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©  Connecting  block  for  interconnecting  wires  and  with  two  mataWe  connector  parts  and  slotted  beam  contacts. 
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Connecting  block  for  electrically  interconnecting  first 
conductors  with  associated  second  conductors,  in  which 
a  first  connector  part  of  insulative  material  has  individual 
receiving  and  indexing  means  for  the  first  conductors 
and  in  which  a  second  connector  part  for  mating  with  the 
first  connector  has  a  body  member  of  insulative  material 
and  a  plurality  of  slotted  beam  contacts. 

The  specification  discloses  as  second  connector  part 
a  one-piece  body  member  (41)  and  contactholding  means 
(50).  The  slotted  beam  contacts  can  be  assembled  easily  in 
cavities  (42)  in  the  body  member  (41)  which  being  in  one 
piece  has  no  join  therein  to  rupture.  The  holding  means  (50) 
has  projections  (53,  54)  which  extend  through  apertures 
(45)  in  the  wall  of  the  body  member  (41)  to  engage  in  a 
slot  (34)  and  an  aperture  (25)  in  the  slotted  beam  contact, 
so  retaining  the  contact  in  the  cavity  (42).  The  connecting 
block  may,  for  example,  be  used  to  provide  interconnection 
fields  in  telephone  systems. 



T h i s   i n v e n t i o n   r e l a t e s   to   d e v i c e s   f o r   m a k i n g  

e l e c t r i c a l   c r o s s - c o n n e c t i o n s   b e t w e e n   two  s e t s   o f  

c o n d u c t o r s   a n d ,   i n   p a r t i c u l a r ,   to   a p p a r a t u s   f o r   i n t e r -  

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

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

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

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

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

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

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

In   t h e   p r i o r   a r t ,   w i r e   c o n n e c t i n g   b l o c k s   of   t h e  

t y p e   i n c l u d i n g   an  i n d e x i n g   s t r i p   and   a  c o n n e c t i n g   b l o c k  

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

of   s l o t t e d   beam  c o n t a c t s ,   s u c h   as   d i s c l o s e d   in   U . S .   P a t e n t  

No.  3 , 6 1 1 , 2 6 4 .   The  i n d e x i n g   s t r i p   h a s   a  p l u r a l i t y   o f  

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

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

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

a p a r t   t e e t h   c a r r i e d   by  t h e   c o n n e c t i n g   b l o c k   s e r v e   t o  

i n d e x   a  s e c o n d   s e t   o f   c o n d u c t o r s   t o   be  c r o s s - c o n n e c t e d  

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

c o n d u c t o r s .  

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

b l o c k   a r e   d i s c l o s e d   in   U . S .   P a t e n t   No.  3 , 7 9 8 , 5 8 7 .   In   o r d e r  

t o   f a c i l i t a t e   mass   a s s e m b l y   o f   t h e   c o n t a c t s   i n   t h e  

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



t w o - p i e c e   s t r u c t u r e ,   t h e   p a r t s   o f   w h i c h   a r e   s e c u r e d  

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

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

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

t h e   c o n n e c t i n g   b l o c k   i s   p l a c e d   o v e r   t h e   i n d e x i n g   s t r i p   i n  

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

b e t w e e n   t h e   two  c o n n e c t o r   p a r t s .   T h e s e   s t r e s s e s   o f t e n  

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

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

w h i c h   t h e   c o n t a c t s   a r e  h e l d   c a n   be  m a n u f a c t u r e d   as   one  p i e c e ,  

so  a v o i d i n g   r u p t u r e   o f   a  b o n d   b e t w e e n   p a t h s   t h e r e o f .   On  

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

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

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

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

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

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

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

T h i s   m o i s t u r e   o f t e n t i m e r ,   r e s u l t s   i n   s h o r t   c i r c u i t s   b e t w e e n  

some  of   t h e   c o n d u c t o r s .   In   an  a t t e m p t   to   a l l e v i a t e   t h i s  

p r o b l e m ,   an   i n s u l a t i v e ,   g r e a s e l i k e   c o m p o u n d   i s   p l a c e d   i n   t h e  

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

No.  3 , 7 9 8 , 5 8 7 .   W h i l e   t h i s   g r e a s e l i k e   c o m p o u n d   a i d s   i n   t h e  

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

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

j o i n t   b e t w e e n   t h e   two  c o n n e c t o r   p a r t s   a s   t h e   c o n n e c t o r   i s  

b r o u g h t   i n t o   e n g a g e m e n t   w i t h   t h e   i n d e x i n g   s t r i p .  
A  p r e f e r r e d   e m b o d i m e n t   of   t h e   i n v e n t i o n   h a s   a  L -  

s h a p e d   s k i r t   i n t e g r a l   w i t h   and   p r o j e c t i n g   away   f r o m   t h e  

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

c o n d u c t o r s .  

One  way  of   c a r r y i n g   o u t   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  o f   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 t t a c h e d   d r a w i n g s   w h i c h   i l l u s t r a t e   one  s p e c i f i c  

e m b o d i m e n t   and   i n   w h i c h :  

FIG.   1  i s   a  s i d e   v i e w   of   a  f i r s t   c o n n e c t o r ;  

FIG.   2  i s   an  end   v i e w   of   t h e   f i r s t   c o n n e c t o r ;  

FIG.   3  i s   a  t o p   v i e w   of   t h e   f i r s t   c o n n e c t o r ;  



FIG.   4  i s   an  e x p l o d e d   p a r t i a l   p e r s p e c t i v e   v i e w  

of   t h e   s e c o n d   c o n n e c t o r ;  

FIG.   5  i s   a  p a r t i a l   p e r s p e c t i v e   v i e w   o f  a   c o m b -  

l i k e   s l o t t e d   beam  c o n t a c t   r e t a i n e r ;  

FIG.   6  i s   a  s i d e   v i e w   of   t h e   s e c o n d   c o n n e c t o r ;  

FIG.   7  i s   an  end   v i e w   of   t h e   s e c o n d   c o n n e c t o r ;  

FIG.   8  i s   a  t o p   v i e w   o f   t h e   s e c o n d   c o n n e c t o r ;  

FIG.   9  i s   a  c o m p o s i t e   end   v i e w   of   t h e   f i r s t   a n d  

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

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

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

A  f i r s t   m a t i n g   c o n n e c t o r ,   h e r e i n a f t e r   d e n o t e d  

as   i n d e x i n g   s t r i p   11  and   shown  i n   F IGS.   1  t h r o u g h   3 ,  

i n c l u d e s   a  l o n g i t u d i n a l l y   e x t e n d i n g   b o d y   member   1 2 .  

I n t e g r a l   w i t h   b o d y   member   1 2  a n d   e x t e n d i n g   g e n e r a l l y   p e r p e n -  
d i c u l a r   t o   an  a x i s   t h e r e o f   a r e   a  p l u r a l i t y   of   s p a c e d - a p a r t  

t e e t h   13.   T e e t h   13  a l t e r n a t e   i n   h e i g h t   t o   f a c i l i t a t e  

i n d e x i n g   of   a  f i r s t   s e t   of   c o n d u c t o r s   14  shown  i n   F IG.   9 .  

To  f u r t h e r   f a c i l i t a t e   w i r e   i n d e x i n g ,   t e e t h   13 ,   as   shown  i n  

FIG.   1,  h a v e   t a p e r e d   t i p   r e g i o n s   15  on  a d j a c e n t   s i d e w a l l s   1 6 .  

T h e s e   t a p e r e d   t i p   r e g i o n s   15  f o r m   g e n e r a l l y   f u n n e l - s h a p e d  

w i r e   e n t r y   ways   f o r   d i r e c t i n g   c o n d u c t o r s   14  i n t o   w i r e  

r e t a i n i n g   s l o t s   17  f o r m e d   by  s p a c e d - a p a r t   t e e t h   1 3 .  

A d j a c e n t   s i d e w a l l s   16  of   s p a c e d - a p a r t   t e e t h   1 3  

h a v e   i n t e g r a l   t h e r e w i t h   a  p a i r   o f   o p p o s e d   d e p r e s s i o n s   1 8  

f o r   c a p t u r i n g   and   h o l d i n g   an  i n d e x e d   c o n d u c t o r   14  b e t w e e n  

t h e   t e e t h   i n   a  w i r e   r e t a i n i n g   s l o t   17.   O p p o s e d   d e p r e s s i o n s  

18  a r e   l o c a t e d   a t   an  i n t e r m e d i a t e   p o i n t   a l o n g   t h e   h e i g h t   o f  

t e e t h   13  a b o v e   w i r e   r e t a i n i n g   s l o t   1 7 .  

E x t e n d i n g   a l o n g   a  l e n g t h   o f   b o d y   member   12  a r e  

o u t w a r d l y   p r o j e c t i n g   e d g e s   20  and   21 ,   as   shown  i n   FIG.   2 .  

E d g e s   20  and   21  a r e   a t   d i f f e r e n t   e l e v a t i o n s   a l o n g   b o d y  

member   12  w i t h   e d g e   20  b e i n g   a t   a  l o w e r   e l e v a t i o n   t h a n  

e d g e   21  when  v i e w e d   f r o m   t a p e r e d   t i p   r e g i o n s   15  o f   s p a c e d -  

a p a r t   t e e t h   13.   T h i s   d i f f e r e n c e   i n   e l e v a t i o n   o f   e d g e s   2 0  

and   21  e n a b l e s   o n l y   one  way  e n g a g e m e n t   o f   i n d e x i n g   s t r i p   11 

w i t h   a  s e c o n d   m a t i n g   c o n n e c t o r   40 ,   as   shown  i n   FIG.   9 .  

Edge   21  h a s   a  w i d t h   n e a r l y   t w i c e   t h e   w i d t h   o f   e d g e   2 0 .  



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

c o n d u c t o r s   14  by  a  t o o l   ( n o t   s h o w n ) .  

A l s o   s h o w n   i n   F IG.   2  i s   a  g e n e r a l l y   f u n n e l -  

s h a p e d   c h a n n e l   22  w h i c h   i s   i n t e g r a l   w i t h   s i d e w a l l   16  o f  

s p a c e d   a p a r t   t e e t h   13 .   A  s i m i l a r   c h a n n e l   22  i s   i n t e g r a l  

w i t h   an   o p p o s e d   s i d e w a l l   16  o f   t e e t h   13 .   T h e s e   f u n n e l -  

s h a p e d   c h a n n e l s   22  h a v e   w i d t h s   o f   g r e a t e r   e x t e n t   a t   t i p  

r e g i o n s   15  o f   t e e t h   13  to   f a c i l i t a t e   d i r e c t i n g   s l o t t e d   b e a m  

c o n t a c t s   30 ,   c a r r i e d   by  s e c o n d   m a t i n g   c o n n e c t o r   40  a n d  

shown  i n   FIG.   4,  i n t o   e n g a g e m e n t   w i t h   i n d e x e d   c o n d u c t o r s   1 4 ,  

as   shown  i n   FIG.   9 .  

I n d e x i n g   s t r i p   11  i s   a f f i x e d   t o   a  s u p p o r t  

c a r r i e r   ( n o t   s h o w n ) ,   s i m i l a r   to   t h a t   i l l u s t r a t e d   as   e l e m e n t  

36  i n   F IG.   2  o f   U . S .   P a t e n t   No.  3 , 7 9 8 , 5 8 7 ,   by  c y l i n d r i c a l  

p o s t s   23 .   P o s t s   23  a r e   i n s e r t e d   i n t o   a p e r t u r e s   i n   t h e  

s u p p o r t   c a r r i e r   a n d   h e a t e d   t o   p r o d u c e   an  e x p a n d e d   h e a d  

s i m i l a r   to   t h a t   o f   a  r i v e t .  

In   o r d e r   t o   s e c u r e l y   c o u p l e   i n d e x i n g   s t r i p   11  t o  

s e c o n d   m a t i n g   c o n n e c t o r   40 ,   a  p l u r a l i t y   o f   t r u n c a t e d  

c y l i n d r i c a l   p r o j e c t i o n s   24  a r e   i n t e g r a l l y   p r o v i d e d   on  o u t e r  

w a l l s   o f   s p a c e d - a p a r t   t e e t h   13.   P r o j e c t i o n s   24 ,   a s   s h o w n  

i n   F IGS.   2  and   3,  h a v e   a  g r e a t e r   t h i c k n e s s   n e a r   an   e d g e  

o p p o s i t e   t i p   r e g i o n s   15  o f   s p a c e d - a p a r t   t e e t h   13 .   T h i s  

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

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

Once  c o n d u c t o r s   14  a r e   i n d e x e d ,   c r o s s - c o n n e c t i o n s  

among  t h e s e   c o n d u c t o r s   and   c o n d u c t o r s   39  o f   a  s e c o n d   s e t ,  

as   shown   i n   FIG.   9,  a r e   e f f e c t e d   t h r o u g h   a  p l u r a l i t y   o f  

s l o t t e d   beam  c o n t a c t s   30,   shown  i n   FIG.   4.  E a c h   o f   c o n t a c t s  

30  i n c l u d e s   a  c e n t r a l   p o r t i o n   31  w h i c h   h a s   f i r s t   a n d   s e c o n d  

p a i r s   o f   o p p o s i t e l y   d i r e c t e d   c a n t i l e v e r   beams   32  a n d   3 3  

e x t e n d i n g   t h e r e f r o m .   E a c h   of   t h e   b e a m s   i n   t h e   p a i r s   o f  

beams   32  a n d   33  a r e   s p a c e d   a p a r t   f r o m   one  a n o t h e r   b y  

e l o n g a t e d   g e n e r a l l y   r e c t a n g u l a r   a p e r t u r e s   34  a n d   3 5 ,  

r e s p e c t i v e l y .   A p e r t u r e s   34  and   35  e x t e n d   f r o m   c e n t r a l  

p o r t i o n   31  to   a  p o i n t   n e a r   a  p a i r   of   o p p o s i t e l y   d i r e c t e d  

i n s u l a t i o n - p e n e t r a t i n g   e d g e s   36  and   37,   r e s p e c t i v e l y ,   a t  

t h e   e n d s   o f   beams   32  a n d   33.  I t   s h o u l d   be  n o t e d   t h a t   b e a m s  



33  a r e   of   s h o r t e r   l e n g t h   t h a n   beams   32  to   i n c r e a s e   t h e   f o r c e  

p r o v i d e d   by  e d g e s   37  d u r i n g   e n g a g e m e n t   w i t h   c o n d u c t o r  

i n s u l a t i o n .  A l s o   i n c l u d e d   i n   c e n t r a l   p o r t i o n   31  i s   a  

g e n e r a l l y   o v e r - s h a p e d   a p e r t u r e   25  u s e d   i n   m o u n t i n g   c o n t a c t  

30  i n   m a t i n g   c o n n e c t o r   4 0 .  

The  s e c o n d   m a t i n g   c o n n e c t o r   40 ,   shown  i n   FIG.   4 ,  

c o m p r i s e s   a  b o d y   member   41  w h i c h   h a s   a  p l u r a l i t y   o f  

e l o n g a t e   g e n e r a l l y   r e c t a n g u l a r   c a v i t i e s   42  t h e r e i n   f o r  

s l i d a b l y   e n g a g i n g   s l o t t e d   beam  c o n t a c t s   30.  E x t e n d i n g  

p a r t i a l l y   a l o n g   p l a n a r   i n n e r   s i d e w a l l s   43  o f   c a v i t i e s   42  a r e  

c h a n n e l   c a v i t i e s   44 .   A  c o r r e s p o n d i n g   p l u r a l i t y   o f   s p a c e d -  

a p a r t   a p e r t u r e s   45  a r e   i n c l u d e d   in   an  o u t e r   s i d e w a l l   46  o f  

b o d y   member   41 .   S p a c e d - a p a r t   a p e r t u r e s   45  a r e   a l i g n e d   i n  

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

c h a n n e l   c a v i t i e s   4 4 .  

Once  s l o t t e d   beam  c o n t a c t s   30  a r e   i n s e r t e d   i n t o  

r e c t a n g u l a r   c a v i t i e s   42  and   a l i g n e d   s u c h   t h a t   a p e r t u r e   2 5  

i s   b e n e a t h   a  c o r r e s p o n d i n g   a p e r t u r e   26 ,   shown  i n   FIG.   6 ,  

a n c h o r i n g   member   50  i s   b r o u g h t   i n t o   e n g a g e m e n t   w i t h   b o d y  

member   41.   A n c h o r i n g   member   50,   shown  i n   FIG.  5  i s  

c o m p r i s e d   of   a  g e n e r a l l y   f l a t   r e c t a n g u l a r   member   5 1 .  

I n t e g r a l   w i t h   member   51  and   e x t e n d i n g   o u t w a r d l y   t h e r e f r o m  

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

j e c t i o n s   52 .   E x t e n d i n g   f r o m   t o p s   of   t r i a n g u l a r   p r o j e c t i o n s  

52  a r e   p r o j e c t i o n s   53  and   54.   I n t e r p o s e d   b e t w e e n   p r o -  

j e c t i o n s   53  and   54  i s   a  n o t c h   55  t h e   w i d t h   of   w h i c h   i s  

a p p r o x i m a t e l y   e q u a l   to   a  w i d t h   of   c e n t r a l   p o r t i o n   31 

b e t w e e n   a p e r t u r e s   25  and   34  of   c o n t a c t   30.   The  p r o j e c t i o n s  

52,   53 ,   54  e x t e n d   t h r o u g h   t h e   a p e r t u r e s   45  i n   t h e   w a l l   4 6  

of   r e s p e c t i v e   c a v i t i e s   42 ,   to   h o l d   t h e   c o n t a c t s   i n   t h e  

c a v i t i e s .  

T r i a n g u l a r   p r o j e c t i o n s   52 ,   i n   c o n j u n c t i o n   w i t h  

p r o j e c t i o n s   53  and   54  and   t h e   d e p t h   o f   n o t c h   55,   l i m i t   t h e  

e x t e n t   of   e n g a g e m e n t   of   s l o t t e d   beam  c o n t a c t   30  w i t h  

r e c t a n g u l a r   member   51.   I t   s h o u l d   be  n o t e d   t h a t   p r o j e c t i o n  

53  e x t e n d s   t h r o u g h   s l o t   34  i n   t h e   c o n t a c t   i n t o   c h a n n e l  

c a v i t i e s   44  and   p r o j e c t i o n   54  e x t e n d s   t h r o u g h   a p e r t u r e   2 5  

in   t h e   c o n t a c t   i n t o   a p e r t u r e   26.   T h i s   m o u n t i n g  



a r r a n g e m e n t   f o r   s l o t t e d   beam  c o n t a c t s   30  c o u p l e s   i n s e r t i o n  

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

40  w i t h   i n d e x i n g   s t r i p   11  i n t o   p r o j e c t i o n s   53  a n d   5 4 .  

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

of   p r o j e c t i o n s   53  and   54  r a t h e r   t h a n   t h e   s p l i t t i n g   o f   b o d y  

member   4 1 .  

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

50  w i t h   b o d y   member   41 ,   t h e   f o r m e r   i n c l u d e s   a  p r o j e c t i n g  

l i p   56  a l o n g   a  l e n g t h w i s e   e d g e   57.   O u t e r   s i d e w a l l  4 6   h a s  

a  m a t i n g   g r o o v e   48  e x t e n d i n g   a l o n g   i t s   l e n g t h .   T h i s   l i p  

and   g r o o v e   a r r a n g e m e n t   p r o v i d e s   a  p o l a r i z e d   m a t i n g   o f  

a n c h o r i n g   member   50  w i t h   b o d y   member   41 .   The  two  m e m b e r s  

50  and   41  a r e   s e c u r e d   t o   one  a n o t h e r ,   f o r   e x a m p l e ,   b y  

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

As  shown  m o s t   c l e a r l y   i n   F I G S .  7   a n d   9,  b o d y  

member   41  h a s   i n t e g r a l   t h e r e w i t h   a n d   e x t e n d i n g   o u t w a r d l y  

away   t h e r e f r o m   a  g e n e r a l l y   L - s h a p e d   s k i r t   61 .   A  p l u r a l i t y  

of   s c a l l o p s   62,   as   shown  i n   F IG.   4,  a l o n g   t h e   b a s e   l e g   o f  

t h e   "L"  and   a l o n g   o p p o s i t e   e d g e   63,   e n g a g e   c o n d u c t o r s   1 4 ,  

as   shown  i n   FIG.   9,  and   h o l d   t h e m   i n   p l a c e   b e t w e e n   i n d e x i n g  

s t r i p   11  a n d   m a t i n g   c o n n e c t o r   40 .   S k i r t   61  e n c a s e s   e x p o s e d  

e n d s   19  of   f i r s t   c o n d u c t o r s   14  to   e l e c t r i c a l l y   i s o l a t e   t h e m  

f r o m   one  a n o t h e r .   Not   o n l y   d o e s   t h e   i n s u l a t i v e   m a t e r i a l  

o f   w h i c h   b o t h   i n d e x i n g   s t r i p   11  and   m a t i n g   c o n n e c t o r   40  a r e  

made  p r o v i d e   e l e c t r i c a l   i s o l a t i o n ,   b u t   s k i r t   61  i n   c o n -  

j u n c t i o n   w i t h   s e a l i n g   c o m p o u n d   ( n o t   s h o w n )   s h i e l d s   e x p o s e d  

e n d s   19  t o   p r e v e n t   any   a c c u m u l a t i o n   of   m o i s t u r e   w h i c h   c o u l d  

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

A f t e r   f i r s t   c o n d u c t o r s   14  a r e   i n d i v i d u a l l y   r e -  

c e i v e d   and   i n d e x e d   i n   i n d e x i n g   s t r i p   11  and   c o n d u c t o r   e n d s  

19  a r e   t r i m m e d   t o   t h e   p r o p e r   l e n g t h ,   m a t i n g   c o n n e c t o r   4 0  

w i t h   t h e   p l u r a l i t y   o f   s l o t t e d   beam  c o n t a c t s   30  t h e r e i n   i s  

b r o u g h t   i n t o   e n g a g e m e n t   w i t h   i n d e x i n g   s t r i p   11 .   M a t i n g  

c o n n e c t o r   40  i s   c o u p l e d   s e c u r e l y   t o   i n d e x i n g   s t r i p   11  b y  

p r o j e c t i o n s   24  w h i c h   e n g a g e   a  c o r r e s p o n d i n g   p l u r a l i t y   o f  

c i r c u l a r   a p e r t u r e s   49  i n   s i d e w a l l   46  a n d   s k i r t   61 .   C i r c u l a r  

a p e r t u r e s   49  a r e   a l i g n e d   i n   c o r r e s p o n d e n c e   w i t h   t r u n c a t e d  

c y l i n d r i c a l   p r o j e c t i o n s   24  so  t h a t   a p e r t u r e s   49  s u r r o u n d  



p r o j e c t i o n s   24  w i t h   t h e   g r e a t e r   t h i c k n e s s   i n h i b i t i n g  

s e p a r a t i o n   o f   m a t i n g   c o n n e c t o r   40  f r o m   i n d e x i n g   s t r i p   11 

o n c e   t h e   two  a r e   m a t e d .  

I t   s h o u l d   be  n o t e d   t h a t   m a t i n g   c o n n e c t o r   40  h o l d s  

t h e   s l o t t e d   beam  c o n t a c t s   30  i n   a  s p a t i a l   r e l a t i o n s h i p   s o  

t h a t   an  i n d i v i d u a l   c o n t a c t   30  i s   e n g a g e a b l e   w i t h   a n  

i n d i v i d u a l   c o n d u c t o r   14 .   O p p o s i t e   e n d s   o f   c o n t a c t s   30  a r e  

now  a v a i l a b l e   f o r   e n g a g e m e n t   w i t h   s e c o n d   c o n d u c t o r s   39,   a s  

shown  in   FIG.   9 .  

To  f a c i l i t a t e   a l i g n m e n t   a n d   i n d e x i n g   o f   s e c o n d  

c o n d u c t o r s   3.9,  m a t i n g   c o n n e c t o r   40 ,   as   shown  i n   F IGS.   6  

t h r o u g h   8,  h a s   a  p l u r a l i t y   o f   s p a c e d - a p a r t ,   a l t e r n a t i n g  

h e i g h t   t e e t h   65  i n t e g r a l   w i t h   b o d y   member   41 .   T e e t h   6 5  

h a v e   a  c o n f i g u r a t i o n   s o m e w h a t   s i m i l a r   to   t h a t   o f   t e e t h   1 3  

on  i n d e x i n g   s t r i p   11  i n s o f a r   a s   t e e t h   65  h a v e   t a p e r e d   t i p  

r e g i o n s   66  f o r m i n g   f u n n e l - s h a p e d   w i r e   e n t r y   ways   67.   N e a r  

t h e   b o t t o m   of   w i r e   r e t a i n i n g   s l o t s   68  f o r m e d   by  a d j a c e n t  

s i d e w a l l s   69  o f   t e e t h   65  t h e r e   a r e   o p p o s i t e l y   d i r e c t e d  

i n t e r f e r e n c e   p r o j e c t i o n s   71 .   P r o j e c t i o n s   71  h a v e   a  t h i c k -  

n e s s   of   g r e a t e r   e x t e n t   a t   a  c e n t r a l   p o i n t   t h e r e i n   w h i c h   i s  

r e m o v e d   f r o m   t a p e r   t i p   r e g i o n s   66 .   P r o j e c t i o n s   71  f a c i l i t a t e  

c a p t u r e   a n d   i n h i b i t   c o n d u c t o r s   39  f r o m   s e p a r a t i n g   f r o m  

m a t i n g   c o n n e c t o r   40  a f t e r   b e i n g   s e a t e d   i n   c o n t a c t s   3 0 .  

E l e c t r i c a l   i s o l a t i o n   i s   p r o v i d e d   among  e x p o s e d  

e n d s   of   c o n d u c t o r s   39  by  e x t e n d e d   l a t e r a l   p r o j e c t i o n s   7 2  

on  t e e t h   65  as   shown  i n   FIG.   8.  T h e s e   e x t e n d e d   p r o j e c t i o n s  

72  i n c r e a s e   t h e   e l e c t r i c a l   p a t h   l e n g t h   b e t w e e n   a d j a c e n t  

e x p o s e d   c o n d u c t o r   e n d s .   On  o u t e r   e d g e s   of   a l t e r n a t e   o n e s  

o f   p r o j e c t i o n s   72  a r e   p r o j e c t i n g   l i p s   73  f o r   f a c i l i t a t i n g  

e n g a g e m e n t   of   a  t e s t   c o r d   ( n o t   s h o w n )   w i t h   m a t i n g  

c o n n e c t o r   4 0 .  



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

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

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

m a t e r i a l ,   p r o v i d e d   w i t h   i n d i v i d u a l   r e c e i v i n g   and   i n d e x i n g  

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

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

member   of   i n s u l a t i v e   m a t e r i a l   and   a  p l u r a l i t y   of   s l o t t e d  

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

i n c l u d e s   c o n t a c t   h o l d i n g   m e a n s   ( 5 2 - 5 4 )   w h i c h   p r o j e c t  

i n t o   t h e   b o d y   member   ( 4 1 )   t h r o u g h   w a l l   ( 4 6 )   t h e r e o f   a n d  

w h i c h   c o a c t   w i t h   t h e   c o n t a c t s   ( 3 0 )   so  as   t o   h o l d   t h e  

c o n t a c t s   ( 3 0 )   i n   t h e   b o d y   member   ( 4 1 ) .  

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

f i r s t   c o n d u c t o r s   ( 1 4 )   w i t h   a s s o c i a t e d   s e c o n d   c o n d u c t o r s   ( 3 9 ) ,  

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

c o n n e c t o r s   (11  and   40)   o f   i n s u l a t i v e   m a t e r i a l ,   t h e   f i r s t  

c o n n e c t o r   p r o v i d e d   w i t h   i n d i v i d u a l   r e c e i v i n g   and   i n d e x i n g  

m e a n s   ( 1 3 )   f o r   t h e   f i r s t   c o n d u c t o r s ,   and   f u r t h e r   c o m p r i s i n g  

a  p l u r a l i t y   of   s l o t t e d   beam  c o n t a c t s   ( 3 0 ) ,   c h a r a c t e r i s e d   b y  

a  c o n t a c t   h o l d i n g   member   ( 5 0 )   w h i c h   f o r m s   a  s i d e w a l l   p o r t i o n  

and   w h i c h   i s   i n t e g r a t e d   w i t h   t h e   s e c o n d   c o n n e c t o r   ( 4 0 )  

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

h o l d i n g   member   i s   p r o v i d e d   w i t h   p r o j e c t i o n s   ( 5 2 - 5 4 )   w h i c h  

p e n e t r a t e   an  a d j a c e n t   o u t e r   s i d e w a l l   ( 4 6 )   of   t h e   s e c o n d  

c o n n e c t o r   as   w e l l   as   t h e   beam  c o n t a c t s   ( 3 0 )   so  as   to   h o l d  

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

3.  The  a p p a r a t u s   i n   a c c o r d a n c e   w i t h   c l a i m   2 ,  

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

w i t h   a d j a c e n t   s i d e w a l l s   o f   s p a c e d - a p a r t   t e e t h   ( 1 3 )   of   t h e  

f i r s t   c o n n e c t o r   and   c o m p r i s e   f i r s t   and   s e c o n d   o p p o s e d  

d e s p r e s s i o n s   ( 1 8 )   i n   a d j a c e n t   s i d e w a l l s   o f   t h e   t e e t h ,   t h e  

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

t h e   h e i g h t   of   t h e   t e e t h   a b o v e   w i r e   r e t a i n i n g   s l o t s   ( 1 7 ) .  

4.  The  a p p a r a t u s   i n   a c c o r d a n c e   w i t h   c l a i m   2  or   3 ,  

w h e r e i n   d i r e c t i n g   m e a n s   ( 2 2 )   a r e   i n c l u d e d   i n   t h e   f i r s t  

c o n n e c t o r   ( 1 1 ) ,   i n t e g r a l   w i t h   o p p o s e d   s i d e w a l l s   ( 1 6 )   o f  

e a c h   of   t h e   s p a c e d - a p a r t   t e e t h   ( 1 3 ) ,   f o r   d i r e c t i n g   a  



p l u r a l i t y   of   s l o t t e d   beam  c o n t a c t s   ( 3 0 )   h e l d   by  t h e   s e c o n d  

c o n n e c t o r   ( 4 0 )   i n t o   e n g a g e m e n t   w i t h   t h e   i n d e x e d   f i r a t  

c o n d u c t o r s   ( 1 4 ) .  

5.  The  a p p a r a t u s   i n   a c c o r d a n c e   w i t h   c l a i m   4  

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

s h a p e d   c h a n n e l s   ( 2 2 )   on  a d j a c e n t   s i d e w a l l s   o f   t h e   s p a c e d -  

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

a t   t h e   t i p s   o f   t h e   t e e t h .  

6.  The  a p p a r a t u s   i n   a c c o r d a n c e   w i t h   one  or   m o r e  

of   c l a i m s   2 - 5 ,   w h e r e i n   e a c h   of   t h e   s l o t t e d   beam  c o n t a c t s  

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

a p e r t u r e   ( 2 5 )   t h e r e i n ;   f i r s t   a n d  s e c o n d   p a i r s   of   o p p o s i t e l y  

d i r e c t e d   c a n t i l e v e r   beams   ( 3 3 ) ,   w h e r e i n   t h e   f i r s t   p a i r   o f  

beams   ( 3 3 )   i s   s h o r t e r   i n   l e n g t h   t h a n   t h e   s e c o n d   p a i r   o f  

beams   ( 3 2 ) .  

7.  The  a p p a r a t u s   i n   a c c o r d a n c e   w i t h   a n y   o f  

c l a i m s   2 - 6 ,   w h e r e i n   t h e   s e c o n d   c o n n e c t o r   ( 4 0 )   i s   p r o v i d e d  
w i t h   h o l d i n g   means   c o m p r i s i n g   a  b o d y   member   ( 4 1 )   h a v i n g   a  

p l u r a l i t y   of   e l o n g a t e d   g e n e r a l l y   r e c t a n g u l a r   c a v i t i e s   ( 4 2 )  

t h e r e i n   f o r   s l i d a b l y   e n g a g i n g   s l o t t e d   beam  c o n t a c t s   ( 3 0 ) ;  

c h a n n e l   c a v i t i e s   ( 4 4 )   e x t e n d i n g   p a r t i a l l y   a l o n g   p l a n a r  
i n n e r   s i d e w a l l s   ( 4 3 )   of   c a v i t i e s   ( 4 2 ) ;   and   an  o u t e r  

s i d e w a l l   ( 4 6 )   e x t e n d i n g   a l o n g   a  l e n g t h   of   t h e   b o d y   m e m b e r ,  

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

a p e r t u r e s   ( 4 5 )   t h e r e i n   a l i g n e d   i n   o n e - t o - o n e   c o r r e s p o n d e n c e  

w i t h   s a i d   p l u r a l i t y   of   r e c t a n g u l a r   c a v i t i e s   ( 4 2 )   and   t h e  

c h a n n e l   c a v i t i e s   ( 4 4 ) .  

8.  The  a p p a r a t u s   i n   a c c o r d a n c e   w i t h   c l a i m   7 ,  
t h e   c o n t a c t   h o l d i n g   member   ( 5 0 )   i s   e n g a g e a b l e   w i t h   t h e  

a l i g n e d   p l u r a l i t y   of   a p e r t u r e s   ( 4 5 ) ,   one  of   t h e   e l o n g a t e d  

g e n e r a l l y   r e c t a n g u l a r   a p e r t u r e s   ( 3 4 ,   35)   i n   e a c h   of   t h e  

s l o t t e d   beam  c o n t a c t s   ( 3 0 ) ,   t h e   g e n e r a l l y   o v a l - s h a p e d  

a p e r t u r e   ( 2 5 )   i n   t h e   c o n t a c t s ,   and   t h e   c h a n n e l   c a v i t i e s  

( 4 4 ) .  

9.  The  a p p a r a t u s   i n   a c c o r d a n c e   w i t h   c l a i m   8 ,  
w h e r e i n   t h e   c o n t a c t   h o l d i n g   member   ( 5 0 )   c o m p r i s e s :   a  

g e n e r a l l y   f l a t   r e c t a n g u l a r   member   ( 5 1 ) ;   a  p l u r a l i t y   o f  

s p a c e d - a p a r t   g e n e r a l l y   t r i a n g u l a r   p r o j e c t i o n s   ( 5 2 )   i n t e g r a l  



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

p r o j e c t i o n s   ( 5 3 ,   54)   i n t e g r a l   w i t h   t o p s   o f   t h e   t r i a n g u l a r  

p r o j e c t i o n s   52,   t h e   t r i a n g u l a r   p r o j e c t i o n s   l i m i t i n g   t h e  

e x t e n t   of   e n g a g e m e n t   of   t h e   s l o t t e d   beam  c o n t a c t s   w i t h   t h e  

r e c t a n g u l a r   member   ( 5 1 ) .  

10.   The  a p p a r a t u s   i n   a c c o r d a n c e   w i t h   c l a i m   9 ,  

w h e r e i n   e a c h   o f   t h e   p r o j e c t i o n s   ( 5 3 ,   54)   h a s  a   n o t c h   ( 5 5 )  

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

w i d t h   of   a  c e n t r a l   p o r t i o n   ( 3 1 )   b e t w e e n   t h e   g e n e r a l l y   o v a l -  

s h a p e d   a p e r t u r e   ( 2 5 )   and   one  o f  t h e   g e n e r a l l y   r e c t a n g u l a r  

a p e r t u r e s   ( 3 4 , 3 5 )   i n   one  of   t h e   s l o t t e d   beam  c o n t a c t s   ( 3 0 ) .  

11.  The  a p p a r a t u s   in   a c c o r d a n c e   w i t h   c l a i m s   9  

or   10,   w h e r e i n   t h e   c o n t a c t   h o l d i n g   member   ( 5 0 )   i n c l u d e s  

a  p r o j e c t i n g   l i p   ( 5 6 )   a l o n g   an  e d g e   ( 5 7 )   o f   s a i d  

r e c t a n g u l a r   member   ( 5 1 ) . .  

12.  A p p a r a t u s   i n   a c c o r d a n c e   w i t h   c l a i m   1 1 ,  

w h e r e i n   t h e   o u t e r   s i d e w a l l   ( 4 6 )   of   t h e   s e c o n d   m a t i n g  

c o n n e c t o r   ( 4 0 )   i n c l u d e s   a  g r o o v e   ( 4 8 )   t h e r e i n   e n g a g i n g  

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

h o l d i n g   member   w i t h   t h e   s e c o n d   m a t i n g   c o n n e c t o r   ( 4 0 ) .  

13.  The  a p p a r a t u s   i n   a c c o r d a n c e   w i t h   any   o f  

c l a i m s   2 - 1 2 ,   w h e r e i n   a  s h i e l d i n g   m e a n s   ( 6 1 )   f o r m s   a n  

i n t e g r a l   p a r t   of   t h e   s e c o n d   c o n n e c t o r   ( 4 0 )   a n d   e n c a s e s  

e x p o s e d   e n d s   ( 1 9 )   of   t h e   f i r s t   c o n u d c t o r s   ( 1 4 )   a n d  

c o m p r i s e s :   a  g e n e r a l l y   L - s h a p e d   s k i r t   ( 6 1 )   p r o j e c t i n g   a w a y  
f r o m   t h e   s e c o n d   c o n n e c t o r   ( 4 0 ) .  

14.   The  a p p a r a t u s   i n   a c c o r d a n c e   w i t h   c l a i m   1 3 ,  

w h e r e i n   t h e   i n t e g r a l   s k i r t   ( 6 1 )   i s   s c a l l o p e d   a l o n g   t h e  

b a s e   of   t h e   L - s h a p e ,   t h e   s c a l l o p s   ( 6 2 )   e n g a g i n g   t h e   f i r s t  

c o n d u c t o r s   ( 1 4 )   and   h o l d i n g   t h e m   i n   p l a c e   b e t w e e n   t h e  

f i r s t   a n d   s e c o n d   c o n n e c t o r s   ( 1 1 ,   4 0 ) .  

15.   The  a p p a r a t u s   i n   a c c o r d a n c e   w i t h   a n y   o f  

c l a i m s   4 - 1 4 ,   w h e r e i n   c o u p l i n g   m e m b e r s   ( 2 4 )   a r e   p r o v i d e d  

i n t e g r a l   w i t h   e a c h   o f   t h e   s p a c e d - a p a r t   t e e t h   ( 1 3 )   s e c u r e l y  

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

16.  The  a p p a r a t u s   i n   a c c o r d a n c e   w i t h   c l a i m   1 5 ,  

w h e r e i n   t h e   c o u p l i n g   m e m b e r s   ( 2 4 )   c o m p r i s e   a  p l u r a l i t y  

o f  t r u n c a t e d  c y l i n d r i c a l   p r o j e c t i o n s   ( 2 4 )   e a c h   p r o j e c t i o n  



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

s a i d   s p a c e d - a p a r t   t e e t h ;   and   t h a t   t h e   s e c o n d   m a t i n g  

c o n n e c t o r   ( 4 0 )   c o m p r i s e s   a  p l u r a l i t y   o f   g e n e r a l l y   c i r c u l a r  

a p e r t u r e s   ( 4 9 )   a l i g n e d   i n   c o r r e s p o n d e n c e   w i t h   t h e   t r u n c a t e d  

c y l i n d r i c a l   p r o j e c t i o n s   ( 2 4 ) ,   s a i d   a p e r t u r e s   s u r r o u n d i n g  

t h e   p r o j e c t i o n s   and   t h e   g r e a t e r   t h i c k n e s s   i n h i b i t i n g  

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

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

17.   The  a p p a r a t u s   in   a c c o r d a n c e   w i t h   any   o f   c l a i m s  
2 - 1 6   w h e r e i n   t h e   f i r s t   c o n n e c t o r   i n c l u d e s :   a  l o n g i t u d i n a l l y  

e x t e n d i n g   b o d y   member   ( 1 2 ) ;   f i r s t   and   s e c o n d   p r o j e c t i n g  

s i d e   e d g e s   ( 2 0 , 2 1 )   e x t e n d i n g   a l o n g   a  l e n g t h   of   t h e   b o d y  

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

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

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

e n a b l e   one  way  e n g a g e m e n t   of   t h e   f i r s t   and   s e c o n d   c o n n e c t o r s .  

18.   The  a p p a r a t u s   in   a c c o r d a n c e   w i t h   c l a i m   1 6 ,  

w h e r e i n   t h e   f i r s t   s i d e   e d g e   ( 2 1 )   h a s   a  w i d t h   n e a r l y   t w i c e  

t h e   w i d t h   of   t h e   s e c o n d   s i d e   e d g e   ( 2 0 )   to   f a c i l i t a t e  

c u t o f f   of   t h e   f i r s t   c o n d u c t o r s   ( 1 4 ) .  
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