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INTRODUCTION 

c 2 l c u l a t i n g   t h e   e f f e c t   o t  a r e a l  (i.e., f i n i t e  
Conauc tanceJ   g round   on   an?enna   raa ia t i on   pa t te rns   oy  
msans o f  r e t l e c t i o n   c o e t f i c i e n t s   i s   s i m D l e  ana has 
seen xnown  Tor some r ime.   However ,   there   appear  t o  
oe r e w   c o m p u t e r   p r o g r a m s   w n i c n   a c t u a l l y   u s e  t h e  
Lechr i ique t o  c a l c u l a t e   t h e   f a r   f i e l a   r a a i a t i o n  
p a t t e r n s  o t  antennas  aoove a r e a l   g r o u n a .   l o i s  may  De 
ccce t o  t h e   t a c t  t h a ?  wnen t h e   a n t e n n a   i s   c l o s e   t o  
g r o d n d .   ? h e   r e s u l t i n g   a c c u r a c y   i s   m a r g i n a l  when 
ccmparea w i t h   t h e  merhoc o f  momer?ts c u s u a l l y  N E C ,  
Numer i ca l   E lec t romagne t i cs   CoaeJ .  

The a a v a n t a g e   o f   u s i n g   r e f l e c t i o n   c o e f f i c i e n ? s  
r a t h e r   t n a n   t n e   m e t h o a  or moments i s  i n  t h e   t i m e  
r e g u i r e a   t o r   a n a l y s i s .  ro p e r f o r m  a r e f l e c t i o n  
c o e t f i c i e n t   a n a l y s i s ,  we s imp ly   add  a d i r e c t   r a y   w i t h  
a r e t l e c r e a  wave o f   t h e   s p p r o D r i a ? e   m a g n i t u a e  ana 
phase. No m a t i i x   o p e r a t i o n s   a r e   r e q u i r e a .   I n  
a o c i t l c n .   o e c a u s e   n o   m a t r i c e s   a r e   i n v o l v e a .  memory 
read i remen ts   a re   recucea   a i l ow ing   imp lemen?ar ion   on  a 
s m 1 1  uersona l  computer. rhe  meTory  which i s  1 2 t t  
can  now oe  usea t o r   a a a l r i o n a l   u s e r   i n t e r r a c e .   t o r  
example .   menus,   to rms,   g rapn lcs   a ro   a isc   access .  

A orogram was w r i t r e n   o n  an App le  l l L  (:sing 
r e t l e c t i o n   c o e t t i c i e n t s  t o  c a l c i l l a t e  The t a r   t i e l o  
r a o l a r i o n   p a r t e r n s  @t aipoles,   monopoles  6 ,ha l t  o f  a 
o l p o ! e : .   1 s o c r o p i c   a n t e r n a s  a'7a a r r a y s  o r  t n e s e  
antennas.   rne  er ; t i re   Drogram was w r l t t e n  i p  assemply 
l a n g u a g e   ( r n e   r e a s o n   t o r   t n i s   c h o i c e   i s   d i s c u s s e a  
l a t e r ] .   : u o s e a u e ? t l y ,   ? h e   p r o g r a m  was t r a n s ~ o r t e o  t o  
t n e  Commoaore-o4  an0  zne IBM-PC. 

Tne program was d e i c r i p e d  i r  3 s e r i e s   o t  OST 
a r t l c : e ;  L l I - i 5 1  ann w a s  o f f e r e a   c o m m e r c i a l l y  C61 t o  
k p r i v a r i l y :   t h e   m a t e u r   r a a i o   c o m m u n i t y .  The i n t e n t  
was t o  s t i m u l a t e   i n t e r e s t   i n   t h e   m a t h e m a t i c a l   a s p e c t s  
o f  a n t e n n a   d e s i g n ,   e s 3 e c i a l l y   i n   t h e   y o u n g e r ,   p r e -  
c o ! l e g e   r e a n e r s .  The program was rev iewed i n   s e v e r a i  
o the r   amateu r   raa io   magaz ines  C/l,C81 ana o v e r  L O O  
c o p i e s  nave Deen s o l a   w o r l a   w i d e .  The s e r i e s   o t  
a r t i c l e s   g e n e r a t e d   o v e r  1000 p i e c e s   o f   c o r r e s p o n d e n c e .  

w h i l e   i n t e n a e d   f o r   t h e  use o f   i n d i v i a u a l   r a d i o  
amateurs.  ~ o o u r  a r n i r a   o f   t h e   u s e r s   a r e   c o m m e r c i a l  i n  
n;l?u-e r a n g i n g   f r o r r   s m a l l   c o n s u l t i n g   c o m p a n i e s  t o  
l a r g e   o e t e n s e   f i r m s .   I n   a o o i t i o n ,   s e v e r a l   c o m m u n i t y  
c o l l e g e s  dna u n l v e r s i t i e s   h a v e   a a o p t e a   t n e   p r o g r a m   i n  
t w i r  c u r r i c u l u m .  

rhe ndme s e l e c r e a   f o r   r h e   p r o g r a m   i s   A n n i e .  A 
11roper nzme was s e l e c r e a  Decause r n e   a u r h o r   p r e f e r s ,  
wnen D o S s I D I e ,  t o  r e t r a i n   t r o m   t h e   u s e   o f   a c r o n y m s .  
N O C ?  Chat  as a p r o o e r  name, o n l y   t n e   f i r s t   c h a r a c t e r  
i s   c a p i t a l i r e a .  

T P i S  paper w i l l   a e s c r i o e   t h e   t h e o r y   u s e a   o y   A n n i e  
d n 3   t h e n   p r o v i c e  some examples.  

THEORY 

The a n a l y s i s   o f   a n t e n n a   p a z t e r n s   u s i n g   r e f l e c t i o n  
c o e f f i c i e n t s  is d e s c r i b e d  i n  Joraan  ana  Balmain C91, 
pp. 630-644.  S u m m a r i z i n g ,   t h e   t o t a l   f a r   t i e l d   i n  a 
g i v e n   o i r e c t i o n   c o n s i s r s   o f  a d i r e c t   r a y   a n d  a 
r e t l e c t e d   r a y .  The r e f l e c t e d   r a y   i s   m o d i f i e d  i n  phase 
o y   t h e   a d d i t i o n a l   d i s t a n c e   T h a t   t h e   r a y   m u s t   t r a v e l  
o e f o r e   o e i n g   r e f l e c t e a .   u p o n   r e f l e c t i o n ,   t h e   r a y  i s  
m o a i f i e d   i n   D o t h   p h a s e   a n d   m a g n i t u d e   o y   t h e   r e f l e c t i o n  
c o e t t i c i e n t   o f   t h e   g r o u n d   a t   t h e   p o i n t  o f  r e f l e c t i o n .  
The r e f l e c t i o n   c o e f f i c i e n t  d e p e n a s   o n   t h e   c o n a u c t i v i t y  
ana a l e l e c t r i c   c o n s t a n t   o f   t h e   g r o u n a ,   t h e   a n g l e   o f  
i nc iaence   ana  t h e  p o l a r i z a t i o n  or t h e   i n c i d e n t   r a y .  

The e q u a t i o n s   f o r   t h e   r e f l e c t i o n   c o e f f i c i e n t s   f o r  
n o r i z o n t a l l y  ( R H )  and v e r t i c a l l y  ( R V )  p o l a r i z i e d   r a y s  
a r e  

i 

lntroducting James C. Rautio 
Feature Article Author 

James C .  R a u t i o   r e c e i v e d  a BSEE f rom  Corne l1  
J n i v e r s i t y  i n  1978,  an MS i n  Systems  Engineer ing  f rom 
J n i v e r s i t y   o f   P e n n s y l v a n i a  i n  1981  and a Ph.D. i n  
: l e c t r i c a l   E n g i n e e r i n g   a t   S y r a c u s e   U n i v e r s i t y  i n  1984. 
- l i s   d i s s e r t a t i o n  t O D i C  was "A Time-harmonic 
' l e c t r o m a g n e t i c   A n a l y s i s  o f  S h i e l d e d   M i c r o s t r i p  
: i r c u i t s " .   I n  1 9 7 8   h e   j o i n e d   G e n e r a l   E l e c t r i c  Space 
J i v i s i o n   w h e r e   h e   w o r k e d   o n   f i l t e r s ,  low n a i s e  
i m p l i f i e r s ,   m i l l i m e t e r  wave  automated  networK 
ina l yze rs   and   m ic rowave   des ign   so f tware .   I n   1982 ,   he  
j o i n e d   G e n e r a l   E l e c t r i c   E l e c t r o n i c s   L a b o r a t o r y   w h e r e  
l e   d e s i g n e d  GaAs m o n o l i t h i c   m i c r o w a v e   i n t e g r a t e d  
: i r c u i t s  and   deve loped   m ic rowave   so f tware .   I n   1986  he 
~ e c a m e   a n   a s s i s t a n t   p r o f e s s o r   a t   S y r a c u s e   U n i v e r s i t y .  
-le has   been   l i censed   as  a r a d i o   a m a t e u r ,  AJ3K, s i n c e  
1969, 
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f 
DEFINE ARRAY 

I ARRAY >c\ ELEMENT 1 I 
I 1 DIPOLE .SO000 WAVELENGTHS LONG 
i 1 
j ELEMENT  POSITION ELEMENT ROTATION 

i x = 0.0 ! 

i I Y = 0.0 THETA = 90.000 
1 

PHI = 0.0 
i 

I 
2 = 0.0 ! I 

ELEMENT  WEIGHT = 1.0000 AT 0.0 DEG. I I 

/J 

Figure 1 .  Annie’s  Define  Array  menu  (or  form)  allows 
the  user  to  view  the  value of all important  parameters 
and  to  change  those o f  interest. 

5 I N  PHASE 2 ELEMENT QRRAYS 

PHI 
*XI* ARRAY A *I** 

1) DIPOLE. LENGTH=.SOOOO, X= 0.0, Y= 0.0, 2=1.0000, PHI=90.000, 
THETA=90.000, YEIGHT=1.0000, ANGLE= 0.0 

2) DIPOLE, LENGTH=.50000, X = - . Z O O ,  Y= 0.0, 2=1.0000,  PHI=90.000, 
THETA=90.000, WEIGHT=l.0000, ANGLE=90.000 

**XI ARRAY E 

1) ARRAY A ,  LENGTH=.50000, X= 0.0, Y= 
THETA= 0.0, WEIGHT=1.0000, ANGLE= 0.0 

0.0, z= 0.0, FHI= 0.0, 

2) ARRAY A, LENGTH=.SOOOO, X= 0.0, Y=.75000, Z= 0.0, FHI= 0.0, 
THETA= 0.0. WEIGHT=f.OOUO, ANGLE= 0.0 

3) ARRAY A, LENGTH=.SOOOO, X= 0.0, Y=-.7500, Z= 0.0, PHI= 0.0. 
THETA- 0.0, WEIGHT=1.0000, ANGLE= 0.0 

sin 9 - J[er - j Y )  - cosL 9 

sin 9 + J[cr - j Y J  - Cos’ I 
RH = 

( E ~  - j Y )  sin - J~E,. - j Y )  - COS” @ 

- jy) sin 9 + J(E,. - j Y )  - coss 9 
Rv = 

wnere 9 = angle o f  the  reflectea  wave,  measurea 
from  horizontal 

c r  = relative  dielectric  constant of the 

Y = 1 8 X  
x = U / f  
u = conductivity o t  the  ground  in mS/m 
f = frequency  in MHz. 

grouna 

The  above  reflection  coefficients  are  complex 
quantities.  The  reflected  wave  should  be  multiplied 
by the  reflection  coefficient  ana  then  the  phase 
corresponding  to  the  additional  distance  traveled by 
tne  reflected  wave ShOUld be aaded  to  the  phase  of  the 
result.  The  additional  phase is 

Q = 2p[ ( x cos(0) + y sin(61 ) since) + z cos(e) 

wnere x , y , z  = coordinates o f  antenna  center 
@ = 2 n l X  
6,8 = azimuth and zenith  angle of oesired 

far  field  direction. 

Figure 2. T h i s  six  element  array  in  free  space is an 
example of Annie’s  plotting  capability. 
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B R R W  W I TH GROUkJD INCLUDED 
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] . -  . . . .  14% 
. . .  DE TO 

a .  . . . .  
. <  . . . .  . .  . . .  VALUES 

. .  * : * X  i 
X***  ARRAY A ***X 

1) DIPOLE,  LENGTH=.50000. X =  0.0, Y= 0.0, Z=1.0000, P H I =  0.0, 
THETA= 0.0, WEIGHT=l.OOOO,  ANGLE= 0.0 

ZI  DIPOLE, LENGTH=.51:1001>, X=-.2500, Y= 0.0, 2=1.0000, P H I =  0.0, 
l.HETA= o:I.O, WEIGHT=l.O000,  ANGLE=90.000 

*+*X ARRAY B **t* 

1 )  AMAY a, LENGTH=.~OOW, x= 0.0. Y= 0.0, Z= 0.0, PHI= 0.0, 
THETA= 0.0, WEIGHT=1.0000, ANGLE= 0.0 

2) AKRAV A,  LENGTH=.50000, X =  0.0, Y=.75000,  Z= 0.0, P H I =  0.0, 
THETA= 0.0, WEIGHT=1.01>00,  ANGLE= 0.0 

7 )  ARRAY A, LENGTH=.SOUCIO, X =  0.0, Y=-.7500, Z= 0.0, P H I =  0.0, 
THETA= 0.0, WEIGHT=1.0@00, ANGLE= 0.0 

F i g u r e  3 .  A v e r t i c a l   ( t h e t a 1   c u t  o f  t h e   s i x   e l e m e n t  
a r r a y   o f   F i g u r e  2 when average  ground i s  added. The 
l a r g e   l o b e d   p a t t e r n   u s e s   h o r i z o n t a l   d i p o l e   e l e m e n t s  
w h i l e   t h e   d i p o l e s   a r e   v e r t i c a l   f o r   t h e   o t h e r   p a t t e r n .  

when t n e   d i r e c t  and r e f l e c t e d  wave are  added 
t o g e t h e r ,  we n a v e   t h e   t a r   t i e l d   s t r e n g t h   i n   t h e   g i v e n  
a i r e c t i o n .  To c a l c u l a t e   t h e   m a g n i t u d e   o f   t h e   d i r e c t  
wave ( a n d   o f   t h e   r e t l e c t e d  wave, p r i o r   t o   r e f l e c t i o n ) ,  
we use t h e   u s u a l   e a u a t i o n  C91, Dg. 3 5 5 ,  f o r  a 
v e r t i c a l l y   o r i e n t e d   d i p o l e   f a r   f i e l d   p a t t e r n  

COS(BH C O S  91 - COS ,f3H 
P =  

s i n  e 

wnere P = P a t t e r n   v a l u e ,  a q u a n t i t y   p r o p o r t i o n a l  
Lo t h e   t a r   f i e l d  

H = h a l f   t h e   d i p o l e   l e n g t h  

F o r   s i n  e = 0.0, t he   above   exp ress ion  becomes 
i n d e t e r m i n a n t .   I n   s u c h  a c a s e ,   t h e   f o l l o w i n g  
a p p r o x i m a t i o n   p r o v i d e s   a n   a c c u r a c y  o f  +.005 dB f o r  
a n g l e s   w h i c h   a r e   w i t h i n  5 deg rees   o t  0.0 

P BHB ( s i n (   p H ( c o s B  + 1 J 1 2  1 ) / 2 

I t  we c o n s i d e r   o n l y   h a l f  of a d i p o l e   ( a   m o n o p o l e )  
s t i l l  w i t h   t h e  same s i n u s o i d a l   c u r r e n t   d i s t r i b u t i o n ,  
r h e   p a x t e r n  becomes a c o m p l e x   q u a n t i t y  

cos (6H C O S  B )  - COS(PH1 
P =  + 

s i n  e 

s i n ( 8 H   c o s  e )  - s in ( f lH )cos  e 

s i n  B 
+ j  

T h e r e   a r e   a l s o   s m a l l   a n g l e   a p p r o x i m a t i o n s   f o r  
t h e   a b o v e   e x p r e s s i o n s .   A r r a y s   o f   h a l f   d i p o l e s ,  
p r o p e r l y   o r i e n t e d  and  phased  a re   use fu l  i n  t h e  
a n a l y s i s  of t h e   i n v e r t e d  V and  square  loop  antennas.  

I n   g e n e r a l ,  we w i l l  want t o   a n a l y z e   a n t e n n a s  
w h i c h   h a v e   b e e n   r o t a t e d   f r o m   r h e   v e r t i c a l  ( e  = 01 
p o s i t i o n   f o r   w h i c h   t h e   a b o v e   e q u a t i o n s   a r e   v a l i d .  
Thus, we want t o   d e t e r m i n e   t h e   a n g l e ,  e', t o   u s e   i n  
t h e   a o o v e   e q u a t i o n s  when we w i s h   t a   d e t e r m i n e   t h e  
p a t t e r n   v a l u e   i n   t h e   d i r e c t i o n   ( 0 , e )   g i v e n   t h a t   t h e  
a x i s   o f   t h e   d i p o l e  has  been r o t a t e d   b y   z e n i t h   a n g l e  0, 
ana a z i m u t h   a n g l e  0,. The t r a n s f o r m a t i o n  o f  e 
e f f e c t e d  by t h i s   r o t a t i o n   i s   g i v e n   b y  CIOI, Appendix 5 

c o s ( @ ' )  = cos(~)cos(6,1 + s in(8)s in(6, )cos(0-OR I 

S i n c e   t h e   r e f l e c t i o n   C o e f f i c i e n t s  depend  on t h e  
p o l a r i z a t i o n ,  we m u s t   a l s o   d e t e r m i n e  how  much of t h e  
i n c i d e n t  wave i s   v e r t i c a l l y  and how much i s  
h o r i z o n t a l l y   p o l a r i z e d .   T h i s   i s   d e t e r m i n e d   a s   f o l l o w s  

Pv = PA/Mag PH = PB/Mag 

A = -sin(O,  Jsin(0-0,) 

B = cos(€J, )s in [e l  - s in(~, lcos(e lcos(0-0. )  

Mag = 

The a b o v e   e q u a t i o n   i s   C l o s e l y   r e l a t e d   t o   e q u a t i o n  
5A-9 o f  C101. Care  must  be  taken i n   t h e   e v a l u a t i o n   o f  
t h e   a b o v e   e q u a t i o n  i n  case Mag i s   c l o s e   t o  zero. 
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3-ELEMENT Y A G I  

***X ARRAY A **** 
1 )  DIPOLE,  LENGTH=.52310, X=-.2000. Y =  0.0, Z= 0.0, PH1=90.000, 

THETR=90.<100, WEIGHT=2.3593, ANGLE=lO8.00 

2)  DIPOLE,  LENGTH=.S0220, X =  0.0, Y =  0.0, Z= 0.0, PHI=90.000, 
THETA=90.000, WEIGHT=12.000, ANGLE=313.00 

3)  DIPOLE,  LENGTH=.48260, X=.20000, Y =  0.0, Z= 0.0, PH1=99.000, 
THETA=90.000,  WEIGHTr6.1973,  ANGLE=156.00 

F i g u r e  4.  A Yagi   antenna was a n a l y z e d   b y   t a k i n g   t h e  
p h a s i n g s   a n d   w e i g h t s   f o r   t h e   e l e m e n t s   f r o m  a M I N I N E C  
c a l c u l a t i o n .  

Thus a n   a n t e n n a   p a t t e r n  may now b e   c a l c u l a t e d   f o r  
a d i p o l e  w i th  a n   a r b i t r a r y   o r i e n t a t i o n   b y   f i r s t  
t r a n s f o r m i n g   t h e   d i r e c t i o n   o f   i n t e r e s t   t o  8'  and 
c a l c u l a t i n g   t h e   v a l u e   o f   t h e   d i r e c t   r a y   a t   t h e  
t rans fo rmed   ang le .   Then   pe r fo rm a s i m i l a r   c a l c u l a t i o n  
f o r   t h e   r e f l e c t e d   r a y ,   i n c l u d i n g   t h e   r e f l e c t i o n  
c o e f f i c i e n t   a n d   t h e   e x t r a   d i s t a n c e   t r a v e l e d   b y   t h e  
re f l ec ted   ray .   Th i s   mus t   be   done   tw ice ,   once   f o r   each  
p o l a r i z a t i o n .  Then  add t h e   d i r e c t   r a y   t o   t h e  
r e f l e c t e d   r a y   a n d   t h e   p a t t e r n   v a l u e   i n   t h e   g i v e n  
d i r e c t i o n   i s   e v a l u a t e d .  

The t o t a l   a n t e n n a   p a t t e r n ,   a s   w e l l   a s   j u s t   t h e  
v e r t i c a l  and  hor izon ta l   components   can  now  be q u i c k l y  
c a l c u l a t e d .  Two m o r e   q u a n t i t i e s   o f   i n t e r e s t   a r e  
p o l a r i z a t i o n   a s p e c t   r a t i o   a n d  tilt. The a s p e c t   r a t i o  
i s   t h e   r a t i o   o f   t h e   m a j o r   t o   m i n o r   a x e s  Of t h e  
p o l a r i z a t i o n   e l l i p s e   w h i l e  tilt i s   t h e   a n g l e   t h e   m a j o r  
a x i s   o f   t h e   e l l i p s e  makes w i t h   t h e   h o r i z o n t a l  ( 6 )  
d i r e c t i o n .  The e q u a t i o n s   f o r   t h e s e   q u a n t i t i e s   a r e  
g i v e n  i n  L 1 1 1 ,  pp.  427-441 

A s p e c t   R a t i o  = I 1 + ) I C  

T i l t  = 0.5 t a n - ' [   2 P y P H c o S ( G l / ( P ~ - P ~ )  

where C = 2PvPHsin(8)/[P$+PZH) 

8 = Phase   by   wh ich   ve r t i ca l  leads h o r i z o n t a l  

F o r   c o r r e c t   v a l u e s   o f  tilt, t h e   i n v e r s e   t a n g e n t  
s h o u l d   b e   e v a l u a t e d   u s i n g   t h e  FORTRAN  ATAN2 f u n c t i o n  
o r   e q u i v a l e n t .  

IWLEHENTATION 

The  above  equat ions  were  implemented i n  assembly 
language  on  an  Apple IC+. Assembly  language was 
c h o s e n   f o r   i t s   s p e e d  and  compactness.  The  chal lenge 
o f   w r i t i n g   s u c h  a program i n  assembly   language  a lso  
p l a y e d   a n   i m p o r t a n t   r o l e .  

8 

To r e a l i z e  a f a s t   a n a l y s i s ,  a f l o a t i n g   p o i n t  
package was w r i t t e n .   T h i s   i n c l u d e a   s p e c i f y i n g  a 
f l o a t i n g   p o i n t   f o r m a t  and w r i t i n g   r o u t i n e s   f o r   t h e  
b a s i c   f o u r   a r i t h m e t i c   f u n c t i o n s .  Once those  had  been 
debugged  and v e r i f i e d ,   t h e   t r a n s c e n d e n t a l   f u n c t i o n s  
were   imp lemented  us ing   c losed  fo rm  po lynomia l  
a p p r o x i m a t i o n s  C123. D e a l i n g   d i r e c t l y   w i t h   a s s e m b l y  
l a n g u a g e   a l l o w e d   t h e   g e n e r a t i o n   o f   h i g h l y   e f f i c i e n t  
code. 

The compactness was requ i red   because  we Wished t o  
i n c l u d e  a s u b s t a n t i a l   u s e r   i n t e r f a c e .  The program 
u s e s   t h e   e n t i r e  64K memory o f   t h e   A p p l e ,   t w o   t h i r d s  o f  
w h i c h   i s   d e v o t e d   t o   t h e   u s e r   i n t e r r a c e .   I n   a d d i t i o n ,  
t h e   u s e r   i n t e r f a c e   r e q u i r e d   f a s t   s c r e e n   m a n i p u l a t i o n ,  
p o s s i b l e   o n l y   W i t h   a s s e m b l y   l a n g u a g e .  

F a s t   s c r e e n   m a n i p u l a t i o n  is r e q u i r e d   t o   u p d a t e  
fo rms .   Un l i ke   t he   usua l   ques t i on   and   answer   sess ion ,  
a f o r m   d i s p l a y s   a l l   t h e   c r i t i c a l   p a r a m e t e r s   o n   t h e  
same screen.  The use r   can   t hen  move  a c u r s o r   a b o u t  
t h e   s c r e e n   a t   w i l l ,   c h a n g i n g   v a l u e s   t o   t h o s e   d e s i r e d .  
See F i g u r e  1 .  Annie  uses  about a dozen  forms t o  
h a n d l e   a l l   t h e   o p t i o n s .  

P o r t i n g   t h e   s o f t w a r e   t o   t h e  Commodore-64 ( w h i c h  
uses   t he  same m i c r o p r o c e s s o r )  was s i m p l e .  A f ew   1 /0  
addresses  were  changea,  the  program was then  assembled 
on   t he   App le   and   an   image   o f   t he   App le ' s  memory was 
C o p i e d   d i r e c t l y   t o   t h e  C-64 u s i n g  some custom  hardware 
and  so f tware .  

A s i g n i f i c a n t   d i s a d v a n t a g e   o f   a s s e m b l y   l a n g u a g e  
i s   l a c k   o f   p o r t a b i l i t y  when g o i n g   t o  a machine w i t h  a 
d i f f e r e n t   m i c r o p r o c e s s o r .  Such i s   t h e   c a s e   w i t h   t h e  
IBM-PC.  Thus, r a t h e r   t h a n   s t a y i n g   w i t h   a s s e m b l y  
language  on  the IBM-PC, we r e w r o t e   t h e   p r o g r a m   i n  
Pasca l   (wh ich   t ends   t o   be   more   po r tab le   t han  FORTRAN, 
e s p e c i a l l y   w i t h   r e g a r d   t o  110, a n d   a l s o   a l l o w s  a more ' 

s t r u c t u r e d   a n d   s u p p o r t a b l e   s o u r c e   t h a n   d o e s  FORTRAN). 

A second   d i sadvan tage   o f   assemb ly   l anguage   i s   t he  
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ID) H = 0625 A 

IGI H = 1 A 

_ _  
(J) H = 1.75 A 

(RH = 0751 

N H = 1251 

M ) H  = 2 1  

IO H = 0.5 A 

! ( f l  H = 0.875 1 

F i g u r e  5 .  H a l f - w a v e l e n g t h   v e r t i c a l   d i p o l e s .  The 
h e i g h t   o f   t h e   d i p o l e   c e n t e r   i s  shown a t   t h e   b o t t o m   o f  
each   f rame.   Pa t te rns   f o r   f ou r   g rounds   a re  shown. I n  
t h e  u p p e r   p a t t e r n   o f  edCh f r a m e ,   t h e   s o l i d   l i n e   i s  
poor   ground ( X = O . l ,  cr = 7 1  a n d   t h e   d a s h e d   l i n e   i s  
gooa  ground [ x = ~ . o ,  E* = 15). ~n t h e   l o w e r   p a t t e r n ,  
t h e   s o l i d   l i n e   i s   f o r   v e r y   g o o d   g r o u n d  ( X = l O . O ,  ~ , = 3 0 )  
a n a   t h e   d a s h e d   l i n e  i 5  f o r  sea w a t e r  ( X = l O O O ,  ~,=801. 
AOd 6 OB t o   t h e   v a l u e 5  shown. 

L ime  reau i reo  t o  w r i t e   s o f t w a r e .  The i n i t i a l   A p p l e  SOME EXAMPLES 
v e r s i o n   r e q u i r e o   s e v e n   m o n t h s   o f   i n t e n s i v e   ( a f t e r  
h o u r s )  work.  The I B M  v e r s i o n  was w r i t t e n   i n  two  weeks An A n n i e   a n a l y s i s   c a n  be r u n   w i t h   o r   w i t h o u t  the 
c w i t n   t h e   D e n i f i t   o f   h a v i n g   a l r e a d y   w o r k e d  Out t h e   e f f e c t  o f  g r o u n d   i n c l u d e d .   F i g u r e  2 shows a s i x  
T h e o r y   a n d   u s e r   i n t e r f a c e ) .   e l e m e n t   a r r a y   d i r e c t i v i t y   ( p h i   c u t )   p a t t e r n  i n  f r e e  

9 
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F i g u r e  6. Chebyshev  ar ray i n  f ree   space  as   the   e lement  
phas ings   a re   changed.  The e lemen ts   a re  Soaceo a t   h a l f  
w a v e l e n g t h   i n t e r v a l s .   A t  A, a l l   t h e   e l e m e n t s   a r e   i n  
phase.  Each  element i s   g i v e n  a p r o g r e s s i v e  45 degree 
phase s h i f t   i n  B.  The s h i f t   i s  90 d e g r e e s   f o r  C ,  135 
d e g r e e s   f o r  D and 180 d e g r e e s   f o r  F .  A t  F ,  a poor  
g r o u n d   c a u s e s   t h e   s i d e l o b e s   t o   m e l t   t o g e t h e r .  

space. The  numbers a l o n g   t h e   r i g h t  hand s i d e   a r e   t h e  
number o f  dB e a c h   d o t t e d   c i r c l e   i s  down f r o m   t h e  
s o l i d ,   o u t e r   c i r c l e .  The  comment i n   t h e   b o t t o m   r i g h t  
nand c o r n e r   i n d i c a t e s   t h a t  the o u t e r   c i r c l e   i s   S e t   a t  
8 dBd.  The g r a p h i c s   o p t i o n s   p e r m i t   t h e   p l o t   t o  be 
p o s i t i o n e d   a t   a n y   p o i n t   o n   t h e   s c r e e n   a n d   t o   b e   d r a w n  
w i t h  a n y   m a g n i f i c a t i o n  O r  a s p e c t   r a t i o  ( so  a c i r c l e  
w i l l  be a c i r c l e ) .  

The a r r a y   o f   F i g u r e  2 i s   a c t u a l l y  a t h r e e  element. 
a r r a y   w i t h   e a c h   o f   t h e   t h r e e   e l e m e n t s   c o n s i s t i n g   o f  a 
two  element  array.   Thus, we s e e   t h a t   a n   a r r a y  may 
h a v e   o t h e r   a r r a y s   a s   e l e m e n t s .   I n   f a c t ,   a r r a y s   o f  
a r r a y s  may be n e s t e d   t o   f o u r   l e v e l s   w i t h   e a c h   l e v e l  
c o n t a i n i n g   u p   t o  16 e l e m e n t s .   T h u s   t h e   l a r g e s t  
a n t e n n a   t h a t   A n n i e   c o u l d   p o s s i b l y   a n a l y z e   w o u l d  
i n c l u d e   o v e r  65,000 e lements .  

F i g u r e  3 shows t h e  same a r r a y ,  now a t  a h e i g h t  
one  wavelength  above  average  ground. The p a t t e r n  i 
v e r t i c a l   ( t h e t a   c u t 1   c r o s s   s e c t i o n .  The l a r g e r  
o a t t e r n   i s  With h o r i z o n t a l   d i D o l e s ,   t h e   s m a l l e r  

o f  
s a  

p a t t e r n   i s   w i t h   v e r t i c a l   d i p o l e s .  The  washed o u t   n u l l  
i n  t h e   v e r t i c a l l y   p o l a r i z e d   p a t t e r n   a t  0 = 7 0  degrees 
appears t o  be a t  pseudo  Brewster 's   ang le .  

Ann ie  dOeS n o t   c a l c u l a t e   i n p u t   i m p e d a n c e s   o r  
coupl ing  between  e lements.   However   one  can  use 
another   program,  such  as M I N I N E C  (MINI-Numerical  
Electromagnetic?,  Code)  1131 t o   e v a l u a t e   r e l a t i v e  
e lemen t   phas ings   and   we igh ts .   F igu re  4 shows  a t h r e e  
e lement   Yagi .  The phas ings   and  we igh ts   were   eva lua ted  
w i t h  M I N I N E C  a n d   t r a n s f e r r e d   t o   A n n i e .  Once i n  Annie,  
we may now q u i c k l y   o b t a i n   g r a p h i c s   a n d   e v a l u a t e   t h e  
e f f e c t   o f   d i f f e r e n t   h e i g h t s  a n d   o r i e n t a t i o n s   a b o v e  a 
rea?   g round .  

A word   o f   cau t i on ,   s ince   Ann ie   does   no t   eva lua te  
i npu t   impedances ,   compar i s ions   be tween   d i f f e ren t  
an tennas  shou ld   be   done  w i th   care .  

The nex t   examples   were   taken  f rom  the  OST s e r i e s  
Cll-[SI and r e p r i n t e d   w i t h   t h e   p e r m i s s i o n  o f  t h e  ARRL 
(Amer ican  Radio  Relay  League) .  

F i g u r e  5 shows  a t h e t a   c u t   ( v e r t i c a l   c r o s s  
s e c t i o n )   o f  a v e r t i c a l   d i p o l e  ae v a r i o u s   n e i g h t s   a b o v e  
v a r i o u s   q u a l i t i e s   o f   g r o u n d .  

F i g u r e  6 shows  a seven  e lement   Chebysnev  ar ray 
o v e r   p e r f e c t   g r o u n d .  The amp l i t udes   were   t aken   f rom 
an  example   g iven   by   S te inberg  C141, pp.  111-119. The 
p h a s e s   w e r e   c h a n g e d   f r o m   p l o t   t o   p l o t ,   s t e e r i n g   t h e  
beam.  The l a s t   p l o t  shows t h a t  a r e a l   g r o u n d   t e n d s   t o  
m e l t   t h e   s i d e l o b e s   t o g e t h e r .  

W h i l e   t h e   r e f l e c t i o n   C O e f f i c i e n z   t e c h n i q u e   l o s e s  
v a l i d i t y   f o r   v e r y   l o w   a n t e n n a s   a n d   d o e s   n o t   c a l c u l a t e  
i npu t   impedance   o r   mu tua l   coup l i ng ,  we see t h a t  a 
number of u s e f u l   r e s u l t s   c a n  be o b t a i n e d   a l l o w i n g   u s  
t o   t a k e   a d v a n t a g e  o f  A n n i e ' s   f a s t   a n a l y s i s ,   g r a p h i c s  
a n d   e x t e n s i v e   u s e r   i n t e r f a c e .  

CONCLUSION 

We h a v e   p r e s e n t e d   t h e   e q u a t i o n s   r e q u i r e d   t o  
p e r f o r m  a r e f l e c t i o n   c o e f f i c i e n t   a n a l y s i s   o f   a n t e n n a  
p a t t e r n s   w h i c h   i n c l u d e   t h e   e f f e c t   o f   r e a l   g r o u n d .  We 
h a v e   a l s o   d e s c r i b e d  a program,  Annie,   which  Implements 
t h e   t e c h n i q u e  as w e l l   a s   p r e s e n t i n g  a  number o f  
ana lyses   pe r fo rmed   us ing   t he   p rog ram.  
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The  editorial  staff  of  the AP-S Newsletter  con- 
tinues  to  actively  solicit feature articles  which 
describe  engineering  activities  taking  place in 
industry,  government,  and  universities.  Emphasis 
is  placed on providing  the  reader with a  general 
understanding of the  technical  problems  being  ad- 
dressed by various  engineering  organizations as 
well as their  capabilities  to  cope  with  these 
problems. If you or anyone  else in your organ- 
ization is interested  in  submitting an article, 
we  encourage you to contact Tapan K. Sarkar to 
to  discuss  the  appropriateness  of  the  topic. 
?lease  address all correspondence  to  Prof.  Sarkar. 

t 

Introducing  Joseph A. Kinzel 
Feature Article Author 

M. Kinzel is  currently  manager  of  phased  array 
technology  at  General  Electric's  Electronics  Labora- 
tory in Syracuse, New York. He has responsibility 
for  the  identification  and  development  of  applica- 
tions  for  microwave  and  millimeter-wave  monolithic 
technology, which includes  providing GaAs phased 
array module leadership  involving  C-band  solid-state 
radar, Videband  module  technology,  X-band  transmit/ 
receive modules, 20 GHz module  technology,  plus  array 
and module technology  for  missile  seeker  and  V-band 
Ispace-based  radar  applications. 

1987 URSl General Assembly Travel  Information 

The XXIInd General  Assembly of the  International 
Radio  Science  Union  (URSI) will be  held in Tel Aviv, 
Israel,  August  24 - September 2, 1987  (see  page 18 of  
the  October,  1986  Newsletter  for an announcement).  A 
blue  "First  Announcement"  booklet,  describing  the 
General  Assembly,  the  technical  program, and providing 
registration  and  travel  information  has  been 
d i s t r i b u t e d .   C o p i e s   a r e   a v a i l a b l e   f r o m   t h e  
Secretariat, U R S I  General  Assembly,  POB  50006, Tel 
Aviv  61500,  Israel,  telephone  03-654571,  Telex 
341171  KENS IL. 

Kenes Travel o f  Israel is the  agency  identified 
in this  announcement  for  those  wishing  to  use  their 
services in connection  with travel: Note, however, 
that their  United  States  representative i s  no longer 
that  given in the  above  First  Announcement.  Their 
U.S. representative is now the  following: 

Contact: Mr. Gilbert  Garber 
Garber  Travel 
1047  Commonwealth  Avenue 
Boston, MA 02215 

Telephone:  (6171-787-0600 
Telex:  200230  GARBUR 
Cable: GARTRAV 

Mai 1 ing address: PO Box 404 
Brookline, MA 02146 
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