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ABSTRACT 

The au tho r s  have observed an interest ing phenomenon of geodesic  spl i t t ing in t h e  
c a s e  of su r face  ray propagat ion over  a gene ra l  paraboloid of revolution. Since 
even t h e  pr imary geodesics  a r e  sp l i t  in both clockwise and ant ic lockwise 
direct ions,  t h i s  leads t o  a doubling of t h e  r ay  pa ths  t o  be  considered in t h e  
an tenna  cha rac t e r i s t i c s  computat ions.  This work provides  an  insight i n t o  t h e  
ray-spl i t t ing phenomenon on s implest  (i.e. of lowest  order)  possible convex 
su r face .  

Introduct lon 

I t  is well known t h a t  be tween  any two  arbi t rar i ly  loca t ed  points on a cone 
o r  a cyl inder ,  t h e r e  ex i s t  pr imary and higher-order (of mult iple  enc i r c l emen t s )  
g e o d e s i c s  i n  b o t h  a n t i c l o c k w i s e  ( r i g h t )  a n d  c l o c k w i s e  ( l e f t )  d i r e c t i o n s .  
However ,  t h e  number of geodesics  of a given order  and sense does no t  exceed one. 
In c o n t r a s t ,  a d e t a i l e d  s t u d y  of t h e  s u r f a c e  r a y  p r o p a g a t i o n  o n  g e n e r a l  
paraboloids of revolut ion (GPORs) by t h e  authors  has  shown t h a t  t he  geodesics of 
a given order  and sense (e.g. r ight  pr imary geodesic)  could be  split in to  t w o  
(Fig. I ) .  

The  implicat ion of such spl i t  geodesic  i s  an  inc rease  in t h e  number of 
geodesics  (and the reby  t h e  s u r f a c e  r ay  pa rame te r s  associated with t h e  various 
geodesic  paths)  t h a t  must  be  t r e a t e d  fo r  a c o m p l e t e  r ay - theo re t i c  analysis. 

Effects of Geodesic Spli t t ing 

S i n c e  t h e  g e o d e s i c  d o e s  n o t  s p l i t  i n  t h e  c a s e  of t h e  r i g h t  c i r c u l a r  
cyl inder ,  cone  and sphere,  t h e  GPOR a s  a member  of  t h e  quadric  su r faces  family 
r ep resen t s  t h e  s implest  example  where  t h e  phenomenon of geodesic  spl i t t ing may 
be  observed.  

In t h e  case of t h e  high frequency EM an tenna  computat ions [1,2], knowledge 
of several  ray g e o m e t r i c  pa rame te r s  associated wi th  e a c h  of t h e  ex i s t en t  
geodesic  is required a priori. This  in effect means  a doubling of t h e  ray 
geomet r i c  pa rame te r s  t o  be de t e rmined  in t h e  c a s e  of t h e  GPOR as compared t o  
those  in t h e  c a s e  of t h e  r ight  c i rcular  cyl inder  and c o n e  for  any given order  of 
g e o d e s i c s .  Thus ,  f o r  e x a m p l e ,  e v e n  if t h e  p r i m a r y  g e o d e s i c s  a l o n e  a r e  
considered on a GPOR, an e l emen ta l  point-to-point t r e a t m e n t  would require  t h e  
de t e rmina t ion  of four  pr imary geodesics  which may  b e  present .  
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Since t h e  GPOR is  a nondevelopable su r face ,  in gene ra l  i t  r equ i r e s  a 
bivar ia te  s ea rch  fo r  t h e  su r face  r ay  geomet r i c  pa rame te r s  which makes  t h e  
problem computat ional ly  in t r ac t ab le  f o r  most  of t h e  p rac t i ca l  cases .  In 
con t r a s t ,  t h e  au tho r s  have  developed a geodesic  cons t an t  me thod  (GCM) which 
requires  only a s imple univar ia te  s ea rch  [3,4]. This univar ia te  s ea rch  is  fo r  
t h e  Firs t  Geodesic  Cons tan t  associated with t h e  geodesics. 

The phenomenon of split geodesics  serves  t o  emphas ize  t h e  advan tage  of t h e  
Geodesic  Cons tan t  Method (GCM) developed by t h e  authors  fo r  ray analysis  over  
gene ra l  convex surfaces .  I t  may however  be  no ted  t h a t  t h e  ray geomet r i c  
pa rame te r s  in t h e  c a s e  of t h e  GPOR a r e  ex t r eme ly  sensi t ive t o  t h e  value of h 
which must  b e  determined accurately.  I t  has  been observed by t h e  au tho r s  t h a t  
i t  usually suff ices  t o  compute  h a c c u r a t e  up to  8 dec ima l  places  fo r  a given 
a rb i t r a ry  s e t  of sou rce  and observat ion on t h e  GPOR. 

In general ,  t h e r e  a r e  now two  Firs t  Geodesic  Cons tan t s  h r l l  and  h r I 2  
associated with t h e  two right pr imary geodesics. Once  these  geodesics  cons t an t s  
( h s l I  and hr  and h 1 2  fo r  t h e  t w o  l e f t  
pr imary geodesics) a r e  obtained t h e  a r c  lewgth, t k '  general ized Fock  p a r a m e t e r  
and t h e  F rene t - f r ame  f ie lds  vec to r s  (t,n,b) required in t h e  r ay - theo re t i c  
methods like t h e  UTD c a n  be  readily determined.  

fo r  t h e  t w o  r ight  pr imary and h 

Summary 

The  phenomenon of geodesic  spl i t t ing has  been observed in t h e  case of t h e  
general  paraboloid of revolution. The  GPOR rep resen t s  t h e  s implest  su r f ace  over  
which geodesic  spl i t t ing c a n  be  studied. 

In gene ra l  t h e  r ay  t r ac ing  over  a gene ra l  paraboloid of revolut ion would 
require  a bivar ia te  search.  The ray spl i t t ing in t h e  c a s e  of t h e  GPOR tends t o  
fu r the r  increase t h e  compute r  t i m e  required substant ia l ly  f o r  t h e  de t e rmina t ion  
of t h e  su r face  ray geomet r i c  pa rame te r s .  

The  authors  have developed a Geodesic  Cons tan t  Method (GCM) involving an  
a c c u r a t e  s imple  univar ia te  s ea rch  which has  brought t h e  EM field computa t ions  
within t h e  ambi t  of t r ac t ab i l i t y .  
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Fig. 1 Spli t t ing of the r ight  pr imary  geodeslc on t h e  GPOI:. 
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