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T h i s   i n v e n t i o n   r e l a t e s   to   a  b u o y a n t   a n t e n n a  

w h i c h   can   be  t o w e d   at   a  d i s t a n c e   b e h i n d   a  m a r i n e   c r a f t  

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

A  b u o y a n t   a n t e n n a   i s   d i s c l o s e d   in  t h e   p a p e r   "A 

S l e n d e r   R e s o n a t o r  -   S l o t   A n t e n n a "   by  J . C .   L e e ,   I E E  

I n t e r n a t i o n a l   C o n f e r e n c e   on  A n t e n n a s   and  P r o p a g a t i o n ,  

C o n f .   P u b l .   No.  195,   pp  4 4 2 - 4 4 6 ,   1 9 8 1 .   E s s e n t i a l l y   t h e  

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

o p e n i n g   in  a  r o l l - r e s o n a t o r   of  c o p p e r   c l a d   p l a s t i c s  

d i e l e c t r i c ,   a p p r o x i m a t e l y   1 /2   f r e e - s p a c e   w a v e l e n g t h  

l o n g .   The  s l o t   i s   s h o r t   c i r c u i t e d   a t   t h e   two  e n d s ,   a n d  

t h e   a n t e n n a   i s   f ed   by  a  c o a x i a l   l i n e   t he   i n n e r   and  o u t e r  

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

t h e   s l o t .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s  

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

the   edge   o p e n i n g   in   a  s i n g l e   t u r n   r o l l - r e s o n a t o r   of   m e t a l  

c l a d   p l a s t i c s   d i e l e c t r i c   m a t e r i a l ,   t he   s l o t   b e i n g  

s u b s t a n t i a l l y   one  f r e e - s p a c e   w a v e l e n g t h   in  l e n g t h   a t   t h e  

o p e r a t i n g   f r e q u e n c y   and  s h o r t   c i r c u i t e d   at  e a c h   e n d ,   t h e  

a n t e n n a   i n c l u d i n g   a t   l e a s t   one  v a r a c t o r   d i o d e   c o n n e c t e d  

a c r o s s   t h e   s l o t   w h e r e b y   t h e   a n t e n n a   is   t u n e d .  

Thus  t h e   p r e s e n t   i n v e n t i o n   e x t e n d s   t h e  

p r i n c i p l e s   on  w h i c h   t h e   a n t e n n a   d e s c r i b e d   by  Lee  i s   b a s e d  

by  s u i t a b l e   c h o i c e   of  t h e   s l o t ' s   d i m e n s i o n s   and  by  t h e  

use   of  v a r a c t o r   d i o d e s .  



In  a  p r e f e r r e d   e m b o d i m e n t   of  t h e   a n t e n n a   t h e  

r o l l - r e s o n a t o r   i s   t o t a l l y   e n c l o s e d   in  a  foam  d i e l e c t r i c  

j a c k e t .  

E m b o d i m e n t s   of  t h e   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s ,  

w h e r e i n  

F i g .   1  i l l u s t r a t e s   a  b a s i c   r o l l - r e s o n a t o r   w i t h   a  

r a d i a t i n g   s l o t ,  

F i g .   2  i l l u s t r a t e s   an  a l t e r n a t i v e   r e s o n a t o r   t o  

t h a t   of  F i g .   1  b u t   w i t h o u t   any  o v e r l a y ,  

F i g .   3  i l l u s t r a t e s   a  v a r a c t o r   d i o d e   s e r i e s  

r e s i s t a n c e   c h a r a c t e r i s t i c s ,  

F i g .   4  i l l u s t r a t e s   t h e   d e s i g n   of  a  n o n - t u n a b l e  

b u o y a n t   a n t e n n a ,  

F i g .   5  i l l u s t r a t e s   t h e   d e s i g n   of  a  t u n a b l e  

b u o y a n t   a n t e n n a ,  

F i g .   6  i l l u s t r a t e s   t h e   c o n s t r u c t i o n   of   a  t u n a b l e  

b u o y a n t   a n t e n n a ,   a n d  

F i g .   7  i l l u s t r a t e s   d e t a i l s   of  t h e   v a r a c t o r   f e e d  

c i r c u i t .  

The  b u o y a n t   a n t e n n a   c o n s i s t s   e s s e n t i a l l y   of  a  

s l o t   10  f o r m e d   by  t h e   edge   o p e n i n g   in  a  r o l l - r e s o n a t o r   o f  

c o p p e r   c l a d   p o l y t h e n e   11  of  j u s t   o v e r   one  t u r n ,   a s  

i n d i c a t e d   in   F i g .   1,  w h e r e   a  i s   t h e   r e s o n a t o r   r a d i u s ,   L  

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

t h i c k n e s s .   The  s l o t  1 0   i s   s h o r t e d   a t   e a c h   end   12,  s o  

t h a t   a  s i n u s o i d a l   v o l t a g e   v a r i a t i o n   i s   m a i n t a i n e d   a l o n g  

t h e   s l o t   l e n g t h .   The  r e s o n a t o r   d i m e n s i o n s   d e t e r m i n e   t h e  

r e s o n a n t   f r e q u e n c y ,   and  t h e   r e s u l t a n t   a n t e n n a   h a s   a  

n a r r o w   b a n d w i d t h   of  a r o u n d   1%  and  a  r e l a t i v e l y   h i g h   i n p u t  

r e s i s t a n c e .   T u n i n g   is  o b t a i n e d   (on  r e c e i v e )   by  t h e   u s e  

of  one  or  more   v a r a c t o r   d i o d e s   13.  D i m e n s i o n a l  

t r a d e - o f f s   h e l p   to   a t t a i n   t h e   g r e a t e s t   t u n i n g   b a n d w i d t h  

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

d e s i r a b l e   f e a t u r e s   s u c h   as  low  l o s s e s   and  r e a s o n a b l e  

c r o s s - s e c t i o n   d i m e n s i o n s .  



The  a c t u a l   c o n t r o l   of  t h e   v a r a c t o r s   i n v o l v e s   a  

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

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

p h a s e - s e n s i t i v e   d e t e c t o r   ( n o t   shown)   and  u s e d   to   c o n t r o l  

t h e   b i a s   so  as  to  " h i l l - c l i m b "   t o   maximum  r e c e i v e d  

s i g n a l .   T h i s   m e t h o d   may  f a i l   in   t h e   a b s e n c e   of  a n  

i n c o m i n g   s i g n a l ,   or  when  t h e   l a t t e r   i s   t o o   w e a k .   T o  

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

p i l o t   s i g n a l   of  t h e   r e q u i s i t e   f r e q u e n c y   can   be  i n j e c t e d  

at   t h e   a n t e n n a   to   p r o v i d e   a  weak  b u t   r e l i a b l e   s i g n a l   f o r  

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

i n t e r   a l i a ,   by  a l t e r i n g   t h e   f r e q u e n c y   of  t h e   p i l o t  

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

a n t e n n a   r e m a i n s   on  t u n e .   A l t h o u g h   t h e   p i l o t   s i g n a l   w i l l  

r a d i a t e ,   t h i s   r a d i a t i o n   i s   no  d i f f e r e n t   f r o m   t h e  

r e - r a d i a t i o n   t h a t   t h e   a n t e n n a   w i l l   do  in  any   c a s e ,   w h e n  

i t   a c t s   as  a  r e c e i v e r .   The  v a r a c t o r   s e n s i t i v i t y   i s   a b o u t  

5  MHz/V  so  a  v a r a c t o r   m o d u l a t i n g   s i g n a l   of  some  t e n s   o f  

mV  is   n e e d e d .   The  p i l o t   s i g n a l   w o u l d   be  a r o u n d   a  

m i c r o v o l t ,   w i t h   a  r a d i a t i o n   of  a  few  t h o u s a n d s   of  a  

p i c o w a t t ,   v e r y   s u b s t a n t i a l l y   l e s s   t h a n   a  t y p i c a l  

o s c i l l a t o r   l e a k a g e   s i g n a l .   The  p i l o t   s i g n a l   can  b e  

c o n v e n i e n t l y   i n j e c t e d   v i a   t h e   v a r a c t o r   f e e d   l i n e s .  

The  c h o i c e   of  t h e   r e s o n a t o r   l e n g t h   L  to   e q u a l  

h a l f   t h e   f r e e - s p a c e   w a v e l e n g t h ,   as  i n d i c a t e d   by  Lee ,   i s  

no t   m a n d a t o r y ,   and  a  g r e a t e r   l e n g t h ,   s u c h   a s   a  f u l l  

w a v e l e n g t h ,   w o u l d   h a v e   a d v a n t a g e s   in  l o w e r i n g   t h e   s l o t  

i n p u t   i m p e d a n c e   f rom  a b o u t   1000*  to   3 0 5 * .   T h i s   w o u l d  

h e l p   t h e   m a t c h i n g   to   t he   f e e d   l i n e   and  w o u l d   a l s o   a s s i s t  

in  r e d u c i n g   t he   i m p a c t   of  e x t r a n e o u s   l o s s e s .  

To  o b t a i n   a  l a r g e   t u n i n g   r a n g e   c l e a r l y   r e q u i r e s  

a  l a r g e   c h a n g e   in  v a r a c t o r   c a p a c i t a n c e   w i t h   t u n i n g  

v o l t a g e .   For   t he   A l p h a   M i c r o w a v e   S e m i c o n d u c t o r s   D V H - 6 7 0 0  

r a n g e   of  v a r a c t o r s   a  c a p a c i t a n c e   r a t i o   of  4 . 5   i s  

o b t a i n a b l e   w i t h   t h e   30  v o l t   s e r i e s ,   r i s i n g   t o   8 .2   w i t h  

t he   90  v o l t   s e r i e s . . H o w e v e r ,   t h e   l a t t e r   do  no t   r e a c h   t h e  

same  maximum  v a l u e s ,   and  h a v e   a  much  l o w e r   Q - f a c t o r ,   s o  



p r a c t i c a l   c o n s i d e r a t i o n s   may  l e a d   to   w o r k i n g   w i t h   t h e  

l o w e r   c a p a c i t a n c e - r a t i o   d e v i c e s .   In  any  c a s e ,   t h e  

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

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

to   z e r o .   T h i s   can   p r o b a b l y   n o t   be  d o n e   w h i l e   m a i n t a i n i n g  

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

t h e   o p e n   e d g e   of  t h e   o v e r l a y   c a p a c i t o r .   A  m i n i m u m  

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

be  n e e d e d   to   c r e a t e   t h e   s l o t   and  i s o l a t e   i t   f r om  e n d  

e f f e c t s   a t   t h e   f a r   end  of  t h e   o v e r l a y   c a p a c i t o r .  

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

i n d i c a t e d   in   F i g .   2,  in  w h i c h   t h e   d i e l e c t r i c   t a k e s   t h e  

f o r m   of  a  c y l i n d r i c a l   t u b e   of  r a d i u s   a,  and  t h e   c o p p e r  

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

c o n s t i t u t i n g   t h e   r a d i a t o r .  

The  t u n i n g   c a p a c i t a n c e   i s   p r o v i d e d   by  a  n u m b e r  

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

S o m e t h i n g   l i k e   X / 1 0   s p a c i n g   i s   t h e   l a r g e s t   c o m p a t i b l e  

w i t h   g i v i n g   t h e   e f f e c t   of  u n i f o r m   l o a d i n g ,   b u t   o t h e r  

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

The  t u n i n g   f r e q u e n c y   f  can   be  r e l a t e d   t o  

c a p a c i t a n c e   in   e q u a t i o n  

Where   ε r   i s   t h e   r e l a t i v e   p e r m i t t i v i t y   of  t h e  

m e t a l   c l a d   d i e l e c t r i c .  

For   L  =  1 . 2   m  a n d  6 r   =  2 . 2 5   t h i s   b e c o m e s  

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

i f   a n y ,   and  a l l o w a n c e   f o r   any  o t h e r   " d e a d "   c a p a c i t a n c e ,  

t h i s   f o r m u l a   can   be  u s e d   to   e v a l u a t e   t h e   t u n i n g   r a n g e .  



We  t a k e ,   as  an  e x a m p l e ,   t h e   c a s e  a  =   2  cm,  C  -  
g i v e n   by  9  t y p e   22  v a r a c t o r s ,   w h i c h   p r o v i d e   a  maximum  o f  

378  pF  a t   z e r o   v o l t s .   Hence   t h e   l o w e r   t u n i n g   l i m i t ,   f r o m  

(2)  i s  

From  t h e   d a t a   s h e e t s ,   t h e   min imum  c a p a c i t a n c e   i s   3 7 8 / 4 . 5  

=  84  pF,  a c h i e v e d   a t   30  v o l t s   r e v e r s e   b i a s .   H e n c e ,   f r o m  

( 2 )  

g i v i n g   a  b e t t e r   t h a n   2  to   1  t u n i n g   r a n g e .   H o w e v e r ,   t h i s  

is  an  e x t r e m e   s i t u a t i o n ,   and  j a c k e t   c a p a c i t a n c e   i s   l i k e l y  

to  r e d u c e   t h e   u p p e r   l i m i t   to   b e t w e e n   350  and  400  MHz. 

R e f e r e n c e   i s   made  h e r e   to   t he   d a t a   s h e e t s   o f  

A l p h a   M i c r o w a v e   S e m i c o n d u c t o r s   as  t y p i c a l   of  wha t   i s  

a v a i l a b l e   c o m m e r c i a l l y   f o r   h i g h - Q   v a r a c t o r s .   T h e r e   a r e  

two  b a s i c   t y p e s :   DVH-6700  w h i c h   i s   a  p a c k a g e d   d e v i c e ;   a n d  

CVH-2000  w h i c h   i s   t h e   i d e n t i c a l   v a r a c t o r   in  c h i p   f o r m .  

P r o b a b l y   t h e   l a t t e r   w o u l d   be  more  s u i t a b l e   f o r   t h e  

a n t e n n a   a p p l i c a t i o n ,   b u t   b e c a u s e   of   t he   way  t h e   d a t a   i s  

p r e s e n t e d ,   r e f e r e n c e   i s   h e r e   made  to   t he   p a c k a g e d   d e v i c e .  

The  Q  is   s p e c i f i e d   a t   4  V  r e v e r s e   b i a s ,   a t   a  

f r e q u e n c y   of  50  MHz.  No  d a t a   i s   g i v e n   on  t h e   Q  a t   o t h e r  

b i a s   v a l u e s ,   t h o u g h   i t   i s   known  t h a t   t h e   s e r i e s  

r e s i s t a n c e   d e c r e a s e s   w i t h   b i a s   as  t he   c a p a c i t a n c e   d r o p s .  

S i n c e   t h e   e x t r e m e   v a l u e   o c c u r s   a t   0  v o l t s ,   w h e r e   t h e  

c a p a c i t a n c e   i s   g r e a t e s t ,   t h e   i n c r e a s e   of  s e r i e s  

r e s i s t a n c e   f rom  4  V  to   z e r o   b i a s   i s   a  n e e d e d   f i g u r e .   O u r  

r e s e a r c h   i n d i c a t e s   a  r i s e   in  r e s i s t a n c e   of  some  10% 

b e t w e e n   4  and  z e r o   v o l t s ,   and  in  t h e   a b s e n c e   of  m o r e  

s p e c i f i c   i n f o r m a t i o n   t h e   d a t a - s h e e t   v a l u e s   of   Q  w i l l   b e  

d e c r e a s e d   by  10%  to  r e f e r   to   t h e   z e r o   v o l t   c o n d i t i o n .  

The  f a c t o r   i n v o l v e d   i s   n o t   l a r g e ,   and  p r o b a b l y   no  s e r i o u s  

e r r o r   is   i n t r o d u c e d   t h e r e b y .  



As  f a r   as  t h e   f r e q u e n c y   i s   c o n c e r n e d ,   t h e   0  

v a r i e s   i n v e r s e l y ,   so  a  f a c t o r   5  i s   i n v o l v e d   w h e n  

r e f e r r i n g   to   a  d e s i g n   f r e q u e n c y   of  250  MHz.  

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

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

t e r m i n a l s .   When  u s e d   in   n u m b e r s   to   s i m u l a t e   c o n t i n u o u s  

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

t h e   e f f e c t i v e n e s s   of  t h e   v a r a c t o r   c a p a c i t a n c e ,   b u t   i n   t h e  

same  way  as  t h a t   of  t h e   r e s o n a t o r   i n d u c t a n c e   and  o v e r l a y  

c a p a c i t a n c e ,   so  t h a t   t h e i r   r a t i o   i s   u n a f f e c t e d .   The  s a m e  

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

r e s i s t a n c e   i f   t h e   l a t t e r   were   r e f e r r e d   to   t h e   m e a n  

s q u a r e d   v o l t a g e .   H o w e v e r ,   t h e   s l o t   r e s i s t a n c e   i s  

a c t u a l l y   q u o t e d   as  r e f e r r e d   to   t h e   v o l t a g e   maximum,   a n d  

i t s   v a l u e   i s   t h e r e f o r e   e f f e c t i v e l y   d o u b l e d .   To  a l l o w   f o r  

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

t h e   s l o t   r e s i s t a n c e   s h o u l d   be  h a l v e d   or  t h e   v a r a c t o r  

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

r e s i s t a n c e   i s   t h e   a c t u a l   r e s i s t a n c e   s e e n   by  a  f e e d   a t   t h e  

s l o t   c e n t r e   i t   w o u l d   p r o b a b l y   be  m i s l e a d i n g   to   t a m p e r  

w i t h   i t .   Thus  (5)  w i l l   be  d o u b l e d   to   t a k e   a c c o u n t   o£   t h e  

c o n t i n u o u s   l o a d i n g   s i m u l a t i o n ,   and  t he   n e t   l o a d i n g  

r e s i s t a n c e   b e c o m e s  

w h e r e   CT  i s   now  t h e   t o t a l   v a r a c t o r   c a p a c i t a n c e   u s e d ,  

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

v a r a c t o r s   u s e d .  

I f   Q 5 0 , 4   i s   t he   50  MHz,  4  v o l t   v a l u e   t a k e n  

f rom  t he   d a t a   s h e e t   t h e n   (6)  can  be  w r i t t e n  



w h e r e   g  i s   a  f a c t o r   a b o u t   w h i c h   l i t t l e   i s   known   o t h e r  

t h a n   t h a t ,   by  d e f i n i t i o n ,   i t   e q u a l s   u n i t y   a t   4  V  b i a s ,  

a n d ,   in  t h e   i n s t a n c e   f o r   w h i c h   d a t a   i s   a v a i l a b l e ,   i t s  

v a r i a t i o n   w i t h   b i a s   v o l t a g e   i s   as  shown  in  F i g .   3.  ( T h i s  

p a r t i c u l a r   d e v i c e   i s   a p p r o x i m a t e l y   e q u i v a l e n t   to   a  

DVH-6700  t y p e   23  w i t h   a  60  V  b i a s   r a n g e . )   S i n c e   CT,  i n  

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

s q u a r e   of  t h e   r e s o n a n t   f r e q u e n c y   i t   t u n e s ,   w h i l s t   g  a l s o  

d r o p s   s u b s t a n t i a l l y   w i t h   i n c r e a s e   in  b i a s   v o l t a g e ,   t h e  

e x p r e s s i o n   in   (7)  h a s   i t s   s m a l l e s t   v a l u e   a t   t h e   l o w e s t  

f r e q u e n c y ,   i . e .   at   z e r o   b i a s   v o l t s   w h e r e   g  i s   t a k e n   a s  

1 . 1 .  

E q u a t i o n   (7)  can   be  r e - w r i t t e n  

w h e r e   C T , O ; p F   i s   t h e   t o t a l   v a r a c t o r   c a p a c i t a n c e   a t   0 

v o l t s   b i a s ,   in  p i c o f a r a d s ;   Rvar.min.  is   t h e   s m a l l e s t  
v a r . m i n .  

n e t   v a r a c t o r   l o a d i n g   r e s i s t a n c e   e n c o u n t e r e d ;   and  fMHz 
i s   t h e   l o w e s t   t u n i n g   f r e q u e n c y   e n c o u n t e r e d   a t   z e r o   b i a s .  

(The  r e a s o n   t h e   Q - f a c t o r   a t   4  V  b i a s   a p p e a r s   h e r e   i s  

b e c a u s e   t h i s   is   t h e   v a l u e   q u o t e d   in   t h e   A l p h a   d a t a  

s h e e t s .   S h o u l d   Q 5 0 , 0   ( t h e   Q  a t   z e r o   b i a s )   be  q u o t e d   i n  

some  o t h e r   s o u r c e   t h e n   Q 5 0 , 4   in  (8)  s h o u l d   be   r e p l a c e d  

by  1 · 1 Q 5 0 , 0 ) .  
I t   i s   t h e   v a l u e   o b t a i n e d   f rom  (8)  w h i c h   h a s   t o  

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

l e n g t h   i s   1 .2   m  t h e n ,   n e a r   250  MHz 

T h u s ,   in  c o m p a r i n g   (9)  w i t h   (8)  t h e   f a c t o r   1 / f 2   
MHz 

a p p e a r s   in  b o t h ,   so  t h a t   t h e   d e c r e a s e   of  t h e   e f f e c t   o f  

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

d e c r e a s e   of  g  and  CT  w i t h   i n c r e a s e d   b i a s .  



The  j a c k e t   is   n e e d e d   to   h a n d l e   t h e   s i t u a t i o n   i n  

w h i c h   t h e   s l o t   r o t a t e s   u n d e r   t h e   w a t e r .   Lee  w a s  

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

c u r v e s   f o r   j a c k e t   t h i c k n e s s   T  to   k e e p   t h e   m i s - t u n i n g  

w i t h i n   1%.  T h i s   i s   no t   a  c o n s i d e r a t i o n   i f   i n s t a n t a n e o u s  

v a r a c t o r   t u n i n g   i s   u s e d ;   r a t h e r ,   i t   i s   t h e   ' d e a d '  

c a p a c i t a n c e   when  t h e   maximum  j a c k e t   c a p a c i t a n c e   i s  

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

can   a l w a y s   be  c o n t r o l l e d   by  u s i n g   a  l a r g e   j a c k e t  

d i a m e t e r ,   b u t   s i z e   l i m i t a t i o n s   may  n o t   p e r m i t   t h i s .   T h e  

maximum  j a c k e t   c a p a c i t a n c e   may  be  g i v e n   a s  

For   a  =  2  cm,  L  =  1 .2   m  and  T  =  4 . 5   mm,  t h i s   g i v e s   a  

v a l u e   of  74  pF.   I f   L  and  a  a r e   s p e c i f i e d ,   o n l y   a n  

i n c r e a s e   of  t h e   j a c k e t   t h i c k n e s s   i s   a v a i l a b l e   to   r e d u c e  

t h i s ,   w i t h   a  r e s u l t i n g   e n l a r g e m e n t   of  t h e   o v e r a l l  

d i a m e t e r .  

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

l i k e l y   to   be  t h e   t o t a l   o u t e r   d i a m e t e r ,   t w i c e   t h e   sum  o f  

t he   r e s o n a t o r   r a d i u s   and  j a c k e t   t h i c k n e s s .   M a k i n g   t h e  

j a c k e t   t h i n n e r   i n c r e a s e s   t h e   s t a n d i n g   c a p a c i t a n c e ,   w h i c h  

r e d u c e s   t h e   t u n i n g   r a n g e .   R e d u c i n g   t h e   r e s o n a t o r   r a d i u s  

i n c r e a s e s   t h e   n e e d e d   t u n i n g   c a p a c i t a n c e .   I f   t h i s   i s  

p r o v i d e d   e n t i r e l y   by  v a r a c t o r s ,   (8)  i n d i c a t e s   a  l o w e r i n g  

of  t h e   l o s s   r e s i s t a n c e ,   l e a d i n g   to   a  l e s s   e f f i c i e n t  

a n t e n n a .   A l t e r n a t i v e l y ,   i f   some  o v e r l a y   c a p a c i t y   i s  

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

t h e   a d d i t i o n a l   e f f e c t   of  t h e   j a c k e t   c a p a c i t a n c e   i s   t h e n  

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

t h i n n e r   j a c k e t ,   and  t h i s   i s   f u r t h e r   h e l p e d   by  t h e   e f f e c t  

of  t h e   r e s o n a t o r   r a d i u s   r e d u c t i o n ,   as   i n d i c a t e d   in   ( 1 0 ) .  

The  p a r a m e t e r s   of  i n t e r e s t   a r e   t h u s   t h e   t u n i n g  

r a n g e ,   t h e   a n t e n n a   e f f i c i e n c y ,   and  t h e   o v e r a l l   d i a m e t e r .  

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

n e e d e d ,   and  t h e   c o s t   p e r   v a r a c t o r   t y p e   u t i l i z e d .   In  a l l  



d e s i g n s   t h e   l e n g t h   is   t a k e n   as  1 .2  m,  and  t h e y   a r e   t h u s  

b a s e d   on  e q u a t i o n   (2)  f o r   t h e   t u n i n g   r a n g e ,   and  (8)   a n d  

(9)  f o r   t h e   l o s s e s .   The  a n t e n n a   e f f i c i e n c y   is   g i v e n   b y  

on  t he   a s s u m p t i o n   t h a t   o t h e r   s o u r c e s   of  l o s s   a r e  

n e g l i g i b l e .   E q u a t i o n   (11)   need   o n l y   be  e v a l u a t e d   a t   t h e  

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

t h e   f r e q u e n c y   i n c r e a s e s .   A  b a n d   f rom  a p p r o x i m a t e l y   2 2 0  

to  440  MHz  is   of  p o t e n t i a l   i n t e r e s t ,   w i t h   p a r t i c u l a r  

a t t e n t i o n   to  250  MHz.  I t   may  be  n o t e d   t h a t   t he   j a c k e t  

o n l y   a f f e c t s   t he   h i g h e r   f r e q u e n c i e s ,   s i n c e ,   a t   t h e   l o w e r  

end  of  t he   band   t h e   v a r a c t o r   c o n t r o l   s i m p l y   l o w e r s   t h e  

v a r a c t o r   c a p a c i t a n c e   to  m a t c h   the   j a c k e t   c o n t r i b u t i o n .  

It   c a n ,   of  c o u r s e ,   no  l o n g e r   do  t h i s   when  m i n i m u m  

c a p a c i t a n c e   is   r e a c h e d ,   w h i c h   is   why  t he   j a c k e t   s e t s   a n  

u p p e r   l i m i t   to   t h e   t u n i n g   r a n g e .  
S i n c e   s t a n d i n g   c a p a c i t a n c e   r e d u c e s   t h e   t u n i n g  

r a n g e ,   t h e   use   of  o v e r l a y   c a p a c i t a n c e   is   to   be  a v o i d e d  

w h e r e   p o s s i b l e .   For  a  l a r g e   r e s o n a t o r   r a d i u s   t h e   n e e d e d  

t u n i n g   c a p a c i t a n c e   can  a l l   be  p r o v i d e d   by  t h e   v a r a c t o r s  

w i t h o u t   u n d u e   i n f l u e n c e   on  t h e   a n t e n n a   e f f i c i e n c y .   A s  

the   r a d i u s   is   r e d u c e d   t he   n e e d e d   t u n i n g   c a p a c i t a n c e   r i s e s  

as  t he   i n v e r s e   s q u a r e   of  t he   r e s o n a t o r   r a d i u s ,   and   a  

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

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

p o s s i b i l i t y   of  a  t r a d e - o f f   b e t w e e n   l o s s   and  t u n i n g   r a n g e .  
The  t o t a l   c a p a c i t a n c e   n e e d e d   f o r   t u n i n g   i s   g i v e n  

b y  

Wi th   L  = X0  t h i s   is   t h e   c a p a c i t a n c e   t h a t   m u s t ,   i n  

t o t a l ,   be  p r o v i d e d   to  b r i n g   t h e   r e s o n a t o r   on  t u n e .   I f  

t u n i n g   v a r a c t o r s   a r e   u s e d ,   t h e n   p a r t   of  ( 1 2 )   is   met   by  a  

r e d u c e d   o v e r l a y ,   and  p a r t   by  t he   v a r a c t o r s .  

E q u a t i o n   (12)   g i v e s   t he   t o t a l   c a p a c i t a n c e   n e e d e d  

fo r   t u n i n g ;   at  250  MHz,  w i t h   L  =  1 .2   m, 



E q u a t i o n   (2)  g i v e s   t h e   r e s o n a n t   f r e q u e n c y   a t   a n y  

r e s o n a t o r   r a d i u s   and  c a p a c i t y ;   f o r   L  =  1 .2   m ,  ε r   =  2 . 2 5 ,  

E q u a t i o n   (15)   g i v e s   t h e   maximum  j a c k e t  

c a p a c i t a n c e ;   f o r   L  =  1 .2   m, 

E q u a t i o n   (8)  g i v e s   t h e   v a r a c t o r   l o a d i n g  

r e s i s t a n c e .   I t   is  l o w e s t   a t   z e r o   v a r a c t o r   b i a s ,   a n d  

fMHz  in  t h e   e q u a t i o n   s h o u l d   be  t a k e n   f rom  (14)   in  w h i c h  

CnF  i s   t h e   t o t a l   c a p a c i t a n c e   u s e d ,   and  c o m p r i s e s  

o v e r l a y   c a p a c i t a n c e   ( i f   any)   and  t o t a l   v a r a c t o r  

c a p a c i t a n c e   a t   z e r o   b i a s ,  

E q u a t i o n   (9)  g i v e s   t h e   s l o t   r a d i a t i o n   r e s i s t a n c e  

f o r   L  =  1 .2   m, 

H e r e ,   fMHz  i s   any  f r e q u e n c y   of  i n t e r e s t ,   and  i s   g i v e n  

by  (14)   a t   t h e   b o t t o m   of  t h e   b a n d .   T h i s   v a l u e   s h o u l d   b e  

u s e d   when  c o m p a r i n g   (16)  and  ( 1 7 ) .  

E q u a t i o n   (11)  g i v e s   t he   a n t e n n a   e f f i c i e n c y ,   a n d  

i s   f o u n d   by  c o m b i n i n g   (16)   and  ( 1 7 )  

o r  



Some  e x a m p l e s   a r e   g i v e n .  

D e s i g n   1,  O u t e r   D i a m e t e r   2  I n c h e s  

The  r e s o n a t o r   r a d i u s   i s   t a k e n   as  2  cm  and  t h e  

j a c k e t   t h i c k n e s s   as  5 . 4   mm,  t o   g i v e   an  o v e r a l l   d i a m e t e r  

of  2  i n c h e s .   The  c h o i c e   of  v a r a c t o r   t y p e   and   n u m b e r   i s  

no t   c r i t i c a l .   We  t a k e   11  of  t y p e   22  f o r   w h i c h   C0  i s   4 2  

pF  and  C30  =  4 2 / 4 . 4   =  9 . 5 5   pF.   The  Q50  a t   4  V  b i a s  

i s   q u o t e d   as  1 8 0 0 .  

From  (14)   t h e   l o w e s t   t u n a b l e   f r e q u e n c y   i s  

f 1  =   220  MHz 

From  (15)   t h e   maximum  j a c k e t   c a p a c i t a n c e   i s   6 1 . 5  

pF.   Hence   t h e   t o t a l   min imum  c a p a c i t a n c e   i s   11  x  4 2 / 4 . 4   + 

6 1 . 5   =  1 6 6 . 5   pF,  and  (14 )   g i v e s   t h e   h i g h e s t   a v a i l a b l e  

t u n i n g   f r e q u e n c y   a s  

f 2  =   350  MHz. 

( In   t h e   a b s e n c e   of  j a c k e t   c a p a c i t a n c e   t h i s   w o u l d   h a v e  

b e e n   436  MHz.)  From  ( 1 6 ) ,   R var.   a t   220  MHz  i s   1 1 6 0  Ω  

w h i l s t   f rom  ( 1 7 ) ,   Rs  =  394 .   H e n c e ,   f rom  (18 )   and  ( 1 9 ) ,  

n  =   0 . 7 5   or  - 1 . 2 7   dB 

The  t u n i n g   band   i s  +   23  p e r   c e n t ,   c e n t r e d   on  285  MHz.  

D e s i g n   2,  O u t e r   D i a m e t e r   1 .5   I n c h e s  

The  r e s o n a t o r   r a d i u s   i s   t a k e n   as  1 . 5   cm  and   t h e  

j a c k e t   t h i c k n e s s   as  4 . 0 5   mm,  to   g i v e   an  o v e r a l l   d i a m e t e r  

of  1 .5   i n c h e s .  

We  t a k e   12  of  t y p e   25  f o r   w h i c h   C0  =  63  p F ,  

C 3 0  =   6 3 / 4 . 5  =   14  pF.   The  Q50  a t  4  V   b i a s   i s   g i v e n  

as  1 4 0 0 .  

From  t h e   e q u a t i o n s   i t   i s   f o u n d   t h a t   CJ  =  6 1 . 5  

pF  a n d  

f 1  =   228  MHz 

f 2  =   394  MHz 

η   =  0 . 6 0   or  - 2 . 3 2   dB  



The  t u n i n g   b a n d   i s   ±27   p e r   c e n t   c e n t r e d   on  311  M H z .  

D e s i g n   3,  O u t e r   D i a m e t e r   1  I n c h ,   No  O v e r l a y  C a p a c i t a n c e  

The  r e s o n a t o r   r a d i u s   i s   t a k e n   as  1  cm  and   t h e  

j a c k e t   t h i c k n e s s   as  2 . 7   mm,  to   g i v e   an  o v e r a l l   d i a m e t e r  

of  1  i n c h .   The  n e e d e d   c a p a c i t a n c e   i s   r a t h e r   l a r g e .   We 

t a k e   18  of   t y p e   27  f o r   w h i c h   Co =   90  pF,  C30  =  9 0 / 4 . 5  

=  20  pF  and  Q 5 0 , 4  =   1 2 0 0 .   Then  CJ  =  6 1 . 8   pF  and  t h e  

e q u a t i o n s   g i v e  

f 1  =   233  MHz 

f2  =  435  MHz 

η   =  0 . 3 6   or  - 4 . 4 4   dB 

The  t u n i n g   b a n d   i s   ± 3 0   p e r   c e n t   c e n t r e d   on  334  M H z .  

D e s i g n   4,  O u t e r   D i a m e t e r   1  I n c h ,   O v e r l a y   C a p a c i t a n c e  

I n c l u d e d  

The  same  r e s o n a t o r   and  j a c k e t   s i z e   as  u s e d   i n  

d e s i g n   3  a r e   t a k e n ,   b u t   some  o v e r l a y   c a p a c i t a n c e   i s  

i n c l u d e d   in   o r d e r   to   r e d u c e   t h e   v a r a c t o r   l o a d i n g   a n d  

h e n c e   t h e   a n t e n n a   l o s s .   An  o v e r l a y   of  550  pF  i s   t a k e n   b y  

way  of  e x a m p l e .   I f   s  i s   t h e   o v e r l a y   a r c ,   t h e  

c a p a c i t a n c e ,   n e g l e c t i n g   f r i n g i n g , _ i s   ε r L s / 3 6 π t   n F ,  

w h e r e   t  i s   t h e   d i e l e c t r i c   t h i c k n e s s .   For   e x a m p l e ,   w i t h   t  

=  0 . 2 5 4   mm  =  1 / 1 0 0   i n c h ,   t h e   f o r m u l a   r e q u i r e s   s  =  0 . 5 8 5  

cm  to  g i v e   550  pF.  T h i s   i s   " d e a d "   c a p a c i t a n c e ,   a n d   h a s  

to  be  a d d e d   to   t h e   j a c k e t   c a p a c i t a n c e   in   c a l c u l a t i n g   t h e  

u p p e r   r e s o n a n t   f r e q u e n c y ,   w h e r e   i t s   e f f e c t   i s  

s u b s t a n t i a l .   We  t a k e   17  of   t y p e   25  f o r   w h i c h   Co  =  6 3  

p F ,   C30  =  6 3 / 4 . 5   =  14  pF,  and  Q 5 0 , 4   =  1 4 0 0 .   T h e  

e q u a t i o n s   g i v e  

f1  =  233  MHz  ( u n a l t e r e d )  

f 2  =   313  MHz 

η   =  0 . 5  o r  - 3  d B  

The  t u n i n g   b a n d   i s   ±15   p e r   c e n t   c e n t r e d   on  273  M H z .  

The  c o s t   of  p i c k i n g   up  1 . 4 4   dB  in  a n t e n n a  

e f f i c i e n c y   is  a  s u b s t a n t i a l   l o s s   of  122  MHz  in  t u n i n g  

r a n g e .  

In  a  g e n e r a l   way  we  see   an  i n c r e a s e   in   t u n i n g  

b a n d ,   c e n t r e   f r e q u e n c y   and  l o s s e s   as  t h e   r e s o n a t o r   r a d i u s  



i s   r e d u c e d ,   f o r   t h e   c a s e   of  a  c o n s t a n t   j a c k e t   c a p a c i t a n c e  

and  no  o v e r l a y .   The  o v e r l a y   i s   q u i t e   d a m a g i n g   f o r   t h e  

t u n i n g   r a n g e ,   w i t h   no t   t o o   much  s a v i n g   on  a n t e n n a  

e f f i c i e n c y .   I n c i d e n t a l l y ,   t h e   g r e a t   v a l u e   of  i n c r e a s i n g  

t h e   s l o t   s i z e   to   1 .2   m,  w i t h   t h e   c o n s e q u e n t   r e d u c t i o n   o f  

t he   r a d i a t i o n   r e s i s t a n c e   to   a r o u n d   300  Ω  f r o m   a b o u t   1 0 0 0  

Ω  i s   r e a d i l y   s e e n .  

T h e s e   f o u r   e x a m p l e s   of   d e s i g n   do  n o t   in   a n y   w a y  

c l a i m   to   be  o p t i m u m ,   and  t h e   t r a d e - o f f   in   a n t e n n a   l o s s  

and  u se   of   c o n s i d e r a b l e   n u m b e r   of  v a r a c t o r s   i s   s o m e t h i n g  

t h a t   h a s   to   be  a s s e s s e d   s e p a r a t e l y   b e f o r e   o p t i m u m  

r e s o n a t o r   r a d i u s   and  j a c k e t   t h i c k n e s s   can   be  d e t e r m i n e d .  

The  use   of  o t h e r   v a r a c t o r   t y p e s ,   s u c h   a s ,   f o r  

e x a m p l e ,   t y p e   22  w i t h   60  V  r a n g e ,   in  D e s i g n   1,  w o u l d  

e x t e n d   t h e   t u n i n g   r a n g e ,   b e c a u s e   of  t h e   7 :1   c a p a c i t a n c e  

r e d u c t i o n   c o m p a r e d   to   t h e   4 . 5 : 1   r e d u c t i o n   f o r   t h e   30  V 

t y p e ,   to   395  MHz  f rom  350  MHz.  The  c o s t   i s   a  d r o p   i n  

Q 5 0 , 4   f rom  1800  to   1000 ,   w i t h   a  c o n s e q u e n t   r e d u c t i o n   i n  

a n t e n n a   e f f i c i e n c y   f rom  0 . 7 5   to   0 . 6 2 ,   i n c r e a s i n g   t h e   l o s s  

f rom  1 . 2 7   dB  to  2 . 0 7   dB.  W h e t h e r  t h e   e x t r a   45  MHz  t u n i n g  

is   w o r t h   t h e   i n c r e a s e   of  0 . 8   dB  in  l o s s   w i l l   d e p e n d   o n  

s y s t e m   c o n s i d e r a t i o n s .  

In  E q u a t i o n   (1)  f o r   t h e   r e s o n a n t   f r e q u e n c y   t h e  

q u a n t i t y  ε r  a p p e a r s   b e c a u s e ,   in  t h e   d e r i v a t i o n ,   t h e  

r a d i a t i n g   s l o t   i s   in  t h e   f o rm  of  an  edge   o p e n i n g   in   a n  

o v e r l a y   c a p a c i t o r   made  f rom  m a t e r i a l   w i t h   p e r m i t t i v i t y  

9 r .   So  l o n g   as  t h e   s t r u c t u r e   u s e s   an  o v e r l a y   a r c   a t  

l e a s t   a  few  t i m e s   t h e   d i e l e c t r i c   t h i c k n e s s ,   s a y   a  1  mm 

a r c   f o r   a  d i e l e c t r i c   t h i c k n e s s   t  of  0 . 2 5 4   mm,  t h e n   t h e  

f i e l d   is   c o n c e n t r a t e d   in   t h i s   m a t e r i a l ,   s m a l l   t h o u g h   i t  

may  be  in  t o t a l   v o l u m e ,   and  t h e   r a d i a t i o n   o u t   f r o m   t h e  

s l o t   is   d e t e r m i n e d   by  w a v e g u i d e   c h a r a c t e r i s t i c s   in   w h i c h  

εr  p l a y s   i t s   p a r t ,   a t   l e a s t   in   t h e   a b s e n c e   of   l o a d i n g  

c a p a c i t a n c e .  

H o w e v e r ,   in  t h e   g e o m e t r y   of  F i g .   2  t h e   o v e r l a y  

h a s   b e e n   d i s p e n s e d   w i t h .   The  d i e l e c t r i c   i s   shown   in  t h e  

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



t h i c k n e s s ,   w h o s e   ma in   p u r p o s e   now  a p p e a r s   t o   b e  

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

l a t t e r   c o u l d   p r o b a b l y   be  a  s o m e w h a t   t h i c k e r  

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

d i e l e c t r i c   now  p l a y ?   At  one  e x t r e m e   i t   c o u l d   c o m p l e t e l y  

f i l l   t h e   m e t a l l i c   c y l i n d e r .   At  t h e   o t h e r   i t   c o u l d   b e  

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

s u p p o s e d   to   be  a c t i n g   as  an  e l o n g a t e d   s i n g l e   t u r n  

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

of  no  c o n s e q u e n c e   as  l o n g   as  i t s   p e r m e a b i l i t y   i s   t h a t   o f  

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

be  a b l e   t o   e x e r t   any  i n f l u e n c e   i s   in   t h e   n e i g h b o u r h o o d   o f  

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

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

For   e x a m p l e ,   i f   t h e   s l o t   i s   1 / 1 0 0   i n c h   w i d e   (as   i t   w o u l d  

be  in  t h e   o v e r l a y   c a s e ) ,   t h e n   i f   t h e   d i e l e c t r i c   t u b e  

w e r e ,   s a y ,   5  t i m e s   t h i c k e r   t h a n   t h i s ,   v i r t u a l l y   a l l   t h e  

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

d i e l e c t r i c .   P u t t i n g   in  more  d i e l e c t r i c   w o u l d   h a r d l y  

a l t e r   t h i n g s .   U n d e r   t h e s e   c i r c u m s t a n c e s ,   s h o u l d  ε r  

a p p e a r   in   ( 1 ) ,   or  s h o u l d   i t   be  r e p l a c e d   by  u n i t y ?   T h e  

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

c a p a c i t i v e   e f f e c t   of  any  e l e c t r i c   f i e l d   l i n e s   in  t h e  

d i e l e c t r i c ,   b u t   t h i s   shows  up  in  t h e   t e r m   i n  

( f  c o  / f ) . I s   a  f u r t h e r   r e d u c t i o n   c a l l e d   f o r ?   S i n c e  

f   i s   r e a l l y   t h e   c u t - o f f   f r e q u e n c y   c a l c u l a t e d   f r o m  
ω2 LC  =  1  t h e   q u e s t i o n   i s   to  f i n d   t h e   a d d i t i o n a l   r o l e   o f  

t h e   d i e l e c t r i c   in   d e t e r m i n i n g   t h e   a c t u a l   c u t - o f f   in   t h e  

s l o t t e d   s t r u c t u r e .   T h i s   d o e s   no t   a p p e a r   t o   be  a  s i m p l e  

p r o b l e m ,   and  a l l   t h a t   can  be  s a i d   a t   t h e   moment   i s   t h a t  

(2)  s h o u l d   be  r e p l a c e d   b y  

w h e r e   K  =  1  in   t h e   a b s e n c e   of  v a r a c t o r   l o a d i n g   a n d  



( p r o b a b l y )   K  a p p r o a c h e s   z e r o   as  the   v a r a c t o r s   t a k e   o v e r .  

T h i s   a l t e r s   the   t u n i n g   r a n g e   s o m e w h a t .   T h u s ,   in  D e s i g n  

1,  w i t h   K  =  0  r a t h e r   t h a n   1,  t h e   l ower   f r e q u e n c y   l i m i t  

would   be  i n c r e a s e d   to  239  MHz.  If   the   n u m b e r   o f  

v a r a c t o r s   were  i n c r e a s e d   to   14  to  m a i n t a i n   t h e   l o w e r  

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

i t   would   be  s l i g h t l y   l e s s   s u s c e p t i b l e   to  t h e   i n f l u e n c e   o f  

the   j a c k e t .   The  l o a d i n g   r e s i s t a n c e   would   a l s o   b e  

r e d u c e d ,   w i th   an  a d d i t i o n   0 .3   dB  l o s s   in  a n t e n n a  

e f f i c i e n c y .  

Th i s   m a t t e r   i s   no t   one  of  m a j o r   c o n c e r n   bu t   i t  

w i l l   need  to  be  r e s o l v e d   e v e n t u a l l y   in  o r d e r   to   p e r m i t  

more  p r e c i s e   d e s i g n   f o r m u l a s   to   be  used  f o r   t h e   t u n i n g  

r a n g e .  
One  f u r t h e r   p o s s i b i l i t y   s h o u l d   be  c o n s i d e r e d ,  

and  t h a t   is  to  c o n s t r u c t   the   r a d i a t i n g   s l o t   in  t h e   f o r m  

of  a  s i n g l e   t u r n   h e l i x .   The  a d v a n t a g e s   t h a t   seem  t o  

a c c r u e   from  t h i s   a r e   t h a t   t he   j a c k e t   c a p a c i t a n c e   s e e n   b y  

the  s l o t ,   a l t h o u g h   v a r y i n g   s o m e w h a t   from  end  to   e n d ,  

would   a p p e a r   c o n s t a n t   in  t o t a l ,   and  at   two  t h i r d s   of  i t s  

maximum  v a l u e .   T h i s   would   e a s e   t he   m i s t u n i n g   as  t he   s l o t  

r o t a t e s ,   in  the   c a s e   of  t he   u n t u n a b l e   a n t e n n a ;   and  w o u l d  

r e d u c e ,   by  a  t h i r d ,   t he   s t a n d i n g   c a p a c i t a n c e   in  t he   c a s e  

of  t he   t u n a b l e   a n t e n n a .  

F ig .   4  shows  a  c r o s s - s e c t i o n   t h r o u g h   a  n o n -  

t u n a b l e   a n t e n n a   in  wh ich   the   c o r e   is  a  p h e n o l i c   t u b e   of  2 

cm  o u t s i d e   d i a m e t e r   a r o u n d   wh ich   is  w r a p p e d   a  p o l y t h e n e  

s h e e t   0 .01  i n c h e s   t h i c k   c l a d   on  one  f a c e   w i t h   a  c o p p e r  
f o i l   a b o u t   0 . 0 0 1   i n c h e s   t h i c k .   The  amount   of  o v e r l a y   i s  

2 . 3 6 5   cm  and  the   whole   is  e n c a s e d   in  a  d i e l e c t r i c   f o a m  

j a c k e t   of  1.4  cm  t h i c k n e s s ,   t he   d i e l e c t r i c   foam  h a v i n g  

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

the  c o m p l e t e d   s t r u c t u r e   s h o u l d   be  such  t h a t   t he   j a c k e t   a t  

l e a s t   b r e a k s   the   w a t e r   s u r f a c e .   F ig .   5  i l l u s t r a t e s   a  

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

a n t e n n a .   Note  t h a t   w h e r e a s   t he   p h e n o l i c   t u b e   c o r e   i s  

s t i l l   2  cm  o u t s i d e   d i a m e t e r   and  the   c o p p e r   c l a d   p o l y t h e n e  



s h e e t   is   t h e   same  t h i c k n e s s ,   t h e   i n c l u s i o n   of  t h e   t u n i n g  

v a r a c t o r   d i o d e s   r e s u l t s   in  a  r e d u c t i o n   of  t h e   o v e r l a y   t o  

1 . 9 5   cm  and  a  r e d u c t i o n   in  t h e   j a c k e t   t h i c k n e s s   to   4 . 5  

mm.  As  shown  in  F i g .   6  t h e   r a d i a t i n g   s l o t   10  i s   60  cm  i n  

l e n g t h   and  h a s   s h o r t   c i r c u i t s   12  a t   e a c h   e n d .   T h e  

v a r a c t o r   d i o d e ( s )   13  i s   c o n n e c t e d   a c r o s s   t h e   s l o t .   T h e  

f e e d   i s   v i a   c o a x i a l   c a b l e   15  t he   i n n e r   c o n d u c t o r   of  w h i c h  

is  s o l d e r e d   to   one  s i d e   of  t h e   s l o t   and  t h e   o u t e r  

c o n d u c t o r   to   t h e   o t h e r   s i d e   of  t he   s l o t .   The  p h e n o l i c  

t u b e   16  i s   e x t e n d e d   b e y o n d   t h e   ends   of  t h e   r e s o n a t o r   a n d  

t he   two  t u b e   e n d s   a r e   e n c a s e d   w i t h i n   m e t a l l i c   c y l i n d e r  

c o n t i n u a t i o n s   1 7 , 1 8   of  t he   r e s o n a t o r .   The  e n d s   17,  18  o f  

t he   m e t a l l i c   c y l i n d e r   a r e   c l o s e d ,   and  one  end  is   a t t a c h e d  

to  a  t o w i n g   c a b l e   19.  The  d i e l e c t r i c   foam  j a c k e t   2 0  

e x t e n d s   b e y o n d   t h e   r e s o n a t o r   ends   and  i s   t a p e r e d   b e y o n d  

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

in  t h e   s e a .   F i g .   7  shows  t h e   d e t a i l s   of  t h e   v a r a c t o r  

f e e d   c i r c u i t .  

One  o p t i o n a l   f e a t u r e   is   t h e   i n c l u s i o n   in   t h e  

a n t e n n a   f e e d   of  some  form  of  p r e - a m p l i f i e r ,   e . g .   a  MOSFET 

d e v i c e   a t   t h e   c e n t r e   of  t he   s l o t ,   d e s i g n e d   to   m a t c h  

d i r e c t l y   i n t o   t h e   i m p e d a n c e   of  t he   s l o t .  



1.  A  b u o y a n t   a n t e n n a ,   c o m p r i s i n g   a  s l o t   f o r m e d   b y  

t he   edge   o p e n i n g   in   a  s i n g l e   t u r n   r o l l - r e s o n a t o r   o f  

m e t a l ,   c h a r a c t e r i s e d   in   t h i s ,   t h a t   t h e   s l o t   i s  

s u b s t a n t i a l l y   one  f r e e - s p a c e   w a v e l e n g t h   in  l e n g t h   a t   t h e  

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

t h a t   t h e   a n t e n n a   i n c l u d e s   a t   l e a s t   one  v a r a c t o r   d i o d e  

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

2.  An  a n t e n n a   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i s e d  

in  t h i s ,   t h a t   t h e   r e s o n a t o r   r o l l   e x c e e d s   t h e   s i n g l e   t u r n  

by  an  a m o u n t   to   f o rm  an  o v e r l a y   of  one  end  of  t h e   r o l l   b y  

t he   o t h e r   end  of  t h e   r o l l ,   and  t h a t   t h e   s l o t   w i d t h   i s  

d e f i n e d   by  t h e   d i m e n s i o n   of  t h e   d i e l e c t r i c   gap   b e t w e e n  

t he   r o l l   and  t h e   o v e r l a y .  

3.  An  a n t e n n a   a c c o r d i n g   to   c l a i m   1  or  2 

c h a r a c t e r i s e d   in   t h i s ,   t h a t   t h e   r o l l   r e s o n a t o r   i s  

f a b r i c a t e d   f rom  a  m e t a l   c l a d   p l a s t i c s   d i e l e c t r i c   m a t e r i a l .  

4.  An  a n t e n n a   a c c o r d i n g   to   c l a i m   1,  2  or  3 ,  

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

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

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

5.  An  a n t e n n a   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   by  means   f o r   f e e d i n g   t h e   v a r a c t o r   d i o d e ( s )  

w i t h   a  low  p o w e r   b i a s   m o d u l a t i o n   s i g n a l ,   and  m e a n s   f o r  

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

at   t h e   a n t e n n a   and  u t i l i s i n g   t h e   e x t r a c t e d   s i g n a l   t o  

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

6.  An  a n t e n n a   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   by  a  p l u r a l i t y   of  s a i d   v a r a c t o r   d i o d e s  

c o n n e c t e d   a c r o s s   t h e   s l o t   a t   s u b s t a n t i a l l y   e q u a l  

i n t e r v a l s   a l o n g   i t s   l e n g t h .  

7.  An  a n t e n n a   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   by  means   f o r   f e e d i n g   t h e   v a r a c t o r   d i o d e ( s )  

w i t h   a  p i l o t   s i g n a l   and  means   f o r   c o n t r o l l i n g   t h e   p i l o t  

s i g n a l   f r e q u e n c y   to   e f f e c t   t u n i n g   of  t h e   a n t e n n a .  



8.  An  a n t e n n a   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   by  an  e x t e r n a l   j a c k e t   of  foam  d i e l e c t r i c  

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

9.  An  a n t e n n a   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   in  t h i s ,   t h a t   t h e   s l o t   i s   f o r m e d   as  a  

s i n g l e   t u r n   h e l i x .  

10.  A  m e t h o d   of  t u n i n g   an  a n t e n n a   f o r m e d   by  a  s l o t  

in  a  s u b s t a n t i a l l y   s i n g l e   t u r n   r o l l - r e s o n a t o r   i n c l u d i n g  

t h e   s t e p s   of  i n c o r p o r a t i n g   v a r a c t o r   d i o d e ( s )   a c r o s s   t h e  

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

d i o d e ( s ) .  








	bibliography
	description
	claims
	drawings

