
t e r m s ,  f r o m  p o i n t
a n d  N R  r e a l  h t s .
=  K R + N H .

h e i g h t  b e l o w  H A ) .

C o n s t a n t s  f o r  n o r m a l  s t e p s
n umte  rms
f i t  v i r t
c a l  c  h t s

f i  t  r e a l
b a c  k  h t s

o r i  g i  n

c h e c k  f o r  c r i t i c a l  f r e q u e n c Y

I F  ( S T A R T ' L T ' 0 '  )  G 0  1 0  5  
A d d  t w o  s t a r t  p o r n t s

F A  =  0 . 5
H A  =  H T ( 1 )  -  A B S ( H T ( 3 ) - H T ( 1 ) )  * F V ( 1 ) / ( F V ( 3 ) - F V ( 1 ) )

r F  ( s r A R T . G E . 4 4 .  )  H A  =  A l 4 l N 1 ( S T A R T ,  ( H A + H T ( r ) ) / ? . )
H A  =  A M A X i (  A t ' 4 r N i ( H A ,  H r ( i ) / 2 + 5 0 .  )  ,  H T ( 1 ) / 4 . + 5 5 .  )

r F  ( S T A R T . G E . 4 4 . . 0 R . S T A R T . L E . 0 .  )  G 0  T 0  4
F A  =  A M 0 D ( S T A R T , 1 0 .  )
H A  =  ( S T A R T - F A ) * 2 0 .  +  9 0 .

F V ( 1 2 ) =  F V ( i ) * . 6  +  F A * . 4
H T (  i 2 ) =  H T (  1 ) * . 8  +  H A * . 2
F V (  1 1 ) -  F A
H T (  i 1 ) =  H A
F V ( 2 )  =  F V ( 1 2 )
F V ( 1 )  =  F A
H T ( 1 )  =  H A

K R -  R e a l  h t  i n d e x ,  K R + J V .  V i r " t u a l  h t ,
J V = i O
K R = 1
L K = 1
M O D =  A B S ( A M O D E  )
r F  ( M O D . E Q . 0 )  M O D =  s

i  t (  1 2 ) =  m o d / 1 0
i t ( 1 1 ) =  m o d - i t ( 1 2 ) * 1 0
i  f  ( m o d .  q t .  1 2  )  m o d =  1 2

S e t  i n i t i a 1  a n a l Y s i s
N T  =  I T ( M O D )  -  M 0 D / 5  + m o d / l I * 2
N V = M O D + M O D / 6 + M O D / B

r F  ( M 0 0 . G E . 1 0 )  N V  =  2 4
N H  =  M A X 0 ( 1 ,  N T - i + M 0 D / B )
N N R -  O

i f ( r i s t . s e . 4 ) p r i n t 9 9 , ( f v ( j i ) , i i = 1 1 , 2 6 ) , ( h t ( i i ) , i i = 1 1 ' 2 6 ) > ) .:
G O  T O  1 8

c * * * * * * * * * * * * * * * * * * * * * * * * * *  R e a l  H e j g h t  c a l c u l a t i o n
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
c  F A  =  F V ( K R ) ,  H A  =  H T ( K R )  t o  f i t  n e x t  N V  v i r t u a l
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 R
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
c
c  I f  a  c r i t i c a l  f r e q u e n c y  ( H T  (  4 0 )  i s  f o u n d  i n  K R + l  t o  K R + N V + I ,
c  c a l c u l a t e  u p  t o  c r i t i c a l  ( w i t h  p a r a b o l i c  p e a k ) '

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

MF =  MF-JV
M V  =  M F - K R
i  f  (  l  i  s t .  g e .  3  ) p r i  n t 9 8 , f a , h a , f m , f c ,  I  k ,  k r , m f  ' m o d , n h ' n t , m t ' n r , n l , n v , m v

f o r m a t ( '  f a , h 3 = '  2 f 7 . 2 ,  4 x ' f m , f 6 = '  2 f 6 . 2 , 5 x , ' l k ' k r ' m f = ' 3 i 3 ' 4 x
1  ' m o d , n h = ' 2 i 3 ,  4 x ' n t , m t = ' 2 . i 3 ,  4 x ' n r , n l  = ' 2 i 3 '  4 x ' n v , m v = ' 2 i 3 )

N F  =  1 ,  N V
= KR+NF+JV
=  F V ( M F )
( F M . L E . F A )  G 0  T 0  4 0 0
( H T ( M F + i ) . 1 8 . 4 0 . )  G 0  T 0  3 0
50

F C C -  F V ( M F + 1 )
j f  ( m o d . g t .  1 0 . a n d . h t ( m f + 2 ) . g t . h a )  n t =
1 F  ( F C C . E Q . 0 .  )  F C C =  . 2
L I S T =  I A B S (  L L ] S T )
N H  =  N F - N R + N L

1 8 5

t o p  f r e q

e r r o r
p e a  k

u s e  d a t a  t o  p e a k

i t ( 1 1 ) 1 s t 1  a y e r
c a l c  F C

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

v i  r t l  e f t



009 5
0097 99
0098

c
c

j f ( l i s t

r F  ( K R . E Q . 1 )  G 0

s e .  4 ) p r i  n t 9 9 ,  ( f v (  j  j  ) ,  j j = 1
f o r m a t  ( 1 6 f 8 . 2 )

T 0  1 0 0

r , 2 6 ) ,  ( h t ( j j ) , j j = i 1 , 2 6 )

I  c l  c l - o n

0  100
0 1 0 i

0 i 0 3
0 1 0 4
0  105
0  106
0 1 0  7
0 108
0 1 0  9
0 1  1 0
0 1 1 1
0 1 1 3
0 1 1 5
0 1  1 6
0 1  1 7
0 1 1 8
0  120
O T 2 T
0r22
0124

0r26
0r27
0129
0 1 3 0
0132

0 1 3 4
0  1 3 5
0 1 3 7
0 1 3 8
0 1 3 9
0  140

0 1 4 1
0142
0144

0 1 4  5
0  146
0147
0  148
0  149
0 1 5 0
0 1 5 1
0152
0 1 5  3
0 1 5 5

0 1  5 7
0 i 5 8
0  1 5 9
0 1 6 1
0  163

0 1 6 4
0  1 6 5

0167
0  168
0  i 69

H V  -  H T ( r )
i f  ( h v . e q . 0 . . a n d . h t ( i + 1 ) . e q . 0 .  )  g o  t o  9 2
i f  ( h v . 1 e . 3 0 . )  g o  t o  9 0

F  =  F V ( r )
T A V =  (  s Q ( F A / F )  +  I Q G L / F )  )  / 2 .
H T ( I ) =  H V  -  S G I N D ( F , T A V )  *  D H

i  f (  1  i  s t .  9 e .  5 )  p r i  n t 9 9 , f l , f a , d h ,  h a , f  ,  h v , h t (  i  )
9 0  C O N T I N U E
9 2  c o n t i  n u e

i f  ( f a . e q . f c )  m f 1 =  k r + j v + 1 .
I F  ( L K . L T . K R )  G O  T O  B O

c - - - - - - - - - - -
c  -  -  C a l c u l a t e  n e w  p r o f i . l e
i 0 0  M T  =  M r N 0 ( N T ,  M V + N R )

i f  ( m o d . e q .  i 0 )  m t  =  m i n 0 (  ( n v + 2 ) * 7 3 / t 0 0 ,  t 2 )
F C  =  F C C
i  f  (  1  i  s t .  9 e .  2 ) p r i  n t 9 8 , f a ,  h a , f m , f c ,  1  k ,  k r , m f  , m o d , n h , n t , m t , n r , n l , n v , m v

i f ( 1 i s t . s e . 4 )  p r i n t 9 9 ,  ( h t ( j j ) , j j = 1 1 , 2 6 )

C A L L  C O E F I S  ( K R ,  - M V ,  F V ,  H T )
i  f (  I  i s t .  g e . 4 )  p r i n t 9 9 ,

c
l '4F1-  MF+JV+1

B O  L K  =  L K  + 1
F L - F A
F A  =  F V ( L K )
H A  =  H T ( L K )
DH = i - iA  -  HT(LK-  1 )
D 0  9 0  r  -  M F l ,  N - 1

1 9 9
c

KR = KR+NR-NL
D 0 2 2 0  I = 1 , N H

H R = H A

R e d u c e  v i  r t u a l  h e i  g h t s
(  1 )  p o l y n o m i a l  r e d u c t i o n

C a l c u l a t e  p a r a b o l i c  p e a k

p r e v p o l y
( h t ( j j ) , j j = 1 1 , 2 6 )  / / /

( 2 )  c t p n  r p d r r r f i n n  l n r- , ,  .  - J p

1  o o p s  I  a b

J  oopf req

s k i  p p e a k

r e d u  c e

v a l l e y
n e x t s  I  a b

!erms

c  C a l c u l a t e  C o e f f . i c i e n t s
c A L L  C O E F T S  ( K R ,  M V ,  F y ,  H T )

i f  ( l i s t . l t . 6 )  g o  t o  1 9 0
d o  1 6 0  i = 1 ' m v * 2

1 6 0  p r i n t  1 7 0 ,  j , ( b ( j , j j ) , j j = l , m t + t )
1 7 0  f o r m a t  ( '  m a t r i x  b  r o w ' i 2 , 1 1 f 1 0 . 3 )
1 9 0  c o n t i n u e
c

c A L L  S S O L V E  ( M V + N R ,  M T ,  B ,  Q )
i f ( l - i s t . g e . 1 ) p r i n t 1 9 9 ' f a , h a ' ( q ( j ) ' j = 1 ' m t ) > > >
f o r m a t  ( 2 f 7 . 2 , '  C o e f t s  Q i , . . , M T = ' , 1 2 F 8 . 2 )

S t o r e  r e a l  h e i  g h t s
I  a s t r  e a l

210

220

c
K V P =  K R + J V + 1
H V A L =  H T (  K V P  )
i f  ( h v a 1 . e q .  0 . )  h v a l =  v a l l e y
i f  ( h t ( k v p + 1 ; . e q . 0 .  )  h v a l =  9 . 9
C A L L  S P E A K  ( N ,  F V ,  H T ,  F C ,  K R ,  H V A L )

c
J V =  K V P - K R
I  F  (  H T (  K V P + 1  )  .  G T . 8 0 .  )  G 0  T 0  1 0

D 0 2 1 0  J = 1 , M T
H R  =  B ( M V + N R + t , J ) * Q ( J )  +  H R

KR = KR+1
H T (  K R ) =  H R
F V ( K R ) =  F V ( K R + J V )

r F ( F C . E Q . 0 . )  G 0 T 0  1 5
i f  ( f c . l t . 0 . )  9 o  t o  4 0 0

r e a l  h t

I  o o p
e n d

e n d  d a t a

c - - - - - - - - - - -
4 O O  N = K R

RT TU RN
E N D

1 8 6



H - 3 - 2 .  T h e  s u b r o u t i n e s  C o E F I S ,  S P E A K ,  S S 0 L V E  a n d  S G I N D ,  i n  t h e  f i l e  S 0 L S U B . F O R

c c  S  0  L  S  U  B  . F O R .  L i n k  w i t h  S P O L A N .
c

0 0 0 1  S U B R 0 U T I N E  C O E F I S  ( K R ,  M V ,  F V ,  H T )

0002
000  3
0004
000 5

000 6
000 7
0008

000 9
00 10
0 0 i 1
0 0 1 3
00  14

00  16
00  17
00  19

0020
0021
0022
002 3
0024
002 5
0027

00 28
0029
00 30
0031
00 32

0034
00  36
00 37
00 39

0041
0042
0043
00 44
004 5

0046
0047
0049

00 50
0052

0053
00 54

60
c

7 0

c
BO

90
c

100
c

i m p l l f i e d  C o e f i c ,  f o r  0  r a y  o n 1 y .
c  C a l c u l a t e  c o e f f i c i e n t s .  b ( j , : )  f o r  p o i y n o m i a l  h - h a  =  q ( j ) * ( f _ i a ) * * : ,
c  w h e r e  f a  =  f v ( k r ) ,  h a  =  h t ( k r ) ,  j  =  1  t o  m t .
c  I n c l u d e s  p a r a b o l  i c  p e a k  i f  f c  >  1 .
c  v i r t u a l  h e i g h t s ,  f r e q s  a r e  h t ( i v ) ,  f v ( i v ) .  R e a r s  a r e  h t ( i v - j v ) , f v ( i v - j v ) .
c
c  F i r s t / l a s t  m v  r o w s  o f  b  g i v e  v i r t u a l / r e a l  h t  c o e f s  a t  f r e q s  k v + 1  t o  k v + m v .
c  m v  - v e  t o  r e d u c e  v i r t u a l  h e i g h t s  b y  d e l a y  i n  t h e  p r e v  s e c t i o n  f a  t o  f v ( k r ) .
c - - - - - - - - - - -

c o m m o n  , / p o l l  b ( 4 9 , 1 3 ) ,  q ( 1 2 ) ,  f a ,  h a ,  f c ,  n l ,  m t ,  j v
d i m e n s i o n  t r ( 5 ) , w ( 5 ) ,  g a u s s ( 5 ) , f n r " ( 5 ) ,  f v ( 9 ) ,  h t ( 9 )
d a t a  t r  /  . 0 4 6 9 1 0 0 7 7 , . ? 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 /
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 /

c - - - - - - - - - - -

N F
KV

c
D O
I V

E _

c
I A  =  O .
i f  ( m v . 1 t . O )  t a  =  s q ( f v ( k r ) / f )
T D  =  S Q ( F A l F ) - T A

c  s t o r e  g r o u p . i  n d i  c e s
S U M P  =  O .
D 0 2 0  I R = 1 , 5

T  = T R ( l R ) * T D T T A
F N  =  S Q ( T )  * P
G A U S S ( r R )  =  s G r N D ( F , T )  * T  * | ^ l ( r R ) / F N  * T D

_ . . _ j l ^ ( f . . 9 t . I a )  s u m p  =  g a u s s ( i r ) * f n l s q ( f n l f c )  +  s u m p
F N R ( l R )  =  F N - F A

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
I R E A L = l + N F + N L
D O  9 0  J  =  1 ,  M T

R E A L H T  =  ( F - r R ; * * . 1
S U M V R T  =  0 .

20
C

c
30

s q ( x )  =  s q r t (  1 . - x * x )
=  I A B S ( M V )
= KR+JV

I O O  I = 1 - N L , N F
= K V + I
i f  ( i . e q . 0 )  i v  =  i v - 1
F V ( r V )

' i  f  ( i . e q . 0 )  g o  t o  3 0

f r e q s .

c y c l e  f r e q u e n c i e s  -

r n t e g r a t j o n  I  i m i t s

p r e v  n I

r e a l o n l y
TA to TA+TD

n e f l e c t n
u p p e r l  i m

p e a k  s u m

rea 1  eq  un

r e a l  p o l y

n o E  p e a  K

d e 1  a y

r e a l o n 1 y

r F  ( J . L T . M T . 0 R .  F C . L T . F A )  G 0  T 0  6 0
. i f  ( f . t r . f c )  r e a t h t  =  s q ( r a l r c l  l ' i i ? ? ) l l l p e a k  

t e r m  q ( m t )

sumvr t  =  sump  * \ f / f c1 * *2
i f  ( i . n e . 0 )  g o  r o  B 0

i f  ( i . e q . 0 )  g o  t o  9 0
f o r m  p o l y n o m i a l  i n t e g r a l s

D 0  7 0  r R  =  1 , 5
A  =  G A U S S ( r R )
GAUSS(  ]R )  =  A*FNR(  IR )
S U M V R T - S U M V R T + A

SUMVRT = J*SUMVRT*F*F
s to re  i  n teg ra l  s

B ( ] , J ) = S U M V R T + R E A L H T
.  i f  ( m v .  t t . 0 )  h t ( i v )  =  h t ( i v )  -  q ( j ) * s u m v r t

B ( I R E A L , J )  =  R E A L H T

I F  ( r . G T . 0 )  B ( r , M T + 1 )  =  H T ( r \ / )  -  H A
B ( I R E A L , M T + 1 )  =  H T ( l 1 7 - J V )  -  H A

d e l  a y

v  i r t u a  l
r e d u c e

r e a  I

v  r . h . s .
r  r . h . s .

RE TURN
E N D

IltT
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c
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c

S U B R O U T i N E  S P E A K  ( N ,  F V ,  H T ,  F C ,  K R ,  H V A L )

c a l c u l a t i o n  o f  p a r a b o l i c  p e a k  f o r  s P O L A N ,  u s i n g  t h e  l a s t  3  c a l c d  r e a l  h t s .
( i f  F C  w a s  s c a l e d ,  t h e s e  h e i g h r s  w e r e  o b t a i n e d  w i t h  a  p o i y + p a r a b o l a  f i t . )

T h e  l a s t  c a l c d  h e i g h t  i s  a t  f v ( k r ) ,  h t ( k r ) .

d i r n e n s i o n  f v ( 9 ) ,  h t ( 9 )
s q ( x )  =  s q r t (  1 - x * x )

F M  =  F V ( K R )
H R  =  H T ( K R )
F N  =  F V ( K R - 2 )
H N  =  H T ( K R - 2 )
r F  ( F C . G T . . 2 )  G 0  T 0  2 0

c a l c u l a t e  f c  f r o m  g r a d i e n t  f i t ,  w h e n  n o t  s c a l e d .
( t h e  f a c t o r  0 . 2 6 3  r e p l a c e s  p a r a b o l i c  0 . 2 5 ,  f o r  C h a p m a n )

f n n =  f n * * 2
d h = h t ( k r - i ) - h n
c  =  ( f v ( k r - 1 ; * * 2  -  f n n )  /  d h
d  =  ( c  -  ( f m * f m - f n n ) / ( h r  - h n )  )  /  ( h r  - h t ( k r - 1 ) )
f c  =  s q r t ( f n n  +  . 2 6 3 * d *  ( c / d + d h ) * * 2 )

c
C

C a l c u l a t e  t h e  S c a l e  H e i g h t .
s H  =  0 . 5 s 4 * ( H R - H N )  / (  S Q ( F N / F C )  - S Q ( F M l F C )  )
H M  =  H R  +  2 . * S H * S Q ( F M I F C )
KR = KR+l
F V ( K R ) -  F C
H T (  K R ) =  H M

. 5 5  c o r r e c t s  t o  c h a p .

I  i  s t  p e a k
p r i n t  4 0 ,  f c ,  h m ,  s h
f o r m a t ( '  P e a k ' F 7 . 3 , '  M h z .  H e i g h t ' F 6 . 1 , '  k m . ' ,

1  7  X , ' S c a l e  H e i g h t ' , F 6 . 1 , '  k m . ' )
h t ( k r + 1 )  =  s h
i f  ( h v a 1 . g e . 9 . 9 )  r e t u r n nova 1  1  ey

c
c  A d d  a  s i m p l e  l i n e a r  v a l l e y  a b o v e  t h e  p e a k ,  i f  t h e r e  i s  a n o t h e r  1 a y e r ,
c  u s r n g  t h e  d e f a u l t  P o l a n  v a l u e : -  v w i d t h  =  s h a  * 2 .  =  h m a x / Z .  -  4 0 .  k m .

V A L =  H l , 4 / 2 .  - 4 0 .  s t a n d a n d
i f  ( h v a l . g t . 0 . . a n d . h v a l . l e . 5 . )  v a l =  v a l * h v a l  s c a l e
j f  ( h v a l . l e . - 1 . )  u u l =  5 * i n t ( - h v a 1 )  a b s o l u t e

V D E P T H =  U A L / 2 0 0 .
i f  ( h v a l . l t . i n t ( h v a l ) )  v d e p t h =  i n t ( h v a 1 ) - h v a l

KR =  KR+2
F V ( K R - 1 ) =  F C - V D E P T H
H T ( K R - 1 ) =  H M + V A L * . 6 6
F V ( K R )  =  F C
H T ( K R )  =  H M  + V A L

p r i n t  8 0 ,  v a 1 ,  v d e p t h
f o r m a t  ( 1 3 x , ' V a l l e y  w i d t h ' , f 6 . 1 , '  k m ,
RE TU RN
E N D

S U B R O U T  I  N E  S S O L V E( M , N ,  B , Q )
f o r  s i m p l  i f i e d  p o l a n  ( S P O L A N )  o f  j u n e  1 9 7 8 .c

c
c  S o l  v e  m  s i m u l  t  e q u n si n  n  u n k n o w n s ,  i n  a r r a y  b ( m , n + 1 ) .  R e s u l t  i n  q ( n ) .

d i m e n s j o n  b ( 4 9 , 1 3 ) ,  q ( 1 2 )
N P = N + 1

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
D O 4  K = i , N P
S U M  =  O .
i f  ( k . g t . m )  g o  t o  7

D O  i  I  =  K ,  M
S U M = S U M + B ( l , K ) * * 2

i f  ( k . e q . n p )  g o  t o  7
A  =  B ( K , K )
D  =  S ] G N ( S Q R T ( S U M ) , A )
B ( K , K )  =  A  +  D
6 = 4 * p + g U M
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0 0 1 5
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0 0  1 9

0020
0 0 ? 1

0022
0023

0025
00 26
00 28
00 30
0 0  3 1
0033
00 34
0035
0036
0037

00 38
00  39
0040
0041
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c
20

40

BO D e p t h ' , f 5 . 2 , '  M h z . ' )

000 2
000 3

C

000 4
000 5
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0008
0009  1
00  10
0 0  1 2
0 0  1 3
00  14
0 0 1 5
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C
0 0 1 6  D 0 3  J = K + l , N P
0 0 1 7  s u M  =  0 .
0 0 1 8  D 0 ?  I = K , t , t
0 0 1 9  2  S U t 4  -  S U M  +  B (  r  , K ) * B (  r , J )
0020 sur4 = suM/c
0 0 2 1  D 0 3  i = K , t 4
0 0 2 2  B ( r , J )  =  B ( r , i )  - B ( r , K ) * S U M
0023  3  CONi lNUr

c
0 0 2 4  4  B ( K , K ) = - D

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

0 0 2 s  7  B ( N P , N P ) = S U M
0 0 2 6  D 0  1 0  r r  =  1 ,  N
0 0 2 7  I  =  N P - l l
0 0 2 8  s u M  =  B (  I , N P )
0 0 2 9  r F ( r r . r Q . 1 )  G 0 T 0 i 0
0 0 3 1  D 0 B  J = t + 1 , N
0 0 3 2  B  S U M  -  S U t 4  -  B (  r , J ) * Q ( J )
0 0 3 3  r 0  Q (  r  )  =  s u M / B (  r ,  r  )
OO34 RETURN
O O 3 5  E N D

0 0 0 1  F U N C T T 0 N  S G r N D  ( F , T )
c  O r d i n a r y  r a y  o n 1 y .
c  G i v e s  ( g r o u p  i n d e x  - 1 .  )  t o  f u l  I  m a c h i n e  a c c u r a c y ,  u p  t o  r e f l e c t i o n .
c  f  = w a v e  f r e q u e n c y ;  t  =  s q r t ( 1 .  -  x )  w h e r e  y =  ( f n / f ) * * Z .
c
c  I n i t i a l i s e  b y  c a l l  s g i n d ( f b , - d i p )  t o  s e t  g y r o f r e q  ( m h z )  a n d  d i p  ( d e 9 ) .
c - - - - - - - - - - -

0 0 0 2  d a t a  f b s i  n , f c s c t  /  2 * 0 .  /
0 0 0 3  r F  ( T . G E . 0 .  )  c 0  T 0  6
0 0 0 5  d i p  =  - . 0 I / 4 5 3 2 9 * t
0 0 0 6  f b s ' i  n - f  * s i n ( d i p )
0 0 0 7  f c s c t  =  ( f * c o s ( d i p ) ) * * 2  * . 5 / f b s i n
0008 re tu rn

c - - - - - - - - - - -
0 0 0 9  6  G l  :  F * T * T  + 1 . E - 1 9
O O 1 O  G 2  =  F C S C T / G 1
0 0 1 1  G 3  =  S Q R T ( G 2 * G Z  + 1 .  )
0 0 1 2  G 4  =  F B S r N / ( G 2  +  c 3 )
0 0 1 3  G 5 = F + G 4
0 0 1 4  c 2  =  ( F * G Z * G 4 I G 1 - . 5 * F B S I N ) * ( F - G 1 ) / ( G 3 * G 5 )  +  G 5
0 0 1 s  s c r N D  -  c z l S Q R T (  ( c r  +  6 4 ;  * G 5 )  - 1 .
0 0 1 6  R E T U R N
O O 1 7  E N D

rB9




