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(54)  Unsaturated  vapor  high  pressure  sodium  lamp  getter  mounting. 
An  unsaturated  vapor  type  high  pressure  sodium  lamp 

includes  an  arc  tube  having  a  tubular  ceramic  envelope 
containing  a  dosing  of  sodium,  mercury  and  a  rare  gas  with 
an  electrode  sealed  into  each  end  of  the  envelope  and  an 
oxygen-absorbing  getter  (37) telescoped  over  or  affixed  to  at 
least  one  electrode  (39). 



C o n c u r r e n t l y   f i l e d   A p p l i c a t i o n s   e n t i t l e d   " U n s a t u r a -  

t ed   Vapor   P r e s s u r e   Type  High  P r e s s u r e   Sodium  Lamp" ,   b e a r -  

ing   A t t o r n e y ' s   D o c k e t   No.  2 4 , 3 4 0   c o r r e s p o n d i n g   to  U . S .  

S e r i a l   N o .  4 7 3 8 9 5 ,   and  " U n s a t u r a t e d   Vapor   High  P r e s s u r e  

Sodium  Lamp  Arc  Tube  F a b r i c a t i o n   P r o c e s s " ,   b e a r i n g   A t t o r -  

n e y ' s   D o c k e t   No.  8 3 - 1 - 0 3 6   c o r r e s p o n d i n g   to  U.S .   S e r i a l  

No.  4 7 3 8 9 4 ,   r e l a t e   to  an  a r c   t u b e   and  a r c  t u b e   f a b r i c a t i n g  

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

A l s o ,   c o n c u r r e n t l y   f i l e d   A p p l i c a t i o n s   e n t i t l e d   "Arc   T u b e  

F a b r i c a t i o n   P r o c e s s " ,   b e a r i n g   A t t o r n e y ' s   D o c k e t   No.  2 4 , 8 3 3  

c o r r e s p o n d i n g   to  U .S .   S e r i a l   No.  4 7 3 8 9 6 ,   and  "Arc   T u b e  

D o s i n g   P r o c e s s   For  U n s a t u r a t e d   High   P r e s s u r e  S o d i u m   L a m p s "  

b e a r i n g   A t t o r n e y ' s   D o c k e t   No.  2 4 , 5 1 7   c o r r e s p o n d i n g   t o  

U.S.   S e r i a l   No.  4 7 3 8 9 2 ,   r e l a t e   to  a r c   t u b e   f a b r i c a t i o n  

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

ure   s o d i u m   l a m p s .  

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

p r e s s u r e   s o d i u m   l amps   and  more  p a r t i c u l a r l y   to  t h e   m o u n t -  

ing   of  g e t t e r s   w i t h i n   t he   a r c   t u b e   of  an  u n s a t u r a t e d  

v a p o r   h i g h   p r e s s u r e   s o d i u m   l a m p .  

In  · t h e   f i e l d   of  h i g h   p r e s s u r e   s o d i u m   l a m p s ,   i t  

i s   a  common  p r a c t i c e   to  p r o v i d e   an  a r c   t u b e   f i l l   w h i c h  

i n c l u d e s   a  l a r g e   amoun t   of  s o d i u m  a n d   m e r c u r y   in  o r d e r  

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

T h e s e   e x c e s s   a m o u n t   of  s o d i u m   and  m e r c u r y   r e s u l t   in  a n  

amalgam  at   t h e   c o o l e s t   p o i n t s   of  t h e   a r c   t u b e   w h i c h   i s  

n o r m a l l y   a d j a c e n t   t he   e l e c t r o d e s   a t   t he   ends   of  t h e   a r c  
t u b e .   As  a  r e s u l t ,   u n d e s i r e d   v a r i a t i o n s   in  s o u r c e   v o l t a g e ,  



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

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

In  an  e f f o r t   to  e l i m i n a t e   or  a t   l e a s t   r e d u c e   s u c h  

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

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

o n l y   t h a t   w h i c h   w i l l   b e c o m e   t o t a l l y   v a p o r i z e d   w o u l d   p r o -  
v i d e   t h e   d e s i r e d   r e s u l t .   In  o t h e r   w o r d s ,   a  h i g h   p r e s s u r e  
s o d i u m   lamp  of  t h e   u n s a t u r a t e d   v a p o r   t y p e   w h e r e i n   s o d i u m  

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

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

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

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

A l s o ,   i t   ha s   l o n g   been   r e c o g n i z e d   t h a t   a  p r i n c i p a l  

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

l a m p s   i s   t h e   p r e s e n c e   of  o x y g e n   in   t h e   gas   f i l l   of  t h e  

a r c   t u b e .   One  known  a t t e m p t   to  a l l e v i a t e   t h i s   u n d e s i r e d  

l o s s   of  s o d i u m   due  to  t h e   p r e s e n c e   of  o x y g e n   i s   s e t   f o r t h  

in   a  c o n c u r r e n t l y   f i l e d   A p p l i c a t i o n   b e a r i n g   A t t o r n e y ' s  

D o c k e t   No.  2 4 , 3 4 0 ,   c o r r e s p o n d i n g   to  U.S .   S e r i a l   N o .  

4 7 3 8 9 5 ,   a s s i g n e d   to  t h e   A s s i g n e e   of  t h e   p r e s e n t   A p p l i c a -  

t i o n .   T h e r e i n ,   a  g e t t e r   in   t h e   f o rm  of  a  m e t a l   or  m e t a l  

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

w i t h   t h e   m e t a l   o x i d e s   of  t h e   g e t t e r   h a v i n g   a  f r e e   e n e r g y  
of  f o r m a t i o n   p e r   mole   of  o x y g e n   g r e a t e r   t h a n   t h a t   o f  

s o d i u m   o x i d e .   In  e f f e c t ,   t h e   g e t t e r   r e a c t s   w i t h   f r e e  

o x y g e n   to  i n h i b i t   t h e   f o r m a t i o n   of  c o m p o u n d s   c o n t a i n i n g  

s o d i u m   and  o x y g e n .  

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

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

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

More  s p e c i f i c a l l y ,   i t   ha s   been   f o u n d   t h a t   i n t i m a t e   c o n t a c t  

b e t w e e n   t h e   t u b u l a r   c e r a m i c   e n v e l o p e   of  t h e   a r c   t u b e  

and  t h e   o x y g e n - a b s o r b i n g   g e t t e r   t h e r e i n   t e n d s   to  c a u s e  

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

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

e x a c t   c a u s e   of  t h i s   d a r k e n i n g   c o n d i t i o n   of  t h e   c e r a m i c  



e n v e l o p e   i s   no t   t h o r o u g h l y   u n d e r s t o o d ,   i t   i s   b e l i e v e d  

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

and  t he   a l u m i n i u m   e n v e l o p e   w h e r e a t   c o n t a c t   t h e r e b e t w e e n  

i s   e f f e c t e d .  

An  o b j e c t   of  t h e   p r e s e n t  i n v e n t i o n   i s   t o  p r o v i d e  

an  i m p r o v e d   h i g h   p r e s s u r e   s o d i u m   l a m p .   A n o t h e r   o b j e c t  

of  t h e   i n v e n t i o n   i s   to  e n h a n c e   t he   a r c   t u b e   of  an  u n s a t u r -  

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

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

h i g h   p r e s s u r e   s o d i u m   l a m p .  

T h e s e   and  o t h e r   o b j e c t s ,   a d v a n t a g e s   and  c a p a b i l i t i e s  

a r e   a c h i e v e . d   in  one  a s p e c t   of  t h e   i n v e n t i o n   by  an  a r c  

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

s e a l e d   i n t o   e a c h   end  of  t h e   e n v e l o p e ,   a  d o s i n g   of  s o d i u m ,  

m e r c u r y   and  r a r e   gas  w i t h i n   t h e   e n v e l o p e   and  an  o x y g e n -  

a b s o r b i n g   g e t t e r   a t t a c h e d   to  at   l e a s t   one  of  t h e   e l e c -  

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

The  i n v e n t i o n   i s   i l l u s t r a t e d   by  way  of  e x a m p l e  

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

F i g .   1  i s   an  e l e v a t i o n   of  a  p r e f e r r e d   fo rm  of  u n -  

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

F i g .   2  i s   an  e x p l o d e d   s e c t i o n a l   v i ew  of  an  e l e c t r o d e  

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

an  o x y g e n - a b s o r b i n g   g e t t e r   a f f i x e d   t h e r e t o .  

For  a  b e t t e r   u n d e r s t a n d i n g   of  t h e   p r e s e n t   i n v e n t i o n ,  

t o g e t h e r   w i t h   o t h e r   and  f u r t h e r   o b j e c t s ,   a d v a n t a g e s   a n d  

c a p a b i l i t i e s   t h e r e o f ,   r e f e r e n c e   i s   made  to  t h e   f o l l o w i n g  

d i s c l o s u r e   and  a p p e n d e d   C l a i m s   in  c o n j u n c t i o n   w i t h  t h e  

a c c o m p a n y i n g - d r a w i n g s .  

R e f e r r i n g   to  t he   d r a w i n g s ,   F i g .   1  i l l u s t r a t e s   a n  

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

h e r m e t i c a l l y   s e a l e d   and  e v a c u a t e d   g l a s s   e n v e l o p e   5  f o r m e d  

to  f i t   i n t o   an  o r d i n a r y   s c r e w - t y p e   b a s e   member  7.  A  g l a s s  

s t em  member   9  i s   s e a l e d   to  t he   e n v e l o p e   5  and  p r o j e c t s  

t h e r e i n .   E l e c t r i c a l   c o n d u c t o r s ,   11  and  13 



r e s p e c t i v e l y ,   are  s e a l e d   i n to   and  pass  t h r o u g h   the  stem  member  9  t o  

p rov ide   e l e c t r i c a l   c o n n e c t i o n s   from  the  i n t e r i o r   to  the  e x t e r i o r   o f  

the  g l a s s   enve lope   5 .  

An  e l e c t r i c a l l y   c o n d u c t i v e   s u p p o r t   member  15  is  a f f i x e d   to  o n e  

of  the  e l e c t r i c a l   c o n d u c t o r s   11  and  has  a  p a i r   of  c r o s s b a r s   17  and  

19  a f f i x e d   t h e r e t o   at  e i t h e r   end.   Also,   a  p l u r a l i t y   of  s p r i n g - l i k e  

members  21  are  a f f i x e d   to  the  s u p p o r t   member  15  and  formed  f o r  

c o n t a c t   with  the  g l a s s   e n v e l o p e   5.  Moreover ,   a  p a i r   of  g e t t e r s   23 

and  25  are  a t t a c h e d   to  the   s u p p o r t   member  15  and  s e r v e   to  i n s u r e   t h e  

i n t e g r i t y   of  the  e v a c u a t e d   e n v e l o p e   5 .  

Disposed  wi th in   the  g l a s s   e n v e l o p e   5-and  s u p p o r t e d   by  t h e  

c r o s s b a r s   17  and  19  is  an  arc  tube  27.  This  arc  tube   27,  p r e f e r a b l y  

of  a  m a t e r i a l   such  as  p o l y c r y s t a l l i n e   a lumina   for   example,   i n c l u d e s  

an  e l e c t r o d e   29  and  31  at  e i t h e r   end  t h e r e o f .   One  e l e c t r o d e   29  i s  

a f f i x e d   to  and  s u p p o r t e d   by  the  c r o s s b a r   17  whi le   the  o t h e r  

e l e c t r o d e   31  is  i n s u l a t i n g l y   s u p p o r t e d   by  the  o t h e r   c r o s s b a r   19,  b u t  

e l e c t r i c a l l y   connec ted   to  the  e l e c t r i c a l   c o n d u c t o r   13  p a s s i n g  

through  the   stem  member  9.  Heat  c o n s e r v i n g   e l emen t s   33  m a y  b e  

wrapped  about   t h e  a r c   tube  27  at  each  end  t h e r e o f   in  the  v i c i n i t y   o f  

the  e l e c t r o d e s   2 9  a n d  3 1  i n   o rde r   to  r educe   the  hea t   d i f f e r e n t i a l  

t h e r e a t   from  the  c e n t e r   of  the  arc  tube   2 7 .  

R e f e r r i n g   more  s p e c i f i c a l l y   to  F IG.  2   where in   a  g e t t e r . 3 7   i s  

d i sposed   w i th in   the  arc  tube  27  of  FIG.  1,  an  e l e c t r o d e   member  39  i s  

s ea led   i n to   an  a p e r t u r e d   ce ramic   41  which  i s ,   in  t u r n ,   s e a l e d   i n t o  

the  end  of  a  t u b u l a r   ce ramic   e n v e l o p e   of  an  arc  t u b e .   S i m i l a r l y ,  

the  o p p o s i t e   end  of  the  t u b u l a r   ce ramic   enve lope   is  s e a l ed   i n  

s u b s t a n t i a l l y   t h e  s a m e   m a n n e r .  

The  e l e c t r o d e   member  39  i n c l u d e s   a  shank  p o r t i o n   43  which  has  a  

s u b s t a n t i a l l y   c i r c u l a r l y - w o u n d   c a t h o d e   p o r t i o n   45  t e l e s c o p e d  

t h e r e o v e r   and  a f f i x e d   t h e r e t o ,   as  by  welding  fo r   example.   A l s o  

a f f i x e d   to  the  shank  p o r t i o n   43  i n t e r m e d i a t e   the  ca thode   p o r t i o n   45 

and  the  a p e r t u r e d   ce ramic   41  is  the   g e t t e r   3 7 .  

P r e f e r a b l y ,   the   g e t t e r   37  is  in  the   form  of  a  s u i t a b l e   s u b s t r a t e  

47,  such  as  n i c k e l   p l a t e d   i r o n ,   and  a  g e t t e r i n g   m a t e r i a l   49,  such  a s  

z i r c o n i u m - a l u m i n u m   powder,   is  s i n t e r e d   t h e r e t o .   T h e r a f t e r ,   t h e  



s u b s t r a t e   47  is  a f f i x e d   to  or  t e l e s c o p e d   over  the  shank  p o r t i o n   43 

of  the  e l e c t r o d e   member  39.  Al though   a  p r e f e r r e d   g e t t e r i n g   m a t e r i a l  

is  a  z i r c o n i u m - a l u m i n u m   a l l o y   known  as  ST-101,  a v a i l a b l e   from  SAES 

G e t t e r s ,   Mi lan ,   I t a l y ,   o the r   m e t a l s   are  e q u a l l y   a p p l i c a b l e .   Fo r  

example,  metal   a l l o y s   s e l e c t e d   from  the  metal  group  c o n s i s t i n g   o f  

aluminum,  t i t a n i u m ,   scandium,  ce r ium,   l an thanum,   t ho r ium,   z i r c o n i u m ,  

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

for  the  a b o v e - d e s c r i b e d   c o n f i g u r a t i o n s .  

A d d i t i o n a l l y ,   a l t e r n a t i v e   methods  of  c o n t a i n i n g   a  g e t t e r  

m a t e r i a l   w i t h i n   the  ceramic   e n v e l o p e   of  the  arc  tube  and  s e p a r a t e d  

t h e r e f r o m   are  a p p r o p r i a t e .   For  example ,   a  small  tab  c o n t a i n i n g   a 

g e t t e r i n g   m a t e r i a l   could  be  a f f i x e d   to  the  e l e c t r o d e   o r  

a l t e r n a t i v e l y ,   the  g e t t e r   m a t e r i a l   could  be  app l i ed   to  the  wound 

cathode  p o r t i o n   45  o f . t h e   e l e c t r o d e   member  39.  Obv ious ly ,   o t h e r  

c o n f i g u r a t i o n s   of  a  s i m i l a r   n a t u r e   are  a p p r o p r i a t e   to  the  s t r u c t u r e  

so  long  as  the  g e t t e r i n g   m a t e r i a l   is  s e p a r a t e d   from  the  c e r a m i c  

envelope  of  the  a r c . t u b e .  

While  t h e r e   has  been  shown  and  d e s c r i b e d   what  is  at  p r e s e n t  

c o n s i d e r e d   the  p r e f e r r e d   embodiments  of  the  i n v e n t i o n ,   i t   wi l l   b e  

obvious  to  t h o s e   s k i l l e d  i n   the  a r t   t h a t   v a r i o u s   changes  a n d  

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

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



1.  An  a r c   t u b e   f o r   a  h i g h   p r e s s u r e   s o d i u m   lamp  o f  

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

a  t u b u l a r   c e r a m i c   e n v e l o p e ;  

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

s a i d   c e r a m i c   e n v e l o p e ;  

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

e n v e l o p e ;   a n d  

an  o x y g e n - a b s o r b i n g   g e t t e r   l o c a t e d   w i t h i n   s a i d  

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

c o n t i g u o u s   to  a t   l e a s t   one  of  s a i d   e l e c t r o d e s .  

2.  The  a r c   t u b e   of  C l a i m ,   w h e r e i n   s a i d   o x y g e n - a b s o r b i n g  

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

c e r a m i c   e n v e l o p e .  

3.  The  a r c   t u b e   o f   C l a i m   1,  w h e r e i n   s a i d   o x y g e n -  

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

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

c e r a m i c   e n v e l o p e .  

4.  The  a r c   t u b e   of  C l a i m   1,  w h e r e i n   s a i d   o x y g e n -  

a b s o r b i n g   g e t t e r   i s   in   t h e   form  of  a  m e t a l   p o w d e r   s i n t e r e d  

o n t o   a  s u b s t r a t e   a t t a c h e d   to  one  of  s a i d   p a i r   of  e l e c t r -  

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

5.  The  a r c   t u b e   of  C l a i m   1,  w h e r e i n   s a i d   o x y g e n -  

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

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

t h o r i u m ,   y t t r i u m   and  z i r c o n i u m .  

6.  The  a r c   t u b e   of  C l a i m   1,  w h e r e i n   s o d i u m   and  m e r c u r y  
of   s a i d   d o s i n g   w i t h i n  s a i d   t u b u l a r   e n v e l o p e   a r e   in   t h e  

f o r m   of  an  a m a l g a m   d e c o m p o s a b l e   w i t h i n   s a i d   lamp  to  p r o -  
v i d e   s a i d   m e r c u r y   and  s a i d   s o d i u m   and  o x y g e n   w h i c h  i s  



a b s o r b e d   by  s a i d   o x y g e n - a b s o r b i n g   g e t t e r .  

7.  The  a rc   t u b e   of  C l a i m   1,  w h e r e i n   s a i d   t u b u l a r  

c e r a m i c   e n v e l o p e   i s   in  t h e   form  of  a  t u b u l a r   p o l y c r y s t a l -  

l i n e   a l u m i n i u m   e n v e l o p e .  

8.  An  u n s a t u r a t e d   t y p e   h i g h   p r e s s u r e   s o d i u m   lamp  h a v i n g  

a  t u b u l a r   c e r a m i c   e n v e l o p e   (27 )   c o n t a i n i n g   a  d o s i n g   o f  

s o d i u m ,   m e r c u r y   and  r a r e   gas  w i t h   an  e l e c t r o d e   m e m b e r  

( 2 9 , 3 1 )   s e a l e d   i n t o   e a c h   end  of  t he   t u b u l a r   c e r a m i c   e n v e -  

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

a b s o r b i n g   g e t t e r   ( 3 7 )   a f f i x e d   to  at   l e a s t   one  of  s a i d  

e l e c t r o d e   members   ( 2 9 ) .  

9.  A  lamp  as  c l a i m e d   in  C l a i m   8,  c h a r a c t e r i s e d   i n  

t h a t   s a i d   o x y g e n - a b s o r b i n g   g e t t e r   ( 3 7 )   i s   s p a c e d   f r o m  

s a i d   t u b u l a r   c e r a m i c   e n v e l o p e   ( 2 7 ) .  

10.  A  lamp  as  c l a i m e d   in  C la im   8  or  9,  c h a r a c t e r i s e d  

in  t h a t   s a i d   o x y g e n - a b s o r b i n g   g e t t e r   ( 3 7 )   i s   in  t h e   f o r m  

of  a  z i r c o n i u m - a l u m i n i u m   a l l o y   (49)   s i n t e r e d   to  a  s u b -  

s t r a t e   (47 )   and  c o n t i g u o u s   to  a t   l e a s t   one  of  s a i d   e l e c t -  

r o d e   members   ( 2 9 ) .  
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