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In o r d e r  to  s o’ces t ;f ~i l  iv  d e t e r m i n e  the  c u r r e n t  subn ~~r m e  p o s i t i o n  f r o m  the
p h - i s o  informa t j i l l  F O O l -  iveci , ~t is n e c e 5s a ry  to  know the  phase  V Inc i t v  ot
t h e  in c  cml i n - -  wave i i  t I C  t h e  p a t h , and the  p a t h  l e n g t h .  To c U t  a in a fli rt!
a c c i t r~~~~ t -  * ‘ S t i ! T h ’ l t o f  su b m a r i n t -  p o s i t i o n , we w i l t  i n v e s t i g a t e  a n u m l i e r  i f

e f f e c t s  ( m u l u i n , ’l i ’ , d ay / n ig h t  ( d i u r n a l ) ,  g round  c o n d u c t i v i t y ,  and v a r i a t i o n s
in r a d i u s  of t i c  e ; t r ~~h ) t h a t  cause  p o s i t i o n  to  d e v i a t e  f r o m  t h a t  c a l c u —
la t l - ’ f  i i ’ ;  in g  i o n s t a n t  ve l o c i t y  iv er  an a ssumed p e r f e c t  sp h e r e .

Oper a  iOn i f  I t o  OMLGA N ’i v  I C i t  Ion Sy s t e m  is based on t h e  m e n n u r c ’m e n t  of  the
ph~is ’  o f s. -. c r j  I t r - i n s r i i t t t ’ r s  o r i t r u t  j n~ in tht: 10— 14 kHz e l e c t r o r n i - n i i - t i c

r u n . I t  h a - .  ‘‘ - i i  e s t  I i i  shed t h a t  the  1/ i gh t  proposed 0 ’IEGA t r I n s —
m i t t e r s  w i l l  , - ov ’ - r  t f i ,  t : I r t }i w i t h  s iRn ’l 1 l i v e  is a d e q u a t e  to l’I~’r m i t  t h a t
p h a s .  fic- - i s u r  st I l l  . Fu r t l t e r i r~ore  , it is n, c n e r a l l y  a c cep t e d  t h a t  s i gna l s  in
t h i s  silo t r u m  pro~~. ;i ~ t I! t h i r o u ~ h a Wave ~u I do made u p of two c o u cen t r  ic
sp h e r e s , one sp h e r t  i , :  t he  earth ; the o t h e r  is  t h e  ionosp here .

Un d e r  i d o . i i  , ) f l ( l~~ j ’ ’ tl 4 S 1 t 1 5 ’ ! i ’  ph a s e ’  i’a ’ lsurt ’ment w o u l d  s u f f i e to p r e c i s c ’ i y
l o c a t e  a r u t ’ ’ i v i n g  t i t i o n . Howeve r , t h e  w a l l s  of the  w a v e g u i d t  ar e  not
p e r f  c t  - I n ’ !  I r e  i t  t i n t e d  N v  s i - v o r i l  p . u r ’ n l o t i ’ r s , s pe c i f i ca l l y t he  o t  t c ’C t  of
the sun on t h e  j u n o - . , t l ( ’r e  ; e a r t h ’  s m agne t  i n  I ie Id ; ground c o n d u c t  i v i  t v  , and
o t h e r s .  These i m p  t’i ~~ ’ - ’ t ion s  in  the  w av egu id e  w a l l s  cause cIl In g e s  in t li ’-
p r o~i l g I t  ion of t I m . ’  , — l t c t r i i m u l ’ n e t l c  s i C u I ’ l i  , the ph ase  v e l o c i t y ,  w h i c h  r e d u c e
t h e  11cc u r a y  o t  t h e  p It - se measurement
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NORTH ROP Electr onics Division

The ph ase  v. I a n  i t v  o f  s u c h  wave s in a p t ’ r l e c t  s’.’i v e C u I  i d i ’  w i t h  t h i s  ‘t ro t r - ~
has N c  -n f o u n d  t o  d e p e n d  on t h e  w i d t h  of t h e  w av e i t u  i d e  ( t h e  he ’ I g u t  o f  tN-
i o n o sp h er c t  and on t h e  e l e c t r i c a l  c o n d u c t  l v i  tv of th” surt ,ii ’ t- -. . The’ e l - i-
t r i c  c o n d u c t i v i t y  01 t he  earth’ s surface is impo r t a n t , as ~o I i  as t h i t  01
ionosph re . in t he  ca se  of t h e  ionosp h i r e ’  , the  p r oh  i t - t i  is comu p i i~~- i t - ’ 1
t h e o r e t i c - i l  ly  b i e c a u c i ’  a con t inuous  w a l l  does  not e x i s t;  r , i t h ’r , t i ’  t ’l e c  n on
densit y and  O l ) l l  i S i ’ f l  t r e q u e n cy  v a ry  w i t h  h e i gh t  itt some m ;inn .-r w h i  - N c - i n
be u p p i -~~xim ate d is exponent ial . The’ et fect of the earth ’ s - I ~~n e t i c  f i e l d
on tNt’ ph o sc ’ ye b c  i t - , mu s t  a l s o  be con s  ici ’ ’r c ’d . Th i s  h a s been - i t i  i l ’ , o f
t h eor c ’ t t ; ’ i I I  and t he  : ts svme t ry  be tween  p r o p a g at i o n  f r o m  ea s t  to ‘.,c ’st -t nd
f r o m  ves t  to e a s t  I111s been observed .

These f a c t o r s , u lo n i’ w i th  one to a cc o u n t  f o r  the o h i - i t e n e s s  of  t h e  e a r t h ,
are  i n c o r p o r a t e d  i n t l  co m p u t e r  p r o g r a m  d e s i gned to p r o v i d e  in c r e : ’s -r l t , l  I
r e a l - t i m e  c o r r € ’ c t i , ’n s  a l o n g  the p r op a g a t i o n  pa th .

1 , 1 , 1  l i - I - - ,

I i ’  r ’  ii l i i i  tasks - I  t N  I’ r o p a g a t i o u t  l’r e d i c t  i ou  Sub pro gram . Tlic- ’; I F ’ ’ r e —
I l i i  I III i l l  I i  CI I  I ’  I

a)  I n i t i a l  i z ; i t  i o n :  l , u l - u l a t  ion of  t h o se  t ’fl v j  r on rm~ ’n ta1  p a r an t i ’ t e r s  w) i :li iF ’ ’

i n de  p eu ’i d e n t  ‘ ‘I I I ’  - ‘ p i ’  I V  an d need on 1’~’ i i , ’ c a l  c I l i a t e d  onc- ‘o Inc l i ided
‘ i ts

• TI n c i  - n t u-a l p at  Ii tr i g I .  - I n  - l w  i 11 S t a t  Ofl uri c! Oi’fl’~GA u- i c c-I ‘s m ’
• T b i ’ -  t i r st  : - i , t ’ u t t t I c  b) I1I:L ’ I~

_T t i ’ t ,
• f lu ’ s ’ -  - i l i f l i t i ti  I n d e x , and
• I I ’ -  1101 ‘ - ‘ 0  t i F

N ) IfltegFati on ( I - - .- t h e  T r m u ’i s m i s s i o m  Pa th :  In o rder  t o  ( v a l u a t e  L i i - e l I  ( ‘ ( ‘I
o f t h i ’ i u u o s . ’h ’ 1 -  on t h e  t r a n s m i t  t e d  s i g n a l , i t  is n ’’c ’’s s a rv  t o  s l i ; s F —
p ~ . - I lie ’ known si  gnu 1 path in t h u  model  i f the  vu r i d  con t i i i  tied jut t ho
S ’lil i pr (’F.1’0 Tiw’ I o I  l o w i n g  suh t  a sks  are  f F ’ ’ i 1 l i i - n c v  or p a t h  dep e n d e n t

• Cal c iii , i t i ‘ m i  ii t h e  diurnal c onstants ,

• A i r o u t I  ‘I!lp ’-Ils it ion ,

• E ar t b c ondiic t I vi v Index ,
• 1)1 uruta 1 1 t i n e  I i o n  and av e  ragc’
• i i r r ( ’ c t ion  l u - I Il l ’ s I or p r o p ag a t  i on  modes , and

• T n t ’ ’ v r . i I  ioti .

G e u u e u s i t i o u t  i i i  O u t p u t D aLi :  As a r e s u l t  of t h e  i n c r e m e n t a l  i r i t  - t r o t  j o n
I l i i  - S ‘ 11 5) r o ( fr a m  g e n t ’  rat ‘ ‘s

• A v ’ r ; u g i n g  cona t ant ; c o r r e c t  i o n  f o F  I n c r e m e n t a l  i n t e g r a l  i oti ,
• R i s e  St at  j o l t  control angle; usod for phase ,
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• I’ I’ i i u i i , ’ , L t  l u l l  ( :01 - u- ed - t ion , t-) -

• Pi ’e ’ d l c t t ’d \‘, t t i , i i t c t ’  - ,
• Sp i t i -  u - i l d i i  C i i i  I ’ d’ t i on ,

d) True  k j u g  I - i  I t  c r  L’pdat  e : inc hides

• l’ ri ’ i l i c t c -i I t r a c k i n g  F’iiter mu’ i s i ur e m en t

• l a m ic ’ c i )  l i t  c’ i ) l l’ t ’ c  t LOIt S
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SECTION 2

APPLICABLE DOCUI~U~NTS

i l  Su u ! ’m a n i n e  O1~~CA C o n u 1 i ’ i t  or P r o g r i r l  l’e r l o r i : i a u c  ‘ ‘ S pe d I i  c ’ i t i on  (Vol  u i ~ u~- T i t
t h e  S i t f u r u i r i n u ’  Ol-1I- CA ( ‘ ‘~u p u u t e r  P r o g r am  S p ’ c I  1 1 c a t  L o l l )

A~u p l i c , t ! ’ l -  S e c t  i i n s :

3 .1 I n t r o d u c t i o n
3,2 Fiun cti om ial Dt’scri pt j on

3 . 1. 5  Dc’ t . i l  i c ’ i I  Sys tem Operations
3 . 3  D e t a i l e d  F iun c  t I onai  Requ l .  r emen t  s

3. 3.10 T r u c k i n g  F i l t e r s
3 .  3 , 1 1  Combinat i o n a l  Kalman F i l t e r
3 . 3 . 12 !u l f i , i i , t t  ion Predict ton

N)  StHsin i rici OME(’,A ( ‘ o p u t  c F  l’ r c gr am  D e s i g n  Spec i f i c a t  I on (Voluinc- Ii of t h e
S I - ii i  i n c  UMECA Co u p u i t  c r  Pi’ogram Sped fica t ion)

c ) NORT ‘i~~~ —
~~~

- , NAt o I’ si ’ r ‘ s Manua l  , Jul ~ ‘ 1 tfi ~~

d N n R J ’  i~~— I 1 A , De t , i L i c ’ d  D e s c r i p t i o n  of 1-WC—l (J7() , C o mp u t  or  In s t  r i t e  t i o n s

R’ ’vi  s i  on A , 1-” - l u l , i F V  i570

e) NOR T u — - -- /A , N I ) I :  —1 (170 F’low Chart P r o g r a m , Use r ’ s M an cu a l
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SECTI ON 3

REQ UI RE1~~NTS

I n  e u l e r  to uimi dc rs tit nc l t h u  s u i b — p r o g r i i u i  i l i - s c r i p t i u i n  c o n t a i n e d  i t t  i N ’ -  I o l i ow —
1 l i (~ f S t ( ’ i S , i t  i s t i c  c’s u ‘, - I h a t  t I t ’  - ru c l i ’ r v i  11 h i’;’ - hi  ‘come I - m i  I i  at’ w I~ It I N ’  -

iss i c  f i t  c d  I t u n e  t I ‘ ui - il I ’ ’ 5 1 1  r emeru  -i I o u u m i d  i n  V o l u m e  I , I’e r I  u m - lviuuc i - S pi -c j I c-i —

I io n . ,tmt d  v i  t It t l it - s u i b — p i o ’ r u n u  a l b e i t  ion i i ) i i m i d  i n  V o l i i u t -  I T  , 1 1 - - s i  tori
S pc’c i i  I c  , i t  i o n ,

I . I nI-:TAI I R E )  Dl - SCR [PT I (I N

1 . I Re’ t o  ri ’ n c c  I , a i ’ ’  - I s t o  F l  ow Di . tgrams

Tb.- c cud.’ u se d  t o ref, rc-ncc’ t Ii - pit r t  I c’ul  ar  b l ock i n t b i c’ flow di a: rul1,s
Si - c l  i on 3 , 2 , is ,us follows : The first number  is t h a t  p age n t um bc ’ r f ou n d  in

~h i-  
~~~~~~~ 

i~~j - i t t  c o u i l i ’r of t h e  d i a gr am s .  Th i s  w i l l  bc~ t o l l o w e d  h ’, i s l a s h
Si  i ’ll (/ )  tO sc ’ f n t F , i t  ‘ t h u  page number frito t h e  b l o c k  d e s i g n a t o r .  The d e s  i g —
n o  or w i l l  c i t  11c r Nc ’ a mn e monic  l a b e l  (e . g . , TEST SYNC) , a l oc al  I , , i! ’ ’i
m d i ’  t i ed N v a d o l l a r  s i gn ( $ )  , or an i n t c ’g c ’r .  The I . -. t ’ ’ p i ’s i t  la bc ’l s
Fc ’  i i - r u - nc .  t h e  p a r t  I, cul  ar  I n f o r : u u i t  t on b l o c k  , on tNt g i v e n  P.U t - , to vlt leN the
1, i ln ’  1 is i t  t ,-i ch e d  . The i n t t ’ g e  r n t um nbcr  , n , means t h a t  t h u  i’ - 1 u r i ne’ ’  -~l b l o c k
i- ; t h i -  ~ th  1) 101 k f r u u  the’ t o p  of t h ~’ pag~’ 1)8/ 3 w o u l d  r i - f r t o  page K and

ii ’ - t I i i  rd i n !  o r a i t  ion b l o c k  down

F i n a h l - ,’ , the l ,i hu c ’ l p l / $  2 i refers to page 1 , ant I  t h c ’  3r d i n l or m a t i o n
Ii l i c k ii ter I N c  l a b e l $ 2 - p 2/ 7 , K , S r e t  i r s  t i i  p ag c ’ 2 a m i d ( I i ’ ’ 7th ~tfi

and 9 t }i block s

t .1 .2 1)-se ci p1 jomi of F l o w  D i a g r am s

i .1 .2 . 1  I n i t i - i l i z a t i o n

a) C en t  r a l  P a t h  A n g l e ;  1)1 / PRO I’A GAT I ON I R R I )  I CTION , 2, 1 ‘i:

At I c r  s t  up ol ( l i e  r eg i s t  c r - s the  s i u l . r i n t t  m e  THETA 1 is  ca l l e d  t o  c a l —
t u u l a t i ’ lit - - l i t  h i c e n t r a l  angle hi -twi n l i i i ’  s ub m a r i m i c ’ and t I m ’  si ,it ion
SI ’ I -‘~~‘ I ’ d  l i v  I he  a r g m l m n l ’ n L

- ‘  _ _ _ _ _ _ _A I A i I ~ -~~ ~~~ —

S
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NORTH ROP E te e t r uf l t (,S Div ision

vliu -ri ’ R
1 

= , i , e m i t  ri u f l  I vt ’c  t or lit - ’ - t i - d to Ut - st ib mnar imi ’ ‘s t  j “i - t i o t t
105 i t  l oll

= t h e  m o o t  cml r ~~ t i l l  i t  V i m  t o t  ( I I  l i e  t ‘tI  t o  t I n  - s t  a t  I on

and  - — 

~~I 
-

ii) F i r s t  N . u i - t i c  I’ i r , i u i i ’ t e ’ r~ ‘ 2’

(I l t a m  t l t c  u n i t  \ ‘l ’ct  cut ’ , AN , t i o t - u s t I  t o  t h e  p a t h  t i t  t r a n s m i s s i . u n  f r i m
u ; t , t !  i i  1 o I l ie S t i l i ; i , i u j  i t -  r ec i - i v i - r

S x J t ’

1’
~~

, I~ ) , P .1 d F u ’ c ’i o l l o n o f l t s  of the  i m i H ’ g r i t  L u l l )  p o s i t i o n  P , o r i c ’ n I u ’ i l  i n  l i t ’

s o c - n t  n c  ‘i x i s  - T h i s  v i e  I cr  i s  i n it i a l i , e d  t o  th e  t r a n s m i tt e r  t ) , i s L ’  i o u )
o’ ed i na t  c’s , t i t e n  in ’v c - d a l o ne  t i ’  p r o j . u i g u t i o n  p a t h  i n  in c t - ’s uii . ’ n i  S a t  1,

u ’ a I i  - in s  - i i i  t h e  h i t  - t - 1 F a t  j Oil P ro ) ’  r ’ -  S S c ’S -

.1

d i i  = I) - I ) ]  r - i u l I i t t  
- —

1)
1 Si

1’:, “2

=

A , i s  “Th uc ’ t i r s t  u c O ’ t i e ’ t i c  u . t r ; l u i. - t .  i ’ o i l  NI’ 15 .1 c i u m t s t  a n t  g c ’ o c e t t t  n c
u n i t  vt c t i u t  d i i ’’ t e d  t i i w a r t l  t h e  uiu ~~p~_~~~ n o r t h  p o l i ’ , and  i s  gi  t i n  l i t - :

= (~ ~~~~ O , i u i i ’+ 4 K i 4 , — ( 1 . 2 .70 .)

Ca Ic u l o t , . - : A , = — - S I ’)
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NORTHROP Electronics Division

c 1 Se ,t s i n . i l  I n d u ’x l :~,j p2J I ( h i  rom ug h J / i / ( u :

‘i ’h . s’ - , t u i ’ i t , i l  n i l . - : ’ :  IS v i  11 h~ u i s i ’ i l  i i i  ‘st  i mndt in g  t h e  ‘i j u n t a I o f  I ’
l i t e r .  ‘ll i c - i ’u ’  l i t - i l l ’ .’ t l i u ’  seasonal  v - a u -  can  hi s i ’y ’, n i ’ m l t  ‘ ‘ 1 m t  - ‘  2 , 2 .  I C —
W i t  1 1 i - l i o d s  - i h iv i - - ,’ , -r , t lu c ’ c i u r r u ’ n t l v  1 S t - i l  d t ’ i u n , i l  t , i h l ’  l ’ i J i l l ” ’ S  ) l i ] V

i t i cOl t I i  ( 5  -

TABLE I SEASONAL INDEX

IS CALENDA R S1’AN

0 JAN 1 — JAN 15

3 JAJ’I 16 - JAN 11

FEB 1 — JUN 30

115. 1 — DEC 15

12 DEC 15 - DEC 31

el) Sun Vt ’c t o r ;  S ( 1)  p 4/$  2:

i ; O o i r ) u t a t  ion 0! l ie  sun  vec to r  S( I )  = S ( l )  , S(2)  , S(’l ) . Th o se t orn
- I C,-oc~~ l ut F i c  ‘til t v i ’ C t  or rc ’p r e s e n tin g  s o l a r  i n f o r m a t i o n  r e qui re d t o
c ompute  t h i t -  c l i t u r m i a l  f u mt c t i on ;  i . c ’ . , a un i t  vc ’c t or  o r i g i n a t i n g  at  t l i i ’
. ; t t i  hi ’ s c c i u i t  L i ’ , p o in t in g  .i t  l i t ’ st u n .

1) ‘I ’ . - s t  a r t  , D , t h e  n u m b e r  of dat ’s s m cd ’ .Jali 0 . ( 1 , of 1968 is c : i l cu —m
l i t  i ’d , t o  he used in d e ’t e r m m t i n i n g  ( l i e  sun p o S i t  i o n , and t i n - i  t h a t
t b t . . - c i a - - l i gh t p o r t  ion ~ f the propag a t :  ion pa th

Th i s  c all 1) 1’ accomp l i shed  Nv d e t e r m i n i n g  t h e  n u mber 0 1  dat ’ s i n  p r i o r
‘ - ‘ - ( i r s  , l o o k i n g  ~p in Table  2 the numbe r of il : i ’ ;~ i n  the  mont h i s  pre —

c e d i n g  h i t ’ c u r r e n t  one , and adding th u - s c ’ t c i  I l ie  number  of c l , ivs
it i u t -~id ’,’ past  in t h e  c u r r e n t  month , p lus  t h i c ’ f r a c  I ional  part  itt th ie
c i irrc’nt i l t i ’ .’

Vol VII 8 NORI’ 73-48
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NORTHROP Electronics Division

TA J3LE I DAY I )F’ Till S YEAR

C r t u ’ u i ~ ( tan = 1 , Due = 12 )  Dm ( U - t - ,’s in  prii tr m o n th s , s in c ’

_______ __________- 
J , t n  1) 

- —

31 1

Fel ’  28 2

5- :r 31 I 55

-\ p r  30 ‘
~ 90

M i - -  31 5 120

J u n  i i )  (~ 151

Jul  31 7 181

Ant :  31 8 2 12

~~
‘ -

~~
> 31 )  9

( C t  ~I 1 0 273

N ’ :  3 1) 11

I) . c 31 12 2

D = N i i n l > c ’ r  i i  d;i ’ ,-s s ince  Jan 0.0 , 1 - ( u K

I) = 305 ( - - ‘ar — u K )  + Dm + (Numbe r ot da t - s  in c u r r e n t  mon t I i )  -t I C A I ’

(Las t  two d i g i t s )  (From t ab l e  above)

( 3600) (hrs)  + (60) (mill) + secs
- 86401) ( f r a c t i o n  of p resen t  day)

r i LEA P = number of Feb 29 days he tween Jan  1 , 151.8 anti p r e s e n t -

2 ) I-: , t h -  t r a c t  i onal par t  of D + 0 .5

E = (D + (1 . 5 ) ,  mod u lo  I

3) 1. , t I i ’  L h i  t title o the  sun

L = K D + K .,
s 1

s I n ’  r e K = 0 . 01720279 14

K
2 

,i~ . 8 i 4 ’) ’ ,? I

K , represents L on Jan 1 , 1 ‘ ) ( u K  and Is su i t  j u ’ c  t to up d a t e  to

c u r r e m u t  ~‘c ’ar -

V ol V II NORT 73-48
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NORTHROP Electronics Division

N 
- , t h e  - 1  N i  t , i l  , i i u > ’ l e  ‘1 t I n ’  ‘ a i l  hi i’ i ’ l i i t i v ’ ’  t o  t I t . ’  p - r i h u - I  l o t  (p oint

- ,t t h  ‘ -i c u b  i t  ,i t whu i cli u i  rUt  i s c l o t ; ’ s t  t h u . -  s tn )

‘1 = K 1D

w I t -  i ’ ’ K 1) - 17 h i  I

K = 6 . I i  ‘ ( ( 1  55

K i i ’ P ’°5’  t I  s on Jan 1 , 1 )68 : i t i i l  is s i u bj e c  t I i  up d i  t i

t o  c u t l i -  i t -:.- ,tF -

-
‘ t ES r st  c i ’m p 1 ‘ ‘‘ :i ’ 01 0! S i l t )  \‘ c ’C ’ t o n

= I- , s c ut I.

l~: 
~~ 

= ~~~~‘3 ’> i’ K ’u h i > ’~ ~~~ ~~ t i >  t i l t  u t  suit ’ s orbit.

i i )  1. . Suli S i lp p : i r ’  nt  i n  I t ode

- ~~, t - : — K s i n  >1 — K . S i n  (21, )
S / S

F K and 1< - ; i : -  C 11 j u t  I c l i v  c u  F r e e  1 OI l S

= 1) . 0 1  - : - s ‘ ‘ i i i

- -~ 0 , 1~~~127 ( I i

7 i St c ’t i i l  c oip i c ’ : > ’  n t  of s u n  ‘,‘ t ’ d ’ t , ’I

- i

5( 1) ( 1- 5 ( 1 ) ’ ) 
2 

~~~~ L

:— ) Th u i i  c u n - u [ i l e t : l c - n t  of sun  ‘‘ ‘ c t  t i n

5 ( 1  = ( 1  ~S( l ) 1 )~ s i n  I.

3 . 1  .2 .2 I - i t  i t  m t  m i st  i o n

‘./ $  55 t h r i u i g , h t  p 1 3 / h  c i t i s t  i t  i t ’ s  t h u  main i t c ’ r a t i o n  i l g o r i t l u u i  whi t’ ’ ’ t h u

l’ r p :i1 ’ i t  ion  l’ r ’ ’ t i  t i o n  t e ’ rmn s w i l l  Nc ’ ol l ained  b y i f l t - C r , i t i o n  i n  m c i - m e n t a l
St  mi o t  I t  1 ) 1  u , t i t  1:111.

a) D i i i i ,i l C i , m t s t _,i n t  V ’ - t o r  , F14; p 4 / - $  55 1 h i ro ug h p S/ $  15 :

C a ] >  i l i t  l i i i -  ~~u I  i i  -~ . ‘ n i  t h i  , i m l g l  0 , Z , I ron wIt i c hu  I t o  d i u r n a l  tun i- t I
w ill N -  d i t  ~~1nc - d h ’’ l iii ’  t a b l e  i i  l o w i n g .

CDsz I ’ - 5(1)

Vol  V I I  10 NORT 3 - - ’.8
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NORTHROP Electronics Division

i : , . l >  u l a t  . - l l u ’  i t t  i F i l - I l  m u S t  t I l t  I u S I I i ( ’ t i c ’  I t i ’ u ~’ i i - t i > v , I F , iii ] ( I i i  s ’ :i son
m i i i  x I S -

I A  ‘-L l -  I Dl ‘ ‘ I ) N ,-\ l .  ‘ONS ’F ANI ’S

K I l l - ’ , I Si  ,J E’ = t u ’ - q u i i ’ n u  ‘,‘ m d i x
I S  = si ’ : ison i m i i h - : - :

u 
1 , 2  I L )  

_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

H (1 , 2 7 1  ( 1 1 ’> ]  0 . 2 1 2

3 I i  - 3 t t t i  1) - 
u >~~~ 11 , 2 3 7

1) 1) . 3 0 i 0 .  C l  0 _ h i

0 , 2 1 0 0 . ]  ~~ i ’  1) .1 1) 2

12 ( ( . 1 . 1  0 . 2 1~ i ( ( .187

Nol ’I -: :  1’ - u  I S  = . - n i l IS = 1) , K is i t  p r o S - u t  u ’ f l S t  an t , I t  is

‘ u ; u ;  1 6 1 . -  1 1 >  it u 1; is ;-,‘ou i i  d r u t  he so i i i  a son - s o p h i s t  i c - a t  c d

‘ e c u ;  i - : :  iii t h u >  s te  -

TA IIL I- 4 DIURNAL FUNCTION

TlEt:N 
-

F (J~~ 
- - - 

t’~~~ 
-

~~~

- 

~~~~~~ 

-

~

l os Z <  a 1, 1 0 1)

-u <( ‘ os 7 < h  Cos (i-b)  + K(JF ,IS) (a-CosZ) Cos Z-b  a-Cos Z 0
— a-h ) a-b a-b

b < ( ’ t t s  ~ 
K (,IF , IS) (I-Cos~~ ) 1-Cos Z Cos Z-b

1-b 1-h I -b  

when ;i = — 0 .15

b = -o ( u - ’.

= ( I F , l S t  f rom Table  3.

and T V  Is I to - t m ’ . -que fl c i,’ Index , 1, 2 , and 3 , co r r e spond ing  to  10 .2 ,
l 3 . i , ad 1 1 — 1 / 1 ,

Vol \‘I T 11 NORT 73-48
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NORTHROP Electronics Division

I S is ( I i i  s u - is ut m l -  :•: - H  u ’ i : uu i  m~~-d i l l  t I ; ’ :  l ’ s>  r i  pt  i on  cii  p~’/ I  -

FM
1 - i- -’ 

- - 
- ‘c~ ~~ t h i r ’ - ’ “ s c , i t t i - F  t h j u i r t i - t I ”  t i nt - I i o n s  I N t l  a h i ; u l ’ ,’ t O  - i l l

t l t t i ’ i t r ’ - 1 - : n c i . - s ,

F (Ji : I i s  t i c -  h t i m -n >1  2 ‘t u c t 1 t i l l  , and  i s  t i l l  u l  - i t  i - i l  f o r  each t i’ - q ’ u - n i  v -

( i m i  t h e  1 l i s t  p u s s  t h i r i ; u i g l i  I i i ’ u l j t u n u i , i ]  c - i l c u i l : u t i o u u s  ( i t ’ : ’ - )  f or  -i

s t - , u  i o n , , i  t u t u - I-’ ( I F) is s t - I  - i ’ u t I  1 ( - ( I F )  f o r  iso i l l  s ib s . ’ q  : 1

~~- ‘ n ; i ’ > t  it lou ts -

a) - \u m ’ or a l  C i ~~~o - n ~~, t t  i o n; h~’> / $  2 (1 t ; r u i j Ii i ’ / $ 7  1+ 1 . ’

i l  I t - i t o -  al g o r i t h m  w i l l  p n o ” i d i ’  u u u i I R ’ n s a t  j O t )  I O F  , i ’ i r u i r  i i  u ’ f t  I S

wh e n  i n : -  - i - i t  i t s ’  ‘~~~i 1 i t t  Ii ‘,‘u -c t or  n e a r  t h e  pol - - I - o r  ‘ - i l - i i ’ s  u t  con-
S t a n t  S ru t -  r t, ci T a b l e  5 -

I : u e - I i r  S t  c , i l e  u i l a t  I u i )  [S the m a Cl ie  I in l a ti t  u i d c ’ ~~~ \ i >  -

A S  I~ N i l  S i l l  C~

F u - N I  is  i i- u u s t  : i n t  ‘,‘ e c t  or t o  n o r t h  mag P I l e

,\:; t :~ ,-\

“ LI’ L1~~~~1- ’J L ~ Ji:
Thit’ t u e - u i  i i  c o s t  u u u ’ s : u r u - > l , - t i ’ r m i n o d  b y t h u  f o l l o w i n g  i t e r a t i o n .

I f  AA
6

( A U ( 1)  I = 1

A U ( l ) ( A A
6

< A U ( 2 )  I = 2

A U ( 2 ) < A A
6

< A U ( 3 )  I = 3

A U ( 3 ) < A ,A
6

< A U ( 4 )  I = 4

A U ( 4 ) < A A
6 

I = I

AAUR = a (I) * ~~ * + b (I) * AA
5 

+ c (I)

8AUR~~~Da (I )*AA
6
*AA

6
+ D b (I)*AA

6
+ D c  (I)

V ol V II 12 NORT 73-48
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N ORTH ROP Electronics Division

I A  I b -  5 A I ’R n h ) A I - ONS l’AN ’I - :- ;

At ’ 1.0~ 674 1.1344b 1.16064 f~~~ i3n l

(‘a 0 310 .04 - 1805.55 60 . 3u

A l l  J h 0 
- 

- 641.39 ~ 4179.73 -171 .32

I c 0 + 331.71 - 24 1 4 . 9 0  4 - 121 . 6 >
X L  

-

- ~\ 
Da 0 + 930.13 - 5 1 9 7 . 7 7  - ‘)3.80

10 J Db 0 -1905.09 +11840.17 
-

0 + 9 7 5 . 4 7  - n 7 3 1 . 3u. -196 .13

F i n i s h  c ,ilcu:l.it ion - , u u i u ’r , i l  c o n s t a n t s  -

B i  = -A2 / IT- (AS)2 
= sin 0

B2 = I - 2 (B1)2 = cos 20

B4 = - 

~~6 
= - j O I

AA
5 

= (B4) 3 
= - J ø j ) 3

= AA
5 * B

1 
= - j

~~I 
) 3 

~~~

AA
3 

= AA
5 

B~ = ( ~ - ( ø J )
3 

~~~ 20

A.A
4 

= B4 * B2 - ( 
~ 

- 

I~ I ) ~ 2~
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NORTH ROP Electronics Division

I t L ’} ut ’ t ’o i0 h l 5 t i V i t ’ ,- I m i t h - X IC~~~j ihj I t l i  t -
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NORTHROP Electronics Division
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NORTHROP Electronics Division
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NORTHROP Electronics Division

TA B1 I- 7 LAY I ,iuid PLAY 1 ‘I’ATJ i:

I l ~ , h i u

~~~~ IF ’
IC ~ 1)) .2 1 1 - ‘1 1 3 . 6

1 - 2 / , 1) - 32 , t )

2 — 2 9 , ))  — 2 7 . ) )  — 3 s  .0

I - S - I I — 8 . 1) — 2  . 1 )

-
, S N ) )  3 6 . 3  2 7 . 5

5 2 ’> . e 3 2 . 7  - u - u P

i t , 3  2 5 . 3 38.5

7 7 . 1 I u . l  3 3 . 2

5 3 . 2  i - ’u , h 3P M

- 0 . 2  12.0  2 7 . 6

1( 1 — 3 > >  9 2  2 5 . 6

11 - ‘u _ i  7 .~5 2 3 . 5

12 — ‘‘ - ‘u 6 . 2  22  9

1_ i — 7 . 2  5 . 2  2 2 . 2

1 _ I - 5 . ) )  -‘4 , 5  2 1 . 5

15 - 5 .8  3 . 5 21 . ) )

1 ) > — _ > i  3 . 9 2( 1 .8

M n ]  t i p 1w , i l  I i . y  1( 1

PLAY! ( I F ,  I C )

10.2  —__1 1 . 3  13. ’.

1 0 .0  I i )  . 1) I i i > . ))

2 1.8 2 8 . 2  S’ u . O

3 8 .3  2 1 . 2

-5 5.5 5.5 12. ))

2 2 . 3 19 . -S 15 .2

(1 2 6 . 3  2 ) . ] l ’u . 2

7 (0.2 27.0 2’). 1

V ol V II 18 NORT 73-48

_ _  - - - - -‘ - - - - - - --

-~



NORTHROP Electronics Division

‘FAB IJ’ 7 (c  > ‘ s l  i l i l t - i l )

- I F
I L 1) ) . . ’ I I  3 1 3 . 6

32.8 2~~.5  2 5 . 2

0 3 1 .5 30 (3 2 5 . 2

10 - 2 3 L 2  2 S . 2

1! 1 3 . 6 19 . ]) 2 5 . ?

1” 3 3 . 2  ~t 9 , ,5 2 - ’, ‘4

1 3  > 1 . .) 25 ‘u 2 3 . 7

I - u  3 2 . 6 2 5 . 8  2 1 . 7

iS 12 . 1  2 8 .5  2 3 . 7

1) ’ 31 .5 27 . u 2 3 . 7

M : t l  t i p i ’.- a l l  by it i

s)  J n t - - i ’ i u I o m i C : j d o t - Ti~~Jj ,j~~~f5 L i u r o tug bu p 1 3 / i

TNt ’ Ln t i - t ’ r a t i u n  c o u n t . - u ’ s u t u - u s the numb c ’ n 01 dO j u t e  nc ’men L s  usod w h t e r u o  dO
l u  1. r ad I - i n  -

- — ---—, -~ 
_______4 —b

= [1 - s
I i  f T s t  > (d O)

t h t t - n Inc F 4 ’ t l i  t t t  1’

1’ = u ,-\X X I ’) - S in  l I t . )  + P c os ( d O )

H - t u r n  t o P i n , > y  l d l )ht  p4/$  55 -

U- 
~‘ F - ~~ - ~~ (do) 2

TI u i n  i ‘ t u  t I n i t e  -

3. 1 .2  . 3 Cc ’ 1101’ it  I o n  oh 9>11 put  l ) t t t  a

a) A’.’~’ra ~ J ~~~ L . m u > s t  t I l t  , AV 1 j~j i / ~~~i ( u + I

C i m - t c t s  l o u ’ il t i r t ’ruu< ’nt il  i t u l  i - e u , t t  t omi

AVG = ( ‘ 1/n  N~

Vol VII I i  NORT ?3 48 
-

- - _ _ _  - ~~

- Sm- — — .-~~~
- — — - - - - - —

~~~~- _.J__J
_  

,- ~~— - - ‘ 
- —- I
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NOR TH ROP Electron ics Division

PACJ ( 0001

• PROP AC,A T ION PRtO ICT ION

• T H IS PROGRAM W I L L  C OIPUT E THE PREDICTE D SP~’CROIOA~. Alt PROPAGATION
• CORRECT IONS TO THE NOMINAL PREDICTED PHAS( Pt A SIJP( PtN I S FROM A GIvE N
• S T A T I O N  ~~T AL 5C) CO,1~uTE S AN ASSOCIA T ED VA RJ AP -4 Ct . TPE 41(E PAPA -
• Pt 1£ PS AR E C OMPUtED I OR ALL 3 1 RE DUE NC I (S AI() SAVED I Pt Pt MOP’r FOR EACH
• S T A T  I ON - T HE T O T  AL L Alt C Ofr4T F RON T HE C ORRE C TED PRCO IC TED PHASC
• Rf Pj, A CE S ANY I APt COON I -

~ C ON TA I Pit 0 IN THE PC ASLN~ED PHASC I N Tl4~
• TRAC K IN G F I L T ER , TI-C 5 1A ? I O ~’4 p&R~~(R IS TI-C OP-&~r AROI)CNT.

PROPAGATION PREDICT)

L~_ _ _
r’CR EA T E 45 WORDS OF SCRATCH

STORAGC IN THE R I S  PUSe-C)Ol.tl
STACK , ZERO ALL 45 wOROS

• NOTE - THE CALL I NO PROGRAM
• W I LL  HAVE TO DELETE
• THE 95 14)ROS F ROM
• T HE RI5  STACK

[1~ ÔNPIJTE C ENTRAL A NGLE 8E1HEEP4

LI CRArT AT-tO S T A T I O N  SCALED P1
BSV 

[C
OMPuTE

SAVE T H E T A 1  t u  INT EGRA TI O N
COUNTER TO CONTRC * LENGTH OF TI-C

L±NTE GRAT I ON PATH

-- 

I-
--
I_-IIIi

C OMPUTE - A X  A v ECTOR NORMAL TO
lIt PATH Ou t-tEN S APiC P

‘ 4 %  - (S X P ? / f PlA G i - 47 T W f  SXR
SCAL (0 S I )

- 

[II
I SET INI TIAL P - S

~~
-l[R( P IS THE VECTO R THAT

D(IIHES THE C ORRENT POINT OF
I N T E G R A t ION ON THE PATH

L SC AL(D S I )  

-- 

~
‘1’
~
- — _________
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NO RTHROP Electronics Division

PACt 000~

COMPUTE A2 NOW DICA USI IT IS

INO( PE M’)A NT OF THE INT EGRATION

A2 - - l A X )  IPIA C.P’&T IC P01(1
SCALED 80

flEö~iPUT E SEA’ON INCEX i
IS HAS ?4 P055 1 8i,E VALUE S BASED

ON lull M,M~~~~H AND DAY HOI-&VER

ONL Y 5 UNIOuJI SET S OF DATA EXIST
IHUR[~~OI~( IS WILL Ot’I,Y TAKE ON
ONE OF 5 VAL Lt S

~~ ~ t~OR ~~~ TO I / I S

IS THE JAN?

2~~~~ 14E DAY DETI4EEN I AND 157 
~~~~~~~~~~~~~~~~~~~~~~~ oói

.tT IS — 3 l ull 1 / 16 10 1 /3 1

TI _  _ _

00014 

--. _ _

[ CHECK FOR NEXT DOCAX POINT

1]

_ _ _ _  

$3

rSET IS - 6 FOR ?/ I TO 5i3O~~~~~
, ,_]

- 00014
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NORTHROP Electronics Division

PACt 00014

COMPUT E 54fr4 P05 1 T ION vECTOR
5 3 —  ( ( I - (S I ) ”2)” .5) COSIL )

52 -

L - -~~( P I i E  • KGSINIMS )
- K75 1P41?LS)

SI - KSSIN (LS )

PqS - K~~J • K4

LS • K I D  • KZ

£ • FRACTIONAL PART OF 0 • .5

0 - MPU(R OF DAYS SINCE 1/ 1/ 7 2

S I ! )  SCALED DI

• ST ART IP4T(GPATION
• F IRST COPf~UTE TERMS THAT
• ARE I T-C[ P[Pt)ANT OF FRE QUENCY

COMPUTE DIURNAL F UNCTIONS 1111
111? AM) 1113 WHICH ARE DEPEICANT
ON T I-C S~).AP ZENITH ANGLE (Z )

COS Z — P . 5 ( I )
SET FM) • I . FM? - 0 . 1113 • 0

ALL 111(1) SCALED RI
FOR COS Z t F S S  THAN A
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FAO( 0005

SIS
- i C O S  2 - S I / I A  - 8)

1112 — ( A  - COS i l / I A  — 8)

L~i~_ _ _ _ _ _ _ _ _ _ _ _

• COMPUT E A URORAL TERMS A A ( 1 )
• - 2 TO 6. A ALP AM) BALE

- 
_~jS20

P - 
C OMPU T E AA6

- 
AS - ABS OLU TE IP - MAGNE TIC POLE

VE CT OR I SCALED RI

AA 6 - A PCSIN £5 AT

_______ 
IS THE MAGNETIC LA Y )

UP TO COMPUTE AAUR AND BAUP
I-Al 1CM ARE A FIJNC T ION OF TI-C MAO-
NE T IC LATIT).CC

SET AA LP - -0 . BAUP — 0. I • 0

TEST AA6 AGA INS T T i-C SET OF

~~~~~~~~~~~~~~~~ DETERMINE I 
—

AA6 - AU L I M I T  TABL E ( I )
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