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SECTION 1

INTRODUCTION

1 he (tI.I)COM code is di t ~it ;i 1 computer program tha t  c a l c u l a t e s

[IF , \‘I,F , :i nd 1.1 : e 1 ec t r c and mat~,iet i c ~ i ci d st rcn t ,~t h s  in :imh i cut and

nucl e a r— d i st ur lsed env I roiiment s . The elIde is  in tended f o r  t u e  when a

re I at  i ye Iv det a ii ed ;uta 1 v s i s of I he propaga I ion betw een t t~ o te i’Tn i no I s

i s reqt i i red in tuic I e a r — d i s t u r b e d  c’nv I ronmcnt s . ‘I’he code can be used

lone to  ut t id y t he e f f e c t  s of  weapon , atmos phe r e , and pro pa3. at ion

pa rl I. :I( ’t e rs On reee i ved s i gna is or can he used in con junc t  ion w I t Ii

rece ~ v e r  a ntenna and s t ~zna 1 p ro c e s s i n g  m ode ls  to eva luate sy~~tcm per—

t o  rI’o irI C p

l)per:It 1)1)01 r) f o rm at  ion f~~ ~I.DCO~1 I V  i s g i Ven  i i i  Volume I

I k e t ’ ’~~ ‘ t ; l t t I t a l  I . .\ desc r i p t i on  of computer rout ines used to model [I.F ,

and I. ) prop13:It on i s i ten  in \‘o i tune ~ ) Com puter Rout i lies)

‘I h i s  volume Volume 3 )  p rov ides  t t t : i t he mt i :it i c al  deuc r i pt t o n s ot ’ t he pro—

‘ L I l t  io n soc le l  S in :t manner that  does n o t  pt’es unme k l iOwIe dCe of the

i , it t ’ r r ta l  ory ,a ni  :at i O u  o f  t h e  ( \ l : t f l J )~1 code or Fort ran pro’z ra nmuui n lz in

3ene r u

‘I he :uuuuh i cut and nine lear et iv i roninent mode Is used in b’I1I)CO~l are

t ; i~ ‘o di  u’ ) ’ 5 ’ t  lv  t r Io  t he (VI1I ’ hI \ ‘I code. T hese models are des c r i bed  in

3’ t c u ’ I ’ uk ’ F I — I  and Ire not fu r ther  d i s c u s s e d  here.  The propagat ion

c l : . ) )  i T  at  i 1 ‘ s I l l ’  I s i i  ‘.od iii tO l)c~~l IV I n i  t ide model s developed for

HI o”i I I I  , 0 1 1 1 1 1 5  dev e ln ;s ed for DCft’1 (a code developed for the ~1l.I. ( ’N

of  I I C I ’  ‘ ami d ‘ I I  dl ‘I u de v I’  loped by the Nava l  Ocean S v s t  cnims Center  I NOSC )

O . e  I’! ~ lt  ~~‘ lL Of O il’ Is  d ev e l o p e d  f ’or the 1)COM code have been t :ihen

t m ’ ) ’ : :  I ht ’  II t ’l code sIlk i:ss ’ ’ l t :it ion (Re fe rence  1— _
~ ) . i)csc r i pt ion of

:5 111’ ’ Is ~h’s e l Is pe d by \ HSt ’ ha ve been oht :i~ tied front Re fe rences  1—5 and

I - i .

Preceding page blank
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1
\ d eos ’ ri pt i om m of mi ’ I’ I ( ‘CI  I I l l i  L’ ( i e f f  Ic u cu lt model s 1 : 5  ‘d for I I I

V I I  . amid [F pi’opa~~: ut  io u  is g i v e i m  Ill 5 1 s t  l l mm ~~~. 
‘ s ’~ I 1 1 0 1  5 d e s c r i b e

Iii,’ isa L’gii (II.’ nude I used I i ’  1 .1 .1  . 11111 • I I ‘l ’ s 1 1 1 1 1  I I I  I on and Sect  i oh I

descr ibes the  o k v w ; u t e  1: 1.11: 1 i- .esl t i  I l I ’Oi. . L at  1(511 . I m m t  m ’ u d i i e t o r v

l i i i  s l i ’ i : I , i  I ion comicel ’hl i Ii(~ I s r I l II ‘ 0  T 1 1 1 1  I I I1P I I i ti m i l i t  i s I m m u  , cIIIIl’sl I f l a t  (‘ 5 \  5 —

ei.:s , amid I I  1,1 \ lo t  a t  m u t t  i s  3 i t  cii o f  I l l s .

MODEL LIMITATIONS

I t  uhini Id be not ‘ si t 10 t t here ire “‘I c i i i  I a I I y s i ‘n I f
’ j c  . 1 : 1 1

lea I u’ s~’es ~~~ t hat c i t  lie r :u cc t i l l  t t ‘ea t  cc l o m’ a r I  0 t o  c m ’ud I y ‘i O IL  I (‘LI ,

S I mice I hie~ L i t  het ’ have been rs .’ :’,a rdeLl as be ii ’, of ‘I’ L’ Iid,i m’~ i n i ; l o r tau i s ’ (’

i m i  sa ’ It  : ippl i c ; it  ions or have not y e t  s e p 1 1  node led : u d e s 1 u a t  ‘ ‘ l y .

I li e c:i I ci u l i t i O u  of [IF i r i s ) i ’ i o • I t  i o m~ p i a i’ c t  s r  I ‘ 1  I es I s di f f ’ ic  t i l t

due t it the lomig w: iv e l  eui~~t his invol  ‘ ed. In pac t  I cu lot’ , I ouu o s p her i  c t a t ’  i —

a t  ions t ‘anst’el’se to the  propagat lO f i  path a t’e not modeled and , i s  :1

resul t ‘u ’ e.ii cted degu’adat ion i s  ‘rob ablv p e s s i m is t  ic. S t a n dard t~kR

:ipprox i : , : , i t  ions , which : u s s u m imc a sIo~’ v :iriat ion in ionosp heric or ‘ l ’ I l i i f l s I

ci s ’ c t  m ’ i cal pi’opei’t es u t  t he  di l’ect ion o f  propagat i on , are used. In

a dd i t  iomi , t here is Sou th ’ llnce l ’t aili t \ ’ im i select ing t h e  appi’opr iate cots —

hi m i : u t  lu l ls  of ’ II , I: — , ar id I ooe m ’ 3 —  m ’ ci~ ion i onosjuhe r i c node Is ‘or I 1.1 ’

pred l e t  O i l s ’

P ropa3a t I omi va r  i at i o h s  I i ’ am i  st ’e rse  to t he pu’o pagat  I (In pa th i s

al ’e a lso  i :1iilr ed fom’ \‘I,F , htit t Ii is  I mli i t a t  1(1 1) i s  h o t  I S  s et ’ e rL ’  is for

[1,1 because of the relat i v e l \ ’ short \ ‘l .h wavelen gths .

‘ I’he I f ” mode l i. s a r m a illIrux i m a t e  ra e  th’,’ om ’ s ’  model us lug ( ‘ i > t ’ I’ L ’ L ’ ’

t o n  f a c t o r s  t o n ’  d i  t f r a c t  ion arot uid the earth ’ s bul ge. T he e f f e c t s

I t  t he  geomil o’, il e t c t ’ i (‘Id a u’e I tic I tided iii the ref’I ect  ion p’oe tt I c i  em i t

~‘a 1 c~i lat ion , and a 3eIii:iei r Ic ‘o’:uu ’chi procedure :icconmmtiod :ites nonun i fo t ’m ii m —

t I p ’ s in the io nosp here iii t h e  di l e s t i n t l of’ irop :ucat iohi . 1 111 ,,’ JI Il e l has

prod uced ~ood :I: ’. m’ s’e no’ui t wit Ii c~t I cu i l at loui s performed with stat e— o t—t lie—

a r t  m umodel s ar i d  a s su nm  I fig a ti n f ’oruml ionosp here for f’regmienc I es het ween

.‘,n an d ~~() [II:,

6
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COORD Ir~A fl
’ N Y S T I M  AND ANT ENNA REFERENCE

~I:i m i y c u  I c u l a t  jo lt s p e r for iiu ed h o  t he sost eum i m ui od s ’l s a t e  ‘s’ rt ’ st ’ unp ’d

:‘, i t j l  g eon m u e t rY h’ ef s’reulc es to a sped fled Ios ’at ion , in this m’ e I IIlu’I I t ’ s r-
“ I  t~~ 0 . 1  (:Ol1I ~~l t : u  T 1(111 Re fe t’enee ‘ 1 I fit (CRI ’  I . l’he Car t  esi ~~ll C I I  l i i i

f l u t e  so I ciii is  t h e  I l lOst f regl ie i it  ly  Imsed ceomet  rY  s y s t e m ,  In t h i s
t’ e I I I ’

= di  l es t i (ill o f ’ Pb ’0 ~~i 1: ’0l i oil pat Ii I kmmm I
V pu. m ’ J Ie tlll i c uu 1:1 1’ t (I d i  ccc t i On I) F p t’opa :31 t I on pat Ii 11111 )

= :1 t I t o b  ( [ni l

I he a r I I I I  I s :u I  I lie c:i rt hi ’ s a i r  t a s ’e.
I ht’ u ’ s ; ’ . )  ) ‘a t i s  sn i ’ s sI s I s :is sulme t hat I Is p cad ia I ed 3 055 1 ’ i 5 sIc —

I uie , I ‘n’ I I ari d II ’ . I ‘I a I power rod m a t e d  fromum a di po le  s i t  Ii :1

isa r T  I C l i  I i i ’  ( I C  i en u t  m o m u ‘ : 1 : 10  be spec i i ed . The alit enna on I t h a ut: ~ Ic
I ‘ and , i t ’ i ,  l t d  11111 u ’ l ’ l ; I t  Ice 11) t he p ropaga t i on  pa th  ( ) are sh own im i

I u :3 i r e  1 — 1 .  I or 1 1.1 , t h e  total pouser and are sp ecified , and is
a I I s !  Ys 911 1 egret’s

z

ANTENNA AXIS

x

DIRECTION OF PROPAGATION

Fi gu re 1—1 . Coordinate system and antenna orientation .
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MATRIX NOTATION

soua cc ito t c i  x is I 11 he deno ted  by a tI I imide r I I uted svm umho 1 . tta -
r i s  e l p ’u i uom it s i~ i 1 1 he slltl s cr i pted as tleuu mo lm st r a ted  mere by t h e  ~t nat  t’i x
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S E C T I o N  2

I UNOHR H [RIC Ph . FLECT IO I-~ COEFFICIENTS

I N T i~Oi)l ;CT I 1)1-I

s i  Ii o a t  e::i I sIC a mt d ray t hu eoc i’ sol lit i o n s  ‘ ‘ l u  I u ’s’ I hat i siui osp hi s’ r -
IC l’Ct I ( ‘C I i sIn  , ‘ 5 1  Ic i cr10 s I la t i i’  o f  t lie m’c f l eel (‘d f i  el d t ’ ~ t li p ’ ic I -

dem i t f i  s i  d be Cl i i i  , t  sd  , t h e  liii, -Ip hie r i e re t ’ I c i t  l oll Cs ’ s ’ I I I c i i  i i i d :in

be I’ i ’ l s u ’ e s s ’ u :  I (‘d as , i  foul t’ — s’ouul p ouien t : :, , i t I’ I .~ , i e

lI I
~ Il 1~~11

R =

II~~J, 1R1
is hp rc

R I s I he rs’ I’ I ‘ I I  I Li l t  e l k ’  ‘f ci ent nat  1’ ix

II uii e ; I m is p0 lot ’ i :at ion pa m~’i I I e I to the  p la t te of’ i m t e  udemi c e

I tul .’:lIis 110 1 :1 r i ‘ a t  1)11 I 5 s ’ t ’P~’flpI I cu lam’ t i s the pl ane of

i tIc de ucs ’ .

lip’ f I i ’ s t  I I i I s ~~c r i l i t  :tpp l l e o  to  t h e  i i i l : r i :a t i om l  s f  t h e  i nc i de t i t  tsat ’ e

ami d the secom id subscr i pt ;ip~il is ’ s to t h e  po ia t ’ i ::it ion ot’ the i’et’le c t e d

is a CC’

‘ I t s ’  (‘ 1111 1 )  I i ii i ’ ch Ie f I’ Ic i ent t  s , It and It , i: ’’ Ime as 1 ii’~ e 01’
,i, Ii 4. -

I a c’ em’ t han t lie pc i  ma ri coef ’ f ’ t s’ I ‘ i i l  s It at ’id It ti ’ i ’ liOl’nlO 1 n i c hit ’ t line
li ii

but t t Iip ’v l ie vp I so 1 I v uuutich i s u mi ;t I let’ t hiat t  t he P ci (II t ’V  ~
‘ i lt’ I t  ic I (‘li t s ‘ s i

d c t  Lie comt sl i t  i i i m i s  , I s it’ Ii t t(su ’i:i a I ionosp hie u ’ s ’ , t h e  s’ i l e f t m  s’ s u i t s  01,1,’ a

f ’u i m i p ’ I  l o u t  i t  pt’opagat lii ;i : i u t m m i t i u  amid the e:u u’t h’ s nt agmiet i s ’ u ’ic’ ltl .

unc l e a r  •I i s t IIt ’ bi;ItlL ’ p ’ u ’esu lt is in lo isu.’ r i tmg I mu.’ ce t ’Icct lo ti regi oti ; as SI

s’OtiOs ’ Oileu i s ’(,’ s i  t he  inci ’e:isesl cI (‘ i t  r’om t — n i c t i t  t~a1 col I I S i s s u i  t r(sjIIenc\’ iii

t h e  m I t  l s ’ e t  i t i l’, m’ i’~~io ti , ii st u ’oui~ d i  51 tt ’ba tice 5’an dIitl O( ’ t I me s’Oli h il iti C

(‘ l I P ’  f u~ ’ I ( ‘mi t S 1(1 he e oseult Ia I I c :e t i > .
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I I ’  s imu sl VI I S i t e s  ire re f  sd ed fI’uI iI I hp 1) - reg io nu . ‘.1 :t o t

l ie rs ’ f l s ’ c t  s i l  s ’ un’ t ’~~o i s  i’ l ’ t i l r n ’’ II f ’ i’ i s i ; i  t lip’ i s i i - i )  kt iu a l t  t I ld e  h’i’ s ’ I  for

i lO ‘5,0,1 1 , 1 1 1  is l e  I iiio .; H it ’ rs ’;, .’ i ulsl I t ’ ’ ;; S n - H Ii  [ itt s i l t  Lode Iet ’ p’ I l i e  mis r t u lah

i i  ‘ 3 :  I l im e I I l l l s I s I s I i t ’res . I mt I l ut ’ oe s i l t  i i li sl e r:lu i~~s’’~ . ri i cii Ia 1,1 Y fill ’

n i g ht  I ifl s’ c ’ s u u s l i t  I s l u i S , t h u s ’ s ’ feet r o l t - t i e t i t  r ’ il c l i  I i s l i l u l  t ’ce l l i enc s ’ is  c ik

p r s i l s  I i’  ‘ o I is ‘ I  es ’ t  n I h  g o r ‘I r es l ile m )cv , s it i d t lie s o  ‘1 hi ’ s no ’  mis  I Ic  f I c i  d

11,10 II 5 i 4 u l  i F I s’ al tt e ‘I’ d ‘‘ ii 1 li e es f I ~‘c I I ‘ i i  d i l l ’  f t  I~~ I t ’ t l t

I 1 .1 r e t ’ I s ’ s’ t 1011 coe~~t i c i e t i t’ ;  s i : ’ ’ s i t t e c t e d  bIt ’ i s n i ,::it iI ~ti 1 m m  t l te

:1)0 I ’ - cci : i ‘ u s  i l l  1( 1 , 111 I Ot u t i  I lilt I 11>11 I ti I Ite Ii - i i ’ - ’ I o n .  I btu~
5’f feet s row 1 is’ esi 0 3 ‘ s tu b ; ‘ t i e  i s ’ t ’i p 1  sI sure S I I says i ui h ilsct auth . ‘I it s ’  t

col ic  p 1 ‘sit Ill It S fi ri ‘ r i l h l Ild L’vel , i
~ ’ t h e  I i - t ’ s’i’ i l l I l  5 1 1 511 I t  ject the

1 , 1 . 1’ r e f l e c t  i omt  s’ s et ’
t ’ i e i s ’ nt  v a l u e . ,

‘ I Iue  h I  I I(’ i i ’I • ‘ i i le ei:ip lo \ ’ s  I h i ’  dl i lc i l  I s i t  io u i  pi ’ i s c s ’ i l i i i ’ s.’’; t s r  de te r -

j u u~ t h i s ’  i l l u l o s j i h t e m ’ i s ’ i ’ ’ I s e t  ott c s s e f f i c  l em lt s ,  I hie i rs t  c i  hot! i s

I F S  s CSI t I s e  i Ill e~’ r. i t 11>11  of  a Fl i’s t -or p lem ’ s I I I Ieee mi t isI l P 1 ( 1 1 1 1  I (Ii i I h t e t ’ s ’ u ’  -

i’~k’ e 2-  I , I I i s  s ipp l i c a l ’ l e  t ii hiot hi i sot  I’OIIi e m d  am i i sot i’opl C I OtiO-

si hiere ;’ ; , I l ie st ’cot id  procedure i s  s in s t j l p I  i c s u t  ion o f  a 5 i l um l t l e  r ecu r°  lee

t s ’ s ’ h I i l I( i se  ( hf e t p ’ r e u i c e  2 - 2 1  su>d is i is ,
~l 1) 1) 10 w i t h  i s ilt c o j t i e  i l i nos phs ’ t ’ e s .

h Oot Ii r e f le c t  ioni s ’ l l e ff ’ i c i e u i t  eo m uu l l u l t a t  loll proces l l irs ’ s s u l  I s i w  for

:i ri 1 r:I p .  5’ ‘ u I  i ca I prof ’ I iL ’ s I” sr H cc I roti sl mu sl I on det l s i t  i es .  ‘l’hiese

l’ r il f 1 1 (5 II i’e shi v i ~~~ j I lt t ) h o c  i t i n t  a I 51 ; 1110  , ‘lie I t  e rs i t  Ice i t i t  egrsi t I on

I I I  Ii ‘ I i  a 1 l ’s’, - ‘u sI ut~ i 1 c var lo t i till l i t  t i e  thus’ s I su b (‘I cc t l’otit;i . :n st I c pro—

1 l e ’ s . ‘Ib is  sm ’ Ii c ’ edurt~ is i t ’ s esl 01’ s i l l  I 1, 1 c a °e s  ansI ‘ill’ VI I’ ;u t ttl I I -

I se s  who ‘Ce this’ I otia ( ‘ i i ,  re I is lii phi l v  sI I o t t i  I’ l l “I , ‘I lie m’s’clirs i cc I s’c h in u I s~Iic

re ui I res I t ’S~ dOfil l s it 11 )11 t l imit ’ t h is i II I lie i t t ’  p. i t  i ye in  t (‘gt’a t I 011 F i le t  l i d

COMPUTATION OF REFLECTION COEFFIC IEN TS
FOR A N ISOTROPIC IONOSPHERE

‘[lie m ’e f l s ’ c t  IIln coe f f ic  I s ’ u i t  ( 1  l e u l s i t  ion t ’s ’h im i i s ~us’ tl e s c i ’i l s esh by

htn p lden I let ’s’ ‘ i ‘ t t cc 2— I I i ii ;ed lI p ’ u i  ‘ , ‘I lit’ mmdi’ I I is paIl  s’ n ’mi p ’sl a t ’t s i ’  t Ito I

d i ’ - 5c t ’ ih>e d I i ’,’ Sh m ’ddv ‘1 s i t  ( I ts ’  t ’i ’ u ’e t I e s ’s  2 — 5  and 2 — I ) .

I i i l u t i i s h u b o  n c  s I n l s I  ; ‘ s ’ ii i li:lI ’ , m tl’t ic- dt’p et isl i ’uil l t l p t l t 5 l I e  c a l e l l l , l t s ’d

I 1 I ’ iItr III  (‘,\es’ iit j l 1 t I  Ill t h e  i l l s  I. \ t ‘Ic t i t i , I t i ’ l  I i I ~ i ’ ; i u ’  t’sl h ’ i It ‘ I i  of  t h e

‘er llI I t t  i v i t y  is’ i t hi a l t  l i t t l e  I S  l I 5 t ’ tI t o  s l I l l I l l a t i ’  t h e  i ’ au ’ t h i  •‘ i i r s ; i t o u ’ e .
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Basic Equations Defining R

‘[lie iotiosp hier Is ’ t’s’f ’I t’et i0t i  s ’ O s ’ t t l  s’ i e mi t  that I’ I ‘5 del i tied I ti I. i b i l s l —

t lOll  2 — 1  i s  t o i i t i s l  by the nt imut e i ’ i s’ s i l I n t e g r s l t  ion tm f d i  t’f’ei’ct i t  ia l  s ’ l{ h lat  oIls

i) t this ’ iti s i t I’ I N It ) l’ith

211t ’ 
~2i ‘

~22~ 
- It S 1 1  

- it S 1 2 R , ( 2 -2)

uc hi’ m’ s’ t his ’ pc i  itt ’ rept’cseut s t lie sIc r I s ’ : i t  I s e  w i t h  i’espect to t he  tiornia I —

I :p’d psu rsli u iet s ’ l’ k: , s inis l

k = wavenoui iher  ( kumi I

~it it t i s i e ( [ni l

‘I’he ~‘ 1 e tu lent is of nt su t  r i  x S ace  pa t’t i t  I oned f’o r conven I p 11 cc , w i t  hi

the  psI i’t i t  I ons’pl t a  I lies be I mig

(~~l i s u 
+ 

~ l Ib) ~ I 2

~ 1 1  
= (2— Ssu )

-S S
2 1 22

(-d 1 1:u + 
~
1 1 Ib) ~ 12

~ l2 
= ( 2 - S l i )

_ L1 2 1

(~d 1 l s i  
- d 1 ib) d 1,

~2 I  
= (2-Sc !

S~~1

(~~l Ia 
- s

1 I I> )  51 1.

N 2 = (2-3d)

~22

‘l ime cl s’ ni e nl t S o f ’ t h e  p sl rt i t  ioned S l m lsI t l ’ i N It~~C t l l t i p ’t 111110 of  the

i i l I l i i ’ s h l hit ’I ’ IL ’ propcn’ t l e s  , t i m e ge t u i i s i g r t e t  ts ’ f i e l d  St  rengthi , l bs  ws uve  t’i’e —

I 1 IIS ’ Ius ’v , ar m d t he s in g Ic lIt
’ i ns’ I d~ nce of ’ the  i s s I s ’ e w i t  It t he ionosp here
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I h i ’ot’ lu l l I’ I \ s’ 1 cu i lemit is a i.e tlef I u s ’ s1 iii \ i 1 s s ’ m i d  I o \ j I m  I s m ’s ; ( I t  s i t i  I 11 en’ —

i ; is ’sI s i t  L’ 11 t 51 t I’ i 0 Ill isI l ii i’ ‘Si I ss’ept ii ) I I it v ito 1 n ’ i  o

( : s lmi s idem’ s u b i e s i mtm p I i I i  s’sit 11 1 11 oecui t ’s III I his’ S , I , :i tm il  ~t s a t  r id e s

ls’Ii emt I hi’ gs ’o:ii ;ign i ’t Ic t’i p Id has s i l ies  I I 4 11) 1 1 , ’  11111 tie n ide ‘n t h e  Sn ‘lde~ ‘I I -

bi l i l Y  lul l ) r i o ,  In t his ’ ,‘,I . I i l ’O’sl coIls’ i t  i s ;i c sl ttl ie p l t hi sti I bis’ s i l t i t t i s l t ’

l’ s i m i :e is’his ’rs ’ I lie m u lsis ’t is ’t Id I Is ’  1~1 I l i t  l i l e t l d s ’ i is tt e ;’, I I ,‘ ib Ic she re

(
~ )

2 
l l ) 1 2 - h o

is lie 100

i
t ’ I

I ‘

= f rs ’ i . ’ - s p a s ’ s ’  ss ’ t ’ i ’ i i ’ ; i I’ i  I I t o  lhie t rs’/ni l

5’ = 5’ 1 s ’d t I’ l l! ) c ha ’ ‘ s I co i l 1 h iS! 5

II - ‘~t It Ic Iuial ’cict Ic l i p ’  Id sI r e a c t  Ii I o s’n ’  I cdl

ci = c I e d t  roit c i a s s  0 k g j

. = frs’i~u s FICS ’ I I’ 5151 i s in 
- 1

= s’ I ( ‘dl i ’ ‘n - ti s ’ii t r;i I c i i i  1 i 5 ion  t ’ re p  iencv 
I

I li p ’ 1 “ s  r s i l t  It ide I s sl ’ t  s u’umu I upsI ‘‘nt il’s ’ lo ho ci ’ ‘cI r siu i~ , ‘ I’ he coui t  c i  -

lou t ‘il ~ of ¶ l m s ’  I t s ’  r o r u  I pi15 i t  ic e  iuul ie ’ .’, a t i cc i sin i euli cs ’nmt rsi t to lls I is

l i hlk ’ li s r : is t  I ls ’ c I h ; i ni ths e l e c t  n’ Iln dl i i i il iOn(’u i l .

V I I ’  \ \ I i  1.1 : ‘ \ 41  -s . I .‘ 1iat id inig h . i ( us u t  ion 2 — 2 , p~( 1usut lull s s i n e  w r i t —

I s  u i  t ’i i r I lie t
’.i ; i ’ s o w ;  ‘on sn 1 s o f ’ I l i i’  i’e f I eel i Ot l C u e  I’ I’ Ic I s u i t  is a’s t (iso a m’e

ci i ls 1i ih  t’sl t i l t ’  \ I , i ’ SOld I F C a s e s

. 3
’ 

Ii 
+ 

~ l 2 L 
d 2 1 It (~I 

~ Isi 
- 

1 l b  ] R 1

+ F It it ~I + It 5 + sI It
L u. I - i , 2, t ”  2 1  f 2 ’ t

- id 1 Is i  
+ I l l  ~] I

-‘ .T. ~~~~~~~~~~~~~ -i-it’ - -



2j ht’ = 
1 st 

- 

~ i l ( >  ,
.
k . 

~~ l t s i  
- 51

110 1 - 

~22

+ It d d ), i~ 1 It + 1(1 ~( I It
, L ,  ..l ~..~~~ L Lj L ~,, l _  I L )

f It S ~( l  + It Ii (2-51: 1
I L U

21 It’ = I t O i l — ii 1 + S , It + It LI
I I, L ilsi 1 1 0 l _ L 5 U ,L — _

- 

~ 1 1 O  + 

~ 1 l h ~ 
- S 2 2 ] ,, it~ + [5 2 1

( 1

+ It sI~ ( 1  + It Ii (2-Sc )
_ 1  i. i,j

2 i l~ = Is! It - 25 + It ii + S It 1 It
L u .  L — — ~~~ 

22 ~ 2 1  1_  U t 1

+ Ii + It It (pI - sI
— —  I, I I ;  5, 1 Isi i ll )

+ it S + It sI 1 ( 2 - S d )
‘C 1_ t i’ 

~
lj

shiece ,m -s

I I  L\Sh.5, \ tum lmei ’ i s ’s i l d i  tflctll t ies CIII) occur’  when using I;qua—

t iou) 2 — 5  t’oi’ I 1 , 1 ref lec t  ion p’oe t’f’i c ient ca icu lat  ion. ‘[he mi uiuul e l ’ ical

i t’t’ I CII it I Cs l’~~5ll It f rom short colulpllt cc word 1 eligth . lIs log double

prs’c I s io t i  t p’chn I tples 01’ co u itp o tecs  ~~~~~~~ i up larger word lengths e l i  in-

I f lat  s ’ °  t lie pi’ob 1 emmi . A seps ui’ sit e a igori t hiu l is’05 tormrn i I suted t’or  IsI,llll)M

t’or com ll p li ts i t I ona I s ’ t t i  c i  s’ tlcy and adsu pta h I 1 i t y  to  ut iach h ip’ type . The

s s ’ s u l  inc mmd f s i c t o r i  zo t  loll of the ref ’I e e t  ion  eoel ’t’ic le n t e tfus i t ions sire

ha sed oti the f’o I lowing oh se rca t loll is

The S lum s it c i x  e I cmu lent is sire 1:1 ~‘ge (o f  o rder 10
(1

) at i ,I.l

..\ 1 so

lh -d 1 Ii 
.
~~ Cl

S 1 2  -d 1 ,

S
2 1  

-d 2 1  .
~~ 

I
~~~~i
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S ,, - —  sl 5 ,  ‘=

i sl u s ’rs’ I’ is  t h ip ’ cos I mie of this ’ sing le ( I f  I m is ’ i ( ICl td s ’

2, ‘I bis’ tI i ;igo n ls i 1 s ’I etu leui t 5 of ’ t h e  it ti l sit 1’ I N  s i l ’e c h i s u t ’ s i c t p ’ r—

~I !  d a 1 1  y

It — It I ,I i  , ,L

lIld the s’inlpl I h g  e I s’ m its ~uit s It s m u t It a l’e uiu’ ic li suti a 1 1 c~’1 -  1 4 .

t h sm ui It l i i t  5’

I hess’ obss’u’v ;ut lotu s show t hat sub trsict ion of la rge , near ly  equa l s’ali ies

l)Cs’h li ’ S tI ’ (’l1tis’ t it Iv Ill I. l I IIsl t lot u 2—5 , ‘I’ hies ’ s u l s o  pi ’ov ide t h e  bsis h i s  iou’
: ; s i s sl I f ’ i ca t  io~i i ll ’ I . ) hi;I t I oti 2—5 101 ’ c ot ll p u ts u t ion )si 1 s ’f f l  c i  eney ,

l o u ’ II I ’ c:u~ses , I. s 1ua t lot i 2—5 I s  uitod i (‘l ed so th isit thc ’ dci ’ivat ice

of t lie I si c s it ’ i t  hit ot’ It I is I lit eg t’s ut esI , where

I n  Ill’ = . I 2-

l . b u zs t t i tnt 2—5 1 is ( I I  t’t )mer utuo d I Fl p’tl ernp l me I op the obsert’a t ion  noted in

h;qn;i I I On 2 — I s  , h i I’sI , the i ’ ll 1 1 owing re 1 sit  I onsli P~ 
0100 nus lde

l i bt
Il 

= - ‘ 1 ( 2 - S I

01151

It = .
‘ 

— 1 . ( 2 — ’,) )
.1. .1

Sl i li st I t  l it ion ot ’ h; qilsu t ions 2—S sund 2—9 I S Inmad e i n t o  Id iusit ion 2 — 5 .  .\ f t  cc

o imp ! ii’ I c a t  11) 1) of  t c rumis

It’
2i = - ~~I 1R + 2/ It [I t l’17 /c + 4.R’ L

1/C] - ‘i
~~
! R~

[
~ i 

~2 I  
+ 4.R S 2 1  + 2d

1 1  
- Il l (s1

11~~~

+ d~~ (2- lOa )
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It’ it It
.1. 4. , .L ii 1 £

— l  - — l(. + — ———‘—— (d — sIIt It I I s u I l b
,L ,L L i

+ R I~~ 11
2 1 

+ ~it ~~1 2  + 
t’ 2 sI

2 7
) ) 2 - l ) l h l

5~

2 0  = 2 H i 
- 1 1V L - - ‘ 1 si l l si 

- d 1 ll~

+ £ R d ) 1 + - -
~~~ 

2I ’~~ /C - 

~ 1~~l 2~ 
(2-f Ile )

It’
2 1 -

~: 
_ 2 1 1

11  
+ I~~ - “1 

(si 
1 C m 

- d 1 10 1 + I t S  
12

+ 
~ . ) 5I 2 2  + (21 ~/t - ~“, 1

I) 2 1  . (2- l )ld (

i bis’ ‘‘‘I’’’ c icuitet it  s in I ;q Ilii t l o ll s 2 — i l )  be l i i u t p  to s i lu interned Is u ts ’ su it ri x

si’i ic h i ’ e I s i ts ’ ’ s  t h i p ’ sl t see j )t IhI!I t \ uII ;i t l ’ I, \ , “I , to  thic ’ S t ils it l ’ I, \ , FIle I
s i l ls 1 ~I stat  r i s e s  sire sl s’t’ I ti s’sl in .\ppendi ,o ,\ .  I ttip ienicui tsi t  iot i  o f ’ I q i m su t  ott

2—1 (1 for N.h ca ses re is su e s’s t lie ul itulue l’ l ea !  di  I’ll cm i i  t Is ’s sls ’sc r i bed earl len ’ .

Integration Technique

‘I’he I lit c4l’s lt on t t’s’liui I qilc I is t b l s m t slef i lied I Ii ite ts ’ l’cm lcs’ 2 — 3 .
It i s p el ’foI ’u ned u s i ng  It fot ii ’th i-o r sler Ruli ,g e - K l i t t s l  t s’CIl luI q Is ’ . The in t s ’-

gt ’sm ttd a t’t s r n~ I st s’ps is del’ i tied b:s ’

ill = It + ( ‘ k  + 211 + 2 t b t  + ‘11 I , ( 2 - 1 1 ;n+ l  it 1 .~ 1

w h e r e

‘It = - .
‘
. It’ (: ,it I
2 ii fi

“ I t = . It’ ) :  - 
~ , It  + ‘-11 /2)

- — 2 11 — -n - - - !
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It ., = - “. It’ IL - , P ‘ ‘SIt~ /1~5, II — I i

Ii 3
— , It ~ I1 . s

Ii 2 ii .
~

s t e p  s i  Se I kIiI 1

I t  s m u t  s’g n’ : m mt t l  si f t  c~’ mu St s ’ ; , .;

a uid ‘ he ~ r i ‘, I t I Vi’s t i ’ s c o t i lpt it  5 ,2  05 1114 I 1 (1 h a t I (Ill 2 - S  or 2- Ill ,

ti i , Ii! 1 ‘ i s s n u  • t he I I t t  5 ’ ’  r: itud I S eouut 1ni t cii nisi  tm g ;i ‘~~‘eouid -I I rs ls ’t ’

( i u sns ’ (’ ~. i  t I .i t 5 d b ! )  I s p i t ’ , wl it ’rt ’

211 : 1 1  ~~ . I t ’[:’ -~~~~~, lt -~~~~ It’i : I t l] . ( 2 - 1 2 10+  1 II 2 ii — 11 — It it

\ ‘st s’ I bus u t t l us’ q l m s i t i t  i t  is’ s ~‘c qtt  i ccii t o  c u  l e u l s m t c  this ’  s e c o n d —

o u’der v ; l l l u e s  sirs’ s ul rs’s m ds ’ si v si I Isubis ’ It ’ s: ; t hs ’  t’o t t n ’ t  h-Iml ’ s ler Ca I c i t l s i t  io t t .

I (mc’ d i (‘t’e i’s nc s ’ l ’ s  ‘I isce ui I l l ansI 21t I II scsI t o C s uit i’s ’ l  the I lit egI’si -- -ni + l ‘u i’ ! ‘

I ion st I’ll SI :s’: t h i su t Is ,

• I f I” - 
1

It I i’. , , tbt s ’ st ep si ,:p’ I is sloilbI s’dui + 1 ‘up- I Ili l li

• I I , 
2~ , - 

I
ll ‘ I . , t i le s I Cl) s I :s ’ is i iu ich ;~ui cs ’ slIll in is i III Ii + 1 IlI5 i N

• I t ’ I, ‘- “ I’ - 
11t ! , t his ’ ‘.1 ep si :e is lis t Iced ,

lIl5 i N 11 + 1 11 + 1 ‘

m m li! I , , i m m s l b SI cs :1 ssill’n (’d s’ su i n ies del c n n  I t esl be t i’ i s m  I sunsi cI’i’oI’
111 1 11 PlO N ‘ ‘ ‘

s’su l cti I sit i ‘m i s .  ‘1 111 ’ spes ’ I (‘ I s’sl ta lucs i~p’rs’ isp’ l ee l cii t o  s is s t i re  s i c c e p t  s ib l  e

: u e c s i r , i c s  c o t t i s l s t s ’ n u t  is i t h i  t in I i s s u i i s s  c o u l t i l i u t  u~~~, ’, t imu ti ’ . S u m i t s i l i l e  t’s i l u s ’s t ol ’

intl I, , iscr i’ tom u m u s l  t o  be:
iii .\ Ill III

= I i ( 2 - l S (
‘ . 5 0 5

I , , = 11) , (2-Il)
Ill
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I ui 1 i’g 1 i ot l  o f ’ I l i e u I I ( l m l  2—5 ‘i t ’ 2— I I )  I s Ca I’m’ I ci! i i i  is ’  s 1 . i  I’t 111 ,4

s i t  a Ii i u ’ hi cut i t s  Ii a It i t t  tIe (tie fi u t s  so i -  ‘ s t mtd I t t l p ” n a  I un ’ ii ‘v i Ii ’ , ,i i’d
t o p  —

e ,ic li St  ep s’ui ip I s ’ s  i n , I lie di s til u~~~! c c i  t s -u’ si del ’ u 1 1 1 5 1  5 1 1 1 1 1 C C .  liii i’ ,l  1 ion

is t~ ’t ’ s s s i t m i t s ’ ~I hni si ’sl on si c r l li’ t’ i o ll ishi c h i i m ts I i c , I ~~I.’is that SI i r s ’ s

s u’ s sllul tpt 1 (1 11 s’slli 1 1 1 1 ) 1 5 ’ (ds ’f ’ iu ie d ~~ “ i i 
I

0111 ’ l i 4  the uti t s’p rsut ion , t l i t ’  sI s’p 51 :e us  s’ou it no I l s’d hm v t his’

pl’oce(i l u’ s’ tIs ’ ’~dl’ lhp ’sl a lsu s t  p ( ho s e ,  c m ’ , t lie -~t 
~‘1~ 

SI .~e IS li e es’ r s u l  lo ised

o be I t ’ i s i s  I h is m n ‘ , , : , , \  s tu  it sil l is t’ si I s i e  li t CS , wsi 5 I t i iu l ld I I  lip’ :
I t t  111 1 11

- = 2 ‘ III l
~ , 2 - 1 5 !

iii III

is’Iiet ’s’ 
~ 

i is I hs’ t’i’s’s’- space 5 5 1  Cs’ 1 ;~ui u ’ t Ii.

Initial Values for R

‘I his’ silt itudc l’cpress’ lu t i u t g  the i O I lo is p hls’ rc t o 1 )  i s  ts u ken
to ll

hi I pIt p’miou gh ‘-~o t I m s u t  m’ s’ t ’ 1 P’et  i On l f ront Ii i glue i’ a it I t is les I 5 nep 1 I p Ibis’

‘F lue u s l u u i l s p i t e c s ’  i s  sippl’ox i l i l s l ted siis s i h ill I I’o ruui seuu u i - i n f i n i t s ’  sin iso t  nopic
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SECTION 3
WAVEGU IDE SOLUTIONS

I N T R O D U C T I O N
hi’ I l ,i/\ ’h ,F 1i u ’o1’ ,u: , i t loti uui od s ’ I is  et lutu ln its’ t h e  i’ecs’ ’os ’ e s l e l ec t  t i c

l ie l s I strcu ig t h i is  thus ’ i s i u ! I s S S s ; I t  i t > t l  of is s i\ ’ s’~~i h isis’ mnosles. Mode solut louis

s i r ’ s’ foOlish four s - i u uu i i (‘c l ’ s ’s  os i e s ’ p t i i s l s ’ , ill SI st  m ’ i c t  ss ’ ti ise , th u is sp ilt it  lull

is  coi l;’ s u l u I s I I es i b l s ’ t i l t ’  I l i / V h F t l’s i l i s i l u lSs  l O O t S  I u p ’ t ts ’s’ p’nu a 1111 1 ton itu C0t is’s ’ t i—

Ic I s ’ iollos piis’ cs sim ud s ’su l’t Ii w i t  hi si t i l t I (‘0 ~iil m u isu ’ . ’ ns ’ t  i c (‘I ci d In is it stat i cola

ishis’ i’ p’ t h e  i omuosphs ’ t ’ s’ i s  ill st 1 1 1 1u sd be m i l i C I esui ’ s ie to l isut  is ’ins or wI ld ’s’ t hus’

priipap;it io u ‘ s i t  Ii Ct ’ i s s s s ’ s  I Its ’ sh im tss ” t or ’ s u n r i s e  tenumi ln i su to r  01’ Si land—

S p ’ s i  bi l i luls ls i l ’v , the W S i V s ’:’,ii Is is  1 s not uit u I Iiur ’uii Si lOIt~ t his’ isi t h i

I s ’ s  p i’oces huur s ’ ~~, u r s’ uc~ , ui IVI i( ’ ( I M 1( 1 s ue c tuu in t  fo i’ t hu s utons un i —

l’ou ’ sS i I I ;‘ , I his’ (‘I i l  uuis’ t b’tos l is  an sip~ui’o\ l iu ms u t loll wh uich s l s i s o t l n u d S  t h l s l t  t he

i ’ i i i s c ) \ ( us ’i’ i C  or ’  gn’ouiuid pu’o>ps ’ct is’s vs uc n ’ sb i ulsi v in the  d i r e c t  m i t  o l  pro-

‘,i~:s i t lonu , ‘1 h i s  t ihe t l iosi is  c s u l  les h the  ln~ hI s u pp l ’o \i ssssu t ion. ‘I bis’ secot id

SS ~ ’ t  nsA s s , osls ’ b s I bus’ hiolluli I t a  t’isi u t ’ ’)’ , :’, s h t 011 
~~~~ 

us se vc r s i l s is i i s i c s ’ u i t  0111 1 —

l i i rss : s s i s  s ’ s ’isjds’ s s ith di lt ’ct ’ s’u it 1sro~ls i ps I t  lomu c h a m ’ s i c l s ’ r i  s t i e s .  ,\ui s ’ m ts ’ r’py

cot lee rs 15111 0 rods’s s I ‘ s s i t s ,  cones ’ rs I on I I S cou h uph u t s’si sit esic hi I lit ert’suce.

‘[Its’ “li s l e  lo llvers lot i  uuus ’t housl i s used omi i~ for’ \‘l,F c a s e s . ‘[lie I~Klt sSs ~~l hod

is si n! 01)1 ion s iv s t i lab ls’ f’ot’ \‘l,i s’ S t ’ sP ’s suu i s l i s  uised t’or u I  1 I’ l l ’ s’ s I S s ’ S .

Ib i s ’  d i s s s ) i i h t  s i t  I l i I i 5 l  1 s s ’ s h h u d t u c s’ c eq iuI ces shef i m u i nug o iu u i foc s s i  h s S i ’ s’gih isl e

sol hi t  I ot is  s s ’ I geti esu 1 his’S) , iu ’~ I tug t Iucsc t o  sl s’fi rue vsi los ’s b r  it ts’IhuS it 1 sill

15 1 1  es it u s l lii i s:ht gsi i l l ass! lilOsIp’ s’xc It sit l out I ’sl dt 01’s , sitid sipp l y I ui~: thus’ss’

v s a i i o ’ is iii I’ ii Iiip’ - S i i S I I I S s I I t , s’i (t nit ions t o  s ’ i i I S L ) ’ i h l  C t o t s i l fi e l s I s’ t’s ’nl ’N th. bb s’

l>c d s ’ s l u r ’ ’~ s i rs ’  s! s’SC m ’l beth iti ol’ds’l’ s i , lot s ’ ,

THE GENERAL MODE EQ UATION
‘I’hi ’ S5 s’un ’rst I ‘ i o u ’  s’i~u,u I I on (‘pu t ’ su iun I t ’ori s i Is slV s ’i’ ih is le c s i m u  hi’ Is 1, 1 t -

l i i i  i r m  I Its’ t i i I ’ r S i
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sun  s i l t  i t IsIs ’ hs’Il s’ re isiiiSt it ’ this’ s’ubei ’ s ’~ I s ce ll 0’ s I i’d , or ‘ ‘  . ‘ u ’ ‘ l i i i , !  , ii -

I lii , l ull t lii’ P’su bi l h ul it si t I O l tI S i I i ‘ s i t  I IOu uss’sh . I s ) h tsu 1 11111 ’ -, ( ‘s i t ’  I hi ’ It ‘ s
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I EIG [NANGLE DETERMINATION

Genera’

‘h it s’ s’I s :s’ musuti gl s’s . ‘ ‘  , su u’ e t huoss ’  vsu I uu es ( ‘or os’h i cli I - I ’  I s’ ; u mu i shies.
It

‘I hi’;’ 511’ s’ i lif ’h ’i cu lt I ti p 1s t  s csi ins’ exp l Is ’ i t i s ’ s ul i sl sirs ’ ( b ind lie It u: i
_
sit I OIl

ec lu nt I 9 ihs ’s  . l i st e u ’ s s s I mi nt  ion  ut ’ ‘‘
Ii 

In (tI lil i )\I i s  s ls ’eo lit lu I I shis’d hue I S i  l i l ’ o_
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c - ‘ “ 5 I  ‘ ‘ A  .e each csli’ lidu ’ , -\ i . sup u’s unp i sin IuuIP ’l ’p ol S it 1 01) l’eprest eu u t s ut 100

‘ I  1 his’ u’ s ’ f  I I’d t ion co s ’  (‘Ii c I suit is I is I s ,  is le (‘ill’ 1 t’ s ’ c t  situp Is ’  (‘oIl iauss~si by si

~s’ si rc iu s ’ , 1 b ~~ts l t o  I iue. i I  s’ this’ s i  s ’. e u i s l u h g  h’s , 1 0 ) 1’ 1 he’ pt i l’pOst’~ o f lV I,IlCOM ,

• ‘ic e I ) ’ ’  r s ’ ’ i i S I . l t s ’  s’ ige t u s u u i g i e s  hays’ Is e s ’ u i  t ’oni nu sh s t i f f ie  chit  I V  liC di tt ’ sit t ’

si nus! i t ’ ’  ‘ it I ’ ui t so I bus’ p ’ \s lC t v su h is’ 1 s un i t ius’ i’forutts’sl is iu u t hue MI) IlRShtCIi

‘ c l , ’ ‘ i

r i ~’s’s hhu rs ’  l’s d i s i S i ) s I h t  i ’s  h Its’ is o t  rop ic i o l n i s S hu lu e r i c  l’ s’ f I P ’ C t  i t iu l  en-
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Figure 3-1 . The complex 7-plane il lustrating the e values used in
the ionospheric reflection coeff icient computations
for initial eigenang le determination .

m’di’ls ’d l loti eos ’ I’f i c i e t u t s  ( u s i n g  the lo s ’ s) pi’ccouttpouted ~‘su lus ’ s )  is  etutp lon ’ed

t o )  s ’ s t  I h i l s i ts ’  s u I i p r ’ I l\  i lit s iti ’ 5’ I g s ’ r u s u m t p l e i s  . Next , su \ewton—R sip hson a lgo r i t  Ills

hs i t  N t bt s’ s s’ 5 h ) i j i l ’ii\ i u ss s i t s’ 5’ h S s ’ I h S i t l g  Is’ s s u s  in it isul s’ si lotes I t e r s u t e s  t o  sin

s’\suc I s i p s ’numi ng 1 s’ ~‘si hits ’ ti c i t i p t bus’ situ i soot  noii Ic cs’ f’l ect 10 ) 11 coef’f i s ’ I s’ li t

utuosl e I ‘[li i is pi’o’_’s’ s lure Is ds’ s c i’ i bed itt s hs ’ ta I I I sit e~’ i n t h i s  sep t i on.

I’ t’ocs’duim’ s’ It is f ’s u s t s u t u sh  S l s ’ s’ m i l ’ s i t e  (‘ out ’  s ls i e t  i mim e or ’  s t  t’ iuui g l u u uc l s’sur—

ds ’ i o’ s ’ s s ed io t is isp l u s ’ r es .  ‘I Nc sipprox i t u is uts ’ s’ i gs’ns it ig ls ’s sure soi t ’f ’ l s ’ ls ’ mul ly

5 i5 ’ s’ l i  l’ s i t  C t o t ’  se e s ’  ‘p 1  v ds’pressesl I onosp hens’s , situd this’ s’xsis’t C u  gs ’ l isin g Is’

s let cr111 1 ul s i t ion i is h o t  uums u s l e . l’ rocesht ui ’s ’ ,\ o i l  I Ii cs’s 11101’ s’ counpoit sit I oti

t l Ine , but i s  Ihloicli stuns ’ su s ’ct irs it p’ t i l l ’  w esi kle di stuui’bs’d t u i p h it t l um le isrnl u—

sp lui’ u’ is ’ p t’ofi I s ’ s .  ‘ l u hi’ Ip I I l u s t  m ’ s ul p’ thus’  wesikuess of l’ I’oCesiui’s’ it ,

F i g t in s’ 3— 2 shows Ibis’ ho ts ’ i of ’ s ’ u g e t is u t i p h s ’ s as  si s isi ; ’ t  11111’ i>nOI i is’ iS

g u’ si i l s is i  l i e  changs’d t o )  Si  I ll ‘ I t t  1 i m u t s ’ prof ’i Is’ . ‘[u s’ ci gensitug Is’s s t a  i t  s i t

thi s’ 1 s i t  (‘or’ the  ‘ I I .  siuud ‘I’M tmtosls’s , ansi Iuno g rs ’s s  s u s  itid I s’sutcd biy’ thus ’

S i l ’ I ’ i ius I S  th us’ iunosp bis’ni’ Is o’ s i t ’ i s ’ih . I ou’ I’ rocs’dtins’ It , nuts’ ths ut  t hus ’
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Figure 3— 3. Illustrating the mesh squat-es of the contour
rectangle A 1

A
2A3

A4 
in Figure 3-1 .

Table 3—1. Characteristics of F (l ) .

F
R F

1 ‘F

0 0 Undefined
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Figure 4-1. Ray geometry for nonun ifor tmm disturbance.
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Fig ure 4-3. Variables in interpola tion procedure .
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Fig ure 4-4. Path length geololetry for elevated antennas.
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