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A technique for ca lcu la t ing  the  near f i e l d s  of reflector 

antennas using the geometrical theory of diffraction is 

developed, Computed patterns for  t w o  antennas are compared 

w i t h  patterns obtained by other techniques and experimental 

data, 

near f i e l d  patterns of antennas. 

The GTD is proved t o  be a useful tool i n  obtaining 
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I. I n t r o r h c t i o n  

The s tudy  of the  near  f i e lds  of antennas has  s e v e r a l  

p r a c t i c a l  app l i ca t ions .  S i t i n g  h igh  power radars demands a 

knowledge of t he  n e a r  f i e l d  p a t t e r n  of the system so t h a t  

hazards to personnel and flammable or explosive material may 

be c a l c u l a t e d  and s a t i s f a c t o r y  s a f e t y  margins e s t ab l i shed .  

S ince  a radoae is, almost exc lus ive ly ,  l oca t ed  i n  t h e  ncar 

f i e l d  of t h e  antenna it houses, its e f f e c t  on t h e  po in t ing  

accuracy and beam shape of t h e  antenna depends on the  near  

f i e l d  d i s t r i b u t i o n  a t  t h e  s u r f a c e  of  t h e  radome, Thus a de- 

sign minimizing poin t ing  e r r o r s  and p a t t e r n  degrada t ion  must 

be based on a !momledge of the n e a r  f i e l d s  of t h e  antenna, 

With t h e  advent  of m i l l i m e t e r  wave experiments (16 GHz - 90 G H z )  

t h e  n e a r  f i e l d .  of an antenna may extend a l a r g e  d i s t a n c e  from 

t h e  antenna. For example, t he  F r e s n e l  zone of a t h i r t y - f o o t  

diameter  antenna ope ra t ing  a t  32 GIIz ex tends  t o  58,000 f e e t  

. Thus atmos- 2D2 as obta ined  from t h e  f a r  f i e l d  c o n d i t i o n  - 
p h e r i c  d i s tu rbances  a f f e c t  ground t o  s a t e l l i t e  corninunication 

e n t i r e l y  through i n t e r a c t i o n  wi th  t h e  near  f i e l d  of t h e  

antenna, The s impl i fy ing  approximations t o  t h e  r a d i a t i o n  

i n t e g r a l s  which enable  s imple c a l c u l a t i o n  of  t h e  f a r  f i e l d  

p a t t e r n s  of l a r q e  antennas are not  a p p l i c a b l e  i n  t h e  nea r  f i e l d .  

So lu t ion  of  t h e  exac t  r a d i a t i o n  i n t e q r a l s  i n  the near  f i e l d  re- 

q u i r e s  a s i z e a b l e  investment of computation t i m e  and machinery 

for all. but  t h e  sma l l e s t  antennas.  The computation t i m e  and 

the size of t h e  machine required increases s h a r p l y  wi th  the  

x 
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size of t h e  antenna. The geometr ical  t heo ry  of d i f f r a c t i o n  

p rov ides  a n  a t t r a c t i v e  a l t e r n a t i v e  t o  t h e  classical  theo ry  f o r  

t h e  s o l u t i o n  of near  f i e l d  problems, The techniques  used i n  

t h i s  s t u d y  reduce t h e  area i n t e c r a t i o n  requi red  i n  the  exac t  

method to ,  a t  worst ,  a l i n e  i n t e g r a t i o n  and, a t  bes t  a sum- 

mation of a few discrete terms, 

T?io problem is r e s t r i c t e d  here to t h e  de te rmina t ion  of 

t h e  forward near  f i e l d s  of r e f l e c t o r  an tennas  i n  a c y l i n d r i c a l  

r e g i o n  w i t h  diameter twice the antenna  diameter  us ing  t h e  

geometr ica l  t.heory of d i f f r a c t i o n .  Th i s  r e g i o n  is t r e a t e d  

s i n c e  it r e p r e s e n t s  t h e  po r t ion  of t h e  task t h a t  is n o t  clearly 

inc luded  i n  prev ious  so lu t ions .  The geometr ical  t heo ry  of 

d i f f r a c t i o n  is a l o g i c a l  ex tens ion  of t h e  theory  of geometr ica l  

o p t i c s ;  it i n t roduces  a class of  rays generated by the i n t e r -  

a c t i o n  of t h e  i n c i d e n t  f i e l d  with a d i s c o n t i n u i t y  of the bound- 

ary ( i n  our case a s h a r p  edge,) 

e f f e c t s  of t h e  edTe shows t h a t  t h e  d i f f r a c t i o n  products  act 

t o  remove tho d i s c o n t i n u i t y  i n  t h e  f i e l d s  a t  t h e  boundary be- 

tween t h e  i l l umina ted ,  and shadowed, r e g i o n s  of bo th  t h e  

i n c i d e n t  and r e f l e c t e d  f i e l d s .  T h i s  theory  has  been a p p l i e d  

t o  the s t u d y  of two-dimensional a p e r t u r e  an tennas  by Clark f o r  

near zone sca t t e r ing , '  

o b t a i n  t h e  nea r  zone f i e l d s  in t h e  rear hemisphere of a re- 

flector antenna by analyz ing  t h e  fields of an ape r tu re .  In 

t h e  aperture model, a p lane  wave, or i n  Lysher 's  case, 8 

s p h e r i c a l  wave, i l l u m i n a t e s  an opaque s c r e e n  with an aperture. 

An i n t u i t i v e  a n a l y s i s  of t h e  

Lysher used Babinet ' 8  p r i n c i p a l  t o  



The an tenna  beam is represented  by the  po r t ion  of t h e  wnve 

passiny: through the ape r tu re .  Clearly, this model only repre- 

s e n t s  one shadow boundary properly.  l l e f l ec to r  a n t e n n a s  use Q 

shaped r e f l e c t o r  t o  focus  the  d ive rg inq  rearward d i r e c t e d  f i e l d  

3 of Q f eed  i n t o  a co l l ima ted  forward d i r e c t e d  beam. Two 

shadow boundaries are as soc ia t ed  wi th  t h i s  geometry, one t h e  

i n c i d e n t  shadow boundary caused by t h e  r e f l e c t o r  shadowing the  

feed f i e l d ,  and t h e  second, or r e f l e c t i o n ,  shadow boundary 

between the r e f l e c t e d  focused bean and t h e  surrounding 

shadow. Note t h a t  t h e  i n c i d e n t  shadow boundary is improperly 

pos i t i oned  in aper ture 'models  of r e f l e c t o r  antennas.  H a t n a s i r i ,  

Kouyoumjian and Pathak have app l i ed  the geometr ical  theory  of 

d i f f r a c t i o n  t o  t h e  s tudy  of t h e  wide angle  s i d e  l o b e s  of re- 

f l e c t o r  antennas i n  t h e  f a r  f i e l d .  4 
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XI, The Near Fields of Three-Dirnensi onal €2eflector  Antennas 

The a n a l y s i s  of a three-dimensional problem by t h e  geo- 

metrical theory  of d i f f r a c t i o n  is an extens ion  of two-dimensional 

d i f f r a c t i o n  theory.  The t h i r d  dimension of t h e  problem is 

in t roduced  us ing  e i ther  of two methods. F i r s t ,  i f  t h e  f i e l d  

p o i n t  is not  near a c a u s t i c ,  t h e  concepts  of edge d i f f r a c t i o n  

may be used. I f  t h e  f i e l d  po in t  is nea r  a c a u s t i c ,  the usual 

edge d i f f r a c t i o n  concept  may be extended br use of a n  equivalent 

c u r r e n t  technique. 

nea r  t h e  c a u s t i c ,  t h e  equiva len t  c u r r e n t  method y i e l d s  t h e  

correct r e s u l t  on ly  i n  t h e  near  h a l f  of t h e  F resne l  zone. 

I f  t h e  geometry involves  a shadow boundary 

The genera l  method used i n  t h i s  paper  is t o  model t h e  

r a d i a t e d  f i e l d  of t h e  antenna by t h e  geometr ical  o p t i c s  f i e l d  

and t h e  d i f f r a c t i o n  f i e l d s  a s s o c i a t e d  wi th  t h e  shadow boundaries 

of the geometr ical  o p t i c s  f i e l d ,  The d i f f r a c t i o n  f ie lds  of t h e  

antenna will be c a l c u l a t e d  from t h e  p o s i t i o n  of the shadow 

boundaries ,  and t h e s e  f i e l d s  w i l l  be summed with t h e  geometr ical  

optics f i e l d s  t o  o b t a i n  the t o t a l  Fresne l  zone f i e l d s ,  

A, Basic Concepts 

1, Review of Half-Plane D i f f r a c t i o n  Hechanisms 

Figure  1: i l l u s t r a t e s  t he  v a r i o u s  d i f f r a c t i a n  r eg ions  when 

a p o i n t  source  i l l u m i n a t e s  a semi - in f in i t e ,  p l a n a r ,  opaque, 

r e f l e c t i n g  screen.  For t h e  p o i n t  P i n  r eg ion  I, the f i e l d  a t  

P is composed of a d i r e c t  ray from & a n d  a r a y  reflected from 

the plane. 

shadow boundary is crossed  and now o n l y  the direct  rag illumi- 

nates P. 

In going from r eg ion  1 t o  r eg ion  11, t h e  r e f l e c t i o n  

F i n a l l y  going t o  r eg ion  111, we c r o s s  t h e  i n c i d e n t  
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Figure 1: Poin t  Source I l l u m i n a t i n g  a Half Plane 

shadow boundary; and Y is in t h e  geometr ica l  o p t i c s  shadow of 

t h e  h a l f  plane.  I n  a d d i t i o n  t o  t h e  geometr ica l  o p t i c s  rays, 

t h e r e  ex is t  a class of rays caused by edge s c a t t e r i n g .  
5 Somrnerfeld f i r s t  solved the s c a t t e r i n g  or d i f f r a c t i o n  

problem f o r  a source  d i s t a n c e  of i n f i n i t y  or p lane  wave i n c i -  

6 dence. Pathak and Kouyoumjian r e c e n t l y  obtained an asymptot ic  

s o l u t i o n  f o r  a f i n i t e  source  d i s t ance .  

t h e i r  s o l u t i o n  f o r  i l l umina t ion  normal t o  t h e  edge w i l l  be 

* 
The s p e c i a l  case of ' 

used i n  t h e  p re sen t  analysis. 

If a'( 5',4) is the field of the i n c i d e n t  scalar wave a t  

the edge, the d i f f r a c t e d  f i e l d s  are g iven  by 



where t h e  scalar d i f f r a c t i o n  c o e f f i c i e n t s  are 

and 9 , +I, S, and S I  are shown i n  Figure 1' F(1da;t) is a 

c o r r e c t i o n  f a c t o r  t h a t  is needed only near  t h e  r e s p e c t i v e  

shadow boundary. When U f > 1 0 ,  F(kLa+) can  be rep laced  by 

uni ty .  

The fo l lowing  coord ina te  t r ans fo rma t ions  make t h e  n o t a t i o n  

more compact and r e i n f o r c e  the  concept  t h a t  t h e  d i f f r a c t i o n  

f i e l d s  are i n t i m a t e l y  related t o  t h e  l o c a t i o n  of the shadow 

boundaries.  The first t e r m  i n  (2) c a n  be a s s o c i a t e d  wi th  t h e  

i n c i d e n t  shadow boundary and the second wi th  the r e f l e c t i o n  

shadow boundary. l e  can relate these t e r m s  t o  t h e  angular  

- 6- 



d i s t a n c e  from t h e  sfiadow boundary. 

Where 8'.  eR arc t h e  a n g l e s  from t h e  f i e l d  po in t  t o  t h e  i n c i -  

dent and r e f l e c t i o n  shadow boundary, r e s p e c t i v e l y ,  8 is 

p o s i t i v e  i n  t h e  shadow region. The d i f f r a c t i o n  coefficient 

is sepa ra t ed  i n t o  the i n c i d e n t  and r e f l e c t c d  components, which 

mag be expressed as 

where 

From (2)  and ( 8 )  we see 

Kouyoumjian and Pathak have cons t ruc t ed  a simple dyadic  

d i f f r a c t i o n  c o e f f i c i e n t  f o r  v e c t o r  f i e l d s  using t h e  s o f t  and 

hard boundary scalar d i f f r a c t i o n  c o e f f i c i e n t s .  

where 

? is t h e  u n i t  vec to r  t anyen t  t o  t h e  edge, 

-7- 



A A *  % 
p = c x I where I is t h e  u n i t  v e c t o r  i n  

t h e  d i r e c t i o n  o f  i nc idence ,  and 

pd = e x d where d is t h e  u n i t  v e c t o r  i n  

t h e  d i r c c t i o n  of  d i f f r a c t i o n ,  

A A A  

Using t h e  dyadic  d i f f r a c t i o n  c o e f f i c i e n t ,  one f i n d s  

To f i n d  the d i f f r a c t i o n  f i e l d s  of a p a r a b o l i c  r e f l e c t o r ,  t h e  

above r e s u l t s  must be extended t o  i n c l u d e  the effect  of a 

curved s c r e e n  wi th  a curved edge. 

2, E f f e c t  of Surface  Curva ture  

The d i f f r a c t i o n  f i e l d s  a c t  t o  e l i m i n a t e  t h e  d i s c o n t i n u i t y  

at t h e  shadow boundary. On t h e  shadow boundary s u f f i c i e n t l y  

removed from t h e  edge,  t h e  d i f f r a c t e d  f i e l d  is e x a c t l y  h a l f  

the d i f f e r e n c e  between t h e  geometr ica l  o p t i c s  f i e l d s  on the 

i l l u m i n a t e d  and shadow s i d e s  of t h e  boundary. The d i f f r a c t e d  

f i e l d s  a t  t h e  shadow boundary of  a half plane i l l u m i n a t e d  by 

a p o i n t  sou rce  are g iven  by (12)  and t h e  i n c i d e n t  ceometr ic  

fields on the shadow boundary by 

Since on the shadow boundary S u f f i c i e n t l y  removed from the edge 

-8- 



The las t  t e r m  i n  (15) is obtained by s o l v i n g  (8) for a = 0. 

L is forced t o  depend on t h e  sou rce  and observa t ion  d i s t a n c e s  

t o  p rope r ly  match t h e  decay of t h e  d i f f r a c t e d  wave w i t h  d i s -  

t ance  t o  t h e  dccay of the Seornetrical o p t i c s  wave. 

The key po in t  is that L is determined by the divergence 

o f  t h e  geometr ical  o p t i c s  component. The divergence of t h e  

geometr ica l  o p t i c s  component a t  t h e  i n c i d e n t  shadow boundary 

is determined s o l e l y  by t h e  a c t u a l  source and observa t ion  

p o i n t  d i s tances .  The divergence of t h e  r e f l e c t e d  f i e l d ,  

however, depends on t h e  curvature of t h e  r e f l e c t i n g  s u r f a c e  

as w e l l  as t h e  source  and observa t ion  p o i n t  d i s tances .  "his 

effect of s u r f a c e  cu rva tu re  can be incltided by determining 

t h e  l o c a t i o n  of t h e  image of t h e  sou rce  and computing t h e  d i -  

vergence of t h e  r e f l e c t e d  r a y  using the image d i s t ance .  

the parameter L depends on the  divergence of t h e  a s soc ia t ed  

geometr ica l  o p t i c s  f i e l d ,  L also depends on t h e  image d i s t ance .  

Thus L w i l l  be d i f f e r e n t  f o r  t h e  i n c i d e n t  and r e f l e c t i o n  d i f -  

f r a c t i o n  c o e f f i c i e n t s  i f  the s c r e e n  is curved. For t h e  para- 

b o l i c  d i s h  with t h e  feed  a t  t h e  focus, s' fo r  t h e  r e f l e c t i o n  

d i f f r a c t i o n  c o e f f i c i e n t  w i l l  be i n f i n i t y  because t h e  r e f l e c t e d  

geometr ica l  o p t i c s  f i e l d  is t h a t  o f ' a  plane wave. 

3. E f f e c t  of Edge Curvature 

Since 

One of t h e  basic concepts  in geometr ica l  o p t i c s  is t h e  

-9- 



power conserva t ion  i n  a tube o f  rays. The a s s e r t i o n  is s i n c e  

power flows only a long  rags and not  t r a n s v e r s e  t o  them, the 

power f l u x  i n  a r eg ion  bounded by rays is a cons tan t .  

the power and the  f i e l d s  a t  two p o i n t s  can be r e l a t e d  t o  t h e  

Thus 

cross s e c t i o n  of t h e  ray tube a t  these poin ts .  

Figure 2: Astigmatic Kay Tube 

Given t h e  astigmatic ray tube shown i n  Figure 2 

the areas of t h e  s u r f a c e s  A, B may be expressed 

t h e  r a t i o s  of 

Since  t h e  power flux is cons tan t ,  the power d e n s i t y  is i n v e r s e l y  

p ropor t iona l  t o  t h e  area, and t h e  f i e l d  i n t e n s i t y  i s . i n v e r s e l y  

p ropor t iona l  t o  t h e  square  root of t h e  area. 

Lines 1 and 2 in Figure 2 are r e f e r r e d  t o  as c a u s t i c s  of t h e  r a y  

-10- 



tube,  and n r e  the i r  associated caustic dis tances .  

In t h e  d i f f r a c t i o n  nrohlern t h e  d i f f r a c t i n ?  ed,re is one 

caustic of the ray tube. The o t h e r  caus t ic  is determined by 

the ecomctry of t h e  edrre. A new formula f o r  t he  second caus- 
7 t i c  d i s t a n c e  has been dcvelopcd u s i n g  d i f f e r e n t i a l  qeometry. 

where 

9 is t h e  c a u s t i c  d i s t a n c e ,  

1 is t h e  d i s t a n c e  from t h e  d i f f r a c t i n g  poin t  

on t h e  ed.ce t o  t h e  sou rce ,  

re is t h e  r a d i u s  of c u r v a t u r e  of t h e  edge, 

n, e are t h e  u n i t  v e c t o r s  normal and tangent  A n  

t o  t h e  edge, 
A 4  
I, d are u n i t  vec to r s  i n  t h e  d i r e c t i o n  of t h e  

i n c i d e n t  and d i f f r a c t e d  rays, and 
h A 

,@ is the angle between I and e. 

Applying (18) t o  a d i s c  wi th  sou rce  on t h e  axis, one f i n d s  

t h a t  t h e  p o s i t i o n  of t he  c a u s t i c  of t h e  d i f f r a c t e d  r a y s  is t h e  

d i s c  axis. 

S ince  t h e  geometry is symmetrical  about t h e  2; axis, one 

can choose any plane  through t h e  z axis. Men t h e  f i e l d  p o i n t  

f is in t h e  yz plane,  

n" =?,  
and. 

-11- 

(19) 

(20) 



Figure 3: Geometry Used t o  Find Caustic Distance 



I -  

where 

y , ~  are t h e  coordinates of the  f i e l d  point ,  

A is the  radius of the d i s c ,  

b is the  normal distance  from the d i s c  t o  

the source, and 

is  the angle between d and the  z a x i s .  
A 

From (18) the  caustic distance p,=fshown i n  Fig. 3 is  

or 

Thus f is the distance on a line passing through the edae, P,  

and the z axis, from the edge t o  the z axis. 

From similar t r i a n g l e s ,  

In t h i s  equation 

same s i d e  of the  edge, 

is negative i f  the  c a u s t i c  and P l i e  on the 

Subst i tut ing  this r e s u l t  i n t o  (1 )  w i t h  
J 

S* = 9 , we obtain 

-13- 
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The term i n  t h e  b racke t s  provides  for t h e  - n. phase jump en- z 
countered on passing throuqh t h e  c a u s t i c .  It is included 

on ly  i f  t h e  c a u s t i c  l i e s  between t h e  edge and P. 

B. E-Plane Analysis  

1. Review of t h e  Two-Point Technique 

8 Keller developed an ex tens ion  t o  Fermat 's  p r i n c i p l e  

which relates t h e  ang le  of  d i f f r a c t i o n  t o  t h e  ang le  of i n c i -  

dence. This ex tens ion  s ta tes  t h a t  a ray s t r i k i n g  an edge ex- 

ci tes  a family of d i f f r a c t e d  r a y s  which form a cone of h a l f  

a n g l e  equal  t o  t h e  a n g l e  between t h e  i n c i d e n t  r a y  and t h e  edge. 

Thus, f o r  a l l  f i e l d  p o i n t s  no t  on a caustic of  t h e  edge, one 

can  c o n s t r u c t  a f i n i t e  dumber of edqe d i f f r a c t e d  r a y s  which 

reach t h a t  f i e l d  point .  For t h e  s t r a i g h t  edge, only one ray 

fits t h i s  condi t ion ,  while f o r  t h e  circular d i s c  two rays 

are s u f f i c i e n t  t o  d e s c r i b e  t h e  d i f f r a c t i o n  e f f e c t s .  

F igure  4: Dif f r ac t ed  Ray Geometry in t h e  E-Plane 

(Front View) 
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The f i e l d s  w i l l  be c a l c u l a t e d  i n  t h e  r eg ion  y > 0, z ?  0. 

P a t t e r n  symmetry a l lows  these  r e s u l t s  t o  be r e f l e c t e d  i n  the 

z axis t o  ob ta in  t h e  complete p a t t e r n .  In  t h e  E-plane from 
A A  

Figure 4, 

are +x, -x r e spec t ive ly ,  The f i e l d  p o i n t  is a t  yl z ;  t h e  

the two p o i n t s  Q,, Q l i e  on t h e  y axis and ell e2 2 
A 4  

s u b s c r i p t  n i d e n t i f i e s  t h e  d i f f r a c t i n g  p o i n t ;  and the  super-  

s c r i p t s  i ,  r a s s o c i a t e  t h e  t e r m  w i t h  the i n c i d e n t  o r  r e f l e c t i o n  

shadow boundary. Since 8 is p o s i t i v e  i n  t h e  shadow region ,  

andEi  is contained i n  the yz plane ,  equat ion  ( 2 5 )  reduces t o  

Using (10) t o  r e s o l v e  Dh i n t o  its components and ( 6 )  and 

( 7 )  t o  relate 4 , 0’. ei%d e&we f i n d  

where sn,6 L, 8 are obtained from the coord ina te s  of t h e  

f i e l d  po in t  using t h e  foMowinR t ransformat ion  and Figure 5 

The sign o f e  must be c a r e f u l l y  preserved,  
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ISB, 

Fisure 5: Geometry of Two-Point E-Plane Analysis 
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O( is shown i n  Figure ‘d 
- A  

Kesolving E i n t o  axial and t r a n s v e r s e  components 

Thus 

and 

2. Revie-K of the Equiva len t  Curren t  Technique 

When t h e  f i e l d  p o i n t  is  on o r  near the axis (corresponding 

t o  a c a u s t i c )  the  two-point method fails. For p o i n t s  i n  the 

v i c i n i t y  of the axis, a method based on equ iva len t  current 

flowing on the rim of t h e  d i s h  is available. 

The d i f f r a c t i o n  f i e l d  of a h a l f  p lane  may be r ep resen ted  

by e q u i v a l e n t  c u r r e n t s  f lowing on the edge of t h e  plane,  

derive t h e s e  c u r r e n t s  consider the d i f f r a c t i o n  f i e l d  when t h e  

e lectr ic  f i e l d  is paral le l  t o  t h e  edge 

To 
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and when the magnetic f i e l d  is p a r a l l e l  t o  the edge, 

These f i e l d s  can  be considered t o  be due t o  c u r r e n t s  of elec- 

t r i c i t y  and magnetism flowing a long  t h e  edge. 

In t h e  gene ra l  case one must take t h e  component of t h e  f i e l d  

t angen t  t o  t h e  edge, then equat ing  (35) with  (37) and (36) 

with (38) 

A s t anda rd  r a d i a t i o n  i n t e g r a l  can  now be used t o  f i n d  t h e  

f i e l d s  due t o  these cu r ren t s .  . 

In t h e  p re sen t  problem these curren ts  f low on t h e  edge of 

a c i r c u l a r  d i s c  so t h a t  t h e  v e c t o r  and scalar products  i n  (39) 

and (40) s i m p l i f y  t o  t r igonometr ic  func t ions .  The field o f ' t h e  

feed  is assumed t o  be cons t an t  around t h e  edge of t h e  antenna,  

&.e. t h e  f e e d  E-plane and H-plane p a t t e r n s  are i d e n t i c a l .  

The electr ic  f i e l d  due t o  t h e  electric and magnetic c u r r e n t s  



( 4 2 )  

The above i n t e g r a l s  assume t h a t  t h e  f i e l d  p o i n t  i s  i n  t h e  f a r  
0 

f i e l d  of the incremental  6ources even though it is i n  t h e  nea r  

f i e l d  of t h e  t o t a l i t y  of sources.  A s  long as t h e  incremental  

sou rce  to f i e l d  p o i n t  distance is g r e a t e r  than  1.6 wavelengths, 

t h i s  is a valid a p p r o ~ i m a t i o n . ~  S u b s t i t u t i n a  (39) and (40) 

in (41) and (42) gives 
2" 

0 

On the axis of t h e  antenna the above i n t e g r a l  s i m p l i f i e s  

cons iderably .  

p roducts  reduce t o  

The slant ranee,  r, is a constant and t h e  v e c t o r  

-19- 



S u b s t i t u t i n g  these  r e s u l t s  in t h e  r a d i a t i o n  integral and per- 

forming t h e  i n t e g r a t i o n ,  one o b t a i n s  f o r  the a x i a l  case 

The f i e l d s  in t h e  t r a n s i t i o n  zone nea r  t h e  axis where t h e  

two-point method gives ques t ionab le  r e s u l t s  may be c a l c u l a t e d  

using an extens ion  of the technique  used on the axis. We can 

compute the f i e l d s  usin? t h e  r a d i a t i o n  i n t e g r a l s ,  i n s e r t i n g  

‘the actual i n c r e m e n t a l s o u r c e  t o  f i e l d  po in t  d i s t a n c e  i n  the  

i n t e g r a l s  t o  account f o r  t h e  new l o c a t i o n  of t h e  f i e l d  po in t  

off  the axis. 

Fie;ur@ 

From Figure 6‘ for 

6: Determination of $ Near e Axis 

a pattern in the ya plane 

’ -20- 



( 4 9 )  

For f i e l d  p o i n t s  c l o s e  to the  axis 

We can take D ( Q )  constant at its value for %he om axis case 

tu) is r e l a t i v e l y  constant. 

i: 

Ds It (Q)=oi(ei)io”(9% ( 5 0 )  
L 

where e , e4are obtained from (30, (31). f o r  y = 0. 

The equiva len t  current method will fail in t h e  f a r  field 

when a shadow boundary and a caustic of t h e  d i f f r a c t e d  r a y s  

are p a r a l l e l ,  

In t h e  case of back scatter from the two-dimensional s t r i p ,  

one can show t h a t  t h e  geometr ica l  t heo ry  of d i f f r a c t i o n  pro- 

v i d e s  proper t r a n s i t i o n  t o  t h e  far f i e l d  behavior ;  and the 

same is t r u e  of a three-dimensional problem w i t h  d iverg ing  

shadow boundaries  

For t h e  s t r i p ,  c o n s i d e r  Figure 7. With the e l e c t r i c  

f i e l d  p a r a l l e l  t o  t h e  strip edge, t h e  d i f f r a c t e d  f i e l d s  are 

s i n c e  +I= * 4 
The r e f l e c t e d  f i e l d s  are 

, s’ = oo for a p l a n e  wave at normal incidence.  
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c 

Figure 7: Conducting Strip Illuminated by a Plane Wave 

Referring to (2) ,  (3) when s' =OI) and L = s 

2. L 

+ 

As we go to the far field on the axis 
a 

L TG+ =e 
2s ' 

and the second t e r m  i n  Dh predominate8 

7. - j22 
A t  
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Now 

small, the second term i n  (55 )  can be represented as 

0 
( 5 7 )  

When the diffracted fields from the  two edges interact w i t h  

the geometrical optics f ie ld ,  the first t e r m  i n  ( 5 8 )  just 

cancels the geometrical optics field and we are l e f t  w i t h  

which is the expected resul t .  

-23- 



. Nov. for t h e  three-dimensional case with diverf f inf f  shadow 

boundaries consider Figure 8.  

* Figure 8: D i s c  Illuminated by Source a t  F i n i t e  Distance 

A eource located a t  F i l luminates  a d i s c  qivinR rise t o  the 

shadow boundaries, Br , Bz' 
As P recedes t o  the far f i e l d 4  goes to  t h e  l i m i t  o f  7. 371' 

Thus eventual ly  Ian w i l l  be greater than 10, and the approxi- 

mate form 

may be used. 

From (39) and (GO) 
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The result ia c o r r e c t  t o  w i t h i n  R cons tan t  f a c t o r ,  The c o r r e c t  

c o n s t a n t  would be obtained i f  t h e  magnetic c u r r e n t  had a l s o  

been included. 

When computing t h e  f i e l d  n e a r  t h e  shadow boundary, t h e  

e q u i v a l e n t  c u r r e n t  concept f a i l s  s i n c e  t h e  d i f f r a c t e d  f i e l d s  

do no t  have t h e  appropr i a t e  - dependence f o r  t he  two- 

dimensional geometry, and hence t h e s e  d i f f r a c t e d  f i e l d s  cannot 

I 

G 

be equated t o  t h e  f i e lds  of an i n f i n i t e  c u r r e n t  source.  

111. Near Fields of a Unfform Antenna 

In t h i s  s e c t i o n ,  the near f i e l d s  of a uniformly i l l umina ted  

an tenna  10 wavelengths in diameter w i l l  be ca l cu la t ed .  The 

nea r  f i e l d s  w i l l  be calculated for b o t h  t h e  a p e r t u r e  model a n d  

the r e f l e c t o r  geometry, Reca l l  t h a t  t h e  a p e r t u r e  model con- 

s i d e r s  on ly  the shadow boundary a s s o c i a t e d  wi th  t h e  main beam, 

whi le  t h e  r e f l e c t o r  geometry also i n c l u d e s  the effect of t h e  
8 

shadow of t h e  r e f l e c t o r  in t h e  feed pattern, Direct feed  

r a d i a t i o n  and aperture blockage e f f e c t s  w i l l  not be considered.  

The equa t ions  developed i n  S e c t i o n  I1 were prop.rammed i n  

F o r t r a n  lV and run  on t he  IBt3 360-75 of t h e  IXC, The electric 

f i e l d  was computed f o r  planes 2, 10, 20 and 40 wavelengths in 

-25- 



f r o n t  of t h e  antenna usinr: the two-point method o f f  t h e  ax i s  

and t h e  equiva len t  c u r r e n t  method on t h e  axis, The r e s u l t s  

are compared wi th  s i m i l a r  d a t a  c a l c u l a t e d  by IYu using plane 

wave spectrum concept  and a l s o  a p e r t u r e  i n t e g r a t i o n .  Two 

r e s u l t s  a r e  presented  f o r  each d i s t a n c e ,  one inc lud ing  the 

e f f e c t s  of t he  i n c i d e n t  shadow boundary and one ne.&xtine: it. 

10 

The agreement between the  d i f f r a c t i o n  theo ry  r e s u l t s  and 

t h e  p l ane  wave spectrum-aperture  i n t e g r a t i o n  is very  good. 

Reso lu t ion  of the s l i g h t  d i f f e r e n c e  between t h e  r e s u l t s  would 

r e q u i r e  r e s o r t i n g  t o  more e l e g a n t  methods of f i e l d  ana lys i s .  

The p l a n e  wave spectrum and a p e r t u r e  i n t e g r a t i o n  techniques 

bo th  use  t h e  p h y s i c a l  o p t i c s  approximations t o  t h e  a c t u a l  

f i e l d  i n  the aperture. 

s t a n t  ac ross  t h e  a p e r t u r e  n e g l e c t s  t h e  i n t e r a c t i o n  of the 

The assumption tha t  t h e  f i e l d  is con- 

a p e r t u r e  edges w i t h  the f i e l d ,  An exact a n a l y s i s  us ing  an 

i n t e g r a l  equat ion or e icen func t ion  technique  would r e s o l v e  

t h e  quest ion.  

Figure 9 compares the GTD and a p e r t u r e  i n t e g r a t i o n  

r e s u l t s  a t  a range of 2 wavelengths from the antenna, The 

e q u i v a l e n t  c u r r e n t  technique was used t o  o b t a i n  f i e l d  va lues  

for p o i n t s  aut t o  one wavelength on e i t h e r  s i d e  of t h e  axis, 

A t  t h i s  range, t h e  two-point method and the equ iva len t  c u r r e n t  

method agreed t o  w i t h i n  0.2A 

t h e  erroneous two-point d a t a  n e a r  the axis is shown by t h e  

of the axis. I n  a l l  t h e  f i g u r e s  

d o t t e d  l ines .  F i g u r e l o  compares th’e GTD and a p e r t u r e  
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i n t e g r a t i o n  r e s u l t s  10 wavelencths from t h e  antenna . Ayain 

t h e  equ iva len t  c u r r e n t  t e c h n i a u e  aqreed w i t h  the  two-point 

method beyond 0.2 from t h e  axis. Note t h a t  t h c  GTD solu- 

t i o n  shows t h a t  t h e  f i c l d  on t h e  axis is less  a t  10 than at 

both  2 h and 20 )i . Figures11 and 1 2  show t he  GTD r e s u l t s  

f o r  d i s t a n c e s  of 20 arid 40  wavelenaths r e spec t ive ly .  A t  20 

t h e  two-point method beqan t o  show some e r r o r  0 . 5 x  

axis and got  worse c l o s e r  t o  t h e  axial  c a u s t i c .  The e r r o r  

was apprec iab ly  greater than  i n  t h e  2 1 and 10 cases .  A t  

40 the two-point !nethod began t o  f a 2 1  1 from t h e  axial 

c a u s t i c .  A t  t h i s  range t h e  two-point method e r r o r  near t h e  

axis was g e a t e r  t han  i n  any of t h e  smaller ranges.  

from the 

Figure  13 shows t h e  f i e l d  on t h e  axis as a func t ion  of 

The parameter E - is the  r a t i o  o f  t h e  d i s t a n c e  t o  t h e  range. 

far f i e l d  c r i t e r i o n .  Note t h e  o s c i l l a t o r y  behavior  of the 

f i e ld  n e a r  t he  antenna. The f i e l d  reaches the f u r t h e s t  

maximum at  22 wavelengths and t h e n  should  show - decay. The 

f a i l u r e  of t he  equ iva len t  c u r r e n t  method is c l e a r l y  seen i n  

t h i s  f i gu re .  Note t h e  i n c r e a s i n g  field w i t h  d i s t a n c e  beyond 

1 
r 

160 wavelengths . 
Agreement betwecn the GTD and aperture i n t e r r a t i o n  re- 

s u l t s  is q u i t e  good. Reference t o  Tables I - I V  w i l l  r e v e a l  

that the e f f e c t  of t h e  i n c i d e n t  s h a d w  boundary is s t r o n e e s t  

at the greatest t r a n s v e r s e  d i s t a n c e s  where the r e f l e c t i o n  

shadow boundary t e r m  is s m a l l .  
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GTD 
0 0 0 APERTURE 

---- GTD 2 POINT METHOD 
1NTEGRAT IO N 

TRANSVERSE DlSTANCE ( WAVELENGTHS 1 

Figure 9: Electric Field on a Plane 2 Wavelengths 

F r o m  a Uniformly I l l u m i n a t e d  Antenna 
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Transverse 
Distance 

0.0 
0.5 
1.0 
3-05 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7 00 
7.5 
8.0 
8.5 
9.0 
9.5 

Geometric Theory 
of Diffraction 

. 9290 
1 . 0470 . 9732 . 9993 
1.0500 
,8875 

1 01290 
1 . 1020 . 8073 
04930 
.2921 . 1699 . 1020 . 0686 
,0511 

.0326 

.0269 . 0245 
0403 

ISB + RSB 

1 . 3420 . 8912 
1.0710 
, 9612 
, 9986 

Io 0770 
.8387 

1 . 1750 
1.1430 
, 8049 

. 2312 . 1030 . 0364 
00115 
, 0061 
, 0034 . 0044 
.OO!% 
, 0065 

4420 

Plane Kave Aperture 
Spectrum Intecration 

1 . 3101 
, 9186 

1,0547 
.9679 

1 . 0022 
1 . 0566 
, 8771 

1.1379 
1.1066 
, 8102 
,4765 
2833 
,1713 . 1060 
.0737 
, 056 9 
,0457 
,0373 
,0313 
,0260 

1 . 3356 
.9170 

1 . 0640 
.9670 
9963 

1.0663 . 8666 
1 . 1447 
1 . 1083 
.8115 
,4751 
.2911 
1756 . 1093 
.0771 . 0602 
.0493 
.0411 . 0346 . 0293 

* Data and curves show GTD equivalent current results  for 
the first tvavelennth from t h e  axis, and t w o  point method 
results for the remainder of the plane. 
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W 
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TRA’N’SVERSE DISTANCE (‘ WAVELENGTHS 1 

Figure 10: Electric F i e l d  on a Plane 10 Wavelengths 

From a Uniformly Illuminated Antenna 

- -  
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TABLE II 

NEAR FIZLD OF UN1FORF.I CIIZCULAR ANTEXNA ON A PLAN2 

SURFACE 10 %AVELENGTHS FROM THE ANTZNNA 

Transverse Geometric Theory Plane Bave dper t ure 
Di s t FI nc e of Diffraction SDectrum Interration 

8642 . 9963 
1,0910 
1.1500 
1.2830 
1 . 1070 . 8655 

-6207 
,4611 . 3995 
.3151 . 2044 . 1785 
1714 
,1261 
,0829 

07853 

00830 
00893 

ISB + RSB 

. 9560 . 8827 
1 . 0090 
1,1180 
1.1620 
1 . 3130 
1 . 1350 . 8556 
07963 
.6093 
.4242 . 3843 . 2 964 
.16S8 
.l527 
.1549 
.lo23 
.0481 . 0601 
0726 

1.0212 . 8843 
.9815 

1 .OS79 
1.1468 
1,2978 
1 .1293 
.8817 . 8008 
.6138 
.4244 . 3836 . 3050 
.1954 . 1770 
.1733 
,1259 
.0811 
,0845 
.0927 

1 . 0302 
8873 
.w37 

1.0902 
1.1470 
14 3032 
1 o13OS . 8780 

0 so11 
.6145 
.4234 . 3860 
.SO63 . 1931 . 1773 
.1763 . 1283 
,0512 . 0850 
.0846 

-31- 



Figwe 11: Electric F i e l d  on a Plane 20 Tiavelengths 

F r o m  a Uniformly I l luminated  Antenna 

TRANSVERSE DISTANCE I WAVELENGTHS 1 
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TABLE I11 

N$AR FIZLD OF UNITOWI CIRCULAR ANTSKNA ON A PLAhX 

Transverse 
Distance 

0.0 
0.5 
1.0 
1.5 
2.0 
2.5 
5.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
805 
9.0 
9.5 

Geometric Theory 
of Diffraction 

RSB ISB + IZSB - 
1.7650 
1 . 40x3 
1.1260 
1 . 0440 
1,0560 

,9909 
08119 
.6049 
.4930 
.4983 . 4618 . 3716 . 2552 
.1862 
.lo16 . 1989 
.1710 
.1189 
.0781 

1 . 8500 
1.8770 
1.4550 
1.1310 
1,0310 
1 . 0840 
1.0200 . 81 97 

.5543 
,4641 
,4866 . 4600 
0 3633 
02312 
,1559 
,1768 . 1922 
-1624 
-1023 
,0512 

Plane Uave Aperture 
Spectrum InteKration 

1.8419 
1.7179 
1.4220 
1 A528 
1.0769 
1.0960 
1 -0282 . 5353 . 606 9 . 4757 

,4586 
,4546 . 3497 

. .2380 
01773 . i 897 
01983 
.1694 

.0758 
,1160 

1 . 8472 
1 . 7226 
1.4242 
1.1527 
1.0768 
1.0975 
1 . O m 5  

.8570 

.6064 . 4141 

.4581 

.4352 

.3500 

,1765 . 1907 . 2004 

1167 
.0749 

2372 

e1712 
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TRANSVERSE DISTANCE (WAVELENGTHS 1 

Figure12:. Electric F i e l d  on a Plane 40 Wavelengths 

From a Unif okmly Illuminated Antenna 
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TABLS IV 

NEAR FIiiLD OF A UNIFOR?4 CIRCULAR ANTENNA ON A PLANE 

SURFACE 40 WAVZLENGTHS F'RObl THE APERTUX 

Transverse 
Distance 

0.0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 

Geometric Theory Plane !:'ave Aperture 
of Dif fract ion Spectrum Inte yrnt  i on 

RSB ISB + RSB - 

1.6520 
1.4630 
1.3040 
1 . 1320 . 9502 
.7714 . 61 21 
,4913 
.4274 . 4234 . 4085 
.4012 . 3821 . 3404 
.2825 
,2169 
.1550 
.1132 . 1058 

a 

1.5000 
1..4570 
1 . 3940 
1 . 3480 
1.1620 
.9651 
.7718 
.5ci94 
.4689 
.4026 
04046 
.3991 . 3985 
03820 
.3391 
.2779 . 2071 
,0918 
.0886 

01388 

1.6528 
1.6209 
1.5304 
1 . 3878 
1 . 2071 
1.0040 
.7987 
.6131 
.4721 . 3947 . 3754 
.3811 
.3815 . 3625 . 3222 
,2658 
,2020 
.1433 . 1067 . 1054 

1 . 6536 
1 . 6224 
1.5315 
1.3891 
1.2080 
1 . 0048 . 7992 
.6135 . 4721 
, 3 946 . 3751 . 3514 . 3820 . 3631 . 3228 . 2GG1 . 2020 
.1427 
,1058 
.lo46 

-35- 



-I5 

1 I 1 t 1 1 1 
0.02 0.03 0.05 0.1 0.2 0.3 0.5 I -20 0.0 I 

AXIAL DISTANCE - X 

Figure 13: Electric F i e l d s  on the Axis of a 

Uniformly Illuminated Antenna 

- 3 6 -  



IV. Kear Fie lds  of a n  A c t u a l  Antenna 

The nea r  zone f i e l d s  of a n  a c t u a l  parabol ic  antenna wcre 

computed and compared w i t h  measured r e s u l t s .  The antenna 

s t u d i e d  was a 24-inch diameter 8-inch foca l  l e n g t h  spun a lu -  

minum d i s h  with s h a r p  edges. The antenna was fed w i t h  a 

s e c t i o n  of  open ended wave quide  w i t h  a p l a i n  f lange.  The 

feed  was supported on a t r i pod  cons t ruc t ed  of 3/8-inch d i a -  

meter polys tyrene  rods.  The rods were fas tened  t o  the dish 

about  2 i nches  f r o m  the edge t o  reduce  i n t e r a c t i o n  w i t h  d i f -  

f r a c t i o n  e f f e c t s .  Feed p a t t e r n s  are presented in Fiqure: 14: 

The antenna was d r i v e n  by a Sylvan ia  Model 3200 avalanche 

diode o s c i l l a t o r  mounted on t h e  feed. 

Direct c u r r e n t  wae fed t o  the diode o s c i l l a t o r  through a 

min ia tu re  coax ia l  cab le .  The avalanche  diode power isource 

w a s  chosen to minimize t h e  c r o s s  s e c t i o n  of  components i n  t he  

main beam of  t h e  antenna with the i n t e n t  of  minimizing spurious 

p a t t e r n  d i s tu rbances  due t o  a p e r t u r e  blockage. The antenna 

measurements were made i n  the  S tuden t  Antenna Laboratory,  

Room 731 i n  t h e  E l e c t r o n i c s  Laboratory.  T h i s  room occupies 

two f l o o r s  of t h e  b u i l d i n g  provid ing  a 20 x 20 x 40 f o o t  

volume for antenna measurements. The room s u r f a c e s  are con- 

v e n t i o n a l l y  cons t ruc t ed  with a s p h a l t  tile f l o o r ,  plaster w a l l s  

and a suspended grid c e i l i n g .  Zccosorb has  been app l i ed  t o  a 

s ix - foo t  square area of the side w a l l s  and one end w a l l  t o  

reduce specu la r  r e f l e c t i o n s .  Facilities available inc lude  a 

p a t t e r n  recorder  for p l o t t i n g  p o l a r  antenna pa t t e rns .  Th i s  
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Figure 14: Open End Waveguide Feed Pattern 
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p l o t t e r  was adapted t o  a l l o w  p l o t t i r w  straifrht line scans. 

The antenna was mounted on a IO-foot m a s t  i n  the centcr of 

t h e  room. The Drobe consisted of an open-ended wave w i d e  

s e c t i o n  mounted on a moveable carriaee and coupler? t o  a crg- 

s t a l  de t ec to r .  Adequate s i g n a l  l e v e l  was obtained a t  a l l  

ranges,  

The developrnent of S e c t i o n  11 must be modified t o  i n -  

c l u d e  t h e  i l l umina t ion  taper in t roduced  by the feed p a t t e r n .  

Two c o r r e c t i o n s  are r equ i r ed ,  one is t h a t  t he  f i e l d  at t h e  

r e f l e c t o r  r i m  is reduced, and the second is t h a t  the  geomet- 

r ical  o p t i c s  f i e l d  must va ry  a c r o s s  the ape r tu re .  

duced va lue  of t h e  f i e l d  at  t h e  edee c a n  be introduced by a 

cons tan t  m u l t i p l i c a t i v e  f a c t o r  in t h e  c a l c u l a t i o n s .  

The re- 

To f i n d  t h e  peometr ical  o p t i c s  f i e l d ,  we  need t o  f i n d  

t h e  power d e n s i t y  in the a p e r t u r e  as a func t ion  of d i s t a n c e  

from t h e  axis. The power d e n s i t y  gives t h e  f i e l d  i n  t h e  

a p e r t u r e ,  and we can  t h e n  use the p r i n c i p a l  of s t a t i o n a r y  

phase t o  assert t h a t  t h e  neometr ical  o p t i c s  f i e l d  can be 

r e l a t e d  t o  the  f i e l d  in t h e  a p e r t u r e  at t h e  s t a t i o n a r y  poin t .  

The s t a t i o n a r y  phase arguement that fo l lows  may be used t o  

der ive  (17). 

The r a d i a t i o n  integral is of the form 



For t h e  s t a t i o n a r y  phase p r i n c i p l e  to apply  

must he s a t i s f i e d  at some p o i n t  yo, called the s t a t i o n a r y  

poin t .  I n  our problem 

w h e r e  

in order t h a t  s t a t i o n a r y  phase concept  be a p p l i c a b l e ,  

This phase func t ion  f u l f i l l s  ( 6 5 )  for yo = ye The essence of 

the s t a t i o n a r y  phase arguement is t h a t  t h e  l i m i t s  of (64) can 

be reduced so that  on ly  an e lementa l  area about  yo is considered. 

This is v a l i d  because t h e  region where $ is slowly vary ing  

c o n t r i b u t e s  more t o  the i n t e n r a l  than do t h e  r eg ions  where 4 
is vary ing  r a p i d l y ,  

F(y',O] can be cons idered  c o n s t a n t  and t a k e n  ou t s ide  the i n t e -  

g r a l ;  and (64). becomes 

Once the ranqe of i n t e g r a t i o n  is restricted,  

(69) b 
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Due t o  t h e  ,stationary p rocess  

not  change s i g n i f i c a n t l y  when 

go t o  i n f i n i t y ,  
w 

t h e  va lue  of t h e  i n t e g r a l  w i l l  

we l e t  the l i m i t s  of i n t e g r a t i o n  

3 
-e 

( 7 0 )  

The d e f i n i t e  i n t e g r a l  is easily evaluated.  Thus we see t h a t  

t h e  f i e l d  depends on t h e  fo rc ing  f u n c t i o n  at t h e  s t a t i o n a r y  

p o i n t  , 

To f ind  t h e  aperture f i e l d ,  one must first f i n d  t h e  

ang le  i n  Figure 15 use t h e  fa r  f i e l d  p a t t e r n  of the fced  

t o  f i n d  a re ference  f i e l d  a t  each va lue  of t h e  angle;  and t hen  

account  f o r  t h e  rag tube spreading  over t h e  va r ious  d i s t a n c e s  

from t h e  feed  t o  t h e  r e f l e c t o r .  S ince  t h e  parabola  c o l l i m a t e s  

t h e  d ive rg ing  bundle of r a y s  from t h e  feed, t h e r e  is no f i e l d  

decay i n  t h e  por t ion  of t h e  pa th  from t h e  r e f l e c t o r  t o  t h e  

ape r tu re .  Thus the  power d e n s i t y  i n  the a p e r t u r e  is the s a m e  

as t h a t  a t  t h e  r e f l e c t o r .  The angle  can  be simply r e l a t e d  

t o  t h e  d i s t a n c e  of t h e  parallel r a y  from the axis and t h e  

f o c a l  l e n g t h  of t h e  r e f l e c t o r .  

N 

where y is one coord ina te  of t h e  f i e l d  po in t ,  and 

5 ie t h e  reflector f o c a l  length.  

S ince  we know t he  far field p a t t e r n  of  t h e  feed ,  one can  use  
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Figure 15: Geometry Used t o  Find Aperture F i e l d  Strength 
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curve f i t t i n g  techniques t o  o b t a i n  an a n a l y t i c  firnction f o r  

t b e  portion of t h e  p a t t e r n  i l l u r n i n n t i n l :  the r e f l e c t o r .  In 

the %plane, this f u n c t i o n  is 

(72) 

Since  f ,  is u n i t y  a t  

f i e l d  in t e r n s  of t h e  f i e l d  in t h e  c e n t e r  of t h e  anerture, 

Thus f , (y  ) r e p r e s e n t s  the magnitude of the f i e l d  on a spher- 

= 0 ,  it is convenient  t o  normalize the \1, 

ical  s u r f a c e  whose r a d i u s  is t h e  f o c a l  l e n g t h  and centered  

on t h e  feed. This surface is represented  by the dot ted  c i r c l e  

in Figure 15. The decay in power d e n s i t y  as t h e  ray t r a v e l s  

from t h e  surface t o  t h e  r e f l e c t o r  may be found us ing  power 

conse rva t ion  

where kfi is t h e  ampliturle a t  t h e  r e f l e c t o r ,  

us is t h e  ampl i tude  on t h e  surface, 

S,N are shown i n  Figure 15. 

hmay be found from simple Fceometry to  be related t o  t h e  d i s -  

placement o f  t h e  reflected ray. 

These express ions  m a y  be coo.,ine 

(74) 

i e l d  in 

t h e  a p e r t u r e  as a f u n c t i o n  of the  distance of t h e  a p e r t u r e  

t o  g i v e  the 
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p o i n t  from t h e  z nxia.  

T h i s  expres s ion  f o r  the  geomet r i ca l  o p t i c s  component was summed 

with  (35) and (48) t o  give t h e  t o t a l  near  f i e l d s  at 16.6, 37.6, 

74, 117.5 and 188 wavelengths, These d i s t a n c e s  w e r e  chosen 

from Figure  16,  a p l o t  of t h e  measured f i e l d s  on t h e  axis 

versus d i s t a n c e  from the  antenna.  The d i s t a n c e s  r e p r e s e n t  

maxima a n d  minima i n  power density. Comparisons are shown 

in Figures 1 7  through 21. 

The agreement between measured and computed results is n o t  

as good as one would have expected. Direct feed r a d i a t i o n  and 

feed a p e r t u r e  blockage w e r e  f i r s t  suspected of caus ing  t h e  

discrepancy,  The magnitude of feed  r a d i a t i o n  was es t imated  

us ing  geometr ica l  o p t i c s  techniques.  S ince  t h e  worst  case 

r a d i a t i o n  was of i n t e r e s t ,  it was assumed t h a t  t h e  feed p a t t e r n  

was uniform a t  t h e  rear axial level  over  t h e  i n t e r e s t i n g  por- 

tion of t h e  rear hemisphere. S i n c e  the feed  f i e l d  a t  t h e  

center of t h e  r e f l e c t o r  was normalized t o  one, t h e  f i e l d  a t  

any point is 

where is t h e  distance from t h e  feed t o  t h e  

f i e l d  point  Tn wavelengths. 
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For aspects close to the axis 

b = t - & ,  
( 7 7 )  

where d is the distance from the feed to 

the aperture. 

The results of the estimation are shown in Table V. 

To estimate aperture blockaqe, the blocking components 

were conceptually replaced with an equivalent source. 

source is planar, equal in size to the projected size of the 

blocking components and driven by fields equal in magnitude 

but opposite in phase to the fields present in the plane of 

the blocking components in t h e  absence of the blocking com- 

ponents. The blocking components are the metal waveguide 

components and the polystyrene mount. 

was modelled by a 2 A  diameter disc, 

the far field approximation is used to find its field, Atgain 

being interested i n  the worst case, the scattering pattern was 

assumed constant at its maximum level. Use the same notation 

as for.the feed radiation 

The 

This complex assembly 

Since the disc is small, 

Comparing the results of the above estimates with the 

diffracted fields in Table V, we see that aperture blockage 

dominates over feed radiation near the axis, At the smaller 

ranges, aperture blocking is sufficiently strong to cause 

errors. However the discrepancy at 188 shown in Figure 21 
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TABLE V 

COMPARISON OF F'EXD, APERTURE BLOCKAGE 

AND DIFFMCTION FIELDS 

Dif frac t ion  
Distance Feed Aperture 5A 

Outside SB Siavelenaths Radiation I31 ockaqe On Axis 

16 a 6  a 045 a 270 a2929 a 0384 

23a3 a 0 3 1  .170 3525 03 96 

37a6 a 0 1 8  a 100 41 36 a 0584 

72aO a 009 a 051 a4892 083 9 

117.5 a 005 a 028 5563 a0589 

118aO a0036 ,018 a6311 a0925 
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cannot  be explained by t h i s  mechanism, The s i d e  lobe e r r o r  is 

e s p e c i a l l y  severe. 

At t h i s  po in t  it \vas decided t o  c a l c u l a t e  t h e  expected 

p a t t e r n  by a second method. The p a t t e r n  at 188 was chosen 

f o r  comparison because i t  is well i n t o  t h e  Fresne l  zone, and 

Lornmol func t ions  may be used t o  perform t h e  r a d i a t i o n  i n t e -  

E r a t i o n  i n  c losed  form. The results of a hand c a l c u l a t i o n  of 

two  p o i n t s  on t h e  s i d e  lohe  are shown i n  F ieu re  21. This cal- 

c u l a t i o n  was based on a uniformly i l l umina ted  a p e r t u r e ,  The 

r e s u l t s  w e r e  modified t o  correspond w i & h  t h e  GTD model f o r  t he  

t ape red  ape r tu re  by reducinK the uniform i l l u m i n a t i o n  i n  t he  

Lommel c a l c u l a t i o n s  t o  t h e  same leve l  as the  edqe i l l u m i n a t i o n  

in t h e  GTD model. Since t h e  GTD model does no t  i nc lude  the 

e f f e c t s  of t h e  i l l umina t ion  t a p e r  at t h e  edge, t h i s  is a v a l i d  

s t ep .  The Lommel r e s u l t s  agree p r e c i s e l y  with the GTD r e s u l t s  

showing t h a t  t h e  experimental  d a t a  are f a u l t y .  

The experimental  method was reviewed t o  determine the 

source  of t h e  dev ia t ion ,  A f t e r  consider i r ig  room r e f l e c t i o n s  

and p l o t t e r  e r r o r s ,  it became appa ren t  through r epea ted  s tudy  

of the p a t t e r n s  t h a t  t h e  188 p a t t e r n  was c h a r a c t e r i s t i c  of 

a far  f i e l d  pn t t e rn ,  The n u l l  between t h e  main lobe  and t h e  

first s i d e  lobe  was e s p e c i a l l y  s t r a n g e  s i n c e  t h e  d i s t a n c e  in-  

volved was about one q u a r t e r  of  t h e  far f i e l d  c r i t e r i o n .  The 

appearance of a far f i e l d  p a t t e r n  i n  t h e  near zone brought t o  

mind t h e  antenna focus ing  procedure,  Since space was res t r ic ted  
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i n  t h e  l abora to ry  and the l o c a t i o n  of t h e  t e s t  antenna was 

f ixed  t o  s t a b i l i z e  r e f l e c t i o n ,  t h e  antenna was focused wi th  

the t e s t  antenna and  t h e  probe spaced by l88x . 
was pos i t i oned  f o r  best  g a i n  and s i d e  lobe r a t i o .  Th i s  r e s u l t s  

in the f a r  f i e l d  p a t t e r n  appearing i n  the Fresne l  zone. It is 

i n t e r e s t i n g  t o  c a l c u l a t e  t h e  e f f e c t  of t h i s  feed p o s i t i o n ,  

The feed 

Assuminq t h a t  t h e  feed p o s i t i o n  causes  a phase taper i n  

t h e  a p e r t u r e  which is t h e  b e s t  f i t  t o  a s p h e r i c a l  wave wi th  

r a d i u s  equal  t o  t h e  spac ing  between the  tes t  antenna and the 

a p e r t u r e  is Riven 

bY 

a+  t ( I - c o s 7 ) ,  e 

where z is t h e  d i s t  

probe, t h e  m a x i m u m  phase change a c r o s s  t h e  

nce between t h e  t 

(79) 

a t  

antenna and t h e  probe,  and 

0 = 2 arc t a n  - , the  ang le  subtended 

by t h e  t e s t  antenna a t  t h e  probe. 

For a 19.1 antenna focused at 188 , t h e  phase t a p e r  is 

88O.. 

by matching t h e  phase s h i f t  f o r  a central  ray and a n  edRe ray 

wi th  t h e  requi red  e r ro r .  

feed must be disp laced  from the f o c a l  p o i n t  of t h e  r e f l e c t o r  

by .3 

use the t h i n  l e n s  equat ion  

A 
z 

The feed p o s i t i o n  for  t h i s  phase e r r o r  may be c a l c u l a t e d  

To match an 88" phase s h i f t ,  t h e  

or very n e a r l y  one cent imeter .  To check t h i s  r e s u l t ,  
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where i is t h e  imaxe (prohe) d i s t a n c e ,  find 

0 is t h e  ob jec t  ( f eed )  d is tance .  

Using t h i s  r e l a t i o n ,  t h e  r equ i r ed  displacement of t h e  feed 

is 0.22A 

matching 

which ag rees  w e l l  w i t h  t h e  r e s u l t s  of phase t a p e r  

Thus, t h i s  antenna ad jus t ed  f o r  b e s t  p a t t e r n  a t  188 

e x h i b i t s  s u f f i c i e n t  phase t a p e r  t o  g ive  s t r o n g  disagrceinent 

between meastired r e s u l t s  and computed r e s u l t s  which assume 

no phase t ape r .  This  phase t a p e r  a f f e c t s  t h e  p a t t e r n s  a t  

a l l  d i s t a n c e s  and is considered t o  be t h e  mechanism t h a t  

causes  t h e  disagreement between t h e  copnputed and measured 

data .  

V, Conclusions 

The geometr ical  t heo ry  of d i f f r a c t i o n  is a n  e f f e c t i v e  

method of c a l c u l a t i n g  t h e  near  f i e l d s  of r e f l e c t o r  antennas.  

Th i s  work extends  t h e  r e s u l t s  of o t h e r s  t o  treat t h e  forward 

axial r e g i o n  by inc lud ing  the  r e f l e c t e d  f i e l d  of t h e  antenna 

beam. The methods developed i n  t h i s  paper f a i l  as t h e  f i e l d  

point moves i n t o  t h e  f a r  zone. This is n o t  a major problem 

because o t h e r  geometr ical  theory  of d i f f r a c t i o n  techniques  

are available the re ,  

Comparison of t h e  r e s u l t s  f o r  a uniformly i l l umina ted  

an tenna  wi th  d a t a  obtained by a p e r t u r e  i n t e g r a t i o n  and t h e  

p lane  wave spectrum technique show t h a t  equ iva len t  r e s u l t s  are 

ob ta inab le  w i t h  an expendi ture  of much less computer t i m e .  

These r e s u l t s  prove t h a t  t h e  geometr ica l  t heo ry  of d i f f r a c t i o n  

-55- 



is a p p l i c a b l e  in the near  zone of r e f l e c t o r  antennas,  

S ince  t h e  phase characteristic of t h e  antenna used t o  

g a t h e r  experimental  data d id  no t  match t h e  model used i n  the 

computation, t h e  r e s u l t s  for an antenna  wi th  tapered  i l l u m i -  

nation cannot be completely v e r i f i e d ,  The technique f o r  com- 

p u t i n g  f i e l d s  for a tapered a p e r t u r e  should be improved us ing  

the t r a v e l i n f f  wave concepts  used i n  t h e  GTD analysis of t h e  

H-plane p a t t e r n  of an open-ended r e c t a n g u l a r  wave guide,  l’he 

experiment should be repeated us ing  a n  antenna focused in t h e  

far f i e l d ,  
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