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Transmission  cable  having  concentric  layers  of  conductors. 

CM 

A  transmission  cable  is  formed  of  one  or  more  concentric 
layers  (16, 26)  of  individual  conductors.  Each  layer  is  surrounded 
by  an  electrically  conducting  member  (18, 28).  Alternate  conduc- 
tors  in  each  layer  are  signal  carrying  conductors  (5)  while  the 
other  conductors  (X)  in  a  layer  are  either  all  ground,  signal  return 
or  signal  conductors.  The  conducting  members  (18,  28)  are 
electrically  connectable  to  a  ground  potential  to  form  a  grounded 
structure  in  which  each  signal  carrying  conductor  is  at  least 
partially  electrically  shielded  along  its  entire  axial  length. 



BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  t r a n s m i s s i o n  

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

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

g e n e r a l l y   c i r c u l a r   c r o s s - s e c t i o n   w h i c h   u t i l i z e s   o n e  

or  more  l a y e r s   of  p a r a l l e l   c o n d u c t o r s .  

DESCRIPTION  OF  THE  PRIOR  ART 

Round  c a b l e s   a r e   p r e s e n t l y   u s e d   f o r  

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

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

n e t w o r k s .   Such   c a b l e s   u t i l i z e   t w i s t e d   p a i r s   o f  

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

i m p e d a n c e   and  c r o s s - t a l k   c o n t r o l .  

One  s u c h   c a b l e   a r r a n g e m e n t   is  t h a t  

m a n u f a c t u r e d   and  s o l d   by  H e w l e t t - P a c k a r d   and  s o l d   a s  

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

s p a c e d   i n n e r   and  o u t e r   c o n d u c t i n g   member s   d i s p o s e d  

a b o u t   a  c e n t r a l ,   a x i a l l y   e x t e n d i n g   c o r e .   The  i n n e r  

member  is   t y p i c a l l y   a  m e t a l l i z e d   f i l m   s h e a t h   w h i l e  

t h e   o u t e r   member  is  a  m e t a l l i z e d   f i l m   s h e a t h  

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

t w i s t e d   p a i r s   of  c o n d u c t o r s   is  i n t e r p o s e d   in  t h e  

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

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



l a y e r   of  t w i s t e d   p a i r s   of  c o n d u c t o r s   is  d i s p o s e d   i n  

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

i n n e r   member  and  the   i n n e r   s u r f a c e   of  the   o u t e r  

c o n d u c t i n g   member .   The  c o n d u c t o r s   in  t he   i n n e r   l a y e r  

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

c o n d u c t o r s   in  t he   o u t e r   l a y e r   s e r v e   as  c o n t r o l  

l i n e s .   One  c o n d u c t o r   in  e a c h   t w i s t e d   p a i r   c a r r i e s  

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

o t h e r   of  t h e   c o n d u c t o r s   in  t h a t   p a i r   s e r v e s   as  t h e  

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

c o n d u c t i n g   member  is  e l e c t r i c a l l y   g r o u n d e d   and  a c t s  

to  i s o l a t e   t h e   d a t a   f rom  t he   c o n t r o l   p a i r s .  

A  r o u n d   c a b l e   a s s e m b l y   as  d e s c r i b e d   a b o v e   i s  

b u l k y   and  g e n e r a l l y   e x p e n s i v e   to  m a n u f a c t u r e   due  t o  

i t s   c o m p l e x i t y .   F u r t h e r m o r e ,   p r o v i d i n g   t h e  

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

a  r e l a t i v e l y   l a b o r   i n t e n s i v e   e n d e a v o r   s i n c e   b e f o r e  

t h e   e n d s   of  t h e   c o n d u c t o r s   can   be  t e r m i n a t e d   in  a  
s u i t a b l e   c o n n e c t o r   e a c h   t w i s t e d   p a i r   mus t   b e  

u n t w i s t e d   so  t h a t   t he   a x i s   of  e a c h   c o n d u c t o r   i s  

c o p l a n a r   w i t h   t h e   a x i s   of  e a c h   a d j a c e n t   c o n d u c t o r .  

The  i n c r e a s e   in  t he   e x p e n s e   and  t he   b u l k   o f  

s u c h   c a b l e   can   a l s o   be  a t t r i b u t e d   to  t he   u se   o f  

t w i s t e d   c o n d u c t o r   p a i r s .   The  t w i s t e d   c o n d u c t o r   p a i r s  

r e s u l t   in  an  o v e r a l l   d i a m e t e r   of  t he   t w i s t e d   c a b l e  

t h a t   is   s i g n i f i c a n t l y   l a r g e r   t h a n   s t a n d a r d   c a b l e s .  

Such   a  t w i s t e d   p a i r   c a b l e   can  r a n g e   f rom  t w e n t y   t o  

f i f t y   p e r c e n t   l a r g e r   t h a n   a  s t a n d a r d   c a b l e   d e p e n d i n g  

upon   c o n d u c t o r   s i z e   and  the   number   of  c o n d u c t o r s .  

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

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

in  o r d e r   to  p r e v e n t   f a i l u r e   due  to  c a b l e   f l e x i n g .  

M o r e o v e r ,   t w i s t e d   p a i r   c a b l e s   o f t e n   do  no t   e x h i b i t   a 

u n i f o r m   c r o s s - s e c t i o n   and  can  t h u s   p r e s e n t   p r o b l e m s  

when  u s i n g   a u t o m a t i c   s t r i p p i n g   a p p a r a t u s .  



A c c o r d i n g l y ,   in  v i ew   of  t he   f o r e g o i n g ,   i t   i s  

b e l i e v e d   d e s i r a b l e   to  p r o v i d e   a  c a b l e   a s s e m b l y   o f  

s u c h   a  c o n s t r u c t i o n   t h a t   is  l e s s   e x p e n s i v e   t o  

m a n u f a c t u r e ,   l e s s   b u l k y   and  more  f l e x i b l e   w h e n  

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

e q u i v a l e n t   or  b e t t e r   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   a s  

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

s i g n a l   and  g r o u n d   c o n d u c t o r s .   M o r e o v e r ,   t h e  

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

w i t h   an  i n d i v i d u a l   j a c k e t e d   c o n d u c t o r   as  c o m p a r e d   t o  

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

c o n d u c t o r s .  

SUMMARY  OF  THE  INVENTION 

A  c a b l e   in   a c c o r d a n c e   w i t h   t he   p r e s e n t  

i n v e n t i o n   c o m p r i s e s   an  i n n e r   and  an  o u t e r   c o n c e n t r i c  

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

p r e s e n t   i n v e n t i o n   i s   a p p l i c a b l e   to  s i n g l e   l a y e r   c a b l e  

a l s o .   The  a x i s   of  e a c h   of  t h e   c o n d u c t o r s   in  e a c h  

l a y e r   l i e s   in   a  g e n e r a l l y   p a r a l l e l   s p i r a l i n g  

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

c a b l e   may  be  c o n s t r u c t e d   in  t h r e e   d i f f e r e n t   w a y s .   I n  

a  f i r s t   e m b o d i m e n t   of  t he   i n v e n t i o n ,   a l t e r n a t e  

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

c a r r y i n g   c o n d u c t o r s   w h i l e   t he   o t h e r s   in   t he   l a y e r   a r e  

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

in  a  b a l a n c e d   s y s t e m ,   a l t e r n a t e   c o n d u c t o r s   in  e a c h  

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

w h i l e   t he   o t h e r s   in  t h e   l a y e r   a r e   s i g n a l   r e t u r n  

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

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

t h e r e   a r e   two  or  more  l a y e r s ,   e a c h   l a y e r   may  have   i t s  

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

any  one  of  t he   a b o v e - d e s c r i b e d   e m b o d i m e n t s .   T h e  

f i r s t   i n n e r   l a y e r   may.  f o r   e x a m p l e ,   c o n s i s t   of  a l l  

s i g n a l   c a r r y i n g   c o n d u c t o r s   w h i l e   t he   s e c o n d   l a y e r   may  



have   a l t e r n a t i n g   s i g n a l   and  g r o u n d   c o n d u c t o r s   o r  

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

D i s p o s e d   r a d i a l l y   o u t w a r d l y   of  e a c h   of  t h e  

i n n e r   and  o u t e r   c o n d u c t o r   l a y e r s   is  an  a n n u l a r  

c o n d u c t i n g   member .   Each   c o n d u c t i n g   member  i s  

c o n n e c t a b l e   to  a  g r o u n d   p o t e n t i a l .   In  t he   f i r s t  

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

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

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

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

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

a l o n g   t h e   e n t i r e   l e n g t h   of  e a c h   s i g n a l   c a r r y i n g  

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

s h i e l d   and  in   a  m a n n e r   a n a l o g o u s   to  a  g r o u n d   p l a n e  

s u r f a c e   in  p l a n a r   c a b l e s   t h e r e b y   to  i m p a r t   to  a  c a b l e  

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

low  c r o s s - t a l k   i n t e r f e r e n c e )   w h i c h   c l o s e l y  

a p p r o x i m a t e   t he   c o r r e s p o n d i n g   c h a r a c t e r i s t i c s   of  a  

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

p a r t i c u l a r   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   a r e   d e p e n d e n t  

upon   t h e   p a r t i c u l a r   c o n n e c t i o n   e f f e c t e d   b e t w e e n   t h e  

c o n d u c t i n g   m e m b e r s ,   t he   c o n d u c t o r s   and  t he   g r o u n d  

p o t e n t i a l .  

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

i n c l u d e   t h r e e   or  more  l a y e r s   of  c o n d u c t o r s   w i t h   a n  

a n n u l a r   c o n d u c t i n g   member  d i s p o s e d   r a d i a l l y   o u t w a r d l y  

of  e a c h   c o n d u c t o r   l a y e r .   A l s o ,   as  n o t e d   a b o v e ,  t h e  

c a b l e   s t r u c t u r e   may  c o n s i s t   of  o n l y   a  s i n g l e   l a y e r   o f  

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

d i s p o s e d   r a d i a l l y   i n w a r d   and  a n o t h e r   a n n u l a r  

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

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

in  t he   s i n g l e   and  m u l t i p l e   l a y e r   c a b l e   s t r u c t u r e   i s  

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



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  i n v e n t i o n   w i l l   be  more  f u l l y   u n d e r s t o o d  

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

t a k e n   in  c o n n e c t i o n   w i t h   t he   a c c o m p a n y i n g   d r a w i n g s  

w h i c h   f o rm  a  p a r t   of  t h i s   a p p l i c a t i o n   and  in  w h i c h :  

F i g u r e   1  i s   a  s i d e   e l e v a t i o n a l   v i e w   of  a  

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

w i t h   t he   v a r i o u s   e l e m e n t s   of  t he   c a b l e   b e i n g   a x i a l l y  

s t e p w i s e   s p a c e d   f o r   i l l u s t r a t i v e   p u r p o s e s ;  

F i g u r e   2  is   a  s e c t i o n a l   v i e w   t a k e n   a l o n g  

s e c t i o n   l i n e s   2-2  of  F i g u r e   1;  a n d ,  

F i g u r e   3  i s   a  more  s t y l i z e d   s e c t i o n a l   v i e w  

g e n e r a l l y   s i m i l a r   to  F i g u r e   2  s h o w i n g   t h e   a r r a n g e m e n t  

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

in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n .  

F i g u r e   4  is   a l s o   a  s t y l i z e d   s e c t i o n a l   v i e w  

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

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

DETAILED  DESCRIPTION  OF  THE  INVENTION 

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

s i m i l a r   r e f e r e n c e   n u m e r a l s   r e f e r   to  s i m i l a r   e l e m e n t s  

in  F i g u r e s   1-3  of  t h e   d r a w i n g s .  

W i t h   r e f e r e n c e   to  F i g u r e s   1  and  2 

r e s p e c t i v e l y   shown  in  s i d e   e l e v a t i o n   and  in  s e c t i o n  

is  a  r o u n d   c a b l e   g e n e r a l l y   i n d i c a t e d   by  r e f e r e n c e  

c h a r a c t e r   10  in  a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n .   The  c a b l e   10  is   f o r m e d   of  an  i n t e g e r  

number   M  ( w h e r e   M  is  one  or  more )   c o n c e n t r i c   l a y e r s  

of  i n d i v i d u a l   c o n d u c t o r s   and  is   u s e f u l ,   f o r   e x a m p l e ,  

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

c o n s t i t u e n t   s y s t e m   c o m p o n e n t s   of  a  d a t a   p r o c e s s i n g  

s y s t e m .   In  t he   e x a m p l e s   of  F i g u r e s   1  a n d   2,  t w o  

c o n c e n t r i c   l a y e r s   of  c o n d u c t o r s   a r e   shown .   F i g u r e   3 

shows  a  t h r e e   c o n d u c t o r   l a y e r   a r r a n g e m e n t   w h i l e  



F i g u r e   4  i l l u s t r a t e s   a  s i n g l e   c o n d u c t o r   l a y e r  

c o n s t r u c t i o n .   The  c a b l e   10  f a b r i c a t e d   in  a c c o r d a n c e  

w i t h   t he   p r e s e n t   i n v e n t i o n   e l i m i n a t e s   the   use   o f  

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

s u b s t a n t i a l l y   e q u i v a l e n t   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 .  

M o r e o v e r ,   t he   c a b l e   10  in  a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n   w i l l .   as  w i l l   be  d e v e l o p e d   h e r e i n ,   s i m p l i f y  

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

c a b l e   10  may  be  t e r m i n a t e d   a t   e a c h   end  w i t h   a 
s u i t a b l e   c o n n e c t o r   ( n o t   s h o w n ) .   Each   c o n n e c t o r   i s  

r e c e i v a b l e   in   a  h e a d e r   w h e r e b y   t h e   c a b l e   may  b e  

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

s i g n a l   r e t u r n   l i n e s   (when  u s e d )   and  o t h e r   v a r i o u s  

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

The  c a b l e   10  i n c l u d e s   an  o p t i o n a l   i n n e r  

f i l l e r   or  c o r e   12  f a b r i c a t e d   of  an  e l a s t o m e r   d i s p o s e d  

c e n t r a l l y   and  a x i a l l y   of  t he   c a b l e .   S u r r o u n d i n g   t h e  

c o r e   12  i s   a  f i r s t ,   i n n e r   l a y e r   16  of  i n d i v i d u a l  

e l e c t r i c a l   c o n d u c t o r s .   A l t h o u g h   in  t h e   F i g u r e   2  s i x  

i n d i v i d u a l   c o n d u c t o r s   a r e   u s e d   in   t h e   i n n e r   l a y e r   1 6 ,  

i t   s h o u l d   be  u n d e r s t o o d   t h a t   any  c o n v e n i e n t   number   o f  

i n d i v i d u a l   c o n d u c t o r s   may  be  u s e d   to  d e f i n e   t h e   i n n e r  

l a y e r   16  of  c o n d u c t o r s .   The  i n d i v i d u a l   c o n d u c t o r s   i n  

t h e   l a y e r   16  a r e   p r e f e r a b l y   f o r m e d   u s i n g   26  AWG  7 / 3 4  

a n n e a l e d   t i n n e d   c o p p e r   1012  s e m i - r i g i d   PVC  U L 1 0 6 1 / C S A  

SR.  P o l y p r o p y l e n e   or  p o l y e t h y l e n e   a r e   u s e f u l   as  a n  

a c c e p t a b l e   j a c k e t   f o r   t he   i n d i v i d u a l   c o n d u c t o r s   f o r  

i m p r o v i n g   c a b l e   c a p a c i t a n c e .   Due  to  t h e i r   c o n n e c t i o n  

to  t h e   c i r c u i t r y   on  the   b o a r d s   to  w h i c h   the   c a b l e   i s  

c o n n e c t e d   v i a   t h e   c o n n e c t o r / h e a d e r ,   a l t e r n a t e  

c o n d u c t o r s   in  l a y e r s   16,  i n d i c a t e d   by  the   i n d i c i a  

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

c o n d u c t o r s   in  l a y e r   16.  i n d i c a t e d   by  t he   i n d i c i a   " X " .  

a re   in  t h e   f i r s t   e m b o d i m e n t   of  t he   i n v e n t i o n   a l l  



c o n n e c t e d   as  g r o u n d   c o n d u c t o r s .   In  the   s e c o n d  

e m b o d i m e n t ,   c o n d u c t o r s   "X"  a r e   a l l   c o n n e c t e d   a s  
s i g n a l   r e t u r n   c o n d u c t o r s .   In  t he   t h i r d   e m b o d i m e n t ,  

c o n d u c t o r s   "X"  a r e   a l l   c o n n e c t e d   as  s i g n a l   c a r r y i n g  

c o n d u c t o r s   so  t h a t   a l l   c o n d u c t o r s   in  t he   l a y e r   a r e  
t h e n   s i g n a l   c a r r y i n g   c o n d u c t o r s .  

S p a c e d   r a d i a l l y   o u t w a r d l y   of  t he   i n n e r   l a y e r  

16  is   a  f i r s t   a n n u l a r   c o n d u c t i n g   member  18  in  t h e  

fo rm  of  a  m e t a l l i z e d   p o l y e s t e r   f i l m   s h i e l d .   T h e  

s h i e l d   i s   p r e f e r a b l y   f a b r i c a t e d   of  an  i n n e r  

a l u m i n i z e d   f i l m   wrap   18A  and  an  o u t e r   a l u m i n i z e d   f i l m  

wrap   18B.  E a c h   wrap   is   shown  as  c o m p r i s i n g   a n  
a l u m i n u m   l a y e r   18A'  and  18B'  and  an  i n s u l a t i n g   f i l m  

l a y e r .   1 8 A "   and  1 8 B "  ,   w i t h   a l u m i n u m   l a y e r s   b e i n g   i n  

f a c i n g   c o n t a c t   w i t h   e a c h   o t h e r .   Of  c o u r s e ,   t h e   f i r s t  

c o n d u c t i n g   member  18  may  be  i m p l e m e n t e d   u s i n g   a n y  
o t h e r   s u i t a b l e   m e t a l l i z e d   p o l y e s t e r   f i l m   w r a p ,  
m e t a l l i z e d   wrap   or  b r a i d .   I n t e r m e d i a t e   of  e a c h   o f  

t h e   w r a p s   18A  and  1 8 B   and  in  c o n t a c t   w i t h   t h e  

a l u m i n u m   l a y e r s   of  e a c h   is   a  g e n e r a l l y   s p i r a l l y   w o u n d  

d r a i n   w i r e   20.   O p t i o n a l l y   (as   shown  o n l y   in  F i g u r e  

1)  wrap   22  of  a  p o l y e s t e r   f i l m   may  be  p r o v i d e d   a b o u t  

t h e   c o n d u c t i n g   member  1 8 .  

A  s e c o n d ,   o u t e r ,   l a y e r   26  of  i n d i v i d u a l  

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

a r r a n g e m e n t   a b o u t   t h e   i n n e r   l a y e r   16.  Each   of  t h e  

i n d i v i d u a l   c o n d u c t o r s   in  t h e   o u t e r   l a y e r   26  s p i r a l s  

a l o n g   t h e   l e n g t h   of  t he   c a b l e   and  is  f a b r i c a t e d   of  a 

s i m i l a r   m a t e r i a l   as  t he   c o n d u c t o r s   in  t he   i n n e r   l a y e r  

16.  L i k e   t he   i n n e r   l a y e r ,   t h e   a x i s   of  e a c h   of  t h e  

i n d i v i d u a l   c o n d u c t o r s   in  t he   l a y e r   26  is  s u b s t a n t i a l l y  

p a r a l l e l   a l o n g   t he   a x i a l   l e n g t h   of  t he   c a b l e   10.  Any  

c o n v e n i e n t   number   of  c o n d u c t o r s   may  be  u s e d   in  t h e  

l a y e r   26.  A g a i n ,   due  to  t h e i r   c o n n e c t i o n   v i a   t h e  

c o n n e c t o r / h e a d e r ,   a l t e r n a t e   c o n d u c t o r s   in  l a y e r   2 6 .  



i n d i c a t e d   by  t he   i n d i c i a   "S" ,   a r e   a l l   s i g n a l   c a r r y i n g  
c o n d u c t o r s .   The  o t h e r   c o n d u c t o r s   in  l a y e r   2 6 ,  
i n d i c a t e d   by  t he   i n d i c i a   "X".  a r e   in  t he   f i r s t  

e m b o d i m e n t   of  t h e   i n v e n t i o n ,   a l l   c o n n e c t e d   as  g r o u n d  
c o n d u c t o r s .   In  t h e   a l t e r n a t i v e   s e c o n d   and  t h i r d  

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

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

u n d e r s t o o d   t h a t   t h e   c o n d u c t o r s   in  one  l a y e r   need  n o t  

be  c o n n e c t e d   in   t h e   same  m a n n e r   as  c o n d u c t o r s   in  t h e  

o t h e r   l a y e r ( s ) .   For   e x a m p l e ,   t he   c o n d u c t o r s   in  l a y e r  
16  may  be  c o n n e c t e d   as  a l t e r n a t i n g   s i g n a l   and  g r o u n d  

c o n d u c t o r s   w h i l e   t h e   c o n d u c t o r s   in  l a y e r   26  may  b e  

c o n n e c t e d   as  a l l   s i g n a l   c o n d u c t o r s   or  as  a l t e r n a t i n g  

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

S u r r o u n d i n g   t h e   o u t e r   l a y e r   .26  of  c o n d u c t o r s  

is  a  s e c o n d   a n n u l a r   c o n d u c t i n g   member  32.  P r e f e r a b l y  
t h e   member  32  t a k e s   t h e   f o r m   of  a  s h i e l d   28  

f a b r i c a t e d   of  m e t a l l i z e d   f i l m   c o m p r i s i n g   a  m e t a l  

l a y e r   28A  and  an  i n s u l a t i n g   l a y e r   28B,  s i m i l a r   to  t h e  

w r a p s   18A,  18B.  S h i e l d   28  is   s u r r o u n d e d   by  a  

m e t a l l i c   b r a i d   30.  The  b r a i d   30  and  t he   s h i e l d   28  

t o g e t h e r   d e f i n e   t h e   e l e c t r i c a l   c o n d u c t i n g   member  32  

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

o u t e r   l a y e r   26  of  i n d i v i d u a l   c o n d u c t o r s .   S u r r o u n d i n g  

t he   e n t i r e   s t r u c t u r e   as  a b o v e   d e s c r i b e d   is   a  j a c k e t  

34  p r e f e r a b l y   of  t h i r t y - f i v e   mi l   PVC  per   UL2464  a t  

80°C.   300  v o l t s .  

As  s e e n   in  F i g .   3,  a  c a b l e   10'   c o n s t r u c t e d  

as  d e s c r i b e d   a b o v e   may  be  e x p a n d e d   to  t h r e e   (or   m o r e )  

l a y e r s   of  i n d i v i d u a l   c o n d u c t o r s .   However   m a n y  

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

c a b l e ,   an  e l e c t r i c a l   c o n d u c t i n g   member  is  d i s p o s e d  

a b o u t   t he   r a d i a l l y   o u t e r   s u r f a c e   of  e a c h   l a y e r   o f  

c o n d u c t o r s   in  t he   a r r a y .   To  e x p a n d   t he   c a b l e   10'  a n  



a d d i t i o n a l   e l e c t r i c a l l y   c o n d u c t i n g   member  38  s i m i l a r  

to  c o n d u c t i n g   member  18  is  p r o v i d e d   a b o u t   the   l a y e r  

26.  R a d i a l l y   o u t w a r d l y   t h e r e f r o m   an  a d d i t i o n a l   l a y e r  

40  of  i n d i v i d u a l   c o n d u c t o r s   is  p r o v i d e d .   A d d i t i o n a l  

l a y e r s   a r e   s i m i l a r l y   p r o v i d e d   u s i n g   an  a d d e d  

c o n d u c t i n g   member  and  a  c o n d u c t o r   l a y e r .   R a d i a l l y  

o u t w a r d l y   of  t h e   o u t e r m o s t   l a y e r   of  c o n d u c t o r s   is  t h e  

c o n d u c t i n g   member  3 0 .  

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

c o n d u c t o r   l a y e r   16,  26  (and   in  F i g u r e   3  40)  a r e  

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

c a r r y i n g   c o n d u c t o r s   i n d i c a t e d   by  t h e   i n d i c i a   "S"  a n d  

o t h e r   c o n d u c t o r s   i n d i c a t e d   by  t h e  i n d i c i a   "X".  As 

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

i n v e n t i o n ,   c o n d u c t o r s   "S"  and  "X"  a r e   a l t e r n a t i n g  

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

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

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

v i a   t h e   c o n n e c t o r / h e a d e r .   A l s o .   as  n o t e d   b e f o r e ,   a l l  

c o n d u c t o r s   d e s i g n a t e d   "X"  in  a  g i v e n   l a y e r   may  

a l t e r n a t i v e l y   a l l   be  c o n n e c t e d   as  e i t h e r   a l l   s i g n a l  

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

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

18,  32  (and   f o r   F i g u r e   3  38)  a r e   c o n n e c t e d   to  a  

s u i t a b l e   g r o u n d ,   a g a i n   v i a   t he   c o n n e c t o r / h e a d e r .   I n  

one  common  p a t t e r n   t h e   i n n e r   c o n d u c t i n g   members   18 

(and   38)  a r e   c o n n e c t e d   to  t he   s i g n a l   r e t u r n   c o n -  

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

o u t e r   c o n d u c t i n g   member  32  is  c o n n e c t e d   to  c h a s s i s  

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

p r e s e n t   i n v e n t i o n ,   t he   c o n d u c t i n g   member s   and  t h e  

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

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

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



i t s   e n t i r e   a x i a l   l e n g t h .   In  the   a l t e r n a t i v e  

e m b o d i m e n t s   when  c o n d u c t o r s   "X"  a re   e i t h e r   a l l   s i g n a l  

r e t u r n   or  s i g n a l   c a r r y i n g   c o n d u c t o r s ,   t he   c o n d u c t i n g  

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

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

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

The  c a b l e   10  as  a b o v e   d e s c r i b e d   in  w h i c h   t h e  

members   18  and  32  a r e   r e s p e c t i v e l y   c o n n e c t e d   to  l o g i c  

and  c h a s s i s   g r o u n d   has   been   d e m o n s t r a t e d   to  p r o v i d 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   ( s p e c i f i c a l l y   c h a r a c t e r i s -  

t i c   i m p e d a n c e   and  c r o s s - t a l k   i n t e r f e r e n c e )  

s u b s t a n t i a l l y   e q u i v a l e n t   to  or  b e t t e r   t h a n   a  c a b l e  

f o r m e d   w i t h   a  p l u r a l i t y   of  t w i s t e d   w i r e   p a i r s   s u c h   a s  

u s e d   in   t h e   a b o v e - d e s c r i b e d   c o m m e r c i a l l y   a v a i l a b l e  

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

p r e s e n t   i n v e n t i o n   i s   l e s s   e x p e n s i v e   and  e a s i e r   t o  

f a b r i c a t e   and ,   due  to  t h e   c o n c e n t r i c   l a y   o f   t h e  

l a y e r s ,   more  f l e x i b l e   t h a n   t he   d e s c r i b e d   c o m m e r c i a l l y  

a v a i l a b l e .   -  

The  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   of  t he   c a b l e  

10  (or   10" )   may  v a r y   d e p e n d e n t   u p o n   t he   p a r t i c u l a r  

i n t e r c o n n e c t i o n   e f f e c t e d   b e t w e e n   t he   c o n d u c t i n g  

m e m b e r s   18,  32  ( and   3 8 ) ,   t he   c o n d u c t o r s   and  g r o u n d  

p o t e n t i a l s .   H o w e v e r ,   i t   is  t he   u se   of  t h e   c o n d u c t i n g  

m e m b e r s   in   t h e   d u a l   c a p a c i t y   as  b o t h   a  s h i e l d   and  a s  

a  g r o u n d   s u r f a c e   t h a t   p e r m i t s   a  c a b l e   10  or  1 0 '  

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

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   c o m p a r a b l e   or  s u p e r i o r   t o  

t h o s e   e x h i b i t e d   by  a  c a b l e   f a b r i c a t e d   of  t w i s t e d  

c o n d u c t o r   p a i r s .   The  c o n d u c t i n g   members   d e f i n e  

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

t he   g r o u n d   p l a n e   p o t e n t i a l   s u r f a c e s   in  r i b b o n   c a b l e s  

to  i m p a r t   t he   p a r t i c u l a r   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  

to  t he   c a b l e   10  (or   1 0 ' ) .  



F i g u r e   4  i l l u s t r a t e s   the   p r e s e n t   i n v e n t i o n  

f o r   a  c a b l e   40  h a v i n g   o n l y   a  s i n g l e   l a y e r   42  o f  

a l t e r n a t i n g   c o n d u c t o r s   i n d i c a t e d   by  the   i n d i c i a   " S "  

and  "X".  As  b e f o r e   t he   c o n d u c t o r s   d e s i g n a t e d   "S"  a r e  
c o n n e c t e d   as  s i g n a l   c a r r y i n g   c o n d u c t o r s .   A l s o ,   a s  

e x p l a i n e d   b e f o r e ,   t he   c o n d u c t o r s   d e s i g n a t e d   "X"  a r e  

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

s i g n a l   r e t u r n   c o n d u c t o r   or  as  a l l   s i g n a l   c a r r y i n g  

c o n d u c t o r s ,   d e p e n d i n g   upon   w h i c h   of  t he   t h r e e  

e m b o d i m e n t s   of  t he   i n v e n t i o n   is  u t i l i z e d .  

In  t he   s i n g l e   l a y e r   c a b l e ,   an  i n n e r  

c o n d u c t i n g   member  44  s u r r o u n d s   an  i n n e r   f i l l e r   o r  

c o r e   46.  An  o u t e r   c o n d u c t i n g   member  48  s u r r o u n d s   t h e  

c o n d u c t o r   l a y e r   42  so  t h a t   t he   c o n d u c t i n g   l a y e r   42  i s  

l o c a t e d   in  t he   a n n u l a r   s p a c e   b e t w e e n   t h e   o u t e r  
s u r f a c e   of  t he   i n n e r   c o n d u c t i n g   member  44  and  t h e  

i n n e r   s u r f a c e   of  t h e   o u t e r   c o n d u c t i n g   member  4 8 .  

C o n d u c t i n g   member  44  may  be  s i m i l a r   to  c o n d u c t i n g  

member  18  and  38  in  F i g u r e s   1-3  w h i l e   c o n d u c t i n g  

member  48  may  be  s i m i l a r   to  o u t e r   c o n d u c t i n g   m e m b e r  

32.  S u r r o u n d i n g   t h e   e n t i r e   s t r u c t u r e   is   a  j a c k e t   5 0  

s i m i l a r   to  j a c k e t   34  of  F i g u r e s   1  and  2.  A  s u i t a b l e  

d r a i n   w i r e   52  is  p r o v i d e d   w i t h i n   t he   i n n e r   c o n d u c t i n g  

member  44  s i m i l a r   to  d r a i n   w i r e   20  d e s c r i b e d   e a r l i e r .  

As  in  t he   m u l t i l a y e r   c o n s t r u c t i o n ,   t h e  

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

g r o u n d   v i a   t he   c o n n e c t o r / h e a d e r   to  d e f i n e   a  g r o u n d e d  

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

s h i e l d   t he   s i g n a l   c a r r y i n g   c o n d u c t o r s   of  t h e   l a y e r  

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

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

T h o s e   s k i l l e d   in  the   a r t   h a v i n g   the   b e n e f i t s  

of  t he   p r e s e n t   i n v e n t i o n   as  s e t   f o r t h   h e r e i n   may  
e f f e c t   m o d i f i c a t i o n s   t h e r e t o .   T h e s e   m o d i f i c a t i o n s  

a r e   to  be  c o n s t r u e d   as  l y i n g   w i t h i n   t he   s c o p e   of  t h e  

p r e s e n t   i n v e n t i o n   as  d e f i n e d   by  the   a p p e n d e d   c l a i m s .  



1.  An  e l e c t r i c a l   c a b l e   a d a p t e d   to  r e c e i v e   a  

c o n n e c t o r   a t   e a c h   end  t h e r e o f   f o r   i n t e r c o n n e c t i o n   o f  

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

p r e d e t e r m i n e d   g r o u n d   p o t e n t i a l s   c o m p r i s i n g :  

a  f i r s t   and  a  s e c o n d   l a y e r   of  i n d i v i d u a l  

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

c o n c e n t r i c ,   t he   a x i s   of  e a c h   c o n d u c t o r  

in  e a c h   l a y e r   b e i n g   s u b s t a n t i a l l y  

p a r a l l e l   to  t he   a x i s   of  e a c h   of  t h e  

o t h e r   c o n d u c t o r s   in  t h a t   l a y e r   a l o n g   t h e  

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

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

c o n n e c t a b l e   as  s i g n a l   c a r r y i n g  

c o n d u c t o r s   w i t h   t h e   o t h e r   c o n d u c t o r s   i n  

a t   l e a s t   one  of  t h e   l a y e r s   b e i n g  

c o n n e c t a b l e   as  g r o u n d e d   c o n d u c t o r s :   a n d ,  

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

m e m b e r   r e s p e c t i v e l y   d i s p o s e d   r a d i a l l y  

o u t w a r d l y   of  t he   f i r s t   and  s e c o n d  

c o n d u c t o r   l a y e r s ,  

t h e   c o n d u c t i n g   members   e a c h   b e i n g  

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

p o t e n t i a l   to  i m p a r t   p r e d e t e r m i n e d  

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   to  t h e   c a b l e  

d e p e n d e n t   upon   t he   c o n n e c t i o n   e f f e c t e d  

b e t w e e n   t he   c o n d u c t i n g   m e m b e r s ,   t h e  

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

t he   c o n d u c t i n g   members   and  t h e   g r o u n d e d  

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

s t r u c t u r e   in  w h i c h   e a c h   s i g n a l   c a r r y i n g  

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

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

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



2.  An  e l e c t r i c a l   c a b l e   a d a p t e d   to  r e c e i v e   a 

c o n n e c t o r   a t   e a c h   end  t h e r e o f   f o r   i n t e r c o n n e c t i o n   o f  

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

r e t u r n   l i n e s   and  p r e d e t e r m i n e d   g r o u n d   p o t e n t i a l s  

c o m p r i s i n g :  

a  f i r s t   and  a  s e c o n d   l a y e r   of  i n d i v i d u a l  

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

c o n c e n t r i c ,   t h e   a x i s   of  e a c h   c o n d u c t o r  

in   e a c h   l a y e r   b e i n g   s u b s t a n t i a l l y  

p a r a l l e l   to  t he   a x i s   of  e a c h   of  t h e  

o t h e r   c o n d u c t o r s   in  t h a t   l a y e r   a l o n g   t h e  

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

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

c o n n e c t a b l e   as  s i g n a l   c a r r y i n g  

c o n d u c t o r s   w i t h   t he   o t h e r   c o n d u c t o r s   i n  

a t   l e a s t   one  of  t h e   l a y e r s   b e i n g  

c o n n e c t a b l e   as  s i g n a l   r e t u r n   c o n d u c t o r s :  

a n d .  

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

member   r e s p e c t i v e l y   d i s p o s e d   r a d i a l l y  

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

c o n d u c t o r   l a y e r s ,  

t h e   c o n d u c t i n g   member s   e a c h   b e i n g  

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

p o t e n t i a l   to   i m p a r t   p r e d e t e r m i n e d  

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   to  t he   c a b l e  

d e p e n d e n t   upon   t he   c o n n e c t i o n   e f f e c t e d  

b e t w e e n   t he   c o n d u c t i n g   m e m b e r s ,   t h e  

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

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

s t r u c t u r e   in  w h i c h   e a c h   s i g n a l   c a r r y i n g  

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

o p e r a t i o n ,   p a r t i a l l y   e l e c t r i c a l l y  

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

3.  An  e l e c t r i c a l   c a b l e   a d a p t e d   to  r e c e i v e   a  

c o n n e c t o r   a t   e a c h   end  t h e r e o f   f o r   i n t e r c o n n e c t i o n   o f  



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

p r e d e t e r m i n e d   g r o u n d   p o t e n t i a l s   c o m p r i s i n g :  

a  f i r s t   and  a  s e c o n d   l a y e r   of  i n d i v i d u a l  

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

c o n c e n t r i c ,   the   a x i s   of  e a c h   c o n d u c t o r  

in  e a c h   l a y e r   b e i n g   s u b s t a n t i a l l y  

p a r a l l e l   to  t he   a x i s   of  e a c h   of  t h e  

o t h e r   c o n d u c t o r s   in  t h a t   l a y e r   a l o n g   t h e  

l e n g t h   of  t he   c a b l e ,   a l t e r n a t e   c o n d u c t o r s  

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

c o n n e c t a b l e   as  s i g n a l   c a r r y i n g  

c o n d u c t o r s   w i t h   t h e   o t h e r   c o n d u c t o r s   i n  

a t   l e a s t   one  of  t h e   l a y e r s   a l s o   b e i n g  

c o n n e c t a b l e   as  s i g n a l   c a r r y i n g  

c o n d u c t o r s :   a n d .  

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

m e m b e r   r e s p e c t i v e l y   d i s p o s e d   r a d i a l l y  

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

c o n d u c t o r   l a y e r s :  

t h e   c o n d u c t i n g   members   e a c h   b e i n g  

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

p o t e n t i a l   to  i m p a r t   p r e d e t e r m i n e d  

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   to  t he   c a b l e  

d e p e n d e n t   upon   t h e   c o n n e c t i o n   e f f e c t e d  

b e t w e e n   t he   c o n d u c t i n g   m e m b e r s ,   t h e  

c o n d u c t o r s   and  t he   g r o u n d   p o t e n t i a l .  

t he   c o n d u c t i n g   members   d e f i n i n g   a  g r o u n d e d  

s t r u c t u r e   in  w h i c h   e a c h   s i g n a l   c a r r y i n g  

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

o p e r a t i o n ,   p a r t i a l l y   e l e c t r i c a l l y  

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

4.  The  c a b l e   of  c l a i m   1  w h e r e i n   t he   o t h e r  

c o n d u c t o r s   of  e a c h   l a y e r   a r e   c o n n e c t a b l e   as  g r o u n d e d  

c o n d u c t o r s .  

5.  The  c a b l e   of  c l a i m   1  w h e r e i n   t he   o t h e r  

c o n d u c t o r s   of  t he   o t h e r   l a y e r   a r e   a l l   c o n n e c t a b l e  



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

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

6.  The  c a b l e   of  c l a i m   2  w h e r e i n   the   o t h e r  

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

r e t u r n   c o n d u c t o r s .  

7.  The  c a b l e   of  c l a i m   2  w h e r e i n   t he   o t h e r  

c o n d u c t o r s   of  t he   o t h e r   l a y e r   a r e   a l l   c o n n e c t a b l e  

e i t h e r   as  g r o u n d e d   c o n d u c t o r s   or  as  s i g n a l   c a r r y i n g  

c o n d u c t o r s .  

8.  The  c a b l e   of  c l a i m   3  w h e r e i n   a l l  

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

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

9.  The  c a b l e   of  c l a i m   3  w h e r e i n   t h e   o t h e r  

c o n d u c t o r s   of  t he   o t h e r   l a y e r   a r e   a l l   c o n n e c t a b l e  

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

c o n d u c t o r s .  

10.  A  c a b l e   a c c o r d i n g   to  any  one  of  c l a i m s  

1.  2  or  3,  f u r t h e r   c o m p r i s i n g   a t   l e a s t   one  a d d i t i o n a l  

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

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

and  a t   l e a s t   one  a d d i t i o n a l   c o n d u c t i n g   m e m b e r  

d i s p o s e d   r a d i a l l y   o u t w a r d l y   of  s a i d   a d d i t i o n a l   l a y e r  

of  c o n d u c t o r s .  

11.  A  r o u n d   e l e c t r i c a l   c a b l e   c o m p r i s i n g :  

a t   l e a s t   one  l a y e r   of  i n d i v i d u a l  

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

the   a x i s   of  t he   c a b l e ,   t he   a x i s   of  e a c h  

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

s u b s t a n t i a l l y   p a r a l l e l   to  t he   a x i s   o f  

e a c h   of  t h e   o t h e r   c o n d u c t o r s   in  t h e  

l a y e r   a l o n g   the   l e n g t h   of  t he   c a b l e ;  

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

r a d i a l l y   i n w a r d l y   of  s a i d   one  l a y e r ,  

a  s e c o n d   a n n u l a r   c o n d u c t i n g   member  d i s p o s e d  

r a d i a l l y   o u t w a r d l y   of  s a i d   one  l a y e r ,  



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

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

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

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

c o n d u c t o r s   or  as  a l l   s i g n a l   r e t u r n  

c o n d u c t o r s   or  as  a l l   s i g n a l   c a r r y i n g  

c o n d u c t o r s ,  

t he   c o n d u c t i n g   members   e a c h   b e i n g  

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

p o t e n t i a l   to  i m p a r t   p r e d e t e r m i n e d  

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   to  t he   c a b l e  

d e p e n d e n t   upon   t h e   c o n n e c t i o n   e f f e c t e d  

b e t w e e n   t h e   c o n d u c t i n g   m e m b e r s ,   t h e  

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

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

s t r u c t u r e   in   w h i c h   e a c h   s i g n a l   c a r r y i n g  

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

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

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

12.  The  c a b l e   of  c l a i m   11  f u r t h e r   c o m p r i s i n g  

a t   l e a s t   one  a d d i t i o n a l   c o n c e n t r i c   l a y e r   o f  

c o n d u c t o r s   d i s p o s e d   r a d i a l l y   o u t w a r d   of  t he   s e c o n d  

a n n u l a r   c o n d u c t i n g   member .   and  a t   l e a s t   o n e  

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

r a d i a l l y   o u t w a r d   of  s a i d   a d d i t i o n a l   l a y e r .  
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