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ABSTRACT

TITLE OF THESIS: BROADBAND BASE ISOLATED
ASYMMETRICALLY FED 

VHF ANTENNA

PETER EDWARD CUNNINGHAM 
DOCTOR OF ENGINEERING SCIENCE, 1983

THESIS DIRECTED BY: DR. GERALD WHITMAN
ELECTRICAL ENGINEERING DEPARTMENT

A n t e n n a s  p r e s e n t l y  b e i n g  u s e d  f o r  v e h i c u l a r  m i l i t a r y  VHF 

c o m m u n i c a t i o n s  a r e  n a r r o w b a n d .  New g e n e r a t i o n  f r e q u e n c y  hopping  r a d i o s ,  

ho w e v e r ,  r e q u i r e  b r o a d b a n d  a n t e n n a s .  The a n t e n n a  m us t  be b a s e  i s o l a t e d  i n  

o r d e r  t o  r e d u c e  u n d e s i r a b l e  p a t t e r n  n u l l s  and impedance  v a r i a t i o n s  c a u s e d  

by  c u r r e n t s  in d u c e d  on t h e  s u p p o r t  s t r u c t u r e .  P h y s i c a l  c o n s t r a i n t s  l i m i t  

t h e  a n t e n n a  l e n g t h  t o  t h r e e  m e t e r s  w h i l e  o p e r a t i n g  f rom a f r e q u e n c y  o f  30 

MHz t o  88 MHz.

To s a t i s f y  t h e  a b o v e  r e q u i r e m e n t s  a m o d e l  o f  a b r o a d b a n d ,  b a s e  

i s o l a t e d ,  c y l i n d r i c a l  a n t e n n a  l e s s  t h a n  t h r e e  m e t e r s  long  was a n a l y z e d  and 

b u i l t .  E q u a t i o n s  f o r  t h e  c u r r e n t  d i s t r i b u t i o n  a s  a f u n c t i o n  o f  t h e  

p h y s i c a l  p a r a m e t e r s  w e re  f o r m u l a t e d  and s o lv e d .  The a n t e n n a  s e l e c t e d  as  

m os t  op t im um,  i . e . ,  maximum g a i n  on t h e  h o r i z o n ,  was 2.S m e t e r s  i n  l e n g t h  

a n d  f e d  1 .0  m e t e r s  a b o v e  t h e  m o u n t i n g  s u r f a c e .  The m o s t  o p t i m u m  b a s e  

i s o l a t i o n  n e t w o r k  c o n s i s t e d  o f  a c o a x i a l  c a b l e  c h o k e  wound on a f e r r i t e  

t o r o i d .  The c a b l e  c h o k e  w a s  made  r e s o n a n t  a t  25 MHz w i t h  m i n i m u m  

d i s t r i b u t e d  c a p a c i t y .

The  e q u a l i z e r  n e t w o r k  f o r  t h i s  a n t e n n a  w a s  l o c a t e d  a t  t h e  f e e d -  

p o i n t .  S e v e r a l  n e t w o r k  c o n f i g u r a t i o n  were  e x a m in ed  b e f o r e  s e l e c t i n g  a 

t w o - p o l e  T - n e t w o r k  and a u t o t r a n s f o r m e r .  The e q u a l i z e r  n e t w o r k  r e d u c e d



t h e  a n t e n n a  VSWR t o  7 : 1 .  A 2 dB a t t e n u a t o r  i s  r e q u i r e d  t o  r e d u c e  t h i s  

VSWR t o  an  a c c e p t a b l e  3 .5 :1 .
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CHAPTER 1

OVERVIEW

1 . 1  S t a t e m e n t  o f  P rob lem

T h e  m i l i t a r y  v e h i c u l a r  VHF a n t e n n a  m u s t  h a v e  p r e d i c t a b l e  

p e r f o r m a n c e  an d  o p e r a t i n g  c h a r a c t e r i s t i c s .  T h i s  a n t e n n a  i s  u s e d  on  a 

l a r g e  v a r i e t y  o f  m i l i t a r y  v e h i c l e s .  The  f i r s t  VHF v e h i c u l a r  a n t e n n a s  

w e r e  b a s e  f e d  w h i p s  [ 1 ] .  A n t e n n a  c h a r a c t e r i s t i c s  w e r e  g r e a t l y  

i n f l u e n c e d  b y  v e h i c u l a r  s i z e  and  s h a p e  s i n c e  t h e  a n t e n n a  u s e d  t h e  

v e h i c l e  a s  a c o u n t e r p o i s e .  The a n t e n n a  f a r  f i e l d  p a t t e r n s  a n d  i n p u t  

i m p e d a n c e  v a r i e d  g r e a t l y  f r o m  one  v e h i c l e  t y p e  t o  a n o t h e r .  P a t t e r n  

n u l l s  were common [ 2 ] .  The impedance  v a r i a t i o n s  a f f e c t e d  c o m m u n ic a t io n  

r a n g e  and  t r a n s m i t t e r  l i f e  ( v i a  o v e r h e a t i n g ) .  Base i s o l a t e d  a n t e n n a s ,  

i n t r o d u c e d  l a t e r ,  r e d u c e d  much o f  t h e  v e h i c u l a r  dependance .  T h i s  t y p e  

o f  a n te n n a  has  b e e n  u s e d  s u c c e s s f u l l y  f o r  many y e a r s .

B r o a d b a n d  a n t e n n a s  w i l l  be  r e q u i r e d  i n  t h e  f u t u r e .  The p r e s e n t  

m i l i t a r y  v e h i c u l a r  VHF c o m m u n ic a t io n s  a n t e n n a  i s  a na r ro w b a n d  wh ip  [ 3 ] ,  

C o m m u n i c a t i o n s  a r e  c o n d u c t e d  on  a s i n g l e  f r e q u e n c y  b a s i s .  T o t a l  

c o v e r a g e  o f  t h e  30  MHz t o  76 MHz b a n d  i s  a c c o m p l i s h e d  b y  d i v i d i n g  t h e  

b a n d  i n t o  10 s u b b a n d s  an d  m e c h a n i c a l l y  s w i t c h i n g  b a n d s  w hen  c h a n g i n g  

f r e q u e n c y .  The new g e n e r a t i o n  o f  m i l i t a r y  r a d i o s  w i l l  change  o p e r a t i n g  

f r e q u e n c y  many t i m e s  p e r  second  o v e r  a f r e q u e n c y  r a n g e  o f  30 MHz t o  88 

MHz. A new a n t e n n a  w i l l  b e  n e c e s s a r y  f o r  t h e s e  r a d i o s .  T h i s  a n t e n n a  

m us t  be b roadband .

O th e r  r e q u i r e m e n t s  p l a c e d  on t h e  a n t e n n a  by  t h e  m i l i t a r y  e n v i r o n 

m e n t  i n c l u d e  t h e  f o l l o w i n g .  The p h y s i c a l  a n t e n n a  s t r u c t u r e  m u s t  b e  

r ugged  enough t o  w i t h s t a n d  a bnorm a l  a buse .  The a n t e n n a  m us t  be c a p a b l e  

o f  s u r v i v i n g  c o l l i s i o n s  w i t h  t r e e s  and immovable  o b j e c t s .  The a n t e n n a



m u s t  b e  u n o b t r u s i v e ,  i . e . ,  t h e  a n t e n n a  m u s t  b e  l e s s  t h a n  t h r e e  m e t e r s  

h i g h  and l e s s  t h a n  t h r e e  c e n t i m e t e r s  wide .

P r e v i o u s  e x p e r i e n c e  an d  t h e  p h y s i c a l  c o n s t r a i n t s  i n d i c a t e  a 

s o l u t i o n  c o n s i s t i n g  o f  a b r o a d b a n d ,  b a s e  i s o l a t e d  wh ip  a n t e n n a  l e s s  t h a n  

t h r e e  m e t e r s  i n  h e i g h t .  The p h y s i c a l  s t r u c t u r e  i s  shown i n  F i g u r e  1.1 

and c o n s i s t s  o f  t h e  f o l l o w i n g  p a r t s .  The b a s e  i s o l a t i o n  choke i s  u s e d  

t o  r e d u c e  t h e  c u r r e n t s  on t h e  s u p p o r t i n g  s t r u c t u r e  o r  v e h i c l e .  I t  i s  a 

c o a x i a l  c a b l e  wound on a f e r r i t e  t o r o i d .  The c o a x i a l  c a b l e  c o n t i n u e s  t o  

t h e  f e e d p o i n t .  A m a t c h i n g  n e t w o r k  i s  l o c a t e d  a t  t h e  f e e d p o i n t .  The  

o u t p u t  o f  t h i s  n e t w o r k  i s  c o n n e c t e d  t o  t h e  u p p e r  a n t e n n a  e l e m e n t .  T h i s  

t h e s i s  d e t e r m i n e s  t h e  op t imum v a l u e s  f o r  t h e  a n t e n n a  l e n g t h ,  f e e d p o i n t  

h e i g h t ,  b a s e  i s o l a t i o n  c h o k e  a n d  m a t c h i n g  n e t w o r k .  A p a t e n t  f o r  t h e  

a n t e n n a  i s  c u r r e n t l y  b e i n g  p r o c e s s e d .

1 . 2  P r e v i o u s  Work

Much o f  t h e  p r e v i o u s  w o r k  on  l i n e a r  a n t e n n a s  h a s  b e e n  d i r e c t e d  

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

impedance  b a n d w i d t h  [ 4 ] .  By impedance b a n d w i d t h  we mean t h a t  t h e  VSWR 

r e m a i n s  i n d e p e n d e n t  o f  f r e q u e n c y  ov e r  a g i v e n  b a n d w i d th .  A few a u t h o r s  

h a v e  c o n s i d e r e d  t h e  e f f e c t  o f  l o a d i n g  on  t h e  r a d i a t i o n  p a t t e r n  [ 2 4 ] .  

A s y m m e t r i c a l  a n t e n n a s  o r  a n t e n n a s  w i t h  g r o u n d  s y s t e m s  h a v e  n o t  b e e n  

a n a l y z e d .

A m e t h o d  o f  a n a l y z i n g  c y l i n d r i c a l  a n t e n n a s  w i t h  d i s t r i b u t e d  

i m p e d a n c e  l o a d i n g  i s  p r e s e n t e d  b y  B. D. P o p o v i c  [ 5 ] .  The l o a d i n g  i s  

a s sum ed  t o  be an a r b i t r a r y  b u t  d i f f e r e n t i a b l e  f u n c t i o n  o f  p o s i t i o n  a lo n g  

t h e  a n t e n n a .  I n  a c o n t i n u i n g  e f f o r t ,  P opov ic  [6]  p r e s e n t e d  an a n a l y s i s  

o f  a t h i n  s y m m e t r i c a l  c y l i n d r i c a l  a n t e n n a  w i t h  lumped impedance  l o a d i n g s
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a l o n g  i t s  l e n g t h .  T h e  l o a d i n g  c o u l d  b e  r e s i s t i v e ,  i n d u c t i v e ,  

c a p a c i t i v e ,  o r  mixed.

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

c o n t i n u o u s  r e s i s t i v e  l o a d i n g  i s  a n a l y z e d  by  Wu and King [ 7 ] .  A s o l u t i o n  

i s  o b t a i n e d  s p e c i f i c a l l y  when t h e  c u r r e n t  i s  r e p r e s e n t e d  by  an o u tw a rd  

t r a v e l i n g  wave w i t h  no r e f l e c t e d  wave.

E x p e r i m e n t s  by  Rao and F e r r i s  [8]  show t h e  e l e c t r i c a l  c h a r a c t e r 

i s t i c s  o f  a c y l i n d r i c a l  a n te n n a  l o a d e d  w i t h  c a p a c i t i v e  e l e m e n t s  whose 

r e a c t a n c e  i n c r e a s e s  e x p o n e n t i c a l l y  w i t h  d i s t a n c e  f r o m  t h e  f r e e  e n d .  

R e s u l t s  i n d i c a t e  good impedance  b a n d w i d t h  and  r a d i a t i o n  p a t t e r n s .

A c y l i n d r i c a l  a n t e n n a  w i t h  one and two lumped c a p a c i t i v e  l o a d i n g s  

i s  p r e s e n t e d  b y  P o p o v i c  [ 9 ] .  The  a n t e n n a  s t r u c t u r e  i s  o p t i m i z e d  f o r  

b r oadba nd  a d m i t t a n c e .  E x p e r i m e n t s  a r e  i n  good a g r e e m e n t  w i t h  t h e o r y .

A m ethod  i s  p r e s e n t e d  by  P a u n o v ic  [4]  f o r  t h e  t h e o r e t i c a l  s y n t h e s i s  

o f  an RC l o a d e d  b r o a d b a n d  c y l i n d r i c a l  a n t e n n a .  The a n t e n n a  s y n t h e s i z e d  

and r e a l i z e d  h a s  minimum in p u t  s u s c e p t a n c e  and good r a d i a t i o n  p a t t e r n  i n  

a 3:1 b a n d w i d t h .

A l t h o u g h  t h e  l i t e r a t u r e  on  l i n e a r  a n t e n n a s  i s  e x t e n s i v e ,  

a s y m m e t r i c a l  a n t e n n a s  an d  a n t e n n a s  w i t h  g r o u n d  s y s t e m s  h a v e  n o t  b e e n  

a n a l y z e d .  T h i s  t h e s i s  d e v e l o p s  t h e  t h e o r y  f o r  a b a s e  i s o l a t e d  

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

m i l i t a r y  v e h i c u l a r  wh ip  a n te n n a .

1 .3  Method o f  Approach

A model  o f  a b r o a d b a n d ,  b a s e  i s o l a t e d ,  c y l i n d r i c a l  a n t e n n a  w i l l  be 

d e v e l o p e d .  The e q u a t i o n s  d e s c r i b i n g  t h e  e l e c t r i c a l  b e h a v i o r  o f  t h e  

m o d e l  w i l l  b e  f o r m u l a t e d .  T h e s e  e q u a t i o n s  w i l l  b e  s o l v e d  f o r  t h e  

c u r r e n t  d i s t r i b u t i o n  on t h e  a n t e n n a  a s  a f u n c t i o n  o f  t h e  p h y s i c a l
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p a r a m e t e r s .  Once t h e  c u r r e n t  d i s t r i b u t i o n  i s  known a l l  o t h e r  i m p o r t a n t  

c h a r a c t e r i s t i c s  o f  t h e  a n t e n n a  can be c a l c u l a t e d .  The a n t e n n a  impedance  

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

p a t t e r n  w i l l  be s t u d i e d  w i t h  p a r t i c u l a r  i n t e r e s t  i n  t h e  f i e l d  s t r e n g t h  

on t h e  h o r i z o n .  A n t e n n a  g a i n  on  t h e  h o r i z o n  w i t h  r e s p e c t  t o  a q u a r t e r  

wave monopole w i l l  be  p l o t t e d  as  a f u n c t i o n  o f  f r e q u e n c y .  The a n t e n n a  

w i t h  t h e  b e s t  o v e r  a l l  g a i n  on t h e  h o r i z o n  w i l l  be s e l e c t e d  a s  t h e  most  

opt imum. The p h y s i c a l  d i m e n s i o n s  o f  t h i s  a n t e n n a  w i l l  be u s e d  t o  b u i l d  

a model.  S i m i l a r  a n t e n n a s  w i l l  be b u i l t  and e x p e r i m e n t s  c o n d u c te d  t o  

v e r i f y  t h e  t h e o r e t i c a l  r e s u l t s .

A b ro ad b a n d  m a t c h i n g  n e t w o r k  w i l l  be  d e s i g n e d  f o r  t h e  m os t  opt imum 

a n t e n n a .  M a t c h i n g  n e t w o r k  s y n t h e s i s  i s  a m u l t i v a r i a b l e  n o n l i n e a r  

p r o b l e m  n o t  s o l v a b l e  b y  o r d i n a r y  m e t h o d s .  A b e s t  p o s s i b l e  

c h a r a c t e r i s t i c  f u n c t i o n  f o r  t h e  m a t c h i n g  n e t w o r k  w i l l  b e  d e v e l o p e d .  

Given  t h e  l o a d  impedance  and n e t w o r k  c o m p l e x i t y  d e s i r e d  a b e s t  p o s s i b l e  

t o l e r a n c e  o f  m a t c h  w i l l  be d e t e r m i n e d .
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CHAPTER 2 

THEORY OF LINEAR ANTENNA

2 . 1  I n t r o d u c t i o n

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

a n t e n n a  i s  p r e s e n t e d  i n  t h i s  c h a p t e r .  A d i p o l e  above a g round  p l a n e  i s  

m o d e l e d  b y  t h e  a n t e n n a  a n d  i t s  i m a g e .  An e q u a t i o n  i s  d e v e l o p e d  

d e s c r i b i n g  t h e  c u r r e n t  d i s t r i b u t i o n  on  t h e  a n t e n n a .  T h i s  i n t e g r a l  

e q u a t i o n  h a s  no c l o s e d  f o r m  s o l u t i o n .  An a p p r o x i m a t e  s o l u t i o n  i s  

o b t a i n e d  b y  a p o i n t  m a t c h i n g  m e t h o d .  The c u r r e n t  i s  a s s u m e d  t o  be  a 

p o w e r  s e r i e s  w i t h  u n k n o w n  c o m p l e x  c o e f f i c i e n t s .  T h e  c o m p l e x  

c o e f f i c i e n t s  a r e  d e t e r m i n e d  by  s o l v i n g  a n u m b e r  o f  l i n e a r  e q u a t i o n s  

d e r i v e d  f rom the  i n t e g r a l  e q u a t i o n  a t  s e v e r a l  p o i n t s  a long  t h e  a n t e n n a .  

Once th e  complex  c o e f f i c i e n t s  a r e  known, t h e  c u r r e n t  d i s t r i b u t i o n ,  i n p u t  

im pe da nce ,  and r a d i a t i o n  p a t t e r n  can  be c a l c u l a t e d .  The t h e o r y  c l o s e l y  

f o l l o w s  t h a t  o f  P o p o v ic  [ 6 ] .

2 . 2  F orm al S o l u t i o n

The l i n e a r  b a se  i s o l a t e d  a n t e n n a  and i t s  image a r e  shown i n  F i g u r e  

2 .1 .  The  a n t e n n a  i s  a p e r f e c t l y  c o n d u c t i n g  c y l i n d e r  o f  r a d i u s  a 

( a / k < < l )  and a l e n g t h  o f  h  (h>>a) .  The a n t e n n a  and i t s  image a r e  d r i v e n  

by  g e n e r a t o r s  o f  rms v o l t a g e  Ve and a n g u l a r  f r e q u e n c y  to a t  p o s i t i o n s  z =O

+ Zg. A s s u m e  t h e  a n t e n n a  t o  be  l o a d e d  a t  p o i n t s  z Z 2 « z n w i t h

l o a d s  Z j ,  Z2 , . . . ,  Zn . At  t h e  s u r f a c e  o f  t h e  a n t e n n a  t h e  f o l l o w i n g  

e q u a t i o n  m us t  be s a t i s f i e d .
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N

Ez (z)  = -  Vg {8(z -Zg)  + 8(z+Zg)} + ^  Z ^ 1 ( z j ) { 8 ( z - z j )  + 8 ( z + z j ) } .  (1)

i = l

I n  t h i s  e q u a t i o n ,  Ez (z)  i s  t h e  z—component  o f  t h e  e l e c t r i c  f i e l d  on t h e  

a n t e n n a  s u r f a c e ,  8 ( z )  i s  t h e  D i r a c  d e l t a  f u n c t i o n ,  a n d  I ( z )  i s  t h e  

c u r r e n t  on  t h e  a n t e n n a .  The e l e c t r i c  f i e l d  c a n  a l s o  b e  e x p r e s s e d  i n  

t e r m s  o f  t h e  m a g n e t i c  v e c t o r  p o t e n t i a l  as  f o l l o w s

i  a2
E (z )  = -j<j>(l +  )A ( z )  (2)

z 2 2 Z p d z

where p = (i>(e0 (i0 ) ^ 2 . (3)

I n  t h i s  e q u a t i o n ,  p i s  t h e  f r e e  s pace  p r o p a g a t i o n  c o e f f i c i e n t ,  eG i s  t h e  

p e r m i t t i v i t y  and  pQ i s  t h e  p e r m e a b i l i t y  o f  a v a c u u m .  S u b s t i t u t i n g  

e q u a t i o n  (2) i n t o  e q u a t i o n  (1) g i v e s

1 a2
j w ( l  + ______  )A ( z )  = V { 8 ( z - z „ )  + 8 ( z+ze ) }

n  n  Z 6  & Bp d z  

N

-  ^  Z ^ I ( Z j )  { 6 ( z-zj , )  + 8 ( z + z j ) } .  (4)

i = l

S i n c e  t h e  a n t e n n a  m o d e l  i s  s y m m e t r i c ,  I ( z ) = I ( - z ) .  T h e r e f o r e ,  t h e  

m a g n e t i c  v e c t o r  p o t e n t i a l  Az (z) i s  s y m m e t r i c ,  i . e . ,

Az (z )  = Az ( - z )  (5)

The  s o l u t i o n  o f  e q u a t i o n  (4) i s  b r o k e n  up i n t o  t h e  h o m o g e n e o u s  an d
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p a r t i c u l a r  s o l u t i o n s .  The s o l u t i o n  o f  t h e  homogeneous  e q u a t i o n  has  t h e  

f o l l o w i n g  fo rm

I n  t h i s  e q u a t i o n  C an d  D a r e  u n k n o w n  c o m p l e x  c o n s t a n t s .  S i n c e  

Az (z ) = A z ( - z )  f o r  a l l  z ,  D m u s t  e q u a l  z e r o  w h i c h  l e a v e s  C a s  a c o m p l e x  

c o n s t a n t  t o  be d e t e r m i n e d .  The p a r t i c u l a r  s o l u t i o n  o f  e q u a t i o n  (4) i s

e q u a l  t o  t h e  d r i v i n g  f u n c t i o n  V g { 8 ( z - Z g )  + 5 ( z + Z g ) }  a n d  a s o l u t i o n  i s  

d e t e r m i n e d .  S i m i l a r  s o l u t i o n s  a p p l y  b y  s u p e r p o s i t i o n  f o r  t h e  l o a d  

f u n c t i o n s  Z ^ K z ^ i h i z - z ^ )  a n d  Z i l ( z £ ) 8 ( z + z i ) .  A p a r t i a l  p a r t i c u l a r  

s o l u t i o n  i s  a s s u m e d  f o r  e q u a t i o n  (4) o f  t h e  f o l l o w i n g  f o r m  f o r  t h e  

d r i v i n g  f u n c t i o n  V g { 8 ( z -z g) + 8 ( z + z g)}

r e l a t e d  t o  t h e  m a g n e t i c  v e c t o r  p o t e n t i a l  by  t h e  f o l l o w i n g  r e l a t i o n s h i p

Azh ( z )  = CcosPz + D s in | i z . ( 6 )

b r o k e n  i n t o  N+l  p a r t s .  The l e f t  h a n d  s i d e  o f  e q u a t i o n  (4)  i s  f i r s t  s e t

Az p (z )  = DpCsinPIz -Z gI  + s i n p l z + z g | } . (7)

The  L o r e n t z  c o n d i t i o n  s t a t e s  t h a t  t h e  e l e c t r i c  s c a l a r  p o t e n t i a l  i s

A ( z )  . z
( 8 )

The p a r t i a l  d e r i v a t i v e  o f  t h e  m a g n e t i c  v e c t o r  p o t e n t i a l  i s :

f o r  z>z g

( 9 a )
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f o r  - z  <z<z 
g g

d A ( z )  = 0D { - c o s p ( z - z  ) + c o s p ( z + z  )} , (9b)9z zp p g g

and f o r  z< -z
g

^ A ( z )  = BD { - c o s B ( z - z  ) -  c o s 0 ( z + z  )} . (9c)
—  zp p g g

Combining e q u a t i o n s  (8) and (9) g i v e s  

f o r  z>z„

6 ( z )  = (j<o/0)D { c o s 0 ( z - z  ) + c o s 0 ( z + z  )} , (10a)
P g g

f o r  - z  <z<z 
g g

&(z)  -  ( jw /p ) D  { - c o s p ( z - z  ) + c o s p ( z + z  )} , (10b)
P g g

and f o r  z< -z
g

6 ( z) = ( j w / p ) D ^ { - c o s p ( z - z g ) -  c o s p ( z + z ^ ) }  . (10c)

The d i f f e r e n c e  i n  t h e  e l e c t r i c  s c a l a r  p o t e n t i a l  a t  z = z g a c r o s s  t h e  

g e n e r a t o r  i s  e q u a l  t o  Vg; h e n c e ,  

f o r  z=+z s

«5(Zg+e) -  t5(zg- e )  = Vg , (11)

and f o r  z = -z „

r f ( - Z g + e )  -  ^ ( - Z g - e )  = Vg . (12)
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Using  e q u a t i o n  (10a)  a t  z=zg+e and e q u a t i o n  (10b) a t  z=zg- e  t o  e v a l u a t e  

e q u a t i o n  (1 1 ) g i v e s  t h e  f o l l o w i n g  r e s u l t

( jw /p )D  { c o s p (z  +e—z ) + c o s p ( z  +e+z )}
P S B  S B

-  (j<o/p)D { - c o s p ( z  - 8 - z  ) + c o s p ( z  - e + z  )} = V (13)
P g g  g g  g

( jw /p )D  {cosPe + c o s P (2 z  +e) + c o s p ( - e )  -  c o s P ( 2 z  - e ) }  = V . (14)
P g g g

Now a l l o w i n g  e t o  go t o  z e ro  (e=0) r e s u l t s  i n  t h e  f o l l o w i n g  

P V gD = __£ . (15)
P 2  jw

The  same r e s u l t  c a n  be  o b t a i n e d  by  u s i n g  e q u a t i o n  (10b)  a t  z = - z  +e a ndO

e q u a t i o n  (10c)  a t  z = - z  - e  i n  e q u a t i o n  (12).  S u b s t i t u t i n g  e q u a t i o n  (15)O

b a c k  i n t o  e q u a t i o n  (7)  g i v e s  t h e  f o l l o w i n g  p a r t i c u l a r  s o l u t i o n  f o r  

e q u a t i o n  (4)

pv
A (z)  =  £ { s i n p l z - z  I + s i n p l z + z  I ) .  (17)

ZP 2^  g g

T h e  c o n t r i b u t i o n s  o f  t h e  l o a d  f u n c t i o n s  Z ^1 ( z  j )  8  ( z - z  j )  a n d  

Z ^ I ( z j ) 8 ( z + z ^ )  c a n  b e  c o n s i d e r e d  i n  a s i m i l a r  m a n n e r .  The p a r t i c u l a r  

s o l u t i o n  o f  e q u a t i o n  (4)  r e s u l t i n g  f r o m  t h e  l o a d  f u n c t i o n s  i s  t h e  

f o l l o w i n g
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p Z . I ( z . )
= _________ { s i n p I z - z . I  + s i n p l z + z . l } .A (z)  = ( s i n f i l z - z . l  + s i n B l z + z . | } .  (18)zp —    1  i

2  j  to

By s u p e r p o s i t i o n  t h e  p a r t i c u l a r  s o l u t i o n  o f  e q u a t i o n  (4) i s  t h e  sum o f  

t h e  c o n t r i b u t i o n s  o f  e q u a t i o n s  ( 1 7 ) ,  and  ( 1 8 ) .  C o m b i n i n g  t h e s e  

s o l u t i o n s  w i t h  t h e  homogeneous s o l u t i o n s  i n  e q u a t i o n  (6 ) r e s u l t s  i n  t h e  

f o l l o w i n g  t o t a l  s o l u t i o n  t o  e q u a t i o n  (4)

pv
A (z )  = CcosPz +  ® { s i n p l z - z  I + s i n p l z + z  1}

i j i  g 8

N

-  ^ ^  Z . I ( z . ) ( s i n p I z - z . I + s i n p l z + z . l ) .~  A i l  i  l
i = l

(19)

The m a g n e t i c  v e c t o r  p o t e n t i a l  can  a l s o  be e x p r e s s e d  i n  t e r m s  o f  t h e  

c u r r e n t  on  t h e  a n t e n n a .  F o r  z - d i r e c t e d  l i n e  s o u r c e s  t h e  m a g n e t i c  v e c t o r  

p o t e n t i a l  has  t h e  f o l l o w i n g  fo rm

A <z> -  ^  f  I ( , ) e <  JPR> ds  (20)
2 Jh i

where R = [ ( z - s ) ^  + a ^ ] * ^  ( s e e  F i g u r e  2 . 1 ) .  (21)

Combining e q u a t i o n s  (19) and (20) r e s u l t s  i n  an e q u a t i o n  f o r  t h e  c u r r e n t  

on t h e  a n t e n n a

* , . ( - j p R )  2nV
S e_________  ds = C c ospz  +  £ { s i n p l z - z  I + s i n p l z + z  I)

-i r 8 B
N

- 2n  ̂Z.1(z.){sinPIz-z.I + sinplz+z.l). (22)— ~ A i l  l  l
j 5 o i = l

12



1/2w here  = 4nC/fi0 , = (|i0 / e 0 ) . T h i s  e q u a t i o n  m us t  be s a t i s f i e d  f o r

any  z and  t h u s  a l s o  f o r  z=0. At z=0 e q u a t i o n  (22) can be w r i t t e n  i n  t h e  

f o l l o w i n g  form

J  I ( s ) e ( ~jPr>  ds  = C,

- h

2 jiV J
+ ® (2s inB lz  I) -  n ) 2Z. I (  z . ) s inp1  z . I (24)~rz g ~rr~ L i  i  i

j ! o j ! o i = l

where r  = ( s^  + (25)

E x p r e s s i o n  (24)  c a n  h e  s o l v e d  f o r  t h e  c o n s t a n t  C-^, i n  t h e  t e r m s  o f  t h e  

c u r r e n t

‘f  a s

2„V N
®{ 2 s i n f i l z  I ) + ^  2 Z . I ( z . ) s i n f l l z . I .TZ g T Z -  £ . 1 1  K 1

(26)

j ? o j ? o i = l

S u b s t i t u t i n g  t h e  v a l u e  o f  C^,  i n t o  e q u a t i o n  (22)  r e s u l t s  i n  t h e  

f o l l o w i n g  e x p r e s s i o n  f o r  t h e  c u r r e n t  on t h e  a n t e n n a

f T, w  ( - j p R )  _ ( - j p R K ,I I ( s ) ( e -  cosBze ° Ids  =

- h  R

2nV
+  ® { s i n p l z - z  I + s i n p l z + z  I -  2 c o s P z s i n p l z  1}

7 7 “ g g g
J t o

N

-  3  Z . I ( z . ) { s i n p I z - z . I + s i n p l z + z . l  -  2 c o s P z s i n p I z  I ) (27)~7Z £ . 1 1  1 1 i
JS,’o i = l

13



This equation can be written in the more concise form

h N

J  I ( s ) F ( z , s ) d s  + ^  I ( Z j ) H ( z , Z j ) = G(z)

- h  i = l

(28)

where

(29)
R r

H ( z , z . )
j  2 n Z .
 {2cosfSzsinp I z . I -  s i n p l z - z ^ l  -  s i n p l z + z ^ l )  (30)

^o

j2nV
G(z) (31)

o

A c l o s e d  f o r m  s o l u t i o n  f o r  e q u a t i o n  (28)  d o e s  n o t  e x i s t .  H o w e v e r ,

t h i s  m ethod  a power  s e r i e s  e x p a n s i o n  w i t h  unknown complex  c o e f f i c i e n t s  

i s  c h o s e n  a s  an a p p r o x i m a t i o n  t o  t h e  c u r r e n t  on t h e  a n t e n n a .  E q u a t i o n  

(2 8 )  i s  t h e n  r e q u i r e d  t o  b e  s a t i s f i e d  a t  s e v e r a l  p o i n t s  a l o n g  t h e  

a n t e n n a .  A s y s t e m  o f  complex  l i n e a r  e q u a t i o n s  r e s u l t s .  These  e q u a t i o n s  

a r e  s o l v e d  f o r  t h e  complex  c o e f f i c i e n t s  o f  t h e  p o w e r  s e r i e s  e x p a n s io n .  

A d i f f e r e n t  power  s e r i e s  e x p a n s i o n  i s  r e q u i r e d  f o r  e a c h  segment  ( i )  o f  

t h e  a n t e n n a  and i s  e x p r e s s e d  i n  t h e  f o l l o w i n g  fo rm

where  z j <z<z j +^ ,  i = l , 2 ,  . . . ,  M.

I n  e q u a t i o n  (32)  M i s  t h e  n u m b e r  o f  a n t e n n a  s e g m e n t s  f r o m  t h e  

p e r f e c t  e l e c t r i c  c o n d u c t i n g  p l a n e  t o  t h e  e n d  o f  t h e  a n t e n n a  ( s e e  

F i g u r e  2 .1 ) ,  ^  a r e  t h e  unknown complex  c o e f f i c i e n t s ,  K - l  i s  t h e  o r d e r

an a p p r o x i m a t e  s o l u t i o n  can be o b t a i n e d  by  a p o i n t  m a t c h i n g  method. I n

K

I ( z ) (32)

14



o f  t h e  p o w e r  s e r i e s  a p p r o x i m a t i o n ,  a n d  z i s  t h e  p o s i t i o n  on t h e  i t h  

s e g m e n t .  S u b s t i t u t i n g  e q u a t i o n  (32 )  i n t o  e q u a t i o n  ( 2 8 )  g i v e s  t h e  

f o l l o w i n g  r e s u l t

h K

J K
- h  k= l  l + l 1

N K

I S I ^ ^ F ( z , s ) d s +  
k -------

}  I  I j  J J - I * " 1  H ( z . z . )  = G ( z ) .  (33)

i = l  k= l  ' Zi + 1 *

R e c a l l  f r o m  e q u a t i o n  (1)  t h a t  N i s  t h e  n u m b e r  o f  l o a d s  on  t h e  a n t e n n a .  

The  f i r s t  t e r m  o f  e q u a t i o n  (33 )  c a n  b e  b r o k e n  i n t o  tw o  i n t e g r a l s  f o r  

e a c h  segment .  E q u a t i o n  (33) can t h e n  be e x p r e s s e d  i n  t h e  f o l l o w i n g  fo rm

M Zi+1 Zi+1 K

H I  - J  ] 1 V k l — 11-1 F(2-s,ds -
i*i  Z , Z • 1 * 1  I Z • , «« I1=1 i  i  k= l  l + l

N K

I  I  r i . k |
z i k - 1I H ( z , z . )  = G ( z ) . (34)■ i

i = l  k= l  ' Zi + 1

S e t t i n g  N=M, e q u a t i o n  (34) can  be w r i t t e n  i n  t h e  more compact form 

M K

1  1  Xi  = G ( z ) * (35)
i = l  k= l

E q u a t i o n  (35) i s  a l i n e a r  complex m a t r i x  e q u a t i o n .  I t  can be w r i t t e n  a t  

a s  many p o i n t s  z a lo n g  t h e  a n t e n n a  as  i s  n e c e s s a r y  t o  s o l v e  e x p l i c i t l y  

f o r  t h e  u n k n o w n  c o m p l e x  c o e f f i c i e n t s  I j ^ k *  e q u a t i o n  (35)  m a t r i x

e l e m e n t s  P ( z , i , k )  can  be e x p r e s s e d  i n  t h e  f o l l o w i n g  form

15



P ( z , i , k )  = Q ( z , i , k )  + I Z I ^  * H ( z , z ^ ) .  (36)

' Zi + l '

By r e p l a c i n g  s by - s  i n  t h e  s econd  i n t e g r a l  o f  e q u a t i o n  (34) t h e  Q t e r m  o f  

e q u a t i o n  (36) can be e x p r e s s e d  in  t h e  f o l l o w i n g  fo rm

Zi + 1

Q ( z , i , k )  = ^  j" s^  * { F ( z , s )  + F ( z , - s ) } d s . (37)
t( z . . ) z .

1 + 1  1

The  c u r r e n t  on  t h e  a n t e n n a  m u s t  be c o n t i n u o u s  f r o m  one  s e g m e n t  t o  

a n o t h e r .  T h i s  c o n d i t i o n  can be e x p r e s s e d  i n  t h e  f o l l o w i n g  manner  f rom  

e q u a t i o n  (32) a t  z=z^

K K
i k - 1 i= 2 ,  . . . ,  M. (38)

k = l  k = l  “ ' i + r

At z = + h ,  t h e  c u r r e n t  m u s t  go t o  z e r o  ( l ( + h ) = 0 ) .  I n  t e r m s  o f  e q u a t i o n  

(32) ,  t h i s  c o n d i t i o n  can  be e x p r e s s e d  i n  t h e  f o l l o w i n g  manne r

E

5  I  . = 0 (39)L  m,k
k=l

The t o t a l  number  o f  complex  c o e f f i c i e n t s  I j  k  t o  d e t e r m i n e d  i s  M x E. 

E q u a t i o n  (3 8 )  c a n  b e  w r i t t e n  M - l  t i m e s  a n d  e q u a t i o n  (39 )  o n l y  o n c e .  

T h i s  l e a v e s  M x E -  M e q u a t i o n s  t o  be  w r i t t e n  u s i n g  e q u a t i o n  (35 )  i n  

o r d e r  t o  h a v e  s u f f i c i e n t  i n f o r m a t i o n  t o  s o l v e  f o r  t h e  c o m p l e x  

c o e f f i c i e n t s  1  ̂ j..

E q u a t i o n  (35)  w i l l  be  w r i t t e n  an d  s a t i s f i e d  a t  t h e  end  o f  e a c h  

s e g m e n t  e x c e p t  a t  z= 0 , w h i c h  w as  u s e d  t o  f i n d  t h e  c o n s t a n t  ( s e e  

e q u a t i o n  (24)) .  A number  o f  a d d i t i o n a l  p o i n t s  w i t h i n  e a c h  segment  may 

be s e l e c t e d  dep e n d in g  on t h e  d e g r e e  o f  t h e  p o l y n o m i a l  a p p r o x i m a t i o n  (E)
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f o r  t h e  c u r r e n t .  T h e s e  p o i n t s  c a n  be  s e l e c t e d  b y  t h e  f o l l o w i n g  

r e l a t i o n s h i p

( z i + l "  Zi J tz = z .  + ____________________  t = l , 2 , K - l  . . . .
P 1  k - l  i = l , 2 ,  g ,  . . . ,  M

Thus e q u a t i o n  (35) can be w r i t t e n  (K- l)  x M t i m e s  i n  t h e  f o l l o w i n g  fo rm

M K

}  5  I .  , P ( z  , i , k )  = G(z ) . (41)L L i , k  p p
i = l  k= l

E q u a t i o n s  ( 3 8 ) ,  ( 3 9 ) ,  and  (41)  c o n s t i t u t e  a s e t  o f  M x K l i n e a r  c o m p l e x  

e q u a t i o n s  i n  M x K unknowns I j

The i n t e g r a l s  Q ( z , i , k )  c a n n o t  be e v a l u a t e d  i n  c l o s e d  f o rm ,  how ever ,  

t h e y  c a n  b e  i n t e g r a t e d  n u m e r i c a l l y .  I t  w i l l  b e  n o t e d  t h a t  t h e s e  

i n t e g r a l s  depend  on f r e q u e n c y  and g e o m e t r y  o n l y ,  n o t  on t h e  l o a d s  Z^.

When t h e  c o e f f i c i e n t s  I j  ^  a r e  known, t h e  c u r r e n t  d i s t r i b u t i o n  on 

t h e  a n t e n n a  i s  g i v e n  b y  e q u a t i o n  ( 3 2 ) .  A l l  o t h e r  a n t e n n a  p a r a m e t e r s  

i n c l u d i n g  t h e  d r i v i n g  p o i n t  a d m i t t a n c e ,  f i e l d  p a t t e r n ,  and g a i n  can be 

c a l c u l a t e d .  The  a n t e n n a  d r i v i n g  p o i n t  a d m i t t a n c e  c a n  be  e x p r e s s e d  i n  

t h e  f o l l o w i n g  fo rm

I ( z  ) E
Y = 8  = ) I  - (42)

“ V  L  8 ' k
g k= l

where  Vg e q u a l s  u n i t y  and t h e  s u b s c r i p t  g on Ig^fc i s  t h e  segm en t  number 

j u s t  b e l o w  t h e  g e n e r a t o r  ( e . g . ,  i f  z g=Z 2  t h e n  b e l o w  t h e  g e n e r a t o r  i s  

segment  2 and above t h e  g e n e r a t o r  i s  s egm en t  3) .

2 . 3  F i e l d  P a t t e r n

The f i e l d  p a t t e r n  o f  t h e  a n t e n n a  i s  a f u n c t i o n  o f  t h e  o b s e r v a t i o n
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point. The field pattern can be calculated from the magnetic vector

p o t e n t i a l  as  shown i n  e q u a t i o n  (41)

4 jt , R- h

ds (43)

w i t h  R d e f i n e d  i n  e q u a t i o n  (21).  R e c a l l  t h a t  R i s  t h e  d i s t a n c e  fo rm  t h e  

s o u r c e  p o i n t  on t h e  a n t e n n a  t o  t h e  o b s e r v a t i o n  p o i n t .  T h i s  d i s t a n c e  may 

be a p p r o x i m a t e d  by

The d e n o m i n a t o r  o f  e q u a t i o n  (43) a f f e c t s  o n l y  t h e  a m p l i t u d e  o f  Az . I n  

t h e  f a r  f i e l d  R i s  v e r y  l a r g e  compared  t o  t h e  a n t e n n a  s i z e  (R>>s>scos0) . 

T h u s  i n  t h e  d e n o m i n a t o r  R c a n  b e  a p p r o x i m a t e d  b y  o n l y  r .  I n  t h e  t e r m  

( - j 0 R )  m o re  a c c u r a c y  i s  n e c e s s a r y  i n  c o m p u t i n g  t h e  d i s t a n c e  f r o m  t h e  

a n t e n n a  t o  t h e  o b s e r v a t i o n  p o i n t .  S u b s t i t u t i n g  e q u a t i o n  (44 )  i n t o  

e q u a t i o n  (43) and a p p r o x i m a t i n g  t h e  i n t e g r a l  by  a s um m at ion  r e s u l t s  i n  

t h e  f o l l o w i n g  e q u a t i o n

I n  e q u a t i o n  ( 4 5 ) ,  I  c a n  be e x p r e s s e d  a s  m a g n i t u d e  and  p h a s e  a n d  

e x p ( j 0 zmc o s 0 ) can be expanded  i n  t e r m s  o f  s i n e s  and  c o s i n e s .

R ~ r  — scosG (44)

( - j 0 r + j 0 z c o s 0 )
M

(45)

M

A ( r ,0 )  z (46)
m=l

18



. ( ~ j p r )H Aze
where C = _____________  .

4itr

F o r  z - d i r e c t e d  s o u r c e s  t h e  e l e c t r i c  f i e l d  v e c t o r  p o t e n t i a l  c a n  b e  

e x p r e s s e d  i n  t h e  f o l l o w i n g  m anner

Eq = jtosinGA G (47)"U z

S u b s t i t u t i n g  e q u a t i o n  (46)  i n t o  e q u a t i o n  (47)  a n d  i n c l u d i n g  b o t h  t h e  

a n t e n n a  a n d  i t s  i m a g e  r e s u l t s  i n  t h e  f o l l o w i n g  e x p r e s s i o n  f o r  t h e  f a r  

e l e c t r i c  f i e l d  as  a f u n c t i o n  o f  t h e  a n g le  G

M

E_ = CLsinG ^  l l ( z  ) | { c o s ( 0  +Pz cosG)—W - 1  L. m m m
m=l

+ cos(G  - 8 z cosG) + j s i n ( G  +Pz cosG)} + j s i n ( G  - p z  cosG)} (48) m m  m m  m m

j u „  4 z e ( - JPr>
where CL = °__________ 0 . (48a)

4n r

The m a g n i t u d e  o f  t h e  e l e c t r i c  f i e l d  v e c t o r  c a n  b e  e x p r e s s e d  i n  t h e  

f o l l o w i n g  manne r

M

Ie J  = | C , s i n 0 | [  { l l ( z  ) | { c o s ( G  +Pz cosG) + cos (G  - p z  cosG)}}^0 1 L L  m m m m m
m=l

M

+ { ^  l l ( z  ) | { s i n ( 0  +pz cosG) + s i n ( 0  - p z  c o s G ) }}^ 1 * ^  . ( 4 9 )L  m m m m m J
m=l

The m a g n i tu d e  o f  t h e  e l e c t r i c  f i e l d  v e c t o r  p o t e n t i a l  on t h e  h o r i z o n  i s  

d e t e r m i n e d  by  a l l o w i n g  0 t o  be 90 d e g r e e s .  I n  t h i s  c a s e ,  t h e  m ag n i tu d e
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o f  t h e  e l e c t r i c  f i e l d  v e c t o r  can be e x p r e s s e d  in  t h e  f o l l o w i n g  manner

M M

l£ j  = 2 1 1  f c 5  l x <z ) l c o s 0  } 2  + { )  l l ( z  ) I s i n 0  } 2  11 / 2 . (50)0 1 L Z. m m L m m J
m=l m=l

E q u a t i o n  (50) shows t h e  f i e l d  s t r e n g t h  f o r  an i n p u t  o f  one v o l t  (V =1).
8

I n  o r d e r  t o  d e t e r m i n e  t h e  a n t e n n a  w i t h  t h e  g r e a t e s t  f i e l d  s t r e n g t h  on 

th e  h o r i z o n ,  t h e  a n t e n n a s  must  be compared  r e l a t i v e  t o  i n p u t  power .  The 

i n p u t  pow er  t o  t h e  a n t e n n a  i s  g i v e n  by

P.  = V2  G (51)m  g a

where  Gfl i s  t h e  a n t e n n a  i n p u t  c o n d u c ta n c e .  T h i s  e q u a t i o n  can  be s o lv e d  

f o r  Vg .

Vg = <p i n /Ga > 1 / 2  • (52)

E q u a t io n  (52) e x p r e s s e s  the  i n p u t  v o l t a g e  i n  t e r m s  o f  t h e  i n p u t  power.  

I f  t h e  i n p u t  p o w e r  i s  s e t  t o  on e  w a t t ,  e q u a t i o n  (52)  t h e n  r e p r e s e n t s  a 

n o r m a l i z a t i o n  f a c t o r .  Then we can  w r i t e

2 1 C | ^  ^
lE_l = 2  f  ^  i K z  ) l c o s 0  } 2  + { ^  l l ( z  ) l s i n 0  } 2  l ^ 2 . (53)0  L Z . m  m £. m m J

(G ) 1/Z m=l m=la

E q u a t i o n  (53 )  s h o w s  t h e  n o r m a l i z a t i o n  f a c t o r  m u l t i p l i e d  b y  t h e  

p r e v i o u s l y  c a l c u l a t e d  f i e l d  s t r e n g t h  o f  e q u a t i o n  (50 )  i n  o r d e r  t o  

compare t h e  a n t e n n a s  a t  e qua l  i n p u t  power.
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CHAPTER 3

CALCULATED AND MEASURED RESULTS

3 . 1  I n t r o d u c t i o n

S e v e r a l  c o m p u t e r  p r o g ra m s  a r e  u s e d  t o  c a l c u l a t e  and p l o t  a n t e n n a  

c h a r a c t e r i s t i c s .  T he se  p r o g ra m s  a re  p r e s e n t e d  and d i s c u s s e d  i n  Appendix  

A. The  r e s u l t s  a n d  c o n c l u s i o n s  b a s e d  on t h e s e  c a l c u l a t i o n s  a r e  

e x p l a i n e d  i n  t h i s  c h a p t e r .  The c a l c u l a t e d  d a t a  i n c l u d e s  a n t e n n a  

im pedance ,  c u r r e n t  d i s t r i b u t i o n ,  f i e l d  p a t t e r n ,  and g a i n  on t h e  h o r i z o n  

r e l a t i v e  t o  a q u a r t e r  w a v e  m o n o p o l e .  T h e s e  i m p o r t a n t  a n t e n n a  

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

p a r a m e t e r s  i n v e s t i g a t e d  a r e  b a s e  i s o l a t i o n ,  f e e d  p o i n t  h e i g h t ,  a n d  

a n t e n n a  l e n g t h .  F i g u r e  3.1  s h o w s  t h e s e  p h y s i c a l  p r o p e r t i e s  o f  t h e  

a n t e n n a .

3.2 Base I s o l a t i o n  Choke

As a p r e l i m i n a r y  e x e r c i s e  t h e  a n t e n n a  f e e d p o i n t  h e i g h t  an d  t h e  

a n t e n n a  l e n g t h  w e r e  f i x e d .  The r e s o n a n t  f r e q u e n c y  and  d i s t r i b u t e d  

c a p a c i t y  o f  t h e  b a s e  i s o l a t i o n  choke w e re  v a r i e d .  I t  was i m m e d i a t e l y  

a p p a r e n t  t h a t  t h e  r e s o n a n t  f r e q u e n c y  m u s t  b e  l o w e r  t h a n  t h e  l o w e s t  

o p e r a t i n g  f r e q u e n c y  and  t h a t  t h e  d i s t r i b u t e d  c a p a c i t y  be a s  l o w  a s  

p o s s i b l e .  These r e s u l t s  a r e  shown i n  more d e t a i l  i n  Appendix B.

3.3 F e e d p o i n t  H e i g h t  and Antenna  L eng th

The p r i m a r y  c r i t e r i a  f o r  s e l e c t i n g  t h e  opt imum a n te n n a  i s  g a i n  on 

t h e  h o r i z o n .  I t  i s  t h i s  c h a r a c t e r i s t i c  o f  t h e  a n t e n n a  t h a t  d e t e r m i n e s  

t h e  e f f e c t i v e  r a n g e  f o r  a g i v e n  c o m m u n ic a t io n  s y s t e m .  Comple te  p l o t s  

and d i s c u s s i o n s  o f  g a i n  on t h e  h o r i z o n  f o r  v a r i o u s  f e e d p o i n t  h e i g h t s  and 

a n t e n n a  l e n g t h s  a r e  i n c l u d e d  i n  A p p e n d i x  C. C o n c i s e  r e s u l t s  a r e  

d e s c r i b e d  be low .
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Appendix  C shows t h e  g a i n  c u r v e s  t o  be  r a t h e r  s m oo th  f u n c t i o n s  of  

f r e q u e n c y .  I t  i s  o n l y  n e c e s s a r y  t o  exam ine  th e  end p o i n t s  t o  d e t e r m i n e  

t h e  m o s t  o p t i m u m  a n t e n n a  c o n f i g u r a t i o n .  F i g u r e  3 .2  s h o w s  t h e  g a i n  on 

th e  h o r i z o n  a t  30 MHz and 90 MHz. At 30 MHz, t h e  m os t  g a i n  i s  o b t a i n e d  

f r o m  t h e  l o n g e s t  a n t e n n a  (3 .0  m e t e r s )  r e g a r d l e s s  o f  f e e d p o i n t  h e i g h t .  

At  90 MHz t h e  m o s t  g a i n  f r o m  a 3 .0  m e t e r  l o n g  a n t e n n a  i s  o b t a i n e d  w i t h  

t h e  f e e d p o i n t  l o c a t e d  a t  1 .4  m e t e r s .  T h i s  t h e n  i s  t h e  m o s t  o p t i m u m  

a n t e n n a  g i v e n  t h e  c o n s t r a i n t  t h a t  t h e  a n t e n n a  be  no  l o n g e r  t h a n  3 .0  

m e t e r s .

However ,  an a d d i t i o n a l  c o n s t r a i n t  m us t  be added  a t  t h i s  p o i n t .  An 

e q u a l i z e r  n e t w o r k  m us t  be added t o  t h e  a n t e n n a  t o  m a t c h  t h e  a n t e n n a  t o  a 

50 ohm t r a n s m i t t e r  a t  a l l  o p e r a t i n g  f r e q u e n c i e s  w i t h o u t  b a n d s w i t c h i n g .  

The e q u a l i z e r  n e t w o r k  i s  d i s c u s s e d  i n  C h a p t e r  4 .  I n  o r d e r  t o  be  

e f f e c t i v e  t h e  m a t c h in g  n e t w o r k  m us t  be l o c a t e d  a t  t h e  f e e d p o i n t .  S ince  

t h e  f e e d p o i n t  i s  e l e v a t e d ,  a lump w i l l  be n e c e s s a r y  i n  t h e  wh ip  a n te n n a  

t o  h o u s e  t h e  e q u a l i z e r  n e t w o r k .  T h i s  l um p  w i l l  h a v e  t w o  u n d i s e r a b l e  

a f f e c t s .  F i r s t ,  i t  w i l l  i n c r e a s e  t h e  v i s i b i l i t y  o f  t h e  a n t e n n a .  

S e c o n d ,  t h e  l u m p  w i l l  c r e a t e  a d i s c o n t i n u i t y  i n  t h e  p h y s i c a l  

c o n s t r u c t i o n  o f  t h e  a n t e n n a  e n v e l o p e ,  t h u s  weaken in g  i t .  F o r  t h e s e  two 

r e a s o n s ,  a f e e d p o i n t  h e i g h t  no h i g h e r  t h a n  1 m e t e r  i s  d e s i r a b l e .  The 

h e i g h t  o f  t h e  a n t e n n a  can now be o p t i m i z e d  f o r  a f e e d p o i n t  h e i g h t  o f  one 

m e t e r .  F i g u r e  3.2 shows t h a t  a t  90 MHz t h e  a n te n n a  w i t h  a f e e d p o i n t  a t  

one m e t e r  and th e  m os t  g a i n  on t h e  h o r i z o n  i s  2.5 m e t e r s  long .

The  c a l c u l a t e d  c u r r e n t  d i s t r i b u t i o n ,  f i e l d  p a t t e r n s ,  an d  i n p u t  

i m p e d a n c e  o f  t h i s  o p t i m a l  a n t e n n a  a r e  shown i n  F i g u r e s  3 . 3 ,  3 . 4 ,  an d  

3 .5 .  Two a n t e n n a  s e g m e n t s  (M=2) a n d  a t h r e e  t e r m  e x p a n s i o n  f o r  t h e  

c u r r e n t  (K=3) a r e  used .
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The c u r r e n t  d i s t r i b u t i o n  (F ig u re  3.3) shows t h a t  the  b a s e  i s o l a t i o n  

c h o k e  h a s  m i n i m i z e d  t h e  c u r r e n t  a t  t h e  b a s e  o f  t h e  a n t e n n a  a t  a l l  

f r e q u e n c i e s .  The p h a s e  o f  t h e  c u r r e n t  i s  r e a s o n a b l y  c o n s t a n t  o v e r  t h e  

e n t i r e  l e n g t h  o f  t h e  a n t e n n a  a t  a l l  f r e q u e n c i e s .  T h i s  i s  d e s i r a b l e  t o  

c r e a t e  good f i e l d  p a t t e r n s .

The  f i e l d  p a t t e r n  ( F i g u r e  3 .4 )  s h o w s  t h a t  t h e r e  i s  no f r e q u e n c y  

where  a m a j o r  p o r t i o n  o f  t h e  r a d i a t e d  e n e r g y  i s  b e i n g  t r a n s m i t t e d  i n t o  

t h e  s k y .  T h i s  i s  n e c e s s a r y  t o  c r e a t e  t h e  maximum  f i e l d  i n t e n s i t y  on  

t h e  h o r i z o n .

The  i n p u t  i m p e d a n c e  ( F i g u r e  3 .5 )  s h o w s  a n  a n t e n n a  t h a t  w i l l  be  

d i f f i c u l t  t o  b r o a d b a n d  m a t c h .  At  30 MHz, t h e  a n t e n n a  h a s  v e r y  h i g h  

c a p a c i t i v e  r e a c t a n c e  and v e r y  l i t t l e  r e s i s t a n c e .  At 50 MHz, t h e  a n t e n n a  

h a s  a r e a s o n a b l e  r e s i s t a n c e  an d  l i t t l e  r e a c t a n c e .  At  90 MHz, t h e  

a n t e n n a  p r e s e n t s  a h i g h  r e s i s t a n c e .  M a t c h i n g  o f  t h e  a n t e n n a  i s  

d i s c u s s e d  i n  C h a p t e r  4.

3.4 M easured  R e s u l t s

M e as u re m e n ts  w e re  made o f  a n t e n n a  g a i n ,  c u r r e n t  d i s t r i b u t i o n  and 

impedance .  These  m e a s u r e m e n t s  a r e  i n  g o o d  a g r e e m e n t  w i t h  c a l c u l a t e d  

v a l u e s .

The  m e a s u r e d  c u r r e n t  d i s t r i b u t i o n  o f  an a n t e n n a  o f  l e n g t h  L=2.5 

m e t e r s  and f e e d  p o i n t  h e i g h t  FP= 1.0 m e t e r  i s  shown i n  F i g u r e  3.6. Only  

t h e  m a g n i t u d e  o f  t h e  c u r r e n t  i s  sh o w n  a s  m e a s u r e m e n t s  o f  p h a s e  a r e  

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

a r e  d e p i c t e d  i n  F i g u r e  3 .3 .  A c o m p a r i s o n  ( F i g u r e s  3 . 3 - 3 . 5  c a l c u l a t e d  

a n d  F i g u r e s  3 . 6 - 3 . 8  m e a s u r e d )  sh o w s  t h a t  t h e  m e a s u r e m e n t s  a r e  i n  g o o d  

a g r e e m e n t  w i t h  t h e  c a l c u l a t i o n s .

The  r e l a t i v e  g a i n  o f  a n t e n n a s  o f  v a r i o u s  h e i g h t s  a r e  s h o w n  i n
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FIGURE 3.3 CALCULATED NORMALIZED CURRENT DISTIBUTIONS
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L= 2 . 5 m  F I L E  9 1 6  FP= 1 . 0 m
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FIGURE 3.4 CALCULATED NORMALIZED FIELD PATTERNS
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FIGURE 3.5 CALCULATED IMPEDANCE NORMALIZED TO 50 OHMS
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FIGURE 3.6 MEASURED CURRENT MAGNITUDE DISTRIBUTION
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F i g u r e  3.7.  T h i s  p l o t  i s  made a t  90 MHz f o r  an a n t e n n a  w i t h  a f e e d p o i n t  

l o c a t e d  a t  one m e t e r .  The p l o t  i n d i c a t e s  t h e  b e s t  a n t e n n a  i s  2.5 m e t e r s  

i n  l e n g t h .

The m ea s u red  impedance  o f  t h e  a n t e n n a  i s  p l o t t e d  n o r m a l i z e d  t o  50 

ohms in  F i g u r e  3.8.  The c a l c u l a t e d  im pedance  o f  F i g u r e  3.5 i s  i n c l u d e d  

f o r  c o m p a r i s o n .

The c u r r e n t  d i s t r i b u t i o n ,  impedance  and g a i n  m e a s u r e m e n t s  were  made 

on  a 1 0  f e e t  b y  1 0  f e e t  c o p p e r  g r o u n d  s h e e t  l o c a t e d  1 0  f e e t  a b o v e  t h e  

ground.  The c u r r e n t  d i s t r i b u t i o n  m e a s u r e m e n t s  o f  F i g u r e  3.6 were made 

w i t h  a l a b  b u i l t  a n d  c a l i b r a t e d  c u r r e n t  p r o b e .  T h e  i m p e d a n c e  

m e a s u r e m e n t s  o f  F i g u r e  3.8 w e r e  made  w i t h  a H e w l e t t  P a c k a r d  HP8505A 

Ne tw ork  A n a l y z e r .  The g a i n  m e a s u r e m e n ts  o f  F i g u r e  3.7 were made w i t h  a 

H e w l e t t  P a c k a r d  HP8568A Spec trum  A n a l y z e r .  Account  was made i n  t h e  g a i n  

m e a s u r e m e n t s  f o r  v a r y i n g  impedance l e v e l s  w h i l e  c ha ng ing  a n t e n n a  l e n g t h s  

and f e e d p o i n t  h e i g h t s .
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CHAPTER 4 

EQUALIZER NETWORK

4.1 I n t r o d u c t i o n

A m a t c h i n g  n e t w o r k  i s  r e q u i r e d  b e t w e e n  t h e  a n t e n n a  and  t h e  

g e n e r a t o r .  The p u r p o s e  o f  t h i s  m a t c h i n g  n e t w o r k  i s  t o  r e d u c e  t h e  VSWR 

o f  a g i v e n  l o a d .  High  VSWR v a l u e s  c a u s e  o v e r h e a t i n g  o f  t h e  t r a n s m i t t e r  

by  r e f l e c t i o n s  f rom  t h e  l o a d  ( an t e n n a ) .  A m a t c h in g  n e t w o r k  i s  u s e d  t o  

e q u a l i z e  and r e d u c e  t h e s e  m i s m a t c h  l o s s e s  w i t h i n  a p a r t i c u l a r  f r e q u e n c y  

b a n d .

The  g a i n  o f  t h e  a n t e n n a s  i n v e s t i g a t e d  i n  t h i s  t h e s i s  w e r e  a l l  

c o m p a r e d  on  t h e  b a s i s  o f  e q u a l  i n p u t  p o w e r .  T h i s  w o u l d  r e q u i r e  a 

m a t c h in g  n e t w o r k  t o  p r e s e n t  t h e  t r a n s m i t t e r  w i t h  e q u a l  VSWR v a l u e s  f o r  

e a c h  f r e q u e n c y .  The most  d i f f i c u l t  l o a d  impedance  t o  m a tc h  o c c u r s  a t  30 

MHz. I n  F i g u r e  4.1  we s e e  t h a t  t h e  l o n g e s t  a n t e n n a  i s  t h e  l e a s t  

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

t h e  i n p u t  r e a c t a n c e  i s  t h e  s m a l l e s t .  The c h a r a c t e r i s t i c  impedance  o f  

t h e  g e n e r a t o r  and t r a n s m i s s i o n  l i n e s  a r e  SO ohms. Observe  f u r t h e r  t h a t  

t h e  l o n g e s t  a n t e n n a  h a s  t h e  most  g a in .  Hence t h e  b e s t  c h o ic e  a n t e n n a  i s  

t h e  l o n g e s t  one. F o r t u i t o u s l y ,  t h e r e f o r e ,  an  a n t e n n a  g a i n  and m i s m a t c h  

t r a d e o f f  d o e s  n o t  h a v e  t o  be  m ade .  H o w e v e r ,  we a r e  r e s t r i c t e d  t o  a 

f e e d p o i n t  h e i g h t  o f  one m e t e r .

I t  i s  s u f f i c i e n t  t o  p r o v i d e  t h e  b e s t  p o s s i b l e  e q u a l i z e r  f o r  t h e  

a n t e n n a  w i t h  t h e  b e s t  b ro ad b a n d  g a in .  S i n c e  t h i s  a n t e n n a  i s  t o  be u s e d  

w i t h o u t  b a n d - s w i t c h i n g  n e t w o r k s  on b o t h  t r a n s m i t  and r e c e i v e ,  a p a s s i v e  

l i n e a r  e q u a l i z e r  n e t w o r k  i s  r e q u i r e d .  T h i s  c h a p t e r  w i l l  d i s c u s s  n e t w o r k  

c o n f i g u r a t i o n s  a n d  d e s c r i b e  t h e  r a t i o n a l e  f o r  t h e  n e t w o r k  s e l e c t e d .  

A p p e n d i x  D d e s c r i b e s  a p r o c e d u r e  f o r  d e t e r m i n i n g  t h e  b e s t  p o s s i b l e

33



IMPEDANCE a t  30MHz  

f o r  F P = 1 . Om

LENGTH RESISTANCE REACTANCE

2. 4m 23.7ohms -508ohms
2 .6 m 28.3ohms -455ohms
2 . 8 m 33.7ohms -408ohms
3. Om 40.Oohms -365ohms

GAIN a t  30MHz  

f o r  F P = 1 . Om

LENGTH GAIN

2.4m .230dB
2. Bm .307dB
2 . 8 m .395dB
3. Om .494dB

FIGURE 4 . 1  IMPEDANCE AND GAIN DATA AT 30 MHZ
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t o l e r a n c e  o f  m a tc h  f o r  a g i v e n  i n p u t  impedance.

4.2 N e tw ork  Types

A p h y s i c a l l y  r e a l i z a b l e  e q u a l i z e r  n e t w o r k  m u s t  b e  l i m i t e d  t o  a 

r e a s o n a b l e  number o f  components  o r  i n d e p e n d e n t  v a r i a b l e s .  A n e t w o r k  o f  

many c om ponen t s  w i l l  be e x t r e m e l y  d i f f i c u l t  t o  p r o d u c e  and a l i g n  on a 

c o n s i s t e n t  b a s i s .  A lso  a l a r g e  number  o f  components  u s u a l l y  i n c r e a s e s  

t h e  i n s e r t i o n  l o s s  o f  an e q u a l i z e r .

C o n s i d e r  an e q u a l i z e r  c o n f i g u r e d  a s  a l a d d e r  n e t w o r k  a s  show n  i n  

F i g u r e  4 .2 (a ) .  A s e r i e s  b r a n c h  (Zs=jXg, Xg=Xj+Xc ) m us t  c o n s i s t  o n l y  o f  

a s e r i e s  LC c o m p o n e n t  (Ls <<*>, Cs >0) b e c a u s e  a p a r a l l e l  c o m p o n e n t  w o u l d  

i n t r o d u c e  a n  u n d e s i r a b l e  h i g h  r e a c t a n c e .  A l s o  n o t e  t h a t  i f  s e r i e s  

b r a n c h  w a s  r e s o n a n t  o u t  o f  b a n d ,  t h e  s e r i e s  b r a n c h  w o u l d  be  m ore  

e f f e c t i v e  w i t h o u t  one o f  t h e  com ponen ts  (Ls o r  Cg). The p a r a l l e l  b r a n c h  

(Yp) c o n s i s t s  o n l y  o f  a p a r a l l e l  LC c o m p o n e n t  (Lp >0,  Cp<«>) s i n c e  a 

s e r i e s  c o m p o n e n t s  w o u l d  c a u s e  an  u n d e s i r a b l e  h i g h  r e a c t a n c e .  An 

e q u a l i z e r  n e t w o r k  o f  t h r e e  b r a n c h e s  i s  t r i p l e  t u n e d .  T h i s  n e t w o r k  can 

be  c o n f i g u r e d  a s  a T o r  a p i  n e t w o r k .  The  l o a d  i m p e d a n c e  ( i . e . , t h e  

a n t e n n a  impedance)  w i l l  d e t e r m i n e  w h ic h  c o n f i g u r a t i o n  p r o v i d e s  t h e  b e s t  

m atch .

A t r a n s f o r m e r  i s  a v e r y  u s e f u l  e q u a l i z e r  c o m p o n e n t .  An i d e a l  

t r a n s f o r m e r  w i l l  a l l o w  t h e  r e n o r m a l i z a t i o n  o f  i m p e d a n c e s .  The b e s t  

m a t c h  i s  n o t  a f f e c t e d  by  w h e r e  t h e  i d e a l  t r a n s f o r m e r  i s  l o c a t e d .  An 

a u t o t r a n s f o r m e r  can s o m e t im e s  p r o d u c e  a b e t t e r  o v e r a l l  m a t c h  s i n c e  i t  

can be t a i l o r e d  t o  have f r e q u e n c y  v a r i a t i o n s .

4.3 N e tw o rk  S e l e c t i o n

A p i  t y p e  n e t w o r k  was f i r s t  i n v e s t i g a t e d .  The s e r i e s  and p a r a l l e l

35



o oZ s

( a )  LADDER NETWORK

o~ y v w _ | )_

o —

<b)  P I  NETWORK

A

.  /W \. . . . |  | _____ , . . / W \ ...[ |............

T

Co) T NETWORK AND TRANSFORMER

/V > A  | |__

Cd) P I  NETWORK AND TRANSFORMER
FIGURE 4.2 NETWORK TYPES

36



b r a n c h e s  e a c h  were a ssumed  t o  c o n t a i n  an i n d u c t a n c e  and a c a p a c i t a n c e  as

s h o w n  i n  F i g u r e  4 . 2 ( d ) .  An i d e a l  t r a n s f o r m e r  w a s  a l s o  i n c l u d e d .  I n

t h e  f r e q u e n c y  r a n g e  f r o m  30  MHz t o  90 MHz, r e a s o n a b l e  v a l u e s  o f

i n d u c t a n c e  a r e  .05 t o  2 m i c r o h e n r i e s .  R e a s o n a b le  v a l u e s  o f  c a p a c i t a n c e

a r e  5 t o  2 0 0  p i c o f a r a d s .  A c o m p u t e r  p r o g r a m  ( s e e  A p p e n d i x  A.9) w as

w r i t t e n  t o  s t e p  t h r o u g h  t h e s e  v a l u e s  a t  5 0  p e r c e n t  i n c r e m e n t s

( i . e . , C = 5 , 1 0 , 2 0 , 5 0 , 1 0 0 , 2 0 0  p i c o f a r a d s ) .  A l s o  i n c l u d e d  i n  t h e s e

30i n c r e m e n t s  were  0  and 1 0  whe re  a p p r o p r i a t e  t o  e f f e c t i v e l y  remove t h e  

c o n t r i b u t i o n  o f  e a c h  component  i n  t h e  n e tw o r k .  The t r a n s f o r m a t i o n  r a t i o  

was v a r i e d  f rom  1:1 t o  7 :1 .  F o r  t h e  i n p u t  im pedance  a s s o c i a t e d  w i t h  an 

a n t e n n a  o f  l e n g t h  L=2 .5  m e t e r s  a n d  f e e d p o i n t  h e i g h t  FP= 1 .0  m e t e r ,  t h e  

b e s t  VSWR f o u n d  a t  t h e  i n p u t  o f  t h e  n e t w o r k  c o n f i g u r a t i o n  a s  sh o w n  i n  

F i g u r e  4 . 2 ( d )  was 1 8 . 6 : 1 .

The  sam e  p r o c e d u r e  was  r e p e a t e d  f o r  a T n e t w o r k  s h o w n  i n  F i g u r e  

4 .2 (c)  ( s e e  Appendix A.10).  I n  t h i s  c o n f i g u r a t i o n ,  t h e  b e s t  n e t w o r k  d i d  

n o t  c o n t a i n  a c a p a c i t o r  i n  t h e  b r a n c h  n e a r e s t  t h e  a n t e n n a .  F o r  t h e  

i n p u t  impedance  a s s o c i a t e d  w i t h  an  a n t e n n a  o f  l e n g t h  L=2.5 m e t e r s  and a 

f e e d p o i n t  h e i g h t  o f  FP=1.0 m e t e r  t h e  b e s t  VSWR found  a t  t h e  i n p u t  o f  t h e  

n e t w o r k  c o n f i g u r a t i o n  as  shown i n  F i g u r e  4 .2 (c)  was 14.3 :1 .

The e q u a l i z e r  was t h e n  c o n f i g u r e d  as  a T n e t w o r k  as  above b u t  w i t h  

a n  a u t o t r a n s f o r m e r  u s e d  i n s t e a d  o f  an  i d e a l  t r a n s f o r m e r  a s  s h o w n  i n  

F i g u r e  4.3. A c o m p u te r  p r o g ra m  ( se e  Append ix  A . l l )  was w r i t t e n  t o  s t e p  

t h r o u g h  c o m p o n e n t  v a l u e s  a n d  c o u p l i n g  c o e f f i c i e n t s  f i r s t  w i t h  l a r g e  

s t e p s  and t h e n  w i t h  s m a l l e r  i n c r e m e n t s .  The f i n a l  n e t w o r k  i s  shown i n  

F i g u r e  4 .3 .

The n e t w o r k  o f  F i g u r e  4.3 r e d u c e d  t h e  maximum VSWR o f  t h e  a n t e n n a  

t o  a p p r o x i m a t e l y  7 : 1  ( s e e  F i g u r e  4 . 4 ( a ) ) .  T h i s  v a l u e  w as  s t i l l  t o o
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h i g h .  An a t t e n u a t o r  w as  u s e d  a t  t h e  b a s e  o f  t h e  a n t e n n a  t o  f u r t h e r  

r e d u c e  t h e  VSWR t o  3 . 5 : 1 .  The  i m p e d a n c e  o f  t h e  a n t e n n a  a f t e r  t h e  

e q u a l i z e r  n e t w o r k  a n d  a f t e r  t h e  a t t e n u a t o r  i s  s h o w n  i n  F i g u r e  4 . 4 ( b ) .  

The v a l u e  o f  t h e  a t t e n u a t o r  i s  o b t a i n e d  by  c a l c u l a t i n g  th e  m i s m a t c h  l o s s  

f o r  a g i v e n  VSWR

l o s s  = l O l o g (1 -  ( VSWR~1 ) 2 }db - 1 .6 d B  f o r  VSWR=3.5
VSWR+1 - 3 .6 d B  f o r  VSWR=7

The d i f f e r e n c e  o f  t h e s e  two v a l u e s  o f  l o s s  i s  2dB. From [36]  t h e  v a l u e s  

o f  t h e  r e s i s t o r s  m a k i n g  up  t h e  a t t e n u a t o r  a r e  r e q u i r e d  t o  b e  R = 436  

ohms a n d  R = 1 1 .6  ohm s .
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APPENDIX A

COMPUTER PROGRAMS

A . l  I n t r o d u c t i o n

Seven c o m p u te r  p r o g r a m s  a r e  u s s d  t o  d e t e r m i n e  t h e  opt imum b r o a d b a n d  

b a s e  i s o l a t e d  a s y m m e t r i c a l l y  f e d  VHF a n t e n n a .  The p r o g r a m s  w e r e  

w r i t t e n  i n  HPL t o  r u n  on a HP9825 c a l c u l a t o r .  The c o m p u t e r  s y s t e m  

c o n f i g u r a t i o n  i s  s h o w n  i n  F i g u r e  A . I .  T h e s e  p r o g r a m s  a r e  i n c l u d e d  i n  

t h e i r  e n t i r e t y  a t  t h e  end o f  t h i s  appe nd ix .  Each o f  t h e s e  p r o g ra m s  w i l l  

be  e x p l a i n e d  in  m o d e r a t e  d e t a i l  i n  t h e  f o l l o w i n g  p a r a g r a p h s .

A.2 Main Program -  CALCUR

The m ain  p rogram  i s  u s e d  t o  c a l c u l a t e  t h e  c u r r e n t  d i s t r i b u t i o n  on 

t h e  a n t e n n a .  L i n e s  2 a n d  3 a r e  d i m e n s i o n  s t a t e m e n t s  d e f i n i n g  a r r a y s .  

L i n e  4 e s t a b l i s h e s  t h e  a n g u l a r  n o t a t i o n  a s  r a d i a n s  an d  t h e  a n t e n n a  

r a d i u s  A. L i n e s  5 a n d  6  v a r y  t h e  f e e d p o i n t  h e i g h t  a n d  a n t e n n a  l e n g t h .  

L i n e  7 d e n o t e s  t h e  p o i n t s  ( e q u a t i o n  40) a t  w h i c h  a s o l u t i o n  t o  e q u a t i o n  

(35 )  w i l l  be  r e q u i r e d .  L i n e  8  v a r i e s  t h e  f r e q u e n c y  o f  s t u d y .  L i n e  10 

c a l l s  a s u b r o u t i n e  t o  c a l c u l a t e  t h e  m a t r i x  Q o f  e q u a t i o n  (37).  L i n e s  12 

a n d  13 c a l c u l a t e  t h e  r e a c t a n c e  o f  t h e  b a s e  i s o l a t i o n  c h o k e  w i t h  a 

r e s o n a n t  f r e q u e n c y  o f  25 MHz and a d i s t r i b u t e d  c a p a c i t y  o f  2 p f .  L i n e s  

1 6 ,  1 7 ,  a n d  18 c a l c u l a t e  t h e  l o a d  f u n c t i o n  o f  e q u a t i o n  (30 )  a n d  t h e  

d r i v i n g  f u n c t i o n  o f  e q u a t i o n  (31).

M a t r i c e s  A and  C a r e  t h e  r e a l  a n d  i m a g i n a r y  s o l u t i o n  m a t r i c e s  

r e s p e c t i v e l y .  They b o t h  have  t h e  f o l l o w i n g  c o n s t r u c t i o n .  Each row i s  

an  e q u a t i o n  t o  be  s a t i s f i e d .  C o lu m n s  1 ,  2 a n d  3 c o r r e s p o n d  t o  

* 1 , 2 '  *1 ,3*  C o lu m n s  4 ,  5 ,  a n d  6  c o r r e s p o n d  t o  1 -2 ,1 ’ * 2 , 2 '  * 2 , 3 ‘ C o lu m n  

7 c o r r e s p o n d s  t o  t h e  d r i v i n g  f u n c t i o n .  Row 1 c o r r e s p o n d s  t o  e q u a t i o n  

(39) .  Rows 4 t h r o u g h  6  c o r r e s p o n d  t o  e q u a t i o n  (35).
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L i n e s  20 t h r u  31 l o a d  t h e  s o l u t i o n  m a t r i c e s  A and  C t o  f o r m  

e q u a t i o n  (36).  L in e  20 i n c l u d e s  t h e  l o a d  f u n c t i o n  a t  H(P,1) o n l y  s i n c e  

t h e  c o e f f i c i e n t  o f  B i n  e q u a t i o n  (36)  i s  z e r o  f o r  K=2 an d  3.  L i n e s  21 

t h r o u g h  25 l o a d  m a t r i c e s  A and C a t  l o c a t i o n s  3,1  t h r o u g h  6 ,3 .  L i n e s  26

t h r o u g h  28 l o a d  m a t r i c e s  A and C a t  l o c a t i o n s  3,4 t h r o u g h  6 , 6 . L i n e s  29

a n d  30  l o a d  m a t r i c e s  A an d  C a t  l o c a t i o n s  1 , 1  t h r o u g h  2 , 7 .  L i n e  31 

l o a d s  t h e  d r i v i n g  f u n c t i o n  i n  m a t r i c e s  A and C a t  l o c a t i o n s  4,7 t h r o u g h  

6 , 7 .

The s o l u t i o n  m a t r i c e s  a r e  now p a s s e d  t o  t h e  complex m a t r i x  s o l u t i o n  

s u b r o u t i n e .  L i n e  35 l o a d s  t h e  s o l u t i o n  I i #i» t h r u  ^ 2 , 3  i n * °  m a t r i x  D.

T h i s  m a t r i x  i s  s t o r e d  on  d i s c .  L i n e  38 e s t a b l i s h e s  a f i l e  n u m b e r

d e pe nd ing  on t h e  f e e d p o i n t  l o c a t i o n  and a n t e n n a  l e n g t h .

L i n e  41 i s  t h e  e n d  o f  t h e  m a i n  p r o g r a m .  The f o l l o w i n g  l i n e s  a r e  

v a r i o u s  s u b r o u t i n e s  t o  p e r f o r m  r e p e t i t i v e  o p e r a t i o n s .  W i t h i n  t h e s e  

s u b r o u t i n e s  p num bers  a r e  u se d  as  s i m p l e  v a r i a b l e s .  They a r e  p a r t i c u l a r  

t o  e a c h  s u b r o u t i n e  a n d  do n o t  h a v e  g l o b a l  v a l u e s .  The n u m b e r s  u s e d  i n  

t h e  s u b r o u t i n e  have  a one t o  one p o s i t i o n a l  r e l a t i o n s h i p  t o  t h e  numbers  

i n  p a r e n t h e s i s  o f  t h e  c o r r e s p o n d i n g  c a l l  s t a t e m e n t s .

L i n e s  43 t h r o u g h  47 c a l c u l a t e  t h e  l o a d  f u n c t i o n  a n d  d r i v i n g  

f u n c t i o n  o f  e q u a t i o n s  (30 )  and  ( 3 1 ) .  L i n e s  49 t h r o u g h  80 s o l v e  t h e  

c o m p l e x  m a t r i x  e q u a t i o n s  o f  e q u a t i o n  ( 3 5 ) .  The  m e t h o d  o f  s o l u t i o n  i s  

t h e  G a u s s - J o r d a n  m e t h o d  w i t h  r o w  p i v o t i n g .  Row p i v o t i n g  i s  u s e d  t o  

i m p r o v e  a c c u r a c y .  I n  t h i s  s o l u t i o n  m e t h o d ,  t h e  m a t r i c e s  A and  C a r e  

r e d u c e d  t o  i d e n t i t y  m a t r i c e s  o f  s i z e  6 X 6 . The r e m a i n i n g  c o l u m n  

(co lumn 7) i s  t h e n  t h e  s o l u t i o n .

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

r e a l  and i m a g i n a r y  p a r t s  o f  e q u a t i o n  (35).  L i n e s  81 t h r o u g h  87 p r o v i d e
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t h e  complex  a r i t h m e t i c  f o r  t h e s e  o p e r a t i o n s .  L i n e s  51 t h r o u g h  55 f i n d  

t h e  l a r g e s t  l e a d i n g  c o e f f i c i e n t .  L ine  56 c h e c k s  f o r  a n o n - z e r o  m a t r i x .  

L i n e s  57 t h r o u g h  61 i n t e r c h a n g e  t h i s  p i v o t  row w i t h  t h e  c u r r e n t  w ork in g  

r o w  i f  n e c e s s a r y .  L i n e s  62 a n d  63 n o r m a l i z e  t h e  p i v o t  r o w ;  t h a t  i s ,

t h e s e  l i n e s  c r e a t e  a 1 on t h e  d i a g o n a l .  L i n e s  6 6  t h r o u g h  70 r e d u c e  a l l

o t h e r  r o w s  i n  t h e  m a t r i x ;  t h a t  i s ,  t h e s e  l i n e s  c r e a t e  z e r o s  i n  t h e  

m a t r i x  b e l o w  t h e  d i a g o n a l .  L i n e s  71  a n d  7 2  c h e c k  f o r  a z e r o  

d e t e r m i n a t e .  L i n e s  73 t h r o u g h  80 do t h e  b a c k s o l v e  p r o c e s s ;  t h a t  i s ,  

t h e s e  l i n e s  c r e a t e  z e r o s  a b o v e  t h e  d i a g o n a l .  The  r e m a i n i n g  c o l u m n  

( c o l u m n  7) i s  t h e  s o l u t i o n  a n d  i s  p l a c e d  i n  m a t r i c e s  X an d  Y. L i n e s  81 

t h r o u g h  87 a r e  t h e  complex  a r i t h m a t i c  o p e r a t i o n s  n e c e s s a r y  t o  s o l v e  t h e  

complex  m a t r i x  e q u a t i o n s .

L i n e s  8 8  t h r o u g h  94 a r e  u se d  t o  c a l c u l a t e  t h e  n u m e r i c a l  i n t e g r a t i o n  

o f  e q u a t i o n  (37). The i n p u t s  needed  by  t h i s  i n t e g r a l  and e q u a t i o n  (29) 

a r e  t h e  f o l l o w i n g :

a. Z p o s i t i o n  on a n t e n n a .

b. L l o w e r  l i m i t  o f  i n t e g r a t i o n .

c. D u p p e r  l i m i t  o f  i n t e g r a t i o n .

d. B b e t a .

e. A a n t e n n a  r a d i u s  i n  m e t e r s .

f .  E d e g r e e  o f  p o l y n o m i o n a l  a p p r o x i m a t i o n  p r e s e n t l y  b e i n g  
e v a l u a t e d

L i n e s  92 an d  93 a r e  t h e  c a l l  s t a t e m e n t s  t o  g e n e r a t e  t h e  r e a l  p a r t  

o f  t h e  Q m a t r i x  (Q) a n d  t h e  i m a g i n a r y  p a r t  o f  t h e  Q m a t r i x  (R). L i n e s  

95 t h r o u g h  99 e s t a b l i s h  t h e  c o n t i n u i t y  r e l a t i o n s h i p s  of  e q u a t i o n s  (38) 

a n d  ( 3 9 ) .  L i n e s  100  t h r o u g h  114 a r e  t h e  r e l a t i o n s h i p s  n e c e s s a r y  t o  

a c c o m p l i s h  t h e  n u m e r i c a l  i n t e g r a t i o n s  o f  e q u a t i o n s  (37) and (29).
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Equation (29) can be expanded in the following manner

F ( z  s)  = C0 S(PR) _ j s i n ( p R )  _ c o s P z c o s ( p r )  + j c o s P z s i n ( p r )
R R r  r

S e p a r a t i n g  e q u a t i o n  (A l )  i n t o  r e a l  and  i m a g i n a r y  p a r t s  a n d  a c c o u n t i n g

f o r  F ( z , s )  a n d  F ( z , - s )  f r o m  e q u a t i o n  (29 )  r e s u l t s  i n  t h e  f o l l o w i n g

e x p r e s s i o n s

R e [ F ( z , s ) + F ( z
cospR^ 2 c o s P z c o s p r  cos(pR)  

, - s ) J =  ________  -  +
R2  r  R (A2)

t rw/ u r f  \ i  s i n p R j  2 c o s P z s i n P r  s in ( p R )
I m [ F ( z , s ) + F ( z , - s )  J =   + -    / Aa\

R1  r  R

where  r  = ( s 2  + a2 ) 1 / 2 , = [ ( z ~ s ) 2 +a2 ] 1 / 2 , R = [ ( z + s ) 2 +a 2 ] 1 / 2  . (A4)

S u b s t i t u t i n g  e q u a t i o n s  (A2) and  (A3) i n t o  e q u a t i o n  (37) and c hang ing  t h e  

i n t e g r a l  t o  a sum m ation  r e s u l t s  i n  t h e  f o l l o w i n g

N
Z l ' 1 -  k - 1

Re [Q (z ,  i , k )  ] = 1  ( i + 1  *)3  R e [ F ( z , s . ) + F ( z , - s  . ) ] s*'
. k - 1  N . ,  J J J

(A5)

( z i +l ) j = 1

N
Z ~  z

Im[Q(z ,  i , k )  j 1  ( 1 + 1  ^  I m t F t z . s . l + F t z . - s . l l s ^ 1  (A6 )
, . k - 1  N . ,  J • J J
( z i + l )  J - l

z . . - - z .  z .  ̂ - z .
where  s .  = z .  + (_^ 1  ) i  -  _*___* . (A7)

J 1 N 2N

R e l a t i o n s h i p s  (AS),  (A6 ) ,  an d  (A7) a r e  u s e d  i n  l i n e s  100  t h r o u g h  

114 t o  c a l c u l a t e  t h e  Q t e r m s  g i v e n  by  e q u a t i o n  (37).

A.3 C u r r e n t  D i s t r i b u t i o n  — PLTCDR

The p r o g ra m  PLTCDR i s  u s e d  t o  p l o t  t h e  c u r r e n t  d i s t r i b u t i o n  o f  t h e
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a n te n n a  on p a p e r .  The c u r r e n t  d i s t r i b u t i o n  i s  p l o t t e d  f o r  e a ch  a n te n n a  

a t  s e v e r a l  s e l e c t e d  f r e q u e n c i e s .  F i g u r e  A.2 s h o w s  a t y p i c a l  c u r r e n t  

d i s t r i b u t i o n  p l o t .

L i n e  2 i s  a p l o t t e r  i n i t i a l i z a t i o n  s t a t e m e n t .  L i n e s  3 a n d  4 a r e  

s t a t e m e n t s  d i m e n s i o n i n g  a r r a y s .  L ine  5 s e l e c t s  t h e  f r e q u e n c i e s  t o  be 

p l o t t e d  f r o m  d a t a  f i l e  D. L i n e s  7 t h r o u g h  9 l o a d  t h e  d a t a  f i l e  f r o m  

d i s k  t o  a r r a y  D. L i n e s  10 an d  11 e s t a b l i s h  t h e  f e e d p o i n t  h e i g h t  an d  

a n te n n a  l e n g t h  from t h e  f i l e  number  N. L i n e s  12 t h r o u g h  22 a r e  p l o t t e r  

s c a l i n g  and l a b e l i n g  s t a t e m e n t s .  L i n e s  23 t h r o u g h  28 c a l c u l a t e  t h e  r e a l  

p a r t  R an d  t h e  i m a g i n a r y  p a r t  I  o f  t h e  c u r r e n t  on  t h e  a n t e n n a  a t  

p o s i t i o n  0<Z<D f r o m  e q u a t i o n  ( 3 2 ) .  L i n e s  30 t h r o u g h  33 c a l c u l a t e  t h e  

same c u r r e n t s  f o r  D<Z<L. L i n e s  34 t h r o u g h  38 c a l c u l a t e  t h e  m a g n i t u d e  

an d  p h a s e  o f  t h e s e  c u r r e n t s .  L i n e s  40 t h r o u g h  45 p l o t  t h e  r e a l  p a r t ,  

i m a g i n a r y  p a r t ,  m a g n i t u d e ,  a n d  p h a s e  o f  t h e  c u r r e n t  r e l a t i v e  t o  t h e  

maximum a m p l i t u d e .

A.4 F i e l d  P a t t e r n  — PLTFLD

The p ro g ra m  PLTFLD i s  u s e d  t o  p l o t  t h e  e l e v a t i o n  f i e l d  p a t t e r n  o f  

t h e  a n t e n n a  on p a p e r .  The f i e l d  p a t t e r n  i s  p l o t t e d  f o r  e a c h  a n t e n n a  a t  

s e v e r a l  s e l e c t e d  f r e q u e n c i e s .  F i g u r e  A.3 shows a t y p i c a l  f i e l d  p a t t e r n  

p l o t .

L i n e  2 i s  an  i n i t i a l i z a t i o n  s t a t e m e n t .  L i n e s  3 a nd  4 a r e  

s t a t e m e n t s  d i m e n s i o n i n g  a r r a y s .  L i n e  5 s e l e c t s  t h e  f r e q u e n c i e s  t o  be 

p l o t t e d  f r o m  d a t a  f i l e  D. L i n e s  7 t h r o u g h  8  l o a d  t h e  d a t a  f i l e  f r o m  

d i s c  t o  a r r a y  D. L i n e s  9 an d  10 e s t a b l i s h  t h e  f e e d p o i n t  h e i g h t  an d  

a n te n n a  l e n g t h  from t h e  f i l e  number  N. L i n e s  11 t h r o u g h  21 a r e  p l o t t e r  

s c a l i n g  and l a b e l i n g  s t a t e m e n t s .  L i n e s  22 th r o u g h  27 c a l c u l a t e  t h e  r e a l  

p a r t  R an d  t h e  i m a g i n a r y  p a r t  I  o f  t h e  c u r r e n t  on  t h e  a n t e n n a  a t
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L= 2 . 4 m FIL E 9 0 1  FP= 0 . 8 m

30MHz 35MHz 40MHz
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80MHz 85MHz 90MHz
REAL (1) IMAGINARY (2) MAGNITUDE (3) PHASE (4)

FIGURE A.2 TYPICAL NORMALIZED CURRENT DISTRIBUTIONS
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L= 2 . 4 m  F I L E  9 0 1  FP= 0 . 8 m

30MHz 40MHz

ANTENNA

35MHz

70MHzBOMHz50MHz

90MHz85MHz80MHz

FIGURE A.3 TYPICAL NORMLIZED FIELD PATTERNS
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p o s i t i o n  0<Z<D f r o m  e q u a t i o n  ( 3 2 ) .  L i n e s  29 t h r o u g h  32 c a l c u l a t e  t h e  

s a m e  c u r r e n t s  f o r  D<Z<L. L i n e s  33 t h r o u g h  37 c a l c u l a t e  t h e  m a g n i t u d e  

a n d  p h a s e  o f  t h e s e  c u r r e n t s .  L i n e  40  v a r i e s  a n g l e  A f r o m  0 t o  90 

d e g r e e s  i n  r a d i a n s .  L i n e s  41 t h r o u g h  45 c a l c u l a t e  f)cos(A) f rom  e q u a t i o n

(49) .  L ine  51 p l o t s  t h e  m a g n i tu d e  o f  t h e  f i e l d  p a t t e r n  as  a f u n c t i o n  o f  

t h e  a n g l e  A.

A.5 Impedance  -  PLTIMP

The p r o g r a m  PLTIMP i s  u s e d  t o  p l o t  t h e  a n t e n n a  i n p u t  i m p e d a n c e  

v e r s u s  f r e q u e n c y  on  p a p e r .  A t y p i c a l  a n t e n n a  i n p u t  i m p e d a n c e  p l o t  i s  

shown i n  F i g u r e  A.4.

L i n e  3 i s  a n  i n i t i a l i z a t i o n  s t a t e m e n t .  L i n e  4 i s  a s t a t e m e n t  

d i m e n s i o n i n g  a r r a y s .  L i n e s  5 t h r o u g h  7 l o a d  t h e  d a t a  f i l e  f r o m  d i s k .  

L i n e  9 i s  a p l o t t e r  s c a l i n g  s t a t e m e n t .  L i n e s  11 t h r o u g h  19 p l o t  a 

s i m p l i f i e d  s m i t h  c h a r t  on t h e  p a p e r .  L i n e s  21 t h r o u g h  23 c a l c u l a t e  t h e  

a n t e n n a  i n p u t  a d m i t t a n c e  f rom e q u a t i o n  (42) .  T h a t  i s ,  s i n c e  t h e  d r i v i n g  

f u n c t i o n  V„ was  s e t  e q u a l  t o  1 v o l t ,  t h e  a n t e n n a  i n p u t  a d m i t t a n c e  i sO

s i m p l y  t h e  i n p u t  c u r r e n t .  L i n e  24  c o n v e r t s  t h e  i n p u t  a d m i t t a n c e  t o  

i m p e d a n c e .  L i n e  25  c h a n g e s  t h e  i n p u t  i m p e d a n c e  t o  t h e  X a n d  Y 

c o o r d i n a t e s  o f  a s m i t h  c h a r t .  L ine  27 p l o t s  t h e  X and Y c o o r d i n a t e s  o f  

t h i s  i n p u t  i m p e d a n c e .  L i n e  28 i s  t h e  e n d  o f  t h i s  p r o g r a m .  L i n e s  29 

t h r o u g h  31 a r e  a s u b r o u t i n e  t o  c o n v e r t  a d m i t t a n c e  t o  impe dance .  L i n e s  

32 t h r o u g h  35 a r e  a s u b r o u t i n e  t o  c o n v e r t  i m p e d a n c e  t o  X a n d  Y 

c o o r d i n a t e s  on a s m i t h  c h a r t  n o r m a l i z e d  t o  50 ohms.

A. 6  F i e l d  S t r e n g t h  -  CALV/M

The p r o g r a m  CALV/M i s  u s e d  t o  c a l c u l a t e  t h e  f i e l d  s t r e n g t h  i n  

v o l t s /  m e t e r  on t h e  h o r i z o n .  T h i s  c a l c u l a t i o n  i s  made f o r  e a c h  a n t e n n a  

and e a c h  f r e q u e n c y .  The o u t p u t  i s  s t o r e d  on d i s k  f o r  use  l a t e r .
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L i n e s  2 and 3 a r e  s t a t e m e n t s  d i m e n s i o n i n g  a r r a y s .  L in e s  4 t h r o u g h

6 s e l e c t  t h e  f i l e  f r o m  d i s k  a n d  l o a d  a r r a y  D. L i n e s  7 and  8  c a l c u l a t e

t h e  f e e d p o i n t  h e i g h t  and a n t e n n a  l e n g t h  c o r r e s p o n d i n g  t o  t h e  f i l e  number  

N. L i n e s  11 t h r o u g h  15 c a l c u l a t e  t h e  r e a l  p a r t  R and th e  i m a g i n a r y  p a r t  

I  o f  t h e  c u r r e n t  o n  t h e  a n t e n n a  a t  p o s i t i o n  0<Z<D f r o m  e q u a t i o n  ( 3 2 ) .  

L i n e s  17 t h r o u g h  20  c a l c u l a t e  t h e  s am e  c u r r e n t s  f o r  D<Z<L. L i n e  21 

t h r o u g h  25 d e t e r m i n e  t h e  m a g n i tu d e  and p h a s e  o f  t h e  c u r r e n t .  L i n e s  27 

t h r o u g h  29 c a l c u l a t e  t h e  f i e l d  s t r e n g t h  o n  t h e  h o r i z o n  f r o m  e q u a t i o n

( 5 0 ) .  L i n e  33 c a l c u l a t e s  t h e  n o r m a l i z a t i o n  f a c t o r  o f  e q u a t i o n  ( 5 2 ) .  

L i n e  34 c a l c u l a t e s  t h e  f i e l d  s t r e n g t h  f o r  e q u a l  i n p u t  p o w e r  a s  i n  

e q u a t i o n  (53) and l o a d s  t h e  r e s u l t  i n t o  m a t r i x  V. T h i s  m a t r i x  i s  s t o r e d

o n  d i s k  i n  l i n e s  36 a n d  37 f o r  u s e  l a t e r .

A.7 Gain  -  PLV/M1

The p r o g r a m  PLV/M1 i s  u s e d  t o  p l o t  a n t e n n a  g a i n  on t h e  h o r i z o n  

r e l a t i v e  t o  a q u a r t e r  wave monopole v e r s u s  f r e q u e n c y .  I n  t h i s  p r o g ra m  

t h e  a n t e n n a  l e n g t h  i s  f i x e d  and  a f a m i l y  o f  c u r v e s  i s  p l o t t e d  f o r  

v a r i o u s  v a l u e s  o f  f e e d p o i n t  h e i g h t .  A t y p i c a l  g a i n  p l o t  i s  showm i n  

F i g u r e  A.5.

L i n e  2 i s  a n  i n i t i a l i z a t i o n  s t a t e m e n t .  L i n e  3 i s  a s t a t e m e n t  

d i m e n s i o n i n g  a r r a y s .  L in e  4 l o a d s  t h e  d a t a  f i l e  f rom  d i s k  i n t o  m a t r i x  

V. The a n t e n n a  l e n g t h  i s  e n t e r e d  in  l i n e  5. L ine  9 i s  a c a l l  s t a t e m e n t  

t o  e s t a b l i s h  t h e  f i e l d  s t r e n g t h  o f  t h e  r e f e r e n c e  a n t e n n a  (a q u a r t e r  wave 

monopole  a t  each  f r e q u e n c y ) .  L in e s  10 t h r o u g h  12 c a l c u l a t e  t h e  g a i n  o f  

t h e  a n t e n n a  i n  dB r e l a t i v e  t o  t h e  q u a r t e r  w a ve  m o n o p o l e .  L i n e s  13 

t h r o u g h  21 a r e  p l o t t e r  s c a l i n g  and  l a b e l i n g  s t a t e m e n t s .  L i n e s  22 

t h r o u g h  28 c a l c u l a t e  t h e  p r o p e r  d a t a  p o i n t  w i t h i n  m a t r i x  V and p l o t  t h i s  

g a i n  v e r s u s  f r e q u e n c y .  L i n e s  30 th r o u g h  41 c a l c u l a t e  t h e  f i e l d  s t r e n g t h
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on  t h e  h o r i z o n  o f  a q u a r t e r  wave  m o n o p o l e .  T h i s  r e f e r e n c e  a n t e n n a  i s  

a ssumed  t o  have  a s i n e  wave d i s t r i b u t i o n  o f  c u r r e n t .

A. 8  Gain  -  PLV/M2

The p r o g r a m  PLV/M2 i s  u s e d  t o  p l o t  a n t e n n a  g a i n  on t h e  h o r i z o n  

r e l a t i v e  t o  a q u a r t e r  wave monopole  v e r s u s  f r e q u e n c y .  I n  t h i s  p ro g ra m  

t h e  f e e d p o i n t  h e i g h t  i s  f i x e d  and  a f a m i l y  o f  c u r v e s  i s  p l o t t e d  f o r  

v a r i o u s  v a l u e s  o f  a n t e n n a  l e n g t h .  A t y p i c a l  g a i n  p l o t  i s  s h o w n  i n  

F i g u r e  A. 6 .

The p rog ra m  PLV/M2 ha s  l i n e  by  l i n e  s i m i l a r i t y  t o  p rog ram  PLV/M1.

A.9 E q u a l i z e r  Network  — MATCH1

The p r o g r a m  MATCH1 i s  u s e d  t o  f i n d  t h e  b e s t  VSWR u s i n g  t h e  p i  

n e t w o r k  o f  F i g u r e  4 . 2 ( d )  a n d  t h e  i n p u t  i m p e d a n c e  a s s o c i a t e d  w i t h  a n  

a n t e n n a  o f  l e n g t h  2.5 m e t e r s  and a f e e d p o i n t  h e i g h t  o f  1.0 m e te r .

L i n e  2 i s  a d i m e n s i o n  s t a t e m e n t .  L i n e s  3 t h r o u g h  5 s e l e c t  

p a r t i c u l a r  v a l u e s  o f  i n d u c t a n c e  and c a p a c i t a n c e .  L i n e s  6  and 7 a r e  t h e  

i n p u t  o r  a n t e n n a  impedance .  The f r e q u e n c i e s  s e l e c t e d  f o r  m a t c h in g  a r e  

shown i n  l i n e  8 . L i n e s  10 t h r o u g h  14 v a r y  t h e  v a l u e s  o f  i n d u c t a n c e  and 

c a p a c i t a n c e .  L i n e s  15 t h r o u g h  21 c a l c u l a t e  t h e  e f f e c t  o f  v a r i o u s  

t r a n s f o r m a t i o n  r a t i o s .  L i n e s  34 t h r o u g h  42 a r e  s u b r o u t i n e s  f o r  t h e  

complex  d i v i s i o n  o p e r a t i o n  and t h e  c a l c u l a t i o n  o f  VSWR.

A.10 E q u a l i z e r  Network  -  MATCH2

The p r o g ra m  MATCH2 i s  u s e d  t o  f i n d  t h e  b e s t  VSWR u s i n g  t h e  T n e t w o r k  

o f  F i g u r e  4 .2 (c)  and t h e  in p u t  impedance  a s s o c i a t e d  w i t h  an n e t w o r k  o f  

F i g u r e  4 . 2 ( c )  and t h e  i n p u t  i m p e d a n c e  a s s o c i a t e d  w i t h  an  a n t e n n a  o f  

l e n g t h  2.5 m e t e r s  and a f e e d p o i n t  h e i g h t  o f  1.0 m e t e r .

The p rog ram  i s  v e r y  s i m i l a r  t o  p rog ra m  MATCH1. Changes a r e  e v i d e n t  

i n  l i n e s  16 t h r o u g h  2 2  t o  r e f l e c t  t h e  d i f f e r e n t  n e t w o r k  c o n f i g u r a t i o n .
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A .l l  E q u a l i z e r  Ne twork  — MATCH3

The p rog ra m  MATCH3 i s  u s e d  t o  f i n d  t h e  b e s t  VSWR u s i n g  t h e  n e t w o r k  

o f  F i g u r e  4.3 an d  t h e  i n p u t  i m p e d a n c e  a s s o c i a t e d  w i t h  a n  a n t e n n a  o f  

l e n g t h  2.5 m e t e r s  and a f e e d p o i n t  h e i g h t  o f  1.0 m e t e r .

The p ro g ra m  MATCH3 i s  v e r y  s i m i l a r  t o  t h e  two p r o g r a m s  above. The 

o n l y  c h a n g e  i s  i n  t h e  c a l c u l a t i o n  o f  t h e  n e t w o r k  t o  i n c l u d e  an  

a u t o t r a n s f o r m e r  i n  l i n e s  15 t h r o u g h  18.
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0 :  "PROGRAM TO CALCULATE CURRENT DISTRIBUTION ON ANTENNA": 
1 :  "PROGRAM NAME CALCUR" :
2 :  d i m  X [61 , Y [ 6 ]  ,Z [4]  , L [ 3 ]  , M[ 1 ]  , G [ 4 ] , M $ [ 4 ]  , N $ [ 3 ]
3 :  d i m  A[ 6  , 7 ]  f C [ 6 , 7 ]  ,Q[  6 ,71 ,R [6 , 7] ,H [4 r H  f D [13 , 1 2 ]
4 :  r a d ; . 0 0 4 1 2 7 5 * A ; 0 * L ( 1 ]
5 :  "FEEDPOINT HEIGHT": f o r  D = . 8  t o  1 . 4  b y  . 1 ; D * L [ 2 ]
6 :  "ANTENNA LENGTH" s f o r  C = 2 . 4  t o  3 b y  . 1 ; C * L [ 3 ]
7 :  L [ 2 ] / 2 * Z [ 1 ] ; L [ 2 ] * Z [ 2 ] ; L [ 2 ] + ( L [ 3 1 - L [ 2 ] ) / 2 * Z [ 3 ] ; L [ 3 ] * Z [ 4]  
8 :  f o r  F=30 t o  90 by 5 
9 ;  "BETA" : 2* tt* F/300-H3 
10 5 "CALCULATE Q&R MATRIX" : c  11 'QScR '
1 1 ;  "BASE ISOLATION CHOKE";
12 : 1 / 4 utt( 2) 2 5 " 2 * r 8 ; 2 x F r 8 t n " 6 * r 9
1 3 ;  - l / 2 T T F 2 t n "  ( - 6 ) * r 1 0 ; r 9 * r l O / ( r 9 + r 1 0 ) * M t 1]
1 4 ;  "P =  4 POINTS ON ANTENNA Z [ P ] " :
1 5 ;  "CALCULATE LOAD FUNCTION AND DRIVING FUNCTION":
1 6 :  f o r  P =1  t o  4 ; Z t P ] * Z
1 7 :  C l l  ' H ( z , z i )  '  ( Z , L [ 1 ]  , B , M [ 1 ]  , K [ P , 1 ]  )
1 8 :  c l l  ' G ( z) '  (Z , L [ 2]  , B,  1 ,G [ P ] ) ; n e x t  P
1 9 :  "LOAD SOLUTION MATRICES A t ] =REAL, C [ ] =IMAGINARY":
2 0 :  f o r  P =1  t o  4 ;Q [ P + 2 , 1 ]  -H [P , 1 ]  * A [ P+ 2  , 1 ]  ; n e x t  P
2 1 :  1 * 1 ; f o r  K=1 t o  3 ; f o r  P = 1  t o  4
2 2 :  R ( P+ 2 f K + 3*1 - 3 ]  +C[P + 2  ,K + 3* 1 - 3  ]
2 3 :  i f  K=1 a n d  I = l ; g t o  +2
2 4 :  QI P+2  r K + 3*I  - 3 ]  ♦A[ P  + 2 , K+3* 1 - 3 ]
2 5 :  n e x t  P ; n e x t  K
2 6 :  2 * 1 ; f o r  K=1 t o  3 ; f o r  P = 1  t o  4
2 7 :  Q [ P + 2 ,  K +3*1 -31 *A[ P  + 2 , K+3* 1 - 3 ]
2 8 :  R [ P+ 2 , K+ 3* I  -  3] * C [ P + 2  , K + 3 * I - 3 ]
2 9 :  n e x t  P ; n e x t  K
3 0 :  f o r  K=1  t o  7 ; f o r  P=1  t o  2
3 1 :  Q I P , K ]  * A [ P  ,K] ; R[P  , K] *C[  P ,K] ; n e x t  P ; n e x t  K
3 2 :  f o r  P=1  t o  4 ; 0 * A [ P  + 2 , 7 ]  ; G l P ] * C l P + 2 ,  7] ; n e x t  P 
3 3 :  "SOLVE FOR CURRENTS X[ ]  & Y [ ] "  :
3 4 :  c l l  ' SOLVE'
3 5 :  i f  f l g 4 : s t p
3 6 :  f o r  1 = 1  t o  6 ; X [ I ]  *D[ ( F - 2 5 )  / 5  r 1 1 
37 :  Y 1 1 ] * D t  ( F - 2 5 )  / 5  , 1 + 6 ]  ; n e x  t l  
38 : n e x t  F

FIGURE A . 7 PROGRAM CALCUR
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3 9 :  "STORE ON D I S K " :
4 0 :  f x d  0 ;  s t r  ( 9 0 0 +7  ( 1 0 * D - 8) + I 0 * C - 2 3 )  *M$;M$ [ 2 , 4 ] * N $
4 1 :  a s g n  N $ , 1 ,  0 
4 2 :  s p r t  l , D l * ] f " e n d "
4 3 :  n e x t  C ; n e x t  D ; e n d
4 4 :  "ROUTINE TO CALCULATE LOAD FUNCTION":
4 5 :  " G ( z ) " :
46 : "H ( z , z i )  " : 0 * p 5
4 7 :  2 * c o s  ( p 3 * p l )  * s i n  ( p 3 * p 2 )  * p 5
4 8 :  - s i n  ( p 3 * a b s  ( p l - p 2 ) ) - s i n ( p 3 * a b s ( p l + p 2 )  ) + p 5 * p 5  
4 9 :  p 4 * p 5 / 6 0 * p 5 ; r e t
5 0 :  "ROUTINE TO SOLVE COMPLEX MATRIX EQUATIONS":
5 1 :  "SOLVE" : c f g  4 ; 0 * I ; 6 * N
5 2 :  "BRANCH TO BACKSOLVE": i f  ( 1 + 1 * 1 ) =N ; g t o  + 2 1
5 3 :  " F IND MAX PIVOT ROW" : I - l * K ; 0 * p l
5 4 :  i f  (K+1*K)  > N ; g t o  +4
5 5 :  c l l  'CMOD'  (A[K ,1]  , C [ K , I )  , p 2 )
5 6 :  i f  ( p 2 * p 3 )  > p l ; p 3 * p l ;  K*p4 
5 7 :  g t o  - 3
5 8 :  " I F  MAX PI VOT= 0 ,  D E T = 0 " :  i f  p l = 0 ; s f g  4 ; d s p  " D E T = 0 " ; r e t  
5 9 :  "NO SWITCH ROWS I F " : I * J ; i f  I = p 4 ; g t o  +5 
6 0 :  "INTERCHANGE ROW I  WITH PIVOT ROW p 4 " :
6 1 :  A [ I , J l * p 3 ; A [ p 4 , J ] * A [ I , J ] ; p 3 * A [ p 4 , J ] ; j m p  ( J + 1 * J ) > N + 1  
6 2 :  I * J
6 3 :  C [ I , J ] * p 3 ; C [ p 4 , J ] * C [ I f J ] ; p 3 * C [ p 4 , J ] ; j m p  ( J  + 1 * J ) > N + 1  
6 4 :  "NORMALIZE PIVOT ROW" : I + 1 * J  ; A [I  , I ] - p i  ? C [ I  , I  ] * p 5  
6 5 :  c l l  ' C D I V ' ( A [ I , J ]  , C [ I , J ]  , p l  , p 5  , p 6 ,  C [ I  , J ]  ) ; p 6 * A [ I , J ]
6 6 :  i f  ( J + 1 * J )  > N + l ; g t o - l  
6 7 :  I*K
6 8 :  i f  (K+1*K)  > N ; g t o  - 1 6
6 9 :  "REDUCTION OF OTHER ROWS" : I + 1 * J
7 0 :  c l l  ' C M U L T ' ( A [ K , I  ] , C [ K , I ] , A t I , J ]  , C [ I ,  J ]  , p 7  , p 8 )
7 1 :  c l l  ' CSUBT '  ( A [ K , J ]  , C [ K , J ]  , p 7  , p8  , A [ K , J ]  , C [ K , J ]  )
7 2 :  i f  ( J + 1 * J )  < N + 2 ; g t o  - 2  
7 3 :  g t o  - 5
7 4 :  "CHECK DET=0" : c l l  'CMOD' ( A[ N, N)  , C [ N , N  ] , p 9 )
7 5 :  i f  p 9 = 0 ; 0 * p l ; g t o  - 1 7  
7 6 :  "BACKSOLVE":
7 7 :  C l l  ' C D I V '  ( A( N, N+ 1 ]  , C [ N , N + 1 ]  , A[ N, N ]  , C [ N , N ]  , X [ N ]  ,Y[N]  )
78 : N*I
7 9 :  "SUBROUTINE FINISHED"  : i f  ( 1 - 1 * 1 )  < 1 ;  r e t  
8 0 :  N*K; 0 * p l 2 * p l 3
8 1 :  C l l  ' C M U L T ' ( A [ I  rK] , C [ I  ,K] ,X [K] ,Y[K)  , p l 0  , p l l )
8 2 :  c l l  ' C A D D ' ( p l O , p l l , p l 2 , p l 3 , p l 2 , p l 3 )
8 3 :  i f  ( K - l * K ) > = I + l ; g t o  - 2
8 4 :  c l l  ' C S U B T ' ( A [ I r N + l ]  , C [ I fN + l ]  , p l 2 f p l 3 f X l I ]  , Y [ I ]  ) j g t o  - 5

FIGURE A . 7 PROGRAM CALCUR CONTINUED
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8 5 :  "COMPLEX ARITHMETIC":
86 : "CADD" :p l+p3-*-p5;  p 2 + p 4 * p 6  ; r e t
8 7 :  "CSUBT" : p l - p 3 + p 5 ;  p 2 - p 4 + p 6  ; r e  t
8 8 :  "CMULT" : p l * p 3 - p 2 * p 4 - » - p 5 ; p 2 * D 3 + p l *  p4 + p 6  ; r e t
89 : "CDIV"  : ( p l * p 3 + p 2 * p 4  ) / ( p 3 * 2 + p 4 * 2  ) - p 5
9 0 :  ( p 2 * p 3 - p l * p 4 ) / (p3 " 2 + p 4 ~  2) > p 6 ; r e t
9 1 :  "CMOD" : V ' ( p l ~ 2 + p 2 " 2 ) - p 3 ; r e t
9 2 :  "Q & R MATRIX CALCULATION":
9 3 :  " Q& R " :
9 4 :  f o r  1 = 1 t o  2 ;L  [I  ] - L ;  L [1 + 1]  -*U
9 5 :  f o r  P=1  t o  4 ; Z [P j ♦Z ; f  o r  K = 1 t o  3
9 6 :  c l l  '  RQ ( z , i  , k  ) ' ( Z  ,L ,U ,B ,A,  K , Q[ P+2  ,K+ 3*1 -  3] )
9 7 :  c l l  ' l Q ( z , i , k )  '  ( Z , L  , U , B , A pK , R [ P + 2 , K + 3 * I - 3 ]  )
9 8 :  n e x t  K ; n e x t  P ; n e x t  I  
9 9 :  "CONTINUITY EQUATIONS":
1 0 0 :  f o r  K=1 t o  3 ; 0-»-Q[ 2 , K ] ♦ R f 2 ,K]
1 0 1 :  1+Q[  1 » K] +R[ 1 , K] +QI 2 , K+ 3] ■►Rl 2 , K+ 3] ; n e x t  K
1 0 2 :  0 + Q [ l , 7 ] * Q [ 2 , 7 ] + R [ l , 7 ] + R [ 2 , 7 ]  , - l * Q  [ 1 , 4  ] - R [  1 , 4 ]
1 0 3 :  - L [ 2 ] / L [ 3 ] - * - Q [ l f 5] -*-R[ 1 , 5 ] ; - ( L ( 2 ]  / L  [3 ]  ) “ 2-»-Q[l , 6] + R [ 1 , 6 ]  
1 0 4 :  r e t
1 0 5 :  "NUMERICAL INTEGRATION":
1 0 6 :  " R Q ( z  , i  , k) " :0-*-p7
1 0 7 :  f o r  T = 1 t o  1 0 0 ; T *  . 01* ( p 3 - p 2 ) 005* ( p 3 - p 2 )  +p2-»S
1 08  : /  (S~ 2 + p 5 ~ 2 )  -*-p8; ■/(( p l - S )  * ' 2 + p 5 ~ 2 ) + v 9
1 0 9 :  j ( ( p l + s r 2 + p 5 - 2 ) * p l 0
110  : S"  ( p 6 - l )  * c o s ( p 4 * p 9 )  /p9+p7-*-p7
1 1 1 :  -  (S~ ( p 6 - l )  * 2 * c o s (  p 4 * p l ) * c o s ( p 4 * p 8 )  / p 8 )  + p 7+ p 7
112 : S~ ( p 6 - l )  * c o s  ( p 4 * p l 0 )  / p l 0+p7-*-p7
1 1 3 :  n e x t  T ;  . 0 1 *  ( p 3 - p 2 )  * p 7 / p 3 ' “ ( p 6 - l ) + P 7  ; r e t
114* " T O f z  i . k ^ " * 0 > D 7
1 1 5 :  f o r  T = 1 t o  1 0 0 ;  T* . 01* ( p 3 - p 2 )  - . 0 0 5 *  ( p 3 - p 2 )  +p2-*S
1 16  : / (S ' ‘ 2 + p 5 ' ‘ 2 ) * p 8 ;  / (  ( p l - S )  " 2 + p 5 ' ' 2 ) - p 9
1 1 7 :  / (  ( p l + S )  ~ 2 + p 5 ) - p l 0
1 1 8 :  - ( S “ ( p 6 - l )  * s i n  ( p 4 * p 9 ) / p 9 ) + p 7 * p 7
1 1 9 :  S /' ( p 6 - l ) * 2 * c o s ( p 4 * p l ) * s i n ( p 4 * p 8 )  /p8+p7-*-p7
1 2 0 :  - ( S ~ ( p 6 - l ) * s i n ( p 4 * p l 0 ) / p l 0 )  + p7-*-p7
1 2 1 :  n e x t  T ; . 0 1 *  ( p 3 - p 2 )  * p 7 / p 3 ~ ( p 6 - l ) +p7 ; r e t

FIGURE A . 7 PROGRAM CALCUR CONTINUED 
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0  : 
I s  
2  : 
3 :  
4 :  
5 :
6 : 
7 :
8  : 
9 :  
1 0 : 
11 : 
12 : 
1 3 :  
14 : 
1 5 :  
16 : 
1 7 :  
1 8 :  
1 9 :  
20 : 
2 1 : 
22 : 
2 3 :  
2 4 :  
2 5 :  
2 6 :  
27 : 
2 8 :  
2 9 :  
30 : 
3 1 :  
3 2 :  
3 3 :
34  :
3 5  : 
3 6 :  
3 7 :  
3 8 :  
3 9 :  
4 0 :

"PROGRAM TO PLOT CURRENT D I S T R I B U T I O N " :
"PROGRAM NAME PLTCUR" : 
p c l r j l b l  " " ; d e g ; w r t  705  , " V S 10 "  
d im D [ 1 3 , 1 2 1  , M$ [ 4]  , N $ [ 3 ]  , G [ 9 ]  
d im R [0 :601  , 11 0 :601 , M [ 0 : 6 0 ]  , P [ 0 : 6 0 1  
"G [ 1 =SELECTED FREQUENCIES FROM D [] " : l-*-G[ 1] ; 2+G [ 2] 
3 * G [ 3 ]  ; 5 - G [ 4 ]  ; 7 - G l  51 ; 9 - G [ 6 1  ; 1 1 > G [ 7 ]  ; 1 2 + G [ 8 1 ; 1 3 - G [  9] 
e n t  "ENTER FI LE NUMBER",N 
f x d  0 ; s t r  (N) *M$;M$ [2  , 41  -*-N$ 
a s g n  N $ , l ; s r e a d  1 , D [ * 1  

" L=ANTENNA LENGTH" : 2 . 4 + . l *  i n t (  ( N - 9 0 1 ) mod7  )
"D= FEEDPOINT HEIGHT" : . 8 + . 1 *  i n t (  ( N - 9 0 1 )  / I )  *D 
f x d  l ; p e n #  l ; w r t  7 0 5 ,  " P A 1 0 0 0 , 97 00 " ; I b l  " L = " , L , " m "
f x d  0 ; p e n #  l ; w r  t  7 0 5 ,  " P A 3 40 0  , 97 00 " ; l b l  " F I L E "  ,N
f x d  1;  p e n #  1 ;  wr  t  7 0 5 ,  "P A5700  , 97 00 " ; l b l  " F P = " , D , " m "
f o r  F=1 t o  9 ; s c l  - 6 , 5 8 , - 2 , 1 1 . 4
o f s  ( F - l ) m o d 3 * 9 , ( 3 - i n t ( ( F + 2 ) / 3 ) ) * 3 . 5  
p e n #  l ; x a x  0 , l , - 4 , 4 ; y a x  0 , . 5 , 0 , 3  
i f  F<4 ; f  x d  0 ; p i t  - 2 , - . 3 , 1 ;  l b l  2 5+F*5  , "MHz"

- 2 , - . 3  , 1 ; l b l  
- 2 , - . 3  , 1 ; l b l  
- 2  , - . 3 , l ; l b l  
- 2 , - . 3 , 1 ; l b l

i f
i f
i f
i f

F=4 
F=5 
F = 6  

F> 6

50MHz"
" 6 0MHz"
" 7 0MHz"
45 + F*5 , "MHz"

t o  3 
+ 3

K

f x d  0 ; p l t  
f x d  0 ; p i t  
f x d  0 ; p l t  
f x d  0 ; p i t  

"Z=POSI TI ON ON ANTENNA": 
f o r  Z=0 t o  D by  , 0  5;0+V-*-W;for  K=1 
i f  Z = 0 ; D [ G [ F ]  ,11 + V ; D [ G [ F 1  , 7 1 + W ; g t o  
D[ G[ F1  , K l * a b s ( Z / D ) ' ‘ (K-l)+V-*>V 
D[G[F1 , K+ 6]  * a b s ( Z / D )  “ (K-1)+W+W; n e x t  
V+R[ Z* 201 ;W>I [ Z * 201 ; n e x t  Z 
"R [ 1 = REAL CURRENT, I  [ 1 IMAGINARY CURRENT" 
f o r  Z=D t o  L by . 0 5 ;  0+V+W;f  o r  K=1 t o  3 
DI GI F1  , K+31 * a b s  ( Z / L )  ~ ( K - 1 ) + V « V  
D [ G [ F 1 , K + 9 1 * a b s ( Z / L ) * ( K - 1 ) + W + W ; n e x t  K 
V> R[ Z* 2 0 ]  ;W^I  [Z*201 ; n e x t  Z 
f o r  T=0  t o  2 0 L - 1
{ ( R ( T l  ~ 2+1 (T1 “ 2)  +M[ Tl  ; a t n ( I  [ T ] / R [ T 1  ) * P [ T l  
i f  R I T K 0  a n d  I  [Tl  > 0 ;  1 8 0 + P [ T 1  ♦ P l T l  
i f  R [ T l  <0 a n d  I  [Tl  < 0 ; P [ T 1 - 1 8 0 * P [ T 1  
n e x t  T;0-*M[20L]  ; P [20L-1J-*-P [ 20L[
"M [1 =MAGNITUDE , P[  1 =PHASE" : max (M [* 1 ) ♦M 
f o r  S=1  t o  4 ; f o r  Z=0  t o  L b y  . 0 5

4 1 : i f  S =1 p e n # 2 ; p l t  R [ 2 0 *  Z 1 * 4/M ,Z
4 2 : i f  S =2 p e n # 3 ; p i t  I  [20* Z1 * 4 /M , Z
4 3 : i f  S =3 p e n # 4 ; p l t  M [ 20* Z1* 4 / M , Z
4 4 : i f  S = 4 p e n # 1 ;  p i t  P [ 2 0 * Z 1 / 4 5 , Z
4 5 : n e x t Z p e n ; n e x t  S ; p e n ; n e x t  F
4 6 : p e n # 1 c s  i z 1 ; p i t  - 2 2 , - . 7 , 1 ; l b l  "REAL g r e e n  IMAGINARY
4 7 : p e n # 1 c s  i z 1 ;  l b l  " r e d  MAGNITUDE b l u e  PHASE b l a c k "
4 8 : p e n # 2 p i t - 1 9 . 5 , - . 8 ; p i t  - 1 7 . 3 , - . 8 ; p e n
49 : p e n # 3 p i t - 1 1 .  5 , - . 8  ; p i t  - 1 0 , - . 8 ; p e n
5 0 : p e n # 4 p i t - 4 . 5 , - . 8 ; p l t  - 2 . 5 , - . 8 ; p e n
5 1 : p e n # 1 p i t 1 . 5 , - . 8 ; p l t  4 , - . 8 ; p e n

FIGURE A . 8 PROGRAM PLTCUR
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0  : 
1 :
2 : 
3 :  
4 :  
5 :
6 : 
7 :
8 :
9 : 
1 0 : 
1 1 : 
12 : 
1 3 :  
1 4 :  
1 5 :  
1 6 :  
1 7 :  
1 8 :
1 9  :
20 : 
2 1 : 
2 2 : 
2 3 :  
2 4  : 
2 5 :  
26 : 
2 7 :  
2 8 :  
2 9 :  
3 0 :  
3 1 :
3 2  :
3 3  :
34 : 
3 5 :  
36 : 
3 7 :  
3 8 :

"PROGRAM TO PLOT FIELD DISTRIBUTION" :
"PROGRAM NAME PLTFLD" :
p c l r  ; l b l  " " ; r  a d ; wr  t  7 05  , " V S 1 0 "
dim R[0  : 301 , I [  0 : 301  , M [ 0 : 3 0 ]  , P  [ 0 : 301  , F  [ 0 : 3 0 1
d i m D [ 1 3 , 1 2 1  , M$ [ 4]  , N$ [ 31  , G[91
"G[1=SELECTED FREQUENCIES FROM D M " : 1 *G [  1] ; 2+G[ 2] 
3+G [3 ] ; 5+G [ 41 ; 7-K5[ 51 ; 9 + G [ 6 ]  ; 1 1 - G [ 7 ]  ? 1 2 * G [ 8 1 ; 13>G[ 91 
e n t  "ENTER FI LE NUMBER",N
f x d  0 ; s t r ( N )  *M$;M$[ 2 ,4 ]-*N$; a s q n  N $ , l ; s r e a d  1 , D [ * 1  
"FEEDPOINT HEIGHT" : . 1 *  i n t  ( ( N - 9 0 1 ) / 7 )  + .  8-*-D

. l * i n t ( ( N - 9 0 1 ) m o d 7 ) + 2 . 4 +L 
7 0 5 , "P A10 0 0 , 9 7 0 0 " ; l b 1 " L = " , L , " m"
7 0 5 ,  "P A3400  , 9 7 0 0  " ; l b l  " F I L E "  ,N
7 0 5 ,  " P A 5 7 0 0 , 97 00 " ; l b l  " F P= "  , D , (,m"
- 2 , 6 3  , - 5 , 3 8  

( F - l )  mod3 * 9 , ( 3 - i n t ( ( F + 2 ) / 3 ) ) *12 
l ; x a x  0 , 4 , 0 , 8 ; y a x  0 , 4 , 0 , 8

"ANTENNA LENGTH": 
f x d  l ; p e n #  l ; w r t  

0 ; p e n #  l ; w r t  
l ; p e n #  l ; w r t  
F=1 t o  9 ; s c l

f x d  
f x d  
f o r  
o f s  
p e n #  
i f  F<4 ; f x d 0 ; p e n #  l j p l t  2 , - 1 . 5 , l ; l b l  
i f  F = 4 ; f x d  O j p e n #  l j p l t  2 , - 1 . 5 , l ; l b l
i f  F =5 ;  f x d  0 ; p e n #  l j p l t  2 , - 1 . 5 , l ; l b l
i f  F = 6 j f x d  0 ; p e n #  l j p l t  2 , - 1 . 5 , l ; l b l
i f  F> 6 ;  f  x d  0 ; p e n #  l j p l t  2 , - 1 . 5 , l ; l b l
" Z=POSITION ON ANTENNA": 
f o r  Z=0 t o  D by  . l j O + V + W j f o r  K=1 t o  3 
i f  Z = 0 ; D [ G [ F 1  ,11 > V ; D [ G [ F 1  ,71-*>W;gto +3  
D [ G [ F 1 , K 1  * a b s ( Z / D ) " ( K - l ) + V + V  
D[ G[ F1  , K + 6 1 * a b s ( Z / D ) <> ( K - l ) + W > W ? n e x t  K 
V*R[Z*101  jW*I [Z*101 j n e x t  Z 
"R [ 1 =REAL CURRENT, 1(1 = IMAGINARY CURRENT" 
f o r  Z=D t o  L by . 1 j 0-*-V-*-Wjf o r  K=1 t o  3 
D[ G[ F 1 ,K + 3] * a b s ( Z / L )  " (K-l )+V-*-V 
D[G[F1  , K+9]  * a b s ( Z / L )  * ( K - l ) + W + W j n e x t  K 
V+R[Z*101 jW+I [Z* 101 ; n e x t  Z 
f o r  T=0 t o  1 0 * L- 1
/ ( R [ T ] " 2 + I  [ T ] " 2 ) * M [ T l  ; a t n ( I  [ T ] / R [ T l  ) -+P[Tj  
i f  R [ T 1 <0 a n d  I  [T] >0 ;  x + P [ T l + P [ T ]  
i f  R [ T 1 < 0  a n d  I  [Tl < 0 j P  [ T l - u + P [ T l  
n e x t  T jO+Mf lOLl  ; P[  1 0 L - 1 1 +P[  10L]
"M [ 1 =MAGN I T  UDE, P [ ] = P H A S E " :

2 5 + 5 * F , "MHz" 
" 50MHz"
" 60MHz"
" 70MHz"
5* F+4 5 , "MHz"

FIGURE A . 9 PROGRAM PLTFLD
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3 9 :  
4 0 :  
4 1 :  
42 : 
4 3 :  
4 4 :  
4 5 :  
46 : 
4 7 :  
4 8 :  
4 9 :  
5 0 :  
5 1 :  
5 2 :  
53 :  
5 4 :  
55 :

" I = ANGLE IN DEGREES , F [ ] =FIELD STRENGTH":
f o r  1=0 t o  9 0  by 6 ;  2* n* I/360-*-A j 0 + r l > r 2
i f  F<4 j 2* n* ( 25 +5 * F)  * c o s  (A) / 3 0 0  ♦B
i f  F = 4 ; 2 * tt* 5 0 * c o s ( A ) / 3 0 0 - * ’B
i f  F=5 ; 2*i t* 6 0* c o s  ( A) / 3  00 -*B
i f  F=6 j 2 * n *  7 0 * c o s ( A ) / 3 0 0 - H 3
i f  F>6 j2* t t*  (5*F + 45)  * c o s  (A) /300-*-B
f o r  T=0 t o  10*L  by l j . l * T - * - Z
M [ T ] * ( c o s ( P t T ]  + Z * B ) + c o s  ( P [ T ] - Z * B ) )  + r  l - * r l
M[T] * ( s i n  (P [T] + Z * B ) + s i n ( P [ T ] - Z * B ) ) + r 2 - » - r 2 j  n e x t  T
s i n (  A ) * J  ( r  l * 2 + r  2*2)  ->-F [ 1 / 6 ]  j n e x t  I  j ma x (  F [* ] )  -*-M
f o r  1=0 t o  90  by  6 ;  2* it* I / 3 6 0 + A
p e n #  3 ; p i t  F [ I  / 6  ] * s i n  (A) *8/M , F [ 1 / 6 ]  * c o s  (A)* 8/M
ne x t  I  j pe n j n e x  t  F ; p e  n
p e n #  l ; p l t  - 9 r 2 4 ; p l t  - 4 , 2 7 j p e n
p e n #  l j p l t  - 9 . 5 , 2 9 j p l t  - 9 . 5 f 3 1 ; p e n
c s i z  l j p e n #  l j p l t  - 8 .  5 , 3 0 , 1  j l b l  "ANTENNA"

FIGURE A . 9 PROGRAM PLTFLD CONTINUED 
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0 :  "PROGRAM TO PLOT":
1 :  "ANTENNA INPUT IMPEDANCE ON SMITH CHART":
2 :  "PROGRAM NAME P L T I M P " :
3 :  p c l r ; l b l  " " ; d e g ; w r t  7 0 5  , " VS5"
4:  d im D[ 1 3  , 1 2 ]  , M $ [ 4 ]  fN $ [ 3 ]
5 :  e n t  "ENTER PI LE NUMBER" ,N 
6 :  f x d  0 ; s  t r  (N) ♦M$ ;M$ [2  , 4  ] -*N$
7 :  a s g n  N $ , l ; s r e a d  1 , D [ * ]  
8 :  f x d  0 ; p e n #  l ; w r t  7 0 5 ,  " P A 3 4 00  , 9 7 0 0 "  ; l b l  " F I L E "  , Is 
9 :  s c l  - 1 . 4 , 4 . 1 , - 2 , 1 . 7  
1 0 :  p e n #  l ; w r t  7 0 5 , "SM"
1 1 :  "DRAW SMITH CHART":
1 2 :  f o r  1=0 t o  3 60  by 2 ; p l t  c o s ( I )  , s i n ( I )
1 3 :  n e x t  l j p l t  - l , 0 ; p e n
1 4 :  f o r  1=0 t o  3 6 0  by 2;  p i t  . 5 c o s (  I )  + . 5  , .  5 s i n  ( I ) 
1 5 :  n e x t  I
1 6 :  f o r  1=90  t o  1 8 0  by 2 ; p l t  c o s ( I )  + l  , s i n ( I  ) - l  
17 :  n e x t  I ; p e n  
1 8 :  f o r  1= 1 8 0  t o  2 70  by 2 ? p l t  c o s ( I ) + l  , s i n  ( I ) + l  
19 :  n e x t  I ; p e n  
2 0 :  f o r  F=1  t o  13
2 1 :  "CALCULATE ANTENNA INPUT ADMITTANCE":
2 2 :  0 ♦G-*,B; f o r  K=1 t o  3
2 3 :  D[F,K]+G-*G;D [F , K + 6 ] + B + B ; n e x t  K
2 4 :  e l l  ' G B t O R X ' ( G , B  , R , I )  
2 5 :  C l l  ' R X t o X Y ' ( R , I  , X, Y)
2 6 :  "PLOT ANTENNA INPUT IMPEDANCE" :
2 7 :  w r t  7 0 5  , " S M . "  ; p e n #  3 ; p l t  X , Y , 1  
2 8 :  n e x t  F ; e n d
2 9 :  "ROUTINE TO CONVERT G&B TO R&X":
3 0 :  "GBtoRX" :
3 1 :  p i /  ( p l ' >2 + p 2 <' 2)  -*-p3; - p 2 /  ( p l ~  2+p2 ~2 ) -*-p4; r e  t
3 2 :  "ROUTINE TO CONVERT R&X TO X&Y ON SMITH CHART"
3 3 :  " RX t o XY " : 
3 4 :  p l / 5 0 - * p l ; p 2 / 5 0 - * - p 2 ;  ( p l + 1 )  <‘ 2 + p 2 ~ 2 + p 5  
3 5 :  ( p l ~ 2 - l + p 2 <' 2 )  / p 5 + p 3 ;  2 p 2 / p 5 * p 4 ;  r e t

FIGURE A . 10 PROGRAM PLTIMP



0 :  "PROGRAM TO CALCULATE VOLTS/METER ON HORIZON":  
1 :  "PROGRAM NAME CALV/M":
2 : d i m R[ 0 : 3 0 1  , I  [ 0 :3 01  , M [ 0 : 3  0] r P [ 0 : 3 0 ]
3 :  d im D [ 1 3 r 12]  , M $ [ 4 ]  , N $ [ 3 ]  , V [ 4 9 , 1 3 ]  ; d e g
4 :  f o r  N =901  t o  9 4 9
5 :  f x d  0 ; s t r  (N)-*-M$;M$[2 ,4]-*N$
6 :  a s g n  N $ r l ; s r e a d  1 , D[ * 1
7 :  "FEEDPOINT H E I G H T " : . 1 * i n t ( ( N - 9 0 1 ) / 7 ) + . 8>D 
8 :  "ANTENNA LENGTH" : .  1* i n t  ( ( N - 9 0 1  )mod7 ) +  2 .  4+L 
9 :  " Z=POSIT1 0 "  ON ANTENNA":
1 0 :  f o r  F=1 t o  13
1 1 :  f o r  Z=0 t o  D b y  . l ;0-*-V+W;f o r  K=1 t o  3
1 2 :  i f  Z = 0 ; D [ F , H - » > V ; D [ F , 7 1  > W ; g t o  +3
1 3 :  D [ F r Kl * a b s ( Z / D )  " ( K - D + V - V
1 4 :  D [ F , K + 6 1 * a b s ( Z / D )  " ( K - l )  +W+W; n e x  t  K
1 5 :  V>R[ Z*10]  ; W - I  [Z* 10]  ; n e x t  Z
1 6 :  " R[ ] =REAL PART,  I [ ] =IMAGINARY PART":
1 7 :  f o r  Z=D t o  L by . l;0-*V-»-W;f o r  K=1 t o  3 
1 8 :  D[ F,  K+3]  * a b s  ( Z / L )  ~ ( K - l )  +V+V 
1 9 :  D [ F , K+ 9 1  * a b s  ( Z / L )  ~ ( K - l )  +W+W; n e x t  K 
2 0 :  V-R[  Z* 101 ; W - I  [ Z*10]  ; n e x t  Z 
2 1 :  f o r  T=0 t o  10 * L - 1  by 1
2 2 :  { ( R [ T l " 2+1 IT1 ' ' 2) -^M[Tl  ; a t n ( I  [ T ] / R [ T ]  ) -*-P [T]
2 3 :  i f  R I T K 0  a n d  I  [T] >0 ;  180+P  [ T l  +P [ T]
2 4 :  i f  R [ T l <0 a n d  I  [Tl  < 0 ; P [ T l - 1 8 0 +P [ T l  
2 5 :  n e x t  T;  0+M [ 10L1 ; P [ 1 0 L - 1 ]  +P [ 10L1 
2 6 :  "M[ 1 =MAGNITUDE, P [ 1 = P HA S E" :
2 7 :  0 - * r l * r 2 ;  f o r  T = 0 t o  10*L
2 8 :  2 M [ T 1 c o s ( P [ T l ) + r l + r l » 2 M [ T 1 s i n ( P [ T l ) + r 2 * r 2  
2 9 :  n e x t  T ; ■/( r  l ~ 2 + r  2" 2) -*-E 
3 0 :  " E=FIELD STRENGTH":
3 1 :  " V [ 1 =N0RMALIZED FIELD STRENGTH":
3 2 :  "C=N0RMALIZATION FACTOR":
3 3 :  | ( 1 / ( D [ F , 1 ] + D [ F , 2 1 + D [ F , 3 ] ) ) - * C
3 4 :  E * C - V [ N - 9 0 0 ,  FI
3 5 :  n e x t  F ; n e x t  N
36 : a s g n  " V/M" , 1 , 0
3 7 :  s p r t  1 , V [ * 1 , " e n d "
3 8 :  e n d

FIGURE A . 11 PROGRAM CALV/M
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0 : "PROGRAM TO PLOT GAIN ON HORIZON VERSUS FREQUENCY
I s "PROGRAM NAME P L V / M 1 " :
2 : p c l r  ; l b l  " " ; r  a d ; w r  t  7 0 5  , "VS5"
3: d im M [ 0 : 3 0 ]  , V [ 4 9 , 1 3 ] , Q [ 1 3 ]
4 : a s g n  " V / M " , 1 ;  s r e a d  1 , V [ * ]
5 : e n t  "ENTER ANTENNA LENGTH 2 . 4 < L < 3 . 0 " , L
6 : i f  Nmod. 1 # 0 ; b e e p ; g t o  - 1
7 : i f  L > 3 ; b e e p ; g t o  - 2
8 : i f  L < 2 . 4  ; b e e p ; g t o  - 3
9 : e l l  ' Q T R '
10 : f o r  J =1  t o  4 9 ;  f o r  1 = 1 t o  13
1 1 : "GAIN IN dB" : 20 l o g  ( V [ J  , I ] / Q  [I ] )-*V[ J , I  ]
12 : n e x t  I ; n e x t  J
13 : s c l  1 0 , 1 5 5 , - 1 9 , 1 7
14 : f x d  0 ; p e n #  l ; x a x  - 1 4 , 5 , 2 5 , 9 0
1 5 : f x d  0 ; c s i z  ; f o r  1=30 t o  90 b y  10
16 : p i t  I - 3 , - 1 5 , 1 ; l b l  I ; n e x t  I
1 7 : p i t  5 0 , - 1 6 , 1 ; l b l  "FREQUENCY (MHz)"
1 8 : f x d  0 ; y a x  2 5 , 2 , - 1 4 , 2 , 2
1 9 : d e g ; p e n #  l ; p l t  1 7 , - 1 4 , l ; c s i z  1 . 5 , 2 . 2 , 1 , 90
2 0 : l b l  "GAIN ( dB)  REF QTR WAVE MONOPOLE"
2 1 : f x d  1;  c s  i z  ; p i t  5 0 , 3 , l ; l b l  " L = " , L , " m "
2 2 : 1 0 L - 2  3-*-A;2-*-C
2 3 : f o r  B=A t o  49 by 7
2 4 : i f  C= 5 ;  2+C
2 5 : p e n #  C
26 : f o r  F=1  t o  13
27 : p i t  2 5 + 5 F , V [ B , F ]
2 8 : n e x t  F ; C + 1 + C ;  p e n ;  n e x t  B ; p e n
2 9 : p e n #  l ; c s i z  l ; p l t  5 5 , l , l ; l b l  "FP = . 8m"
30 : p e n #  l ; c s i z  l ; p l t  5 5 , - 2 , 1 ; l b l  " F P = 1 . 4 m "
3 1 : en d
3 2 : "ROUTINE TO CALCULATE VOLTS/METER ON HORIZON":
33 : "FOR QUARTER WAVE MONOPOLE AT EACH FREQUENCY":
3 4 : " Q T R " :
3 5 : "M[l=MAGNITUDE":
36 : "E=FIELD STRENGTH, Q[ ] =NORMALIZED FIELD STRENGTH
37: r a d ; f o r  F=1 t o  13
3 8 : f o r  T=0 t o  3 0 0 / ( 4 *  ( 2 5 + 5 F ) ) b y  . 1 ;T->Z
3 9 : s i n  ( ( t t / 2 ) Z / ( 3 0 0 / 4  ( 2 5 + 5 F ) )  ) / 3 7 . 5 + M [ T ]  ; n e x t  T
40 : 0 + E ; f o r  T - 0  t o  3 0 0 / 4  ( 2 5 + 5 F )  b y  . 1 ; T - Z
4 1 : E+2M [ T l + E  ; n e x  t  T
4 2 : E * V 3 7 . 5 > Q [ F ]
4 3: n e x t  F;  r e t

FIGURE A . 12 PROGRAM PLV/M1
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0 :
I s
2 :
3:
4 :
5 :
6 :
7 :
8 :
9 :
10
11
12
13
14
15
16
1 7
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
3 5
36
37
38
39
40
41
42
4 3

"PROGRAM TO PLOT GAIN ON HORIZON VERSUS FREQUENCY": 
"PROGRAM NAME P L V / M 2 " : 
p c l r ; l b l  " " ; r a d ; w r t  7 0 5 , "VS5"  
d im M [ 0 : 3 0 ]  , V [ 4 9 , 1 3 ] , Q ( 1 3 ]  
a s g n  " V / M " , 1 ;  s r e a d  1 , V [ * ]  
e n t  "ENTER FEEDPOINT . 8 < F P < 1 . 4 " , D 
i f  D m o d , 1 # 0 ; b e e p ; g t o  - 1  
i f  D > 1 . 4 ; b e e p ; g t o  - 2  
i f  D<. 8 ; b e e p ; g t o  - 3  
e l l  ' Q T R '  

f o r  J = 1  t o  4 9 ;  f o r  1=1 t o  13 
"GAIN IN dB" : 20 l o g  ( V [ J  , I ] / Q [ I  ] ) ♦V[  J  ,1 ] 
n e x t  I ; n e x t  J  
s c l  1 0 , 1 5 5 , - 1 9 , 1 7  
f x d  0 ; p e n #  l ; x a x  - 1 4 , 5 , 2 5 , 9 0  
f x d  0 ; c s i z  ; f o r  1 = 30 t o  90 b y  10 
p i t  1 - 3 , - 1 5 , 1 ; l b l  I ; n e x t  I  
p i t  5 0 , - 1 6 , 1 ; l b l  "FREQUENCY (MHz)"  
f x d  0 ; y a x  2 5 , 2 , - 1 4 , 2 , 2
d e g ; p e n #  l ; p l t  1 7 , - 1 4 , 1 ; c s i z  1 . 5 , 2 . 2 , 1 , 9 0  
l b l  "GAIN (dB)  REF QTR WAVE MONOPOLE" 
f x d  l ; c s i z  ; p l t  5 0 , 3 , l ; l b l  " F P = " , D , " m "
1 0 D - 8  ♦ A ; 2 +C
f o r  B=7A+1 t o  7A+7 by  1 
i f  C = 5 ;  2-C 
p e n #  C
f o r  F=1  t o  13
p i t  2 5 + 5 F ,  V[B , F]
n e x t  F ; C + 1 + C ;  p e n ;  n e x t  B ; p e n
p e n #  l ; c s i z  l ; p l t  5 5 , 1 , 1 ; l b l  " L = 3 . 0 m "
p e n #  l ; c s i z  l ; p l t  5 5 , - 2 , 1 ; l b l  " L = 2 . 4 m "
e n d
"ROUTINE TO CALCULATE VOLTS/METER ON HORIZON":
"FOR QUARTER WAVE MONOPOLE AT EACH FREQUENCY": 
" Q T R " :
" M [ ] =MAGNITUDE"s
" E=FI ELD STRENGTH, Q [ ] =NORMALIZED FIELD STRENGTH": 
r a d ; f o r  F=1 t o  13
f o r  T=0  t o  3 0 0 / ( 4 *  ( 2 5 + 5 F )  ) b y  .1;T-*>Z
s  i n  ( ( it/ 2 ) Z /  ( 30 0 / 4  ( 25+5F ) )  ) / 3 7  . 5 - M [ T ]  ; n e x t  T
0 + E ; f o r  T=0 t o  3 0 0 / 4  ( 2 5 + 5 F )  b y  . 1 ; T + Z
E+2M[T]-»-E; nex  t  T
E * / 3 7 . 5 + Q [ F ]
n e x t  F ;  r e t

FIGURE A . 13 PROGRAM PLV/M2
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0 :  "PROGRAM TO CALCULATE BEST VSWR USING P I  NETWORK" 
1 :  "PROGRAM NAME MATCH1" :
2 : d i m  C 17 ] , L  [ 7 ]  , R [ 10]  , X [ 10] , F [5]  ,V[ 5] , A [8]  ; 2 0 0 0 + Z  
3 :  l e - 3 0 - * L [ l ]  ; . 0 5 + L [ 2 ] ; . 1 - L  [3]  ; .  2 - L  [4 ]  ; .  5 - L [ 5]
4 :  1-* L [ 6 ] ; l e30 - *L  [7 ] ; 1 0 0 + C [ 6 ]  ; l e 3  0 * C [ 7 ]
5 :  l e - 3 0 - C [ l ]  ; 5 - C [ 2 ]  ; 1 0 - C t 3 ]  ; 2 0 - C ( 4 ]  ;50->C[5]
6 : 2 5 * R [ 1 ]  ; 5 I * R [  2] ; 90 -*R[3]  ; 2 8 6 - R [ 4 ]  ; 1 3 1 2 + R [ 5 ]
7 :  - 4 8 1 + X [ l ] ; - 2 2 9 + X [ 2 ]  ; - 4 4 * X [ 3 ]  ;307-*X[4]  ; 6 2 + X [ 5 ]
8 :.  30 > F [ 1 ]  ; 4 0  * F [ 2] ; 5 0  + F [3 ]  ; 7 0 * F  [4] ; 9 0  + F [ 5 ]
9 :  f o r  1=2 t o  7
1 0 :  f o r  J = 1  t o  6
1 1 :  f o r  K = 1 t o  6
1 2 :  f o r  L=2  t o  7
1 3 :  f o r  M=2 t o  7
1 4 :  f o r  N=1 t o  6
1 5 :  f o r  F=1  t o  5;  2* tt* F t  F]  •*W
1 6 :  C l l  ' C D I V '  ( 1 , 0 , R [ F ]  ,X [F]  , G , B )
1 7 :  B + W * C [ J ] * t n " ( - 6 ) - l / ( W * L [ I ] ) -B 
1 8 :  C l l  ' C D I V '  ( 1 ,  0 , G rB , R , X)
1 9 :  X+W*L[K] - 1 / ( W * C [ L ] * t n ~ ( - 6 ) ) + X  
2 0 :  C l l  ' C D I V ' ( 1 , 0 , R , X , G , B )
2 1 :  B + W * C [ N ] * t r T ( - 6 ) - l / ( W * L [ M ]  )>B 
2 2 :  c l l  ' C D I V ' ( 1 , 0 , G , B , R [ F + 5 ] , X [ F + 5 ] )
2 3 :  n e x t  F
2 4 :  f o r  T = 1  t o  4 by - 5 ; f o r  F=1 t o  5 
2 5 :  c l l  'VSWR ' ( R [ F + 5 ] / T , X  [ F + 5 ] / T ,  50 , V [ F] )
26 : n e x t  F
2 7 :  i f  m a x ( V [ * ]  ) > Z ; g t o  +3
2 8 :  max  ( V[ * ]  ) -*Z+ A[ l ]  ; I-*A [2]  ; J+A (3] ;K+A[ 4]
2 9 :  L - A [ 5 ]  ;M*A[6]  ;N-*-A[7] ; T * A [ 8 ]
30 : n e x t  T
3 1 :  f x d  2 ;  d s p  Z ,1 , J  ,K
3 2 :  n e x t  N ; n e x t  M ; n e x t  L
3 3 :  n e x t  K j n e x t  J ; n e x t  I
3 4 :  f o r  P=1  t o  8 ; f l t  3 ; p r t  A[P]  ; n e x t  P
3 5 :  e n d
3 6 :  " C D I V " :
3 7 :  ( p l * p 3 + p 2 * p 4 ) / ( p 3 ' ' 2 + p 4 ' ‘ 2)-*>p5 
3 8  : ( p 2 * p 3 - p l * p 4  ) /  ( p3~  2+p4~  2) + p 6 ; r e  t  
3 9 :  "VSWR":
4 0 :  p l / p  3>p9 ; p 2 / p 3 - * - p l 0 ; ( p 9 + l ) “ 2 + p l 0 ' s 2-»p5
4 1 :  < p 9 ~ 2 - l + p l 0 ~ 2 ) / p 5 - » p 6
4 2 :  2 * p l 0 / p 5 * p 7 ;  /  ( p 6 ' ‘2 + p 7 ~  2) -*-p8
4 3 :  i f  p8> . 9 9 9 ;  1000-*-p4; r e t
4 4 :  ( l + p 8 ) / ( l - p 8 ) + p 4 ;  r e t

FIGURE A . 14 PROGRAM MATCH1



0 :  "PROGRAM TO CALCULATE BEST VSWR USING T NETWORK": 
1 :  "PROGRAM NAME MATCH2" :
2 :  d im C [7]  , L [7]  r R [ 10 ] , X [ 10] , F [5]  ,V[ 5] , A [8 ] ; 2 0 0 0  -Z 
3 :  l e - 3 0 * > L [ l ]  ; . 0 5 - L [ 2 ]  ; . 1 + H 3 ]  ; . 2 - L [ 4 ]  ; . 5 - L [ 5 ]
4 :  1 + L [ 6 ] ; i e 3 0 - L [ 7 ] ; 1 0 0 - C [ 6 ] ; l e 3 0 + C  [7]
5 :  l e - 3 0 + C l  1] ; 5 + C [2]  ; 1 0 + C [ 3 ]  ; 2 0 - C [4 ] ;  5 0 - C t  5]
6 :  2 5 > R [ 1 ]  ; 5 1 + R [ 2] ; 9 0 + R [ 3] ; 286+R [4 ] ;  1 3 1 2 * R [  5]
7 :  - 4 8 1 * X [ l ] ; - 2 2 9 - X [ 2 1  ; - 4 4 - X [ 3 ]  ; 3 0 7 + X [ 4 ]  ; 6 2 - X [ 5 ]
8 :  3 0 + F [ l ] ; 4 0 + F [ 2 ]  ; 50+F [3 ] ;  70  >F 14] ; 9 0 + F [ 5 ]
9 :  f o r  1=1 t o  6
1 0 :  f o r  J = 2  t o  7
1 1 :  f o r  K=2 t o  7
1 2 :  f o r  L=1  t o  6
1 3 :  f o r  M=1 t o  6
14 : f o r  N=2 t o  7
1 5 :  f o r  F=1  t o  5 ;  2* it* F [F]  +W
1 6 :  X [ F ] + L [ I ] * W - 1 / ( W * C [ J ] * t n “ ( - 6 ) ) * X
1 7 :  c l l  ' C D I V ' { 1 , 0 , R [ F ] , X , G , B )
1 8 :  B + W * C l L ] * t n ' “( - 6 ) - l / ( W * L [ K ]  ) - B  
1 9 :  c l l  ' CDIV '  ( 1 , 0 ,  G,B , R [ F + 5 ]  ,X )
2 0 :  X+W*L[M1- 1 / ( W * C [ N ] * t n ~ ( - 6 ) ) - X l F + 5 ]
2 1 :  n e x t  F
2 2 :  f o r  T=3 t o  8 by , 5 ; f o r  F=1 t o  5 
2 3 :  c l l  ' V S W R ' ( R [ F + 5 ] / T , X t F + 5 ] / T , 5 0 , V [ F ]  )
2 4 :  n e x t  F
2 5 :  i f  max (V [* ] ) >Z ;g t o  +3
26 : m a x ( V  [*] ) + Z + A [ l ]  ; I+A [21 ; J + A [  3]  ;K*A14]
2 7 :  I > A [ 5 ]  ; M- A[ 6 ]  ; N * A[ 7]  ;T-*A[8]
2 8 :  n e x t  T
2 9 :  f x d  2 ;  d s p  Z ,1 , J  ,K
3 0 :  n e x t  N ; n e x t  M j n e x t  L
3 1 :  n e x t  K ; n e x t  J ; n e x t  I
3 2 :  f o r  P=1  t o  8 ; f x d  2 ; p r t  A [ P ] ; n e x t  P
3 3 :  e n d
3 4 :  " CD I V " :
3 5 :  ( p l * p 3 + p 2 * p 4  ) /  ( p 3 ' “2 + p 4 ' ‘ 2) >p5  
36 : ( p 2 * p 3 - p l * p 4 ) / ( p 3 " 2 + p 4 ' ‘ 2 ) - p 6 ;  r e t  
3 7 :  "VSWR":
3 8 :  p l / p 3 + p 9 ; p 2 / p 3 - p l 0 ; ( p 9 + l ) ~ 2 + p l 0 “ 2 - p 5
3 9 :  ( p 9 " 2 - l + p l 0 ' ' 2 ) / p 5 - p 6
4 0 :  2 * p l 0 / p 5 > p 7 ; ^ ( p 6 " 2 + p 7 /' 2 ) + p 8
4 1 :  i f  p8> . 9 9 9 ;  1 0 0 0 + p 4 ;  r e t
4 2 :  ( l + p 8 ) / ( l - p 8  ) ♦p4 ;  r e  t

FIGURE A . 15 PROGRAM MATCH2
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"PROGRAM TO CALCULATE BEST VSWR USING AUTOTRANSFORMER": 
"PROGRAM NAME MATCH3 " :
d i m C [ 7 ]  , L [ 7 ]  , R [ 1 0 ] , X [ 1 0 ]  , F [ 5 ]  , V[ 5] , A [ 8 ]  ; 2 0 0 0 - Z  
l e - 3 0 - L [ l ] ;  . 0 5 > L [ 2 ]  ; . 1 - L [ 3 ]  ; . 2 - L [ 4 ]  ; . 5 - L [ 5 ]  ;1->L[6]  
l e - 3 0 * C [  1] ; 5 -C [2 ]  ; 1 0 - C  [ 3] ; 2 0 - C  [4]  ; 5 0 + C t 5 ]  ; 1 0 0 * C [ 6 ]  
l e 3 0 > L  [7]-*-C[7]
2 5 - R [ l ]  ; 51+Rl  2 ] ;  90+R[  3] ; 2 8 6  + R [ 4 ]  ; 1 3 1 2 + R [ 5 ]  
-481-*’X [ l ] ; - 2 2 9 - * ' X [ 2 ]  ; - 4 4 - X [ 3 ]  ; 3 0 7 - X [4] ; 6 2 * X [ 5 ]
3 0 - F [ l ]  ; 4 0 * F [ 2 ]  ; 50*F [ 3 ] ; 7 0 -F  [ 4] ;90  ♦FI  5] 
f o r  1=2 t o  6 

f o r  J = 2  t o  6 
f o r  K = . 3  t o  . 5  by . 0 2  
f o r  L=2 t o  6 
f o r  M=2 t o  6 
f o r  N=2 t o  6 
f o r  F=1  t o  5 ;  2* i r*F[F]+W 
WW ( L [ J  1 +K-/ ( L [I  ] L [ J ]  ) ) ~ 2 + Q
c l l  ' C D I V '  ( Q , 0 , R I F ]  ,X [ F ] + W ( L [ I ] + L [ J ]  ) , R r X)
C l l  ' C D I V '  ( 1 ,  0 , R, X+WL[  J ]  , G , B )
c l l  ' CD I V '  ( 1 , 0 , G ,B+WC[L]  t n "  ( - 6 )  , R [ F + 5 ]  r X)
X+WL[ M] - 1 / WC[ N] t n " ( - 6 ) + X [ F + 5 ]  
c l l  'VSWR'  ( R [ F+5]  ,X [ F+5]  , 5 0 , V [ F ] )  
n e x t  F
i f  m a x ( V [ * ] ) > Z ; g t o  + 3
max (V [*]  ) -*-Z-*A [ 1 ] ; I  ♦A [2]  ; J+A[  3 ] ;K+A[4]  ;L-*A[5]
M*A[6]  ; N - A [ 7 ]  ;T-*A[8]
f  x d  2 ; d s p  Z ,N ,M
n e x t  N ; n e x t  M ; n e x t  L
n e x t  K ; n e x t  J ; n e x t  I
f o r  1 =1  t o  8 ; f l t  3 ; p r t  A [ I ] ; n e x t  I
e n d
" C D I V " :
( p l * p 3 + p 2 * p 4 ) / ( o 3 ~ 2 + p 4 ~ 2 ) - p 5  
( p 2 * p 3 - p l * p 4 ) / ( p 3 ~ 2 + p 4 ~ 2 ) - p 6 ; r e t  
" VSWR":
p l / p 3 > p 9  ; p 2 / p 3 + p l 0 ;  ( p 9 + l ) ~  2 + p i  O'* 2 + P 5 
( p 9 ' “2 - l + p l 0 ' ' 2 )  / p 5 + p 6  
2 * p l 0 / p 5 - p 7 ; ^  ( p 6 ~ 2 + p 7 ~ 2 )  - p 8  
i f  p 8 >  . 9 9 9 ;  1000-»-p4; r e t  
( l + p 8 )  / ( l - p 8 )  +p4;  r e t

FIGURE A . 16 PROGRAM MATCH3
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APPENDIX B

BASE ISOLATED CHOKE

B . l  I n t r o d u c t i o n

The  b a s e  i s o l a t i o n  c h o k e  i s  t h e  m e c h a n i s m  t h a t  m e c h a n i c a l l y  and  

e l e c t r i c a l l y  c o n n e c t s  t h e  w h i p  a n t e n n a  t o  t h e  s u p p o r t i n g  s t r u c t u r e .  

T h i s  a p p e n d ix  w i l l  d e s c r i b e  t h e  p u r p o s e  f o r  t h e  b a s e  i s o l a t i o n  choke and 

t h e  e l e c t r i c a l  p a r a m e t e r s  w i l l  b e  d e t e r m i n e d .  R e s u l t s  o f  a n  

i n v e s t i g a t i o n  c o n d u c te d  t o  f i n d  t h e  m os t  opt imum method  t o  o b t a i n  t h e  

d e s i r e d  e l e c t r i c a l  p e r f o r m a n c e  w i l l  be p r e s e n t e d .

B.2 P u r p o s e

The  b a s e  i s o l a t i o n  c h o k e  i s  a v e r y  i m p o r t a n t  p a r t  o f  t h e  o v e r a l l  

a n t e n n a  s t r u c t u r e .  I t s  p u r p o s e  i s  t o  i s o l a t e  t h e  a n t e n n a  f r o m  t h e  

s u p p o r t  s t r u c t u r e .  T h i s  i s  d e s i r a b l e  f o r  t w o  r e a s o n s .  P r e v i o u s  

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

have f e w e r  and l e s s  s e v e r e  p a t t e r n  v a r i a t i o n s  and n u l l s .  I n  a d d i t i o n ,  

t h e  i n p u t  impedance  o f  the  a n t e n n a  w i l l  be  i n d e p e n d a n t  o f  i t s  p l a t f o r m  

i f  p r o p e r l y  i s o l a t e d .  The m ethod  o f  i s o l a t i n g  a n t e n n a  c u r r e n t s  f rom th e  

p l a t f o r m  i s  t o  p r o v i d e  a h i g h  i m p e d a n c e  b e t w e e n  t h e  a n t e n n a  and  t h e  

p l a t f o r m .  S i n c e  t h e  w h i p  a n t e n n a  o f  t h i s  t h e s i s  i s  f e d  a b o v e  t h e  

m oun t ing  s u r f a c e ,  a method o f  p r o v i d i n g  b o t h  t h e  f e e d  and t h e  i s o l a t i o n  

m u s t  b e  f o u n d .  A c o a x i a l  c a b l e  c h o k e  o f  t h e  f o r m  show n  i n  F i g u r e  B . l  

w i l l  s o l v e  b o t h  p r o b l e m s .  The i n t e r i o r  o f  t h e  c o a x i a l  c a b l e  c o n s t i t u t e s  

a t r a n s m i s s i o n  l i n e  t h a t  e x t e n d s  from t h e  b a s e  t o  t h e  f e e d p o i n t  of  t h e  

a n t e n n a .  The  e x t e r i o r  o f  t h e  c o a x i a l  c a b l e  f r o m  t h e  f e e d p o i n t  t o  t h e  

c a b l e  c h o k e  i s  t h e  l o w e r  a n t e n n a  e l e m e n t .  At  t h e  a r e a  o f  t h e  c a b l e  

choke t h e  c o a x i a l  c a b l e  i s  c o n f i g u r e d  t o  p r e s e n t  a h i g h  impedance  from 

t h e  l o w e r  a n t e n n a  e l e m e n t  t o  t h e  m o u n t i n g  s u r f a c e .  The  i n t e r i o r
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t r a n s m i s s i o n  l i n e  o f  t h e  c o a x i a l  c a b l e  and t h e  e x t e r i o r  c a b l e  choke do 

n o t  i n t e r f e r e  w i t h  e a c h  o t h e r .  T h e y  p e r f o r m  t h e  f u n c t i o n s  d e s c r i b e d  

above s e p e r a t e l y  and d i s t i n c t l y .

B.3 E l e c t r i c a l  P a r a m e t e r s

I t  i s  d e s i r a b l e  t h a t  t h e  b a s e  i s o l a t i o n  c h o k e  be  h i g h  i m p e d a n c e .  

I t  i s  n o t  o b v i o u s  w h e t h e r  t h i s  h i g h  i m p e d a n c e  s h o u l d  b e  i n d u c t i v e  o r  

c a p a c i t i v e .  I t  i s  c l e a r  t h a t  t h e  r e s i s t i v e  l o s s e s  s h o u l d  be  a s  low  a s  

p o s s i b l e .

The b a s e  c h o k e  c a n  be  c h a r a c t e r i z e d  b y  a r e s o n a n t  f r e q u e n c y  ( f c ) 

an d  an  e q u i v a l e n t  r e a c t a n c e  ( X ^ )  w h i c h  i s  c a p a c i t i v e  ( X ^  = - 1 / u C ^ ) .  

O t h e r  c h a r a c t e r i z a t i o n s  a r e  p o s s i b l e  b u t  f o r  t h i s  i n v e s t i g a t i o n  r e s o n a n t  

f r e q u e n c y  a n d  d i s t r i b u t e d  c a p a c i t y  a r e  t h e  m o s t  a p p r o p r i a t e .  Two 

a d d i t i o n a l  c o m p u t e r  p r o g r a m s  w e r e  w r i t t e n  t o  e x a m i n e  t h e  e f f e c t s  o f  

v a r y i n g  t h e s e  e l e c t r i c a l  p a r a m e t e r s .  They a r e  d e s c r i b e d  b r i e f l y  in  the  

p a r a g r a p h s  b e lo w .

B.3.1 Computer  P ro g ra m s

Two c o m p u t e r  p r o g r a m s  were  w r i t t e n  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  

v a r y i n g  t h e  r e s o n a n t  f r e q u e n c y  a n d  d i s t r i b u t e d  c a p a c i t y  o f  t h e  b a s e  

choke .  The f i r s t  p ro g ra m  c a l c u l a t e s  t h e  Q m a t r i x  o f  e q u a t i o n  (37) f o r  

f i x e d  a n t e n n a  l e n g t h  an d  f e e d p o i n t  h e i g h t .  The s e c o n d  p r o g r a m  s o l v e s  

f o r  the  c u r r e n t  on t h e  a n t e n n a  f o r  v a r i o u s  v a l u e s  o f  b a s e  choke r e s o n a n t  

f r e q u e n c y  and d i s t r i b u t e d  c a p a c i t y .

B .3 .1.1  Q - M a t r i x  -  CALQ0R

The c o m p u t e r  p r o g r a m  CALQPR c a l c u l a t e s  t h e  Q m a t r i x  o f  e q u a t i o n  

( 3 7 ) .  T h i s  p r o g r a m  i s  p r e s e n t e d  a t  t h e  en d  o f  t h i s  a p p e n d i x .  The 

c a l c u l a t i o n  i s  made f o r  a f i x e d  a n t e n n a  l e n g t h  and f e e d p o i n t  h e i g h t .

L ine  2 i s  a s t a t e m e n t  d i m e n s i o n i n g  a r r a y s .  L ine  3 e s t a b l i s h e s  t h e
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a n g u l a r  u n i t s  a s  r a d i a n s  a n d  s p e c i f i e s  t h e  a n t e n n a  l e n g t h .  L i n e  4 

s e l e c t s  t h e  p o i n t s  where  a s o l u t i o n  o f  e q u a t i o n  (41) w i l l  be r e q u i r e d .  

L i n e  5 s e l e c t s  t h e  f r e q u e n c y  o f  s t u d y .  L i n e  7 i s  a c a l l  t o  c a l c u l a t e  

t h e  r e a l  and i m a g i n a r y  p a r t s  o f  t h e  Q m a t r i x .  L i n e s  9 t h r o u g h  14 s t o r e

t h e  r e s u l t s  o f  t h e s e  c a l c u l a t i o n s  on d i s k  i n  a f i l e  number  s e l e c t e d  by

t h e  f r e q u e n c y .  L i n e  15 i s  t h e  en d  o f  t h e  m a i n  p r o g r a m .  L i n e s  16

th r o u g h  42 a r e  a s u b r o u t i n e  t o  c a l c u l a t e  t h e  Q m a t r i x .  L i n e s  20 and 21

a r e  t h e  c a l l  s t a t e m e n t s .  L i n e s  23 t h r o u g h  27 e s t a b l i s h  t h e  c o n t i n u i t y  

r e l a t i o n s h i p s  o f  e q u a t i o n s  (38)  and  ( 3 9 ) .  L i n e s  28 t h r o u g h  42 p e r f o r m  

t h e  n u m e r i c a l  i n t e g r a t i o n  o f  e q u a t i o n  ( 3 7 ) .  T h i s  i n t e g r a t i o n  i s  

d e s c r i b e d  i n  more d e t a i l  i n  Appendix  A.4.

B.3.1.2 C u r r e n t  D i s t r i b u t i o n  -  CALBIC

The c o m p u t e r  p rog ram  CALBIC c a l c u l a t e s  t h e  c u r r e n t  d i s t r i b u t i o n  o f  

t h e  a n t e n n a  w h i l e  v a r y i n g  t h e  e l e c t r i c a l  p a r a m e t e r s  o f  t h e  b a s e  

i s o l a t i o n  choke .  T h i s  p rog ram  i s  p r e s e n t e d  a t  t h e  end o f  t h i s  a ppend ix .

T h i s  p r o g r a m  h a s  f u n c t i o n a l  s i m i l a r i t y  t o  p r o g r a m  CALCDR. The  

e s s e n t i a l  d i f f e r e n c e s  a r e  i n  l i n e s  9 t h r u  18. L in e  9 v a r y s  t h e  r e s o n a n t  

f r e q u e n c y  (R) o f  t h e  b a s e  c h o k e  f r o m  25 MHz t o  85MHz.  The  d i s t r i b u t e d  

c a p a c i t y  ( m a t r i x  T) i s  s e l e c t e d  t o  be  2 p f ,  5 p f ,  o r  l O p f .  L i n e s  13 an d  

14 d e t e r m i n e  t h e  impedance  o f  t h e  l o a d  ( m a t r i x  M). L i n e s  15 t h r o u g h  18 

r e a d  t h e  v a l u e  o f  t h e  Q m a t r i x  c a l c u l a t e d  b y  p r o g r a m  CALQ8 R i n t o  

m a t r i c e s  Q a n d  R. The p r o g r a m  t h e n  c o n t i n u e s  s i m i l a r l y  t o  p r o g r a m  

CALCUR d e s c r i b e d  i n  a ppe nd ix  A.2.

B.3.2 C o n c l u s i o n s

The c u r r e n t  d i s t r i b u t i o n  on  t h e  a n t e n n a  c a n  be  p l o t t e d  u s i n g  

p rog ram  PLTCUR from Appendix A.3. An a n a l y s i s  o f  t h e s e  p l o t s  w i l l  show 

t h e  o p t i m u m  r e s o n a n t  f r e q u e n c y  and  d i s t r i b u t e d  c a p a c i t y  f o r  t h e  b a s e
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i s o l a t i o n  choke.  I n t e r e s t i n g  c u r r e n t  d i s t r i b u t i o n  p l o t s  a r e  i n c l u d e d  a t  

t h e  end o f  t h i s  a ppe nd ix .  D i s c u s s i o n s  i n  t h e  f o l l o w i n g  p a r a g r a p h s  w i l l  

r e f e r e n c e  t h e s e  p l o t s  by  f i l e  number .

F i l e s  9 6 1 ,  9 6 3 ,  965 a r e  p l o t s  o f  c u r r e n t  d i s t r i b u t i o n  w i t h

i n c r e a s i n g  v a l u e s  o f  r e s o n a n t  f r e q u e n c y  ( f=  25,  45 ,  65 MHz). I t  i s  m os t  

a p p a r e n t  i n  f i l e  965 t h a t  i n c r e a s i n g  t h e  r e s o n a n t  f r e q u e n c y  o f  t h e  b a s e  

c h o k e  r e s u l t s  i n  i n c r e a s i n g  a m o u n t s  o f  b a s e  c u r r e n t  e s p e c i a l l y  a t  30 

MHz, 35 MHz, and  40 MHz. T h e s e  d i s t r i b u t i o n s  a r e  u n d e s i r a b l e  b e c a u s e  

t h e  a n t e n n a  i s  n o t  i s o l a t e d  f r o m  i t s  s u p p o r t  s t r u c t u r e .  T h i s  w i l l  

r e s u l t  i n  f i e l d  p a t t e r n ,  g a i n ,  and a n t e n n a  im pedance  v a r i a t i o n s  due t o  

t h e  a n t e n n a ' s  d e p e n d e n c e  o n  t h e  s u p p o r t i n g  s t r u c t u r e .  T h i s  a n a l y s i s  

shows t h a t  t h e  b a s e  i s o l a t i o n  choke m us t  have a r e s o n a n t  f r e q u e n c y  l o w e r  

t h a n  t h e  l o w e s t  o p e r a t i n g  f r e q u e n c y .  T h a t  i s ,  t h e  b a s e  i s o l a t i o n  choke 

m u s t  b e  c a p a c i t i v e  i n  o r d e r  t o  p r e v e n t  o u t  o f  p h a s e  c u r r e n t s  f r o m  

d e v e l o p i n g  on t h e  a n te n n a .

F i l e s  9 6 1 ,  968  and  975  a r e  p l o t s  o f  c u r r e n t  d i s t r i b u t i o n  w i t h  

i n c r e a s i n g  v a l u e s  o f  d i s t r i b u t e d  c a p a c i t y  (C= 2 ,  5 ,  l O p f ) .  I t  i s  

a p p a r e n t  i n  f i l e  968  and  m o r e  s o  i n  f i l e  975 t h a t  i n c r e a s i n g  v a l u e s  o f  

d i s t r i b u t e d  c a p a c i t y  r e s u l t  i n  i n c r e a s i n g  a m o u n t s  o f  b a s e  c u r r e n t  

e s p e c i a l l y  a t  h i g h e r  f r e q u e n c i e s .  The r e a s o n  f o r  t h i s  i s  t h a t  

i n c r e a s i n g  t h e  d i s t r i b u t e d  c a p a c i t y  w i l l  d e c r e a s e  t h e  impedance  o f  t h e  

b a s e  i s o l a t i o n  c h o k e  a t  f r e q u e n c i e s  a b o v e  r e s o n a n c e .  I n c r e a s e d  b a s e  

c u r r e n t  i s  u n d e s i r e a b l e  as  d i s c u s s e d  above .  T h e r e f o r e ,  t h e  d i s t r i b u t e d  

c a p a c i t y  o f  t h e  b a s e  i s o l a t i o n  choke s h o u ld  be as  s m a l l  a s  p o s s i b l e .

B.4 P h y s i c a l  C o n s t r u c t i o n

I t  w a s  d e t e r m i n e d  i n  s e c t i o n  B.3 a b o v e  t h a t  t h e  b a s e  i s o l a t i o n  

choke s h o u l d  have a r e s o n a n t  f r e q u e n c y  l o w e r  t h a n  t h e  l o w e s t  o p e r a t i n g
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f r e q u e n c y  a nd  a d i s t r i b u t e d  c a p a c i t y  a s  l o w  a s  p o s s i b l e .  The l o w e s t  

o p e r a t i n g  f r e q u e n c y  i s  30 MHz. A c o a x i a l  c a b l e  choke s e l f - r e s o n a n t  a t  

25 MHz w o u l d  m e e t  t h i s  r e q u i r e m e n t .  A l o w e r  s e l f - r e s o n a n t  f r e q u e n c y  

c o u l d  be  c h o s e n  b u t  m ore  i n d u c t a n c e  w o u l d  be r e q u i r e d .  T h a t  i s ,  f o r  a 

f i x e d  d i s t r i b u t e d  c a p a c i t y ,  i n d u c t a n c e  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  

f r e q u e n c y  s q u a r e d  [ 3 7 ] .  I t  i s  p h y s i c a l l y  m o re  d i f f i c u l t  t o  b u i l d  a 

l a r g e r  v a l u e  o f  i n d u c t a n c e .  T h e r e f o r e ,  t h e  s e l f - r e s o n a n t  f r e q u e n c y  was 

f i x e d  a t  25 MHz. The f o l l o w i n g  i n v e s t i g a t i o n  was c o n d u c te d  to  d e t e r m i n e  

a p h y s i c a l  r e a l i z a t i o n  o f  t h e  b a s e  c h o k e  w i t h  m in im u m  d i s t r i b u t e d  

c a p a c i t y .

A c o a x i a l  c a b l e  choke c a n  be made by w i n d i n g  t h e  c o a x i a l  c a b l e  on a 

f e r r i t e  r o d  o r  t o r o i d .  I f  a f e r r i t e  r o d  i s  u s e d ,  some o f  t h e  f l u x  

p r o d u c e d  w i l l  be  l o s t  s i n c e  t h e r e  i s  a ga p  i n  t h e  m a g n e t i c  p a t h .  T h i s  

w i l l  r e s u l t  i n  l e s s  i n d u c t a n c e  p e r  t u r n  as  com pared  t o  a t o r o i d .  More 

t u r n s  and c o n s e q u e n t l y  l o n g e r  w i r e  w i l l  be r e q u i r e d  t o  make a p a r t i c u l a r  

v a l u e  o f  i n d u c t a n c e  on a r o d  t h a n  a t o r o i d .  B o t h  more t u r n s  and l o n g e r  

w i r e  c r e a t e  more d i s t r i b u t e d  c a p a c i t y .  T h e r e f o r e ,  a t o r o i d  i s  a b e t t e r  

c h o ic e  t h a n  a ro d  on w h ic h  t o  w ind  t h e  b a s e  i s o l a t i o n  choke.

S e v e r a l  p h y s i c a l  c o n f i g u r a t i o n s  o f  t o r o i d s  w e r e  c o n s t r u c t e d  t o  

d e t e r m i n e  w h ic h  p ro d u ce d  t h e  l e a s t  d i s t r i b u t e d  c a p a c i t y .  The t o r o i d s  

w e r e  w ound  w i t h  s u f f i c i e n t  t u r n s  t o  be s e l f —r e  s o n a n t  as  c l o s e  a s  

p o s s i b l e  t o  25 MHz. The i m p e d a n c e  o f  t h e  b a s e  i s o l a t i o n  c h o k e s  w e r e  

m e a s u r e d  a t  s e v e r a l  f r e q u e n c i e s  on an  RX m e t e r .  F i g u r e  B.2 s h o w s  t h e  

c a p a c i t y  p l o t t e d  a s  a f u n c t i o n  o f  1 / f ^ .  A s t r a i g h t  l i n e  i s  d r a w n  

t h r o u g h  t h e  d a t a  p o i n t s .  The  l i n e  s t r i k e s  t h e  f r e q u e n c y  a x i s  a t  t h e  

r e s o n a n t  f r e q u e n c y .  The l i n e  s t r i k e s  t h e  c a p a c i t y  a x i s  a t  a v a l u e  e q u a l  

t o  t h e  d i s t r i b u t e d  c a p a c i t y .  T h e r e f o r e ,  t h e  b a s e  i s o l a t i o n  choke w i t h
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the least distributed capacity can easily be determined from this plot.

The p h y s i c a l  c o n s t r u c t i o n  o f  t h e  b a s e  i s o l a t i o n  c h o k e  w i t h  t h e  

l e a s t  d i s t r i b u t e d  c a p a c i t y  i s  r a t h e r  u n i q u e .  A p a t e n t  a p p l i c a t i o n  i s  

c u r r e n t l y  b e i n g  p r o c e s s e d .  F i g u r e  B.3 s h o w s  t h e  w i n d i n g  p a t t e r n .  

I n s t e a d  o f  w ind ing  t h e  t o r o i d  c o n t i n u o u s l y  i n  one d i r e c t i o n  as  shown in  

F i g u r e  B . 3 ( a ) ,  t h e  t o r o i d  i s  c r o s s - w o u n d  ( s e e  F i g u r e  B . 3 ( b ) ) .  I n  t h i s  

c o n f i g u r a t i o n  th e  t o r o i d  i s  f i r s t  wound h a l f  way i n  one d i r e c t i o n .  The 

c a b l e  t h e n  c r o s s e s  t h e  c e n t e r  o f  t h e  t o r o i d  t o w a r d  t h e  b e g i n n i n g  e n d .  

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

d i r e c t i o n .  The p u r p o s e  o f  t h i s  w i n d i n g  t e c h n i q u e  i s  t o  r e d u c e  t h e  

d i s t r i b u t e d  c a p a c i t y .  T h i s  i s  a c c o m p l i s h e d  i n  t h e  f o l l o w i n g  m a n n e r .  

The  t o r o i d  c a n  b e  t h o u g h t  o f  a s  t w o  s e r i e s  i n d u c t o r s  w i t h  t h e i r  

a s s o c i a t e d  d i s t r i b u t e d  c a p a c i t i e s .  T h e s e  c a p a c i t i e s  a r e  now a l s o  i n  

s e r i e s  t h u s  r e d u c i n g  t h e  o v e r a l l  d i s t r i b u t e d  c a p a c i t y .
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(a) USUAL WINDING

(b) CROSS-WOUND

FIGURE B . 3  WINDING PATTERN
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0 :  "PROGRAM TO CALCULATE Q & R MATRICES":
1 :  "PROGRAM NAME CALQ&R":
2 :  d im Q [ 6 ,  71 , R [6 , 7 ]  , Z [4 1 f L [31 ,M$ [ 4] ,N$ [ 3]
3 :  r a d ;  . 0 04 127 5 - A;  Q-L [ 1] ; 1 - L [ 2 ]  ; 2 . 5 - L [ 3 ]
4 :  L [ 2 ] / 2 - Z [ l ] ; L [ 2 ]  - Z [ 2 ]  ; L [21 + ( Lf  3 ] - L [2]  ) / 2 - Z [ 3 ]  ; L [ 3 ] - * Z [ 4 ]  
5 :  f o r  F=30 t o  90  by 5 
6 :  "BETA" : 2 * tt* F / 30 0+B 
7 :  "CALCULATE Q&R M A T R I X " s e l l  ' Q & R '
8 :  "STORE ON D I S K " :
9 :  f x d  0 ; s t r ( F + 1 0 0 ) + M $ ; M $ [ 2 , 4 ] + N $
1 0 :  a s g n  N $ , 1 , 0
1 1 :  s o r t  1 , Q l *  1 , " e n d "
1 2 :  f x d  0 ;  s t r ( F  + 1 0 1 )* M $ ; M$  [2 , 4 ]  h>N$
1 3 :  a s q n  N$ , 1 , 0
14:  s o r t  l , R [ * ] , " e n d "
1 5 :  n e x t  F ; e n d
1 6 :  "Q & R MATRIX CALCULATION":
1 7 :  "Q&R":
1 8 :  f o r  1=1  t o  2 ;L  [I  ] +L ;  L [ I  + l l + U
1 9 :  f o r  P=1  t o  4 ;  Z[P]*>Z ; £ o e  K=1 t o  3
2 0 :  c l l  '  R Q ( z , i  , k )  '  (Z , L , U  ,B , A ,K ,Q[ P+2 , K+ 3 * 1 - 3 ]  )
2 1 :  c l l  ' I Q  ( z , i  , k ) ' ( Z , L , U , B , A r K , R  (P+2 f K+3*I  - 3 ]  )
2 2 :  n e x t  K ; n e x t  P ; n e x t  I  
2 3 :  "CONTINUITY EQUATIONS":
2 4 :  f o r  K = 1 t o  3 ;  0*Q[2  ,K] +R[ 2 , K]
2 5 :  l - » Q [ l vK ] - » R [ l , K l - » Q [ 2 f K + 3 ] - » R [ 2 r K+3] ; n e x t  K
26 : 0 - * Q [ l , 7 ]  + Q [ 2 , 7 ]  + R [ 1 , 7 ]  >R[ 2 , 71  ; - 1 * Q [  1 , 4  ] - R [ l , 4 ]
2 7 :  - L [2]  / L [ 3 ] - Q [ l , 5 ] - R [ l , 5 1  ; - (  L 1 2 ] / L  [3]  ) * 2->Q [ 1 ,  6]  - R[  1 r 6]  
2 8 :  r e t
2 9 :  "NUMERICAL INTEGRATION":
3 0 :  " RQ( z  , i  , k )  " : 0 + p 7
3 1 :  f o r  T = 1  t o  10 0 ;T* . 01* ( p 3 - p 2 )  - .  00 5* ( p 3 - p 2 ) + p 2 - * S
32 : { ( S ' ‘2 + p 5 " 2 ) - p 8 ;  | (  ( p l - S )  ' ' 2+p5 ' *2)  ♦p9
3 3 :  / (  ( p l + S )  A2 + p 5 <s2 ) + p l 0
3 4 :  S ' ' ( p 6 - l )  * c o s ( p 4 * p 9 ) / p 9 + p 7 - * - p 7
35 : -  (S"  ( p 6 - l )  * 2 * c o s (  p 4 * p l )  * c o s  ( p 4 * p 8  ) / p 8  ) + p 7 * p 7
3 6 :  S~ ( p 6 - l )  * c o s ( p 4 * p l 0 )  / p l O + p 7 - » p 7
3 7 :  n e x t  T ;  , 0 1 * ( p 3 - p 2 )  * p 7 / p 3 ~  ( p 6 - l ) + p 7 ;  r e t
3 8 :  " I Q ( z , i  , k ) "  : 0 - p 7
39:  f o r  T = 1 t o  1 0 0 ; T *  . 01*  ( p 3 - p 2 ) - . 0 0 5 *  ( p 3 - p 2 ) + p 2 - * S
4 0 :  /  ( S /' 2 + p 5 ' ' 2 ) + p 8 ;  / ( ( p l - S )  * 2+p5  " 2 )  *p9
4 1 :  / (  ( p l + S )  ,' 2 + p 5 ' ' 2 ) > p l 0
4 2  : -  (S~ ( p 6 - l )  * s i n  ( p 4 * p 9 )  / p 9 )  + p7-»-p7
4 3 :  S' '  ( p 6 - l )  * 2 * c o s  ( p 4 * p l ) *  s i n ( p 4 * p 8 )  / p 8 + p 7 * p 7
4 4 :  - ( S * ( p 6 - l ) * s i n ( p 4 * p l 0 ) / p l 0  ) + p 7 > p 7
4 5 :  n e x t  T ;  . 0 1 *  ( p 3 - p 2 )  * p 7 / p 3 <' ( p 6 - l )  +p7 ;  r e t

FIGURE B .4 PROGRAM CALQ&R
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0 :  "PROGRAM TO CALCULATE CURRENT DISTRIBUTION ON ANTENNA” : 
I s  "WHILE VARYING THE BASE ISOLATION CHOKE":
2 :  "PROGRAM NAME C A LBI C" :
3 :  d i m  X [ 6 ] , Y [ 6 ] , Z [ 4 ] , L [ 3 ]  , M l l ]  , G [ 4 ]  f T [ 3 ]  , M $ [ 4 ]  , N $ [ 3 ]
4 :  d i m  A [6 , 7 } , C [ 6 , 7 ]  ,Q [ 6 , 7 ]  , R [ 6 , 7 ] , H [4 , 1 ]  , D [ 1 3 , 1 2 ]
5 :  r a d ; . 0 0 4 1 2 7  5 - A ; 0 - L [ l ] ; l - * L ( 2 ]  ; 2 . 5 + L [ 3 ]
6 :  2 -*T [ 1 ] ; 5 ♦T [ 2 ] ;  10 ♦T [ 31
7 : L [ 2 ] / 2 - Z [ l ] ; L [ 2 ]  >Z [ 2]  ; L [2 ]  + ( L [3]  - L [ 2) ) /2->Z [ 3 ] ; L [3]  - Z [ 4 ] 
8 :  "BASE ISOLATION CHOKE":
9 :  f o r  T=1  t o  3 ; f o r  R=25  t o  8 5  b y  10
1 0 :  f o r  F=30 t o  90  by  5
1 1 :  "BETA" : 2 * it* F / 3 0 0 + B
1 2 :  i f  R=F;le6-*-M[ 11 ; g t o  +3
1 3 :  l / 4 f rn2R ' ' 2 -* - r8 ;  2 i r F r 8 t n ' ' 6 + r 9
1 4 :  - l / 2 T r F T [ T ] t n ~ ( - 6 ) - r l O ;  r 9 * r l 0 / ( r 9 + r l 0 ) - M [ 1 ]
1 5 :  f x d  0 ; s t r ( F + 1 0 0 )  -►M$;M$ [2 , 4  ]+N$
1 6 :  a s g n  N $ , l ; s r e a d  1 , Q [ * 1
1 7 :  f x d  0 ;  s t r  ( F + 1 0 1 )  +M$ ; M$ [2 , 4 ]  +N$
1 8 :  a s g n  N $ , l ; s r e a d  1 , R [ * 1
1 9 :  " P =  4 POINTS ON ANTENNA Z [ P ] " :
2 0 :  "CALCULATE LOAD FUNCTION AND DRIVING FUNCTION":
2 1 :  f o r  P=1 t o  4 ? Z [ P ] + Z
2 2 :  c l l  'H ( z , z i )  '  (Z , L [ 1 ]  ,B rM ( l ]  , H [ P , H )
2 3 :  c l l  ' G ( z )  '  (Z , L [ 2 ]  , B , 1 , G [ P ] ) ; n e x t  P
2 4 :  "LOAD SOLUTION MATRICES A[ ] =REAL,  C [ ] = IMAGINARY" :
2 5 :  f o r  P=1  t o  4 ;Q t P + 2 , H - H  [ P ,  H  > A [ P + 2 , 1 1  ; n e x t  P
2 6 :  l + I ; f o r  K = 1 t o  3 ; f o r  P = 1  t o  4
2 7 :  R [ P + 2 , K + 3 * I - 3 1 - C [ P + 2 , K + 3 * I - 5 l
2 8 :  i f  K=1 a n d  I = l ; g t o  +2
2 9 :  Q t P + 2 , K+ 3*1 - 3 ]  *A [P + 2 , K + 3* 1 - 3 ]
3 0 :  n e x t  P ; n e x t  K
3 1 :  2 * 1 ; f o r  K=1 t o  3 ; f o r  P = 1  t o  4
32 : R [ P + 2 ,  K+3*I  - 3 ]  * C [ P + 2  , K + 3 * I - 3 ]
3 3 :  Q [ P + 2 , K + 3 * I - 3 ]  * A [ P + 2 ,  K + 3 * I - 3 ]
3 4 :  n e x t  P ; n e x t  K
3 5 :  f o r  K = 1 t o  7 ; f o r  P = 1 t o  2
3 6 :  Q [ P , K ]  -*-A[P,K] ; R [ P  , K1 * C[ P , K1  ; n e x t  P ; n e x t  K 
3 7 :  f o r  P =1  t o  4 ; 0*A [P + 2 , 7  ] ; G[ P i  *C [ P + 2 , 7 ]  ; n e x t  P
3 8 :  "SOLVE FOR CURRENTS X [ ]  & Y U " :
3 9 :  c l l  ' S O L V E '
4 0 :  i f  f l g 4 ; s t p
4 1 :  f o r  1 = 1 t o  6 ;  X[I  1*D[ ( F - 2 5 )  / 5  ,11 ;Y [ 1 1 *D [ ( F - 2 5 )  / 5  ,1 +61 
4 2 :  n e x t  I ; n e x t  F 
4 3 :  "STORE ON D I S K " :
4 4 :  f x d  0 ;  s t r  ( 960+  ( T - l )  7+ ( R - 1 5 )  / 1 0 )  *M$ ;M$[ 2 , 4]  *N$
4 5 :  a s g n  N$ , 1 ,  0
4 6 :  s p r t  l , D [ * l , " e n d "
4 7 :  n e x t  R ; n e x t  T ; e n d

FIGURE B.5 PROGRAM CALBIC
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4 8 :  "ROUTINE TO CALCULATE LOAD FUNCTION":
4 9 :  " G ( z ) " :
50 : "H (z , z i )  " : 0 * p 5
5 1 :  2 * c o s ( p 3 * p l )  * s i n  (p3* p2)  *p5
52 : - s  i n ( p 3 * a b s  ( p l - p 2 ) ) - s i n  ( p 3 * a b s ( p l + p 2 )  ) + p 5 * p 5  
5 3 :  p 4 * p 5 / 6 0 * p 5 ; r e t
5 4 :  "ROUTINE TO SOLVE COMPLEX MATRIX EQUATIONS":
5 5 :  "SOLVE" : c f g  4 ; 0 * I ; 6 * N
5 6 :  "BRANCH TO BACKSOLVE" : i f  ( 1 + 1 * 1 ) =N; g t o  + 2 1
5 7 :  "F IND MAX PIVOT ROW" : I - 1 * K ; 0 * p l
5 8 :  i f  ( K+1*K) > N ; g t o  +4
5 9 :  c l l  ' CMOD' (A[ K , 1 ]  , C [ K , I ] , p 2 )
6 0 :  i f  ( p 2 * p 3 )  > p l ; p3 * p l ;  K*p4 
6 1 :  g t o  - 3
6 2 :  " I F  MAX P I V O T = 0 ,  DET=0" : i f  p l = 0 ; s f g  4 ; d s p  " D E T = 0 " ; r e t  
6 3 :  "NO SWITCH ROWS I F " : I * J j i f  I = p 4 ; g t o  +5 
6 4 :  "INTERCHANGE ROW I  WITH PIVOT ROW p 4 " :
6 5 :  A [ I , J ] * p 3 ; A [ p 4  , J ] * A [ I , J ]  ? p 3 * A [ p 4 , J ] ; jmp ( J + 1 * J ) > N  + 1 
6 6 :  I * J
6 7 :  C [ I , J ] - p 3 ; C [ p 4 , J ] * C ( I , J ] ; p 3 - C ( p 4 , J ] ; j mp  ( J  + l * J ) >N + 1 
6 8 :  "NORMALIZE PIVOT ROW" : I + W  ;A [ I  , I  ] * p l ;  C 1 1 , 1 1 * p 5  
6 9 :  C l l  ' C D I V '  ( A H  , J ]  , C [ I  , J ]  , p l  , p 5  , p 6 , C [ I  , J ]  ) ; p 6 * A [ I , J ]
7 0 :  i f  ( J + 1 * J )  > N + 1 ; g t o - l  
7 1 :  I*K
7 2 :  i f  ( K+1*K) > N ; g t o  - 1 6
7 3 :  "REDUCTION OF OTHER R O W S " : I + 1 * J
7 4 :  c l l  ' C M U L T ' ( A l K r I j  , C [ K , I ] , A [ I  , J ]  , C [ I ,  J ]  , p 7  , p 8 )
7 5 :  c l l  '  CSUBT'  (A [K f J  ] , C [ K , J ]  , p 7  , p8 , A [ K fJ ]  , C [ K, J ]  )
7 6 :  i f  ( J + l + J ) < N + 2 ; g t o  - 2  
7 7 :  g t o  - 5
7 8 :  "CHECK DET=0" : c l l  'CMOD '  ( A [ N, N] , C  [N, N] , p 9 )
7 9 :  i f  p 9 = 0 ; 0 * p l ; g t o  - 1 7  
8 0 :  "BACKSOLVE":
8 1 :  c l l  ' C D I V ' ( A [ N , N + 1 1  , C [ N , N + 1 ]  , A [ N f N] , C [ N , N ] , X [ N ]  fY[ N] )  
8 2 :  N*I
8 3 :  "SUBROUTINE F I NI SH E D "  : i f  ( 1 - 1 * 1 ) < 1 ; r e t  
8 4 :  N * K ; 0 * p l 2 * p l 3
8 5 :  c l l  ' C M U L T ' ( A [ I  ,Kl  , C [  I , K ]  ,X [ K] , Y [ K ] , p i 0 , p l l )
8 6 :  c l l  ' C A D D ' ( p l O , p l l , p i 2 , p l 3  , p l 2 , p l 3 )
8 7 :  i f  ( K- 1* K)  > = I + l ; g t o  - 2
8 8 :  c l l  ' C S U B T ' ( A [ I  ,N+1]  , C [ I , N + 1 ]  , p l 2  , p l 3 ,  X [ I ]  ,Y [ I  ] )  ; g t o  - 5  
8 9 :  "COMPLEX ARI THME TI C" :
9 0 :  " C A D D " : p l + p 3 * p 5 ; p 2 + p 4 * p 6 ; r e t
9 1 :  "CSUBT" : p l - p 3 * p 5 ;  p 2 - p 4 * p 6  ; r e t
92 : "CMULT" : p l * p 3 - p 2 * p 4 * p 5 ;  p 2 * p 3 + p l  * p 4 * p 6 ; r e t
9 3 :  " CD I V " :  ( p l * p 3 + p 2 * p 4 )  /  ( p3~ 2 + p 4 ~ 2 )  *p5
9 4 :  ( p 2 * p 3 - p l * p 4 )  / ( p 3 ~ 2 + p 4 " 2 )  * p 6 ;  r e t
9 5 :  "CMOD": / ( p l /‘ 2 + p 2 ' ‘2) * p 3 ; r e t

FIGURE B .5 PROGRAM CALBIC CONTINUED
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APPENDIX C 

GAIN ON THE HORIZON

C o m p l e t e  p l o t s  o f  g a i n  on  t h e  h o r i z o n  r e l a t i v e  t o  a q u a r t e r  wave  

m o n o p o l e  a r e  d i s c u s s e d  i n  t h i s  a p p e n d i x .  The c o m p u t e r  p r o g r a m s  o f  

A p p e n d i x  A.6 ,  A.7 ,  an d  A.8 a r e  u s e d  t o  g e n e r a t e  t h e s e  g a i n  p l o t s .  The  

p l o t s  a r e  i n c l u d e d  a t  t h e  end o f  t h i s  app e n d ix .

F i g u r e s  C.l t h r o u g h  C.7 h o l d  t h e  f e e d p o i n t  h e i g h t  c o n s t a n t  and v a r y  

t h e  a n t e n n a  l e n g t h .  E x a m i n a t i o n  o f  t h e s e  p l o t s  a t  30 MHz shows t h a t  an 

a n t e n n a  l e n g t h  o f  3 .0  m e t e r s  ha s  t h e  h i g h e s t  g a in .

F i g u r e s  C.8 t h r o u g h  C.14 h o l d  t h e  a n t e n n a  l e n g t h  c o n s t a n t  and v a r y  

t h e  f e e d p o i n t  h e i g h t .  At  an  a n t e n n a  l e n g t h  o f  3 .0  m e t e r s ,  t h e  m o s t  

opt imum a n t e n n a  has  a f e e d p o i n t  h e i g h t  o f  1.4 m e t e r s .

I t  i s  i n t e r e s t i n g  t o  d e t e r m i n e  w ha t  c a u s e s  such  a l a r g e  v a r i a t i o n  

i n  g a i n  a t  90 MHz. F o r  a n  a n t e n n a  l e n g t h  o f  3 .0  m e t e r s ,  c o m p a r e  t h e  

f i e l d  p a t t e r n s  and  c u r r e n t  d i s t r i b u t i o n  f o r  f e e d p o i n t  h e i g h t s  o f  .8 

m e t e r s  an d  1 .4  m e t e r s  i n  F i g u r e s  C.15,  C . l 6,  C .17 ,  a n d  C.18.  The  f i e l d  

p a t t e r n s  and c u r r e n t  d i s t r i b u t i o n  p l o t s  a r e  i n c l u d e d  a t  t h e  end  o f  t h i s  

c h a p t e r .  The f i e l d  p a t t e r n  o f  F i g u r e  C.15 shows m ost  o f  t h e  r a d i a t i o n  

g o i n g  i n t o  t h e  s k y  a n d  l i t t l e  on t h e  h o r i z o n .  The  f i e l d  p a t t e r n  o f  

F i g u r e  C.16 show s  m o s t  o f  t h e  r a d i a t i o n  e n e r g y  d i r e c t e d  a l o n g  t h e  

h o r i z o n .

E x a m i n a t i o n  o f  t h e  c u r r e n t  d i s t r i b u t i o n s  s h o w s  why t h e  g a i n  and  

f i e l d  p a t t e r n s  a r e  s o  d i f f e r e n t .  The c u r r e n t  d i s t r i b u t i o n  p l o t  s h o w s  

t h e  r e a l ,  i m a g i n a r y ,  m a g n i t u d e  and  p h a s e  o f  c u r r e n t  on t h e  a n t e n n a .  

F i g u r e  C.18 a t  90 MHz s h o w s  t h e  c u r r e n t  m a g n i t u d e  t o  h a v e  t w o  m a j o r  

l o b e s .  The  p h a s e  o f  t h i s  c u r r e n t  i s  r o u g h l y  t h e  sa m e .  T h e r e f o r e  t h e
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r a d i a t i o n  due t o  b o t h  l o b e s  w i l l  add on t h e  h o r i z o n .  F i g u r e  C.17 a t  90 

MHz a l s o  shows t h e  c u r r e n t  m a g n i tu d e  t o  have two m a j o r  l o b e s .  However ,  

t h e  r e l a t i v e  p h a s e  d i f f e r e n c e  o f  t h e s e  tw o  l o b e s  i s  180 d e g r e e s .  

T h e r e f o r e ,  t h e  r a d i a t i o n  w i l l  t e n d  t o  c a n c e l  on t h e  h o r i z o n  and p r o d u c e  

l e s s  g a i n .
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L= 3 . Om FILE 9 0 7 FP= 0 . 8 m

40MHz

ANTENNA

35MHz30MHz

70MHz60MHz50MHz

80MHz 90MHz85MHz

FIGURE C .15 FILE 907 NORMALIZED FIELD PATTERNS
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L= 3 . 0 m  FILE 9 4 9  FP= 1 . 4m

40MHz30MHz

ANTENNA

35MHz

70MHzBOMHz50MHz

80MHz 85MHz 90MHz

FIGURE C.16 FILE 949 NORMALIZED FIELD PATTERNS
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L= 3 . 0 m FILE 9 0 7  FP= 0 . 8 m

30MHz 35MHz 40MHz

70MHzBOMHz50MHz

90MHz
PHASE (4)

80MHz
HEAL (1)

85MHz
IMAGINARY (2) MAGNITUDE (3)

FIGURE C .17 FILE 907 NORMALIZED CURRENT DISTRIBUTIONS
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L= 3 . 0 m FILE 9 4 9 FP= 1 . 4m

30MHz

50MHz

BOMHz

H I— I— I
35MHz

\— i— i

2 .

40MHz

70MHzBOMHz

\— i
85MHz 90MHz

REAL (1) IMAGINARY (2) MAGNITUDE (3) PHASE (4) 
FIGURE C . 1 8  F I L E  9 4 9  NORMALIZED CURRENT D IS T R IB U T I O N S
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APPENDIX D

MATCHING

D . l  I n t r o d u c t i o n

T h i s  a p p e n d i x  w i l l  d e v e l o p  a r a t i o n a l e  and  a m e t h o d  t o  d e t e r m i n e  

t h e  b e s t  p o s s i b l e  t o l e r a n c e  o f  m a t c h  f o r  a g i v e n  b a n d  p a s s  l o a d .  The 

m a tc h in g  p r o b le m  i s  a v e r y  d i f f i c u l t  m u l t i - v a r i a b l e  n o n - l i n e a r  p rob lem  

n o t  s o l v a b l e  by  o r d i n a r y  a n a l y t i c  m ethods .  The p r o c e d u r e  p r e s e n t e d  h e r e  

m akes  u s e  o f  an  o p t i m a l  d e s i g n  c o m p u t e r  p r o g r a m  [ 3 8 ] .  The  p r o g r a m  i s  

u s e d  t o  d e t e r m i n e  t h e  b e s t  p o s s i b l e  t o l e r a n c e  o f  m a t c h  f o r  a g i v e n  

number o f  v a r i a b l e s .

D.2 N e tw ork  F u n c t i o n

The e q u a l i z e r  n e t w o r k  t o  be d e t e r m i n e d  can be r e p r e s e n t e d  as  shown 

i n  F i g u r e  D . l .  The r e s i s t a n c e  o f  t h e  g e n e r a t o r  i s  a r b i t r a r y  s i n c e  i t  

can be c hanged  w i t h  an i d e a l  t r a n s f o r m e r  o r  a D a r l i n g t o n  t r a n s f o r m a t i o n .  

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

e q u a l i z e r  i n t e r f a c e  w i t h  t h e  l o a d  a s  t h e  r e f e r e n c e .  The  c o m p l e x  

r e f l e c t i o n  c o e f f i c i e n t  can be e x p r e s s e d  as

p = (Z -  Z * ) / ( Z  -  Z , )  . ( D . l )e 1 a 1

The power g a i n  a t  t h i s  i n t e r f a c e  can  be e x p r e s s e d  as

G(w2 ) = 1 -  I p I 2  . (D.2)

S u b s t i t u t i n g  e q u a t i o n  ( D . l )  i n t o  (D.2)  r e s u l t s  i n  t h e  f o l l o w i n g  

r e l a t i o n s h i p
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„ 4R (w)R (w)p/  1  C
G(“  } "  -------------------------  ’ (D.3)

!z  (w)+Z <co) | 2  
1 e

I t  i s  d e s i r e d  t o  m a x i m i z e  e q u a t i o n  (D . l )  f o r  e a c h  f r e q u e n c y  i n  t h e  

p a s sb a n d .  Rj/w) and Xj(<o) a r e  t h e  known f r e q u e n c y  l o a d  d a t a .  Re (w) and 

Ze (w) a r e  t h e  e q u a l i z e r  r e a l  and i m a g i n a r y  impedances  t o  be d e t e r m i n e d .

The n e t w o r k  f u n c t i o n  o f  t h e  e q u a l i z e r  a s  v i e w e d  f rom t h e  l o a d  can 

be e x p r e s s e d  as  a r a t i o  o f  two p o l y n o m i a l s

Z ( s ) = E i f i  . (D.4)
6  q ( s )

I n  t h i s  e x p r e s s i o n ,  t h e  o r d e r  o f  t h e  p o l y n o m i a l  p ( s )  i s  e q u a l  t o ,  one  

m o r e ,  o r  one  l e s s  t h a n  t h e  o r d e r  o f  p o l y n o m i a l  q ( s )  b e c a u s e  Ze ( s )  m u s t

b e  a d r i v i n g  p o i n t  i m p e d a n c e .  An s - p l a n e  p l o t  o f  e q u a t i o n  (D.4) w i t h

p ( s ) =  K s ( s ^  + 2As + A^+ B^) a n d  q ( s ) =  s^  + 2Cs + + D^ i s  s h o w n  i n

F i g u r e  D . l .  I n  t h i s  f i g u r e ,  a l l  p o l e s  ( s p j )  a n d  z e r o s  ( s 0 j )  m u s t  be 

e i t h e r  on o r  t o  t h e  l e f t  o f  t h e  f r e q u e n c y  a x i s  i n  o r d e r  t o  h a v e  a 

p h y s i c a l l y  r e a l i z a b l e  n e tw o r k .  The m a g n i tu d e  and p ha se  o f  t h e  n e t w o r k  

can be e x p r e s s e d  i n  t h e  f o l l o w i n g  m anne r .

N , ,  I s - s  . I
IZ ( s ) l  = I I 0 1  (D.5)

6  i = l  I s - s  . I
P i

N

Arg(Z ( s ) )  = ) a r g ( s - s  . )  -  a r g ( s - s  . )  . D . 6 )e L o i  p i
i = l

Looking a t  F i g u r e  D.l and e q u a t i o n s  (D.S) and (D.6 ) ,  i t  i s  r e a s o n a b l e  t o  

e x p e c t  t h e  n e t w o r k  f u n c t i o n  t o  h a v e  t h e  g r e a t e s t  v a r i a t i o n s  w hen  t h e  

f r e q u e n c i e s  o f  t h e  p o l e s  and  z e r o s  a r e  c l o s e s t  t o  t h e  o b s e r v a t i o n

107



LOAD
EQUALIZER

NETWORK

S-PLANE

p (s)  =Ks  (s 2 + 2 As  + A2 + B 2 ) 
q (s)  = s  2+ 2 C s  + C 2+D2

FIGURE D.l EQUALIZER NETWORK AND S-PLANE PLOT
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f r e q u e n c y .  T h e r e f o r e ,  f o r  t h e  band p a s s  e q u a l i z e r ,  t h e  p o l e s  and  z e r o s

t h e  r a n g e  o f  i n t e r e s t i n g  f r e q u e n c i e s  f o r  t h e  p o l e s  and z e ro s .

The r e a l  p a r t  o f  t h e  n e t w o r k  f u n c t i o n  f o r  a p a s s i v e  n e t w o r k  i s  non

n e g a t i v e  [ 6 ] ,  T h i s  r e q u i r e m e n t  would be t i m e  consum ing  t o  che ck  even 

f o r  a c o m p u te r .  However ,  f o r  a l i m i t e d  number  o f  p o l e s  and z e r o s  t h i s  

c a n  be  d o n e  e a s i l y .  D e t e r m i n e  t h e  r e a l  p a r t  o f  t h e  n e t w o r k  f u n c t i o n .  

F i n d  t h e  d e r i v a t i v e  w i t h  r e s p e c t  t o  f r e q u e n c y  a n d  s e t  t h i s  e q u a t i o n  

e q u a l  t o  z e r o .  The  r o o t s  o f  t h i s  e q u a t i o n  a r e  t h e  e x t r e m a  v a l u e s .  I f  

t h e  r e a l  p a r t  o f  t h e  n e t w o r k  f u n c t i o n  i s  n o n - n e g a t i v e  a t  t h e s e s  

f r e q u e n c i e s ,  i t  i s  n o n - n e g a t i v e  e ve ryw here .

D.3 P r o c e d u r e

A method  f o r  d e t e r m i n i n g  t h e  b e s t  p o s s i b l e  t o l e r a n c e  o f  m a tc h  f o r  a 

g i v e n  l o a d  f u n c t i o n  and n e t w o r k  c o m p l e x i t y  can  now be  d e s c r i b e d .  Assume 

a n e t w o r k  f u n c t i o n  i s  g i v e n  by

I n  e q u a t i o n  (D.7) ,  -A  and  +B a r e  t h e  r e a l  an d  i m a g i n a r y  c o o r d i n a t e s  o f  

t h e  complex  z e r o e s ;  -C and +D a r e  t h e  r e a l  and i m a g i n a r y  c o o r d i n a t e s  o f  

t h e  complex  p o l e s .  E q u a t i o n  (D.7) can be r e w r i t t e n  as  f o l l o w s .

N i s  t h e  n u m e r a t o r  a n d  D i s  t h e  d e n o m i n a t o r  o f  e q u a t i o n  (D.8 ) .  The  

r e a l  p a r t  o f  t h i s  f u n c t i o n  m us t  be n o n - n e g a t i v e  f o r  a l l  f r e q u e n c i e s .  I t  

i s  s u f f i c i e n t  t o  show t h a t  t h e  n u m e r a t o r  o f  t h e  r e a l  p a r t  o f  e q u a t i o n

s h o u l d  be  i n  o r  n e a r  t h e  p a s s  b a n d  f r e q u e n c i e s .  T h i s ,  t h e n  w i l l  l i m i t

Z ( s )  e
K s ( s 2  + 2As + A2  + B2 ) (D.7)

s 2  + 2Cs + C2  + D2

3 2 2 2K(-jo) -  2Ao) + jA to + jB u) N ( D . 8 )
2 2 2 —to + 2Cjo) + C + D D
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e q u a t i o n  (D.8 ) i s  n o n —n e g a t i v e  f o r  a l l  f r e q u e n c i e s .  The n u m e r a t o r  o f  

t h e  r e a l  p a r t  o f  e q u a t i o n  (D.8 ) can he e x p r e s s e d  i n  t h e  f o l l o w i n g  manner

NumtRe(Z (ju>))]  = Re [ND*] = (-2Aw2 ) (-w 2  + C2  + D2 ) (D.9)
6

3 2 2— ( — jw + jA to + jB u)  (2Cjw)

Re [ND*] = 2Aw4  -  2AC2 w2  -  2AD2 u 2  -  2C<o4  + 2A2 <o2  + 2CB2 «o2  (D.10)

E q u a t i o n  (D.10) i s  now r e q u i r e d  t o  be n o n - n e g a t i v e  a t  a l l  f r e q u e n c i e s .  

I t  i s  s u f f i c i e n t  t o  c h e c k  t h i s  o n l y  a t  t h e  e x t r e m a  v a l u e s .  The 

d e r i v a t i v e  o f  e q u a t i o n  (D.10) i s  s e t  e q u a l  t o  z e r o ,  i . e . ,

8 Ao)3  -  4AC2w -  4AD2w -  8 Ca>3  + 4CA2u + 4CB2<o = 0 ( D . l l )

E q u a t i o n  (D .l l )  i s  s o l v e d  f o r  f r e q u e n c y  s q u a r e d ,

2 AC2  + AD2  -  CA2  -  CB2  <i> = _________________________  (D.12)
2(A -  C)

E q u a t i o n  (D.10) i s  t h e n  r e q u i r e d  t o  b e  n o n - n e g a t i v e  a t  o n l y  t h e  

f r e q u e n c i e s  o f  e q u a t i o n  (D .12) .

A c o m p u t e r  o p t i m i z a t i o n  p r o c e s s  i s  t h e n  c o n d u c te d  u s i n g  COD [38] t o  

m a x i m i z e  e q u a t i o n  (D.3) u s i n g  t h e  i n d e p e n d e n t  v a r i a b l e s  o f  e q u a t i o n  

(D.5)  (A,B,C,D,K) s u b j e c t  t o  t h e  r e s t r i c t i o n s  o f  e q u a t i o n s  (D.10) an d  

(D.12). The r e s u l t  i s  t h e n  t h e  b e s t  p o s s i b l e  t o l e r a n c e  o f  m a t c h  f o r  t h e  

n e t w o r k  f u n c t i o n  assumed.  F o r  a g i v e n  n e t w o r k  c o m p l e x i t y  t h e r e  a r e  a

l i m i t e d  number  o f  n e t w o r k  f u n c t i o n s  p o s s i b l e  t o  c h a r a c t e r i z e  a p a s s i v e

l i n e a r  n e tw o r k .

N e twork  s y n t h e s i s  o f  t h i s  c h a r a c t e r i s t i c  f u n c t i o n  w i l l  i n  t h e  m os t  

g e n e r a l  c a s e  r e s u l t  i n  two t r a n s f o r m e r s  p e r  p o l e .  Fo r  even a two p o l e  

n e t w o r k ,  t h i s  b e c o m e s  i m p r a c t i c a l  t o  b u i l d .  N e v e r t h e l e s s ,  a d e s i g n
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g u i d e l i n e  has  b e e n  e s t a b l i s h e d .

U s i n g  t h e  i m p e d a n c e  v e r s u s  f r e q u e n c y  c h a r a c t e r i s t i c s  o f  a b a s e  

i s o l a t e d  a n t e n n a  2 .5  m e t e r s  i n  l e n g t h  w i t h  a f e e d p o i n t  h e i g h t  o f  1 .0  

m e t e r  a s  a l o a d ,  s e v e r a l  o p t i m i z a t i o n  p r o c e s s e s  w e r e  c o n d u c t e d .  The  

n e t w o r k  f u n c t i o n  o f  e q u a t i o n  (D.7) w a s  m o d i f i e d  so  a s  t o  c o n t a i n  no 

t r a n s f o r m e r s .  The b e s t  p o w e r  g a i n  o f  e q u a t i o n  (D.3) was d e t e r m i n e d  f o r  

i n c r e a s i n g  numbers  o f  p o l e s .  A s i m i l a r  a n a l y s i s  was c o n d u c te d  c o n d u c te d  

u s i n g  o n l y  one  t r a n s f o r m e r .  T h i s  d a t a  i s  p l o t t e d  i n  F i g u r e  D.2.  T h i s  

p l o t  s h o w s  t h a t  t h e  p o w e r  g a i n  i n c r e a s e s  f o r  i n c r e a s i n g  n u m b e r s  o f  

p o l e s .  The  r e s t r i c t i o n  on  t h e  n e t w o r k  t o  c o n t a i n  no t r a n s f o r m e r s  

r e d u c e s  t h e  p o w e r  g a i n  c o n s i d e r a b l y .  W i t h  on e  t r a n s f o r m e r  a n d  tw o  

p o l e s ,  t h e  power  g a i n  o f  t h e  n e tw o r k  i s  v e r y  c l o s e  t o  t h e  b e s t  p o s s i b l e  

o b t a i n a b l e  w i t h  no r e s t r i c t i o n s  ( t h a t  i s ,  2 p o l e s ,  4 t r a n s f o r m e r s ) .  The 

f i n a l  m a t c h in g  n e t w o r k  d i s c u s s e d  i n  C h a p t e r  4 i s  e x a c t l y  o f  t h i s  t y p e .
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