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©  Rhombic  aerials. 

@  A  rhombic  aerial  has  two  rigid  conductive  arms  (10,  12) 
bent  to  form  a  rhombus.  At  one  end  the  arms  (10,  12)  are 
connected  together  by  a  rigid  interconnection  (16,  18,  20) 
whilst  conductive  extensions  (10c,  12c)  extend  from  the  other 
ends  of  the  arms  (10,  12).  A  co-axial  cable  (28)  enters  one 
extension  (12c)  and  extends  within  that  extension  (12c)  to  a 
point  at  which  its  outer  conductor  is  connected  to  one  arm  12 
and its  inner conductor  is  connected  to  the  other arm  (10).  The 

extensions  (10c,  12c)  are  electrically  connected  by  a  movable 
slide  (34)  sothattheyform  a  balun. This  enables the  reactance 
of the aerial to  betuned to  match the feed  cable.  Preferablythe 
position  of the  slide  (34)  is adjustable so thatthe  aerial  may  be 
tuned  to  a  particular  frequency  band.  The  extensions  may 
extend  outwardly of the  rhombus  or may extend  inwardly e.g. 
from  one  end  of  an  arm  to  the  other. 



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

r e c e p t i o n   and  t r a n s m i s s i o n ,   and  more   p a r t i c u l a r l y   t o  

r h o m b i c   a e r i a l s .   A m o n g s t   many  o t h e r   a p p l i c a t i o n s ,   t h e s e  

a e r i a l s   can  be  u s e d   f o r   T . V .   r e c e p t i o n   and  t r a n s m i s s i o n .  

D e t a i l s   ot  the   b a s i c   f o r m   ot   t h e   r h o m b i c   a e r i a l   w e r e  

p u b l i s h e d   as  l o n g   ago  as  1931   by  B r u c e ,   in  c o n n e c t i o n  

w i t h   l o n g - d i s t a n c e   ( i o n o s p h e r i c )   c o m m u n i c a t i o n .   I t  

c o n s i s t s   of  two  a rms   f o r m e d   by  w i r e s   w h i c h   can  b e  

r e g a r d e d   as  a  t r a n s m i s s i o n   l i n e ,   a r r a n g e d   in  the  form  o f  

a  r h o m b u s   ( d i a m o n d ) .   In  t h i s   f o r m ,   s u c h   a e r i a l s   h a v e  

been   u s e d   e v e r   s i n c e   f o r   r e c e i v i n g   and  t r a n s m i t t i n g   i n  

t h e   h . f .   band  (3  to   30  MHz).   An  a d v a n t a g e   ot   t h i s   t y p e  

of  a e r i a l   i s   i t s   r e l a t i v e l y   w i d e - b a n d   f r e q u e n c y  

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

(as  o p p o s e d   to  s t a n d i n g   wave  a e r i a l s   s u c h   as  Y a g i  

a r r a y s ) .  

In  t he   known  r h o m b i c   a e r i a l s   made  f rom  w i r e ,   t h e  

s i g n a l   i s   fed   to  t h e   two  w i r e s   a t   one  end  of  the   r h o m b u s ,  

and  to  e n s u r e   c o r r e c t   t e r m i n a t i o n   i t   i s   n e c e s s a r y   t o  

c o n n e c t   a  s u i t a b l e   r e s i s t o r   b e t w e e n   t h e   o t h e r   ends   of  t h e  

two  w i r e s .   The  a n g l e   f o r m e d   by  e a c h   w i r e   in  the  s i d e  

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

p e r f o r m a n c e   of  t he   a e r i a l ,   and  i t s   v a l u e   d e p e n d s   on  t h e  



w a v e l e n g t h   and  t h e   a e r i a l   d i m e n s i o n s .   The  v a l u e   of  t h i s  

a n g l e   can   be  c a l c u l a t e d   in  a  known  w a y .  

The  p r e s e n t   i n v e n t i o n   a r i s e s   o u t   of  work  to  a d a p t  

t he   known  r h o m b i c   a e r i a l s   f o r   use   a t   h i g h e r   f r e q u e n c i e s ,  

e . g .   VHF  and  h i g h e r .   One  u s e   of  s u c h   an  a e r i a l   w o u l d   b e  

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

is   n o t   l i m i t e d   to   s u c h   u s e ,   or  to  a e r i a l s   f o r   a n y  

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

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

a r r a y .   Y a g i   a r r a y s   can  o n l y   be  d e s i g n e d   f o r   s p e c i f i c  

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

r e q u i r e d   to   c o v e r   t h e   w h o l e   r a n g e   in   t he   U n i t e d   K i n g d o m .  

T h i s   p r e s e n t s   s t o c k i n g   p r o b l e m s .  

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

so  t h a t   t h e   a e r i a l   may  be  u s e d   a t   h i g h e r   f r e q u e n c i e s .   I t  

d o e s   t h i s   by  p r o v i d i n g   e x t e n s i o n s   on  e a c h   arm  of  t h e  

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

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

f o r m i n g   a  t r a n s m i s s i o n   l i n e   in  or  c l o s e   to   t h e   z e r o  

p o t e n t i a l   p l a n e .   The  two  e x t e n s i o n s   a r e   e l e c t r i c a l l y  

c o n n e c t e d   t o g e t h e r   and  so  fo rm  a  b a l u n .   T h i s   p e r m i t s   t h e  

r e a c t a n c e   of   t h e   a e r i a l   to   be  t u n e d   so  as  to   m a t c h   t h a t  

of  a  f e e d   c a b l e   to   t h e   a e r i a l .  

I t   t he   p o s i t i o n   of  t h e   c o n n e c t i o n   i s   f i x e d ,   t h e n   i t  

i s   p o s s i b l e   to  m a t c h   t h e   a e r i a l   to  t h e   c a b l e   o n l y   a t   a  



p a r t i c u l a r   band   of  f r e q u e n c i e s .   T h e r e f o r e   i t   i s  

d e s i r a b l e   t h a t   t h e   p o s i t i o n   of  t h e   c o n n e c t i o n   i s  

a d j u s t a b l e ,   e . g .   by  p r o v i d i n g   a  s l i d e   on  t h e   e x t e n s i o n s .  

The  e x t e n s i o n s   may  e x t e n d   o u t w a r d l y   of  t he   r h o m b u s  

( n o r m a l l y   in  t h e  p l a n e   of  a  r h o m b u s ) ,   in   w h i c h   c a s e   i t   i s  

p o s s i b l e   f o r   t h e   c a b l e   to  e x t e n d   a l o n g   one  e x t e n s i o n   o r ,  

i f   t he   e x t e n s i o n   i s   h o l l o w ,   to   e x t e n d   w i t h i n   i t .   N o r m a l l y  

t h e   e x t e n s i o n   w i l l   be  a t   t h e   e n d s   of  t h e   a r m s   of  t h e  

r h o m b u s   to   w h i c h   e l e c t r i c a l   c o n n e c t i o n   i s   made  to  t h e  

c a b l e .   I t   i s   a l s o   p o s s i b l e   to  p r o v i d e   t h e   e x t e n s i o n   a t  

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

e x t e n d   t h r o u g h   or  a l o n g   one  of  t h e   a r m s   as  d i s c u s s e d   i n  

our   E u r o p e a n   P a t e n t   A p p l i c a t i o n   No.  8 4 . 3 0 5 1 3 6 . 8 .  

A n o t h e r   p o s s i b i l i t y   i s   f o r   t h e   e x t e n s i o n s   to  e x t e n d  

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

t h e n   to  h a v e   e a c h   e x t e n s i o n   e x t e n d i n g   f r o m   one  end  of  a  

arm  to  t h e   o t h e r   so  t h a t   t h e   a rms  and   e x t e n s i o n s   f rom  t w o  

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

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

e x t e n s i o n s   a r e   t u b u l a r ,   t h e   c a b l e   may  t h e n   e n t e r   t h e  

a e r i a l   t h r o u g h   a  mid  p o i n t   of  one  of   t h e   e x t e n s i o n s .  

I t   i s   a l s o   p o s s i b l e   fo r   t h e r e   t o   be  f o u r   a r m s  

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

of  t he   a rms   on  one  s i d e   of  the   z e r o   p o t e n t i a l   p l a n e   m a y  

t h e n   be  c o n n e c t e d   t o g e t h e r   and  to   a  common  e x t e n s i o n ,   a n d  



t h e   e n d s   of  t h e   a rms   on  t h e   o t h e r   s i d e   of  t h e   z e r o  

p o t e n t i a l   p l a n e   c o n n e c t e d   t o g e t h e r   and  to   a n o t h e r   common 

e x t e n s i o n ,   t h e   two  e x t e n s i o n s   t h e n   b e i n g   c o n n e c t e d  

t o g e t h e r .  

V a r i o u s   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   by  way  of   e x a m p l e ,   w i t h   r e f e r e n c e   t o   t h e   . 

a c c o m p a n y i n g   d r a w i n g ,   w h e r e i n :  

F i g s .   1  to   6  a r e   r e s p e c t i v e   p l a n   v i e w s  o f   s i x  

e m b o d i m e n t s   of   r h o m b i c   a e r i a l ,  

F i g .   7  is   a  s i d e   e l e v a t i o n   of  t h e   a e r i a l   of  F i g .   6 ,  

F i g .   8  i s   a  p l a n   v i e w   of  a  s e v e n t h   e m b o d i m e n t   o f  

r h o m b i c   a e r i a l ,   a n d  

F i g .   9  i s   a  s i d e   e l e v a t i o n   of  t h e   a e r i a l   of  F i g .   8 .  

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

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

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

u s e   of  a rms   in   t h e   f o r m   of   t u b e s   h a s   a  n u m b e r   o f  

a d v a n t a g e s   and  some  of  t h e s e   a r e   d i s c u s s e d   i n   o u r  

E u r o p e a n   A p p l i c a t i o n   No.  8 4 . 3 0 5 1 3 6 . 8 .   As  m e n t i o n e d   i n  

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

e l l i p t i c a l   t u b e   can   be  u s e d ,   or  e l e m e n t s   of   U,  L,  I  o r  

any   o t h e r   c r o s s - s e c t i o n .   The  m a t e r i a l   u s e d   can   b e  

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

m a t e r i a l   w h i c h   can   be  made  to   c o n d u c t   e l e c t r i c i t y .   One  

f u r t h e r   p o s s i b i l i t y   a l s o   d i s c u s s e d   in  our   E u r o p e a n  



A p p l i c a t i o n   No.  8 4 . 3 0 5 7 3 6 . 8   i s   fo r   t h e   a rms   t o   be  made  o f  

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

The   a e r i a l   s h o w n . i n   F i g .   1  c o m p r i s e s   two  a rms   10,  12  

f o r m e d   by  l e n g t h s   of  t u b e .   The  t u b e   of  arm  10  i s   b e n t  

i n t o   two  l e g s   1 0 a ,   lOb  w i t h   a  130°   b e n d  b e t w e e n   t hem.   An 

o p t i o n a l   r e i n f o r c i n g   s l e e v e   14  i s   p r o v i d e d   a t   t h e   b e n d .  

The  t u b e   of   arm  12  i s   s i m i l a r l y   c o n s t r u c t e d   of  two  l e g s  

1 2 a ,   12b  and  a  s l e e v e   14.   The  two  a rms   a r e   a r r a n g e d   i n  

t h e   same  p l a n e   in  t h e   f o r m   of  a  r h o m b u s .   At  t h e   f r o n t  

end  of  t h e   r h o m b u s ,   t h e y   a r e   h e l d   t o g e t h e r   by  a  n u t   1 6 ,  

and  a  b o l t   18  of  p l a s t i c s   or  o t h e r   i n s u l a t i n g   m a t e r i a l ,  

w i t h   i n s u l a t i n g   s p a c e r s   20.   The  e n d s   of  t h e   t u b e   may  b e  

c o n n e c t e d   by  a  r e s i s t o r   or  o t h e r   i m p e d e n c e   R  a c r o s s   t h e  

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

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

p a r t i c u l a r l y   when  t h e   a e r i a l   i s   a  r e c e i v i n g   a e r i a l .   I t  

i s   a l s o   p o s s i b l e   f o r   t h e   s p a c e r   20  to  be  r e s i s t i v e ,   i n  

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

i m p e d a n c e   R.  The  t h i c k n e s s   of  t h e   t u b u l a r   c o n d u c t o r s  

f o r m i n g   t h e   arms  may  be  t h e   r e a s o n   f o r   t h i s .   The  1 3 0 0  

b e n d s   in   t h e   t u b e s   a r e   s p a c e d   and  s u p p o r t e d   by  a  p l a s t i c s  

boom  22 ,   by  m e a n s   of  w h i c h   t h e   a e r i a l   may  be  a f f i x e d   to  a  

m a s t   or  o t h e r   s u p p o r t i n g   s t r u c t u r e .  

The   a e r i a l   has   a  p l a n e   of  s y m m e t r y ,   24 ,   w h i c h   i s   t h e  

e a r t h   p l a n e   or  z e r o   p o t e n t i a l   p l a n e   of  t h e   a e r i a l .   A t  



t h e   r e a r   end  of  t h e   r h o m b u s ,   t h e   t u b e   of  e a c h   arm  10,  1 2  

i s   b e n t   a t   25  to   p r o v i d e   an  e x t e n s i o n   1 0 c ,   1 2 c ,   e x t e n d i n g  

r e a r w a r d l y ,   p a r a l l e l   to   e a c h   o t h e r   and  to   t h e   e a r t h  

p l a n e .   T h e s e   f o rm  a  s h o r t   t r a n s m i s s i o n   l i n e   in  or  c l o s e  

t o  t h e   e a r t h   p l a n e .   The  e n d s   of  t h e   e x t e n s i o n s   10c ,   1 2 c  

a r e   h e l d   m e c h a n i c a l l y   and  s h o r t - c i r c u i t e d   by  an  end  p i e c e  

26  b r a z e d   to   t h e m .  

A  c o - a x i a l   s i g n a l   f e e d   c a b l e   28  i s   l e d   i n t o   t he   t u b e  

of   arm  12  a t   t h e   r e a r   end  and  p a s s e s   w i t h i n   t h e   t u b e  

a l o n g   t h e   e x t e n s i o n   12c  to   a  h o l e   30  a t   t h e   bend   25.  T h e  

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

t h e   h o l e   30.  The  i n n e r   c o n d u c t o r   of  t h e   c a b l e   32  i s  

t a k e n   a c r o s s   t h e   gap   b e t w e e n   t h e   b e n d s   25  and  s o l d e r e d   t o  

t h e   bend  25  of  t h e   t u b e   of   arm  10.   In  t h i s   m a n n e r ,   t h e  

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

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

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

e x t e n s i o n s   1 0 c ,   12c  i s   to   f o r m   a  b a l u n   f o r   t u n i n g   ou t   t h e  

r e a c t a n c e   ( t h e   i m a g i n a r y   p a r t   of   t he   i m p e d a n c e )   of  t h e  

a e r i a l   so  as  to  m a t c h   t h e   f e e d   c a b l e .   I t   d e s i r e d ,   a  n o n -  

a d j u s t a b l e   b a l u n   c o u l d   be  f o r m e d   s i m p l y   by  t h e   e x t e n s i o n s  

1 0 c ,   12c   and  t h e   end  p i e c e   26 ,   t h e   l e n g t h   of  t h e  

e x t e n s i o n s   b e i n g   c h o s e n   ( i n   r e l a t i o n   to   t h e   s i z e   of  a  

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

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



o n l y   in  one  p a r t i c u l a r   band   of   f r e q u e n c i e s .   To  e n a b l e  

the   same  a e r i a l   to   be  m a t c h e d   f o r   d i f f e r e n t   f r e q u e n c y  

b a n d s ,   t h e r e f o r e ,   an  a d j u s t a b l e   s l i d e   34  i s   p r o v i d e d   o n  

t h e   e x t e n s i o n s   l O c ,   12c .   T h i s   s l i d e   can   be  moved  to  a n y  

d e s i r e d   p o s i t i o n   a l o n g   t h e   e x t e n s i o n s   1 0 c ,   12c  a n d  

s e c u r e d   t h e r e   ( e . g .   by  a  s c r e w   f a s t e n i n g )   to  s h o r t  

t o g e t h e r   t h e   two  t u b e s .   In  t h i s   way ,   t h e   e f f e c t   l e n g t h  

of  t h e   t r a n s m i s s i o n   l i n e   c a n   be  a d j u s t e d   t o   t u n e   t h e  

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

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

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

F i g .   1  a l s o   shows  a n o t h e r   o p t i o n .   The  t u b e  

e x t e n s i o n   12c  may  be  p r o v i d e d   w i t h   n o t   j u s t   one  h o l e   30  

b u t   a l s o   w i t h   a  s e r i e s   of  s p a c e d   h o l e s   3 0 a .   The  c a b l e  

o u t e r   c an   be  s o l d e r e d   a t   any  one  of   t h e s e ,   w i t h   t h e   c a b l e  

i n n e r   32  b e i n g   s o l d e r e d   a t   an  o p p o s i n g   p o i n t   on  t h e  

e x t e n s i o n   1 0 c .   The  c a b l e   t h e n   " s e e s "   n o t   a  r e s i s t a n c e   RO 

( t h e   r e a l   p a r t   of  t he   i m p e d a n c e   of  t h e   a e r i a l )   b u t   n 2 R 0 ,  

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

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

t h e   bend   25.   By  s e l e c t i n g   a  s u i t a b l e   h o l e ,   t h e r e f o r e ,  

t h e   r e a l   ( r e s i s t i v e )   p a r t   o f   t h e   i m p e d a n c e   of  t h e   c a b l e  

( i t s   c h a r a c t e r i s t i c   i m p e d a n c e )   can   be  m a t c h e d   to  t h a t   o f  

t h e   a e r i a l .   The  s l i d e   3 4  i s   t h e n   a d j u s t e d   to   c o u n t e r  

( t u n e   o u t ) t h e   r e a c t a n c e   of  t h e   a e r i a l   and  t r a n s f o r m e r  



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

3 0 a ,   t h e   e x t e n s i o n   12c  may  h a v e   a  l o n g i t u d i n a l   s l o t ,   a n d  

t h e   c a b l e   can  be  p o s i t i o n e d   a t   any  d e s i r e d   p o s i t i o n   a l o n g  

t h e   s l o t .  

By  way  of  e x a m p l e ,   s u i t a b l e   d i m e n s i o n s   f o r   t h e  

a e r i a l   a r e :  

l e n g t h   of   e a c h   l e g   1 0 a , 1 0 b , 1 2 a , 1 2 b   990  mm  (39  i n c h e s )  

l e n g t h   o f   e x t e n s i o n s   1 0 c , 1 2 c   200  mm  (8  i n c h e s )  

s p a c i n g   of   e x t e n s i o n s   1 0 c , 1 2 c   38  mm  ( 1 . 5   i n c h e s )  

The  e m b o d i m e n t   of  F i g .   2  i s   in  many  r e s p e c t s   s i m i l a r  

to   t h a t   of  F i g .   1,  and  w h e r e   a p p r o p r i a t e   t h e   s a m e  

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

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

l i e s   a t   t h e   f r o n t   end  of  t h e   a e r i a l .   In  p l a c e   of  t h e  

i n s u l a t i n g   s p a c e r s   20  and  t h e   o p t i o n a l   r e s i s t o r   R,  t h e  

f r o n t   e n d s   of  t h e   t u b u l a r   l e g s   10a ,   12a  a r e   b e n t   a t   2 5 a ,  

and  h a v e   f o r w a r d l y   e x t e n d i n g   e x t e n s i o n s   1 0 d ,   12d .   T h e s e  

a r e   p r o v i d e d   w i t h   an  end  p i e c e   26a  and  a  m o v a b l e   s l i d e  

3 4 a ,   f o r m i n g   a  t r a n s m i s s i o n   l i n e   e s s e n t i a l l y   i d e n t i c a l   t o  

t h a t   a t   t h e   r e a r   end  of   t h e   a e r i a l .   T h i s   e n a b l e s   t h e  

r e a c t a n c e   a t   t he   f o r w a r d   end  of   t h e   a e r i a l   t o   be  t u r n e d  

o u t ,   to   o p t i m i s e   t h e   t e r m i n a t i o n   and  i m p r o v e   t h e   a e r i a l  



e t t i c i e n c y .  

F i g .   3  shows   a  p r e f e r r e d   f o rm  of  t h i s   a e r i a l .  

A g a i n ,   t h e   same  r e f e r e n c e   n u m e r a l s   h a v e   been   used   a s  

p r e v i o u s l y   w h e r e   a p p r o p r i a t e .   In  t h i s   a e r i a l ,   h o w e v e r ,  

t h e   t r a n s m i s s i o n   l i n e   e x t e n s i o n s   h a v e   been   p r o v i d e d  

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

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

e s s e n t i a l l y   c o m p r i s e s   two  s i m p l e   t r i a n g l e s   made  of  t u b e .  

In  t h i s   e x a m p l e ,   as  a  m a t t e r   of   r h o m b i c   a e r i a l   d e s i g n  

w i t h   w h i c h   a  s k i l l e d   man  w i l l   be  f a m i l i a r ,   t h e   b e n d s  

b e t w e e n   t h e   l e g s   10a  and  10b  and  b e t w e e n   the   l e g s   12a  a n d  

12b  a re   90°  r a t h e r   t h a n   t h e   p r e v i o u s   1 3 0 ° ,   and  t h e   l o n g  

s i d e s   1 0 e ,   12e  of   t h e   two  t r i a n g l e s   l i e   s i d e   by  s i d e   ( a t  

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

f o r m ) .   M o v a b l e   s l i d e s   34 ,   34a  h a v e   t h e   same  f u n c t i o n   a s  

p r e v i o u s l y .   I t   w i l l   be  a p p r e c i a t e d   t h a t   t he   l e n g t h   o f  

t u b e s   1 0 e ,   12e  b e t w e e n   t h e   two  s l i d e s   i s   e f f e c t i v e l y  

" d e a d "   as  f a r   as  t h e   a e r i a l   i s   c o n c e r n e d ,   b e i n g   in   o r  

c l o s e   to  t h e   e a r t h   p l a n e ,   and  so  m e t a l   n u t s   and  b o l t s   3 6  

can  be  u s e d   in  t h i s   r e g i o n   t o   h o l d   t h e   two  t r i a n g l e s  

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

t he   t u b u l a r   s i d e s  1 0 e ,   12e   e f f e c t i v e l y   p r o v i d e   a  

m e c h a n i c a l   s u p p o r t i n g   boom  f o r   t h i s   a e r i a l ,   w h i c h   can   b e  

f i x e d   to   a  m a s t ,   so  t h a t   t h e r e   i s   no  n e e d   f o r   a  s e p a r a t e  

p l a s t i c s   boom  22,   or  f o r   o t h e r   i n s u l a t o r s .   E x p e n s e   o f  



m a n u f a c t u r e   i s   f u r t h e r   r e d u c e d   by  t h e   f a c t   t h a t   t h e   t w o  

t r i a n g l e s   can   be  i d e n t i c a l ,   so  t h a t   t h e   a e r i a l   can  b e  

made  up  of  two  i d e n t i c a l   m o d u l e s .   The  s i g n a l   c a b l e   28  

can  f e e d   to   t h e   i n t e r i o r   of  t h e   t u b u l a r   s i d e   12e  v i a   a  

c e n t r a l   h o l e   38  ( w h i c h   i s   c o n v e n i e n t   f o r   t h e   l i k e l y  

p o s i t i o n   of   a  s u p p o r t i n g   m a s t ) .  

The  a e r i a l   of  F i g .   3  can   be  m o d i f i e d   b y  

d i s p e n s i n g   w i t h   t h e   s l i d e s   34  and  3 4 a .   I n s t e a d ,   p a i r s   o f  

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

t h e   s i d e s   1 0 e ,   1 2 e ,   a t   p r e d e t e r m i n e d   p o s i t i o n s  

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

f r e q u e n c y   b a n d s .  

The  b o l t s   36  a r e   t h e n   u s e d   to   f u l f i l   t h e  

f u n c t i o n   of   t h e   s l i d e s   34,   34a  as  w e l l   as  f o r   s e c u r i n g  

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

i n s t r u c t i o n s   as   to  w h i c h   f i x i n g   h o l e s   s h o u l d   be  u s e d   f o r  

wh ich   f r e q u e n c y   b a n d s .   T h i s   s y s t e m   is   p a r t i c u l a r l y   w e l l  

s u i t e d   f o r   T . V .   r e c e p t i o n   a e r i a l s ,   s i n c e   i t   can  b e  

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

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

A n o t h e r   m o d i f i c a t i o n   w o u l d   be  to  have   t h e   s i d e s  

10e ,   12e  s u i t a b l y   s p a c e d   one  a b o v e   t h e   o t h e r ,   r a t h e r   t h a n  

s i d e   by  s i d e   as  s h o w n .   They   a r e   t h e n   b o t h   in   t h e   i d e a l  

p o s i t i o n ,   in   t h e   e a r t h   p l a n e ,   r a t h e r   t h a n   j u s t   c l o s e   t o  

i t .   A g a i n s t   t h i s ,   t h e   l e g s   1 0 a ,   10b ,   1 2 a ,   12b  a r e   n o t  



q u i t e   c o - p l a n a r .  

F i g s .   4  and  5  show  s l i g h t   m o d i f i c a t i o n s   of  t h e  

a e r i a l   of  F i g .   3.  In  F i g .   4,  t h e   r e a r ,   f e e d   e n d  i s  

p r o v i d e d   w i t h   a  d o u b l e   b a l u n ,   by  r e a s o n   of  t h e   p r o v i s i o n  

of  a  r e a r w a r d   e x t e n s i o n   1 0 f ,   1 2 f ,   g i v i n g   a n o t h e r  

t r a n s m i s s i o n   l i n e ,   and  i n c l u d i n g   more   h o l e s   30a  f o r  

c o n n e c t i o n   of   t h e   f e e d   c a b l e ,   and  a  f u r t h e r   s l i d e   3 4 b .  

T h u s ,   t h i s   g i v e s   more  f l e x i b i l i t y   in   e n s u r i n g   c o r r e c t  

m a t c h i n g   of  b o t h   r e a l   and  i m a g i n a r y   p a r t s   of   t h e  

i m p e d a n c e .   F i g .   5  shows   a  s i m p l e r   v e r s i o n ,   w i t h   no  e x t r a  

s l i d e   3 4 b ,   in   w h i c h   t he   c o - a x i a l   f e e d   c a b l e   i s   s i m p l y  

c o n n e c t e d   a t   t h e   r e a r   end  of  t h e   t r a n s m i s s i o n   l i n e  

p r o j e c t i o n   1 0 f ,   1 2 f .   T h u s ,   a  p r e d e t e r m i n e d   r a t i o   i s   . 

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

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

3 4 .  

F i g s .   6  and  7  i l l u s t r a t e   how  t h e   g e o m e t r y   o f  

t h e   l e g s   1 0 a ,   1 0 b ,   1 2 a ,   12b  c a n   be  m o d i f i e d   to  i n c r e a s e  

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

a t t a c h e d   m e t a l   s t r i p s  4 0 ,   w h o s e   w i d t h   i n c r e a s e s   f r o m   t h e  

ends   of  t h e   a e r i a l   t o w a r d s   t h e   m i d d l e .  

F i g s .   8  and  9  i l l u s t r a t e   an  a e r i a l   w i t h   t w o  

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

d e s c r i b e d   a b o v e ,   h a v i n g   two  t u b u l a r   t r i a n g l e s   10,   12  a n d  

c o n d u c t i n g   s u p p o r t i n g   s p a c e r s   42  w h i c h   a r e   u s e d   f o r  



t u n i n g   t h e   r e a c t a n c e .   At  t h e   f r o n t   end  of  t h e   a e r i a l ,  

t h e r e   i s   a  r e s i s t i v e   s u p p o r t   s p a c e r   44  v e r t i c a l l y   b e t w e e n  

t h e   two  e l e m e n t s ,   and  t he   f e e d   c a b l e   28  e n t e r s   t h e   l o w e r  

arm  12  t h r o u g h   t h e   s p a c e   44.  The  c o n c e p t   of  p a s s i n g   t h e  

c o - a x i a l   c a b l e   t h r o u g h   one  of  t h e   a r m s   i s   d i s c u s s e d   i n  

d e t a i l   in   our   E u r o p e a n   P a t e n t   A p p l i c a t i o n   No.  8 4 . 3 0 5 1 3 6 . 8  

T h i s   c o n c e p t   i s   a p p l i c a b l e   n o t   o n l y   to   t h e   e m b o d i m e n t   o f  

F i g s .   8  and  9  b u t   a l s o   c o u l d   be  u s e d   in  t h e   e m b o d i m e n t s  

of  F i g .   1  or  F i g .   2,  a l t h o u g h   in   t h e   l a t t e r   c a s e   t h e  

c a b l e   w o u l d   e n t e r   t h e   a rms  12  t h r o u g h   e x t e n s i o n   1 2 d .   A t  

t he   r e a r   end  of  t h e   a e r i a l ,   e a c h   t u b e   10 ,   12  has   a  

s u p p o r t i n g   l i n k   member   48  l e a d i n g   to   a  Y - p i e c e   46 ,   w h e r e  

t he   c a b l e   28  i s   c o n n e c t e d   in  a  s i m i l a r   m a n n e r   to   t h a t  

d e s c r i b e d   a b o v e .   E x t e n d i n g   r e a r w a r d l y   f rom  t h e   Y - p i e c e s  

46  is  a n o t h e r   t u b u l a r   e x t e n s i o n   t r a n s m i s s i o n   l i n e   5 0 ,  

h a v i n g   an  e n d - p i e c e   (or   i f   d e s i r e d ,   a  s l i d e r )   52,   t h e  

p o s i t i o n   of   w h i c h   i s   i m p o r t a n t   to   t u n e   o u t   t h e   r e a c t a n c e  

and  p r o v i d e   t h e   n e c e s s a r y   s p a c i n g .   The  l e n g t h   of  t h e  

l i n k   m e m b e r s   48  i s   a l s o   i m p o r t a n t ,   s i n c e   t h e y   e f f e c t i v e l y  

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

t a k i n g   t h e   s i g n a l   to   t h e   u p p e r   and  l o w e r   e l e m e n t s ,   a n d  

t h u s   a f f e c t   t h e   i m p e d a n c e   a t   t h e   f e e d   p o i n t  o f   t h e   c o -  

a x i a l   c a b l e .   As  p r e v i o u s l y ,   s e v e r a l   h o l e s   30  may  b e  

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

" s e e n "   by  t h e   c a b l e .  



1.  A  r h o m b i c   a e r i a l   h a v i n g   two  c o n d u c t i v e   a r m s   (10 ,   1 2 )  

b e n t   a t   an  i n t e r m e d i a t e   p o i n t   (14)  t h e r e o f   and  s u p p o r t e d  

on  e i t h e r   s i d e   of   a  z e r o   p o t e n t i a l   p l a n e   (24)  s u c h   t h a t  

the   c o r r e s p o n d i n g   e n d s   of  t h e   a rms   (10,   12)  a r e   a d j a c e n t ;  

c h a r a c t e r i s e d   in   t h a t :  

c o n d u c t i v e   e x t e n s i o n s   ( 1 0 c ,   12c)   e x t e n d i n g   f r o m   e a c h  

end  ot  a t   l e a s t   one  p a i r   of  c o r r e s p o n d i n g   ens   (25)  of  t h e  

arms  ( 1 0 ,   1 2 ) ,   t h e   e x t e n s i o n s   ( 1 0 c ,   12c)   f o r m i n g   a  

t r a n s m i s s i o n   l i n e   in   or  c l o s e   to  t h e   z e r o   p o t e n t i a l   p l a n e  

(24)  and  b e i n g   e l e c t r i c a l l y   c o n n e c t e d   t o g e t h e r .  

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

e x t e n s i o n s   ( 1 0 c ,   12c)   e x t e n d   o u t w a r d l y   of  t h e   r h o m b u s .  

3.  A  r h o m b i c   a e r i a l   a c c o r d i n g   to   c l a i m   2,  w h e r e i n   b o t h  

c o r r e s p o n d i n g   p a i r s   of  e n d s   of   t h e   a rms  (10,   12)  e a c h  

have   e x t e n s i o n s   e x t e n d i n g   o u t w a r d l y   of  t h e   r h o m b u s .  

4.  A  r h o m b i c   a e r i a l   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   t h e  

e x t e n s i o n s   ( 1 0 e ,   12e)   e x t e n d   i n w a r d l y   of  t h e   r h o m b u s .  

5.  A  r h o m b i c   a e r i a l   a c c o r d i n g   to   any  one  of   c l a i m s   1  t o  

4  w h e r e i n   t h e   e x t e n s i o n s   a r e   h o l l o w   and  w h e r e i n   a  

t r a n s m i s s i o n   l i n e   (28)  e x t e n d s   w i t h i n   one  of  t h e  

e x t e n s i o n s   ( 1 2 c )   w i t h   one  c o n d u c t o r   of   t h e   t r a n s m i s s i o n  

l i n e   b e i n g   e l e c t r i c a l l y   c o n n e c t e d   to   one  arm  (10)  and  t h e  

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



arm  ( 1 2 ) .  

6.  A  r h o m b i c   a e r i a l   a c c o r d i n g   to  c l a i m   4  w h e r e i n   e a c h  

e x t e n s i o n   ( 1 0 e ,   12e)   e x t e n d s   f rom  one  end  of   an  a rm  ( 1 0 ,  

12)  to  t h e   o t h e r   e n d o f   t h a t   arm  (10,   1 2 ) ,   s u c h   t h a t   t h e  

a rms   ( 1 0 ,   12)  and  e x t e n s i o n s   ( 1 0 e ,   12e)   f o rm  t w o  

t r i a n g l e s   w i t h   t h e   e x t e n s i o n s   ( 1 0 e ,   12e)   p a r a l l e l   to  a n d  

a d j a c e n t   e a c h   o t h e r .  

7.  A  r h o m b i c   a e r i a l   a c c o r d i n g   to  c l a i m   6,  w h e r e i n   t h e  

e x t e n s i o n s   a r e   h o l l o w   and  w h e r e i n   a  t r a n s m i s s i o n   l i n e  

(28)  e n t e r s   one  e x t e n s i o n   (12e)   a t   an  i n t e r m e d i a t e   p o i n t  

t h e r e o f ,   e x t e n d s   w i t h i n   t h a t   e x t e n s i o n   to   an  end  t h e r e o f ,  

and  h a s   one  c o n d u c t o r   c o n n e c t e d   to  one  arm  (10)   and  t h e  

o t h e r   c o n d u c t o r   c o n n e c t e d   to   t he   o t h e r   arm  ( 1 2 ) .  

8.  A  r h o m b i c   a e r i a l   a c c o r d i n g   to  c l a i m   6  or  c l a i m   7 ,  

w h e r e i n   t h e r e   a r e   two  f u r t h e r   e x t e n s i o n s   ( 1 0 f ,   1 2 f )  

e x t e n d i n g   o u t w a r d l y   of   t h e   r h o m b u s ,   t h e   two  f u r t h e r  

e x t e n s i o n s   ( 1 0 f ,   1 2 f )   b e i n g   e l e c t r i c a l l y   c o n n e c t e d  

t o g e t h e r .  

9.  A  r h o m b i c   a e r i a l   a c c o r d i n g   to  any  one  o f   t h e  

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

c o n n e c t i o n   (34)  of  t h e   e x t e n s i o n s ( l O c ,   12c)   i s  

a d j u s t a b l e .  

10.   A  r h o m b i c   a e r i a l   a c c o r d i n g   to  any  one  o f   t h e  

p r e c e d i n g   c l a i m s ,   h a v i n g   f o u r   arms  (10 ,   12)  f o r m i n g   t w o  

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



p e r p e n d i c u l a r   to  t h e  z e r o   p o t e n t i a l   p l a n e ,   two  a d j a c e n t  

e n d s   of  t h e   arms  (10)  on  one  s i d e   of  t h e   z e r o   p o t e n t i a l  

p l a n e   b e i n g   j o i n e d   t o g e t h e r   and  to   one  e x t e n s i o n   (50)  a n d  

two  a d j a c e n t   e n d s   of  t h e   a r m s   (12)  on  t h e   o t h e r   s i d e   o f  

t h e   z e r o   p o t e n t i a l   p l a n e   b e i n g   c o n n e c t e d   t o g e t h e r   and  t o  

t h e   o t h e r   e x t e n s i o n   ( 5 0 ) .  
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