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An  electrode  structure  for  sodium  vapor  lamps  is  dis- 
closed  having  molybdenum  metal  wire  coils  wound  around 
a  tungsten  shank  to  replace  the  customary  all-tungsten 
electrode  structure  in  these  lamps.  The  improved  electrode 
structures  provide  increased  initial  lumens  with  acceptable 
lumen  maintenance. 



BACKGROUND  OF  THE  INVENTION 

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

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

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

s e a l e d   at   e ach   end  of  a  t u b u l a r   l i g h t - t r a n s m i t t i n g   c e r a m i c  

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

Lamps  of  t h i s   g e n e r a l   t y p e   a re   d i s c l o s e d   in  U.S .   p a t e n t s  

4 , 0 2 5 , 8 1 2   and  4 , 0 6 5 , 6 9 1 ,   b o t h   a s s i g n e d   to  t he   p r e s e n t  

a s s i g n e e .  

The  c e r a m i c   a r c   t u b e   is   s u p p o r t e d   w i t h i n   a n  

o u t e r   v i t r e o u s   e n v e l o p e   or  j a c k e t   of  e l o n g a t e d   s h a p e  

g e n e r a l l y   p r o v i d e d   at  one  end  w i t h   t he   c o n v e n t i o n a l   s c r e w  

b a s e .   High  p r e s s u r e   s o d i u m   v a p o r   l amps   a r e   a l s o   g e n e r a l l y  

vacuum  j a c k e t e d   in  o r d e r   to  c o n s e r v e   h e a t   and  m a x i m i z e  

e f f i c i e n c y .  

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

m a n u f a c t u r e   of  t he   c u s t o m a r y   a l l - t u n g s t e n   e l e c t r o d e  

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

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

e x t e n t   p e r m i t t e d   by  t h e   s e v e r e   lamp  o p e r a t i n g   c o n d i t i o n s .  

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

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

s u r f a c e   and  i n t e r n a l   d e f e c t s   wh ich   can  p r o d u c e   w i r e  

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

w e l l   as  f u r t h e r   d i f f i c u l t i e s   of  v a r i o u s   k i n d s   in  the  l a m p  

o p e r a t i o n .   On  t h e   o t h e r   hand ,   t u n g s t e n   is  r e c o g n i z e d   t o  



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

and  c o r r o s i v e   e n v i r o n m e n t   t h a t   is   e x p e r i e n c e d   w i t h i n   t h e  

a r c   t u b e   of  t h e s e   l a m p s .   Whi le   some  s p u t t e r i n g   i s  

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

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

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

p e r i o d s .  

SUMMARY  OF  THE  INVENTION 

I t   has  now  been   d i s c o v e r e d ,   s u r p r i s i n g l y ,   t h a t  

m o l y b d e n u m   e l e c t r o d e   c o i l s   wound  a b o u t   a  t u n g s t e n   s h a n k   do  

no t   d e g r a d e   a b n o r m a l l y   as  m i g h t   be  e x p e c t e d   when  s e r v i n g  

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

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

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

a c c e p t a b l e   lumen  m a i n t e n a n c e   as  c o m p a r e d   w i t h   a n  

a l l - t u n g s t e n   e l e c t r o d e   s t r u c t u r e   u n d e r   t he   same  l a m p  

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

i m p r o v e   t he   o p e r a t i o n   of  t h i s   t y p e   lamp  w i t h o u t   u n d u e  

m o d i f i c a t i o n   or  added   c o s t   in  t he   lamp  m a n u f a c t u r e .  

One  p r e f e r r e d   e m b o d i m e n t   of  t he   p r e s e n t l y  

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

m o l y b d e n u m   m e t a l   w i r e   c o i l s   wound  a r o u n d   t he   d i s t a l   end  o f  

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

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

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

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

m i x e d   o x i d e   e m i s s i o n   m a t e r i a l   b e t w e e n   t he   s p a c e d   a p a r t  

t u r n s   of  s a i d   i n n e r   h e l i c a l   c o i l   on  one  of  the   e l e c t r o d e  

s t r u c t u r e s .  

In  a  f u r t h e r   m o d i f i c a t i o n   of  the   above   p r e f e r r e d  

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

wound  a r o u n d   the   d i s t a l   end  of  a  t u n g s t e n   s h a n k   and  w i t h  

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

r e v e r s e   d i r e c t i o n   f rom  the   w i n d i n g   p i t c h   of  s a i d   o u t e r  

h e l i c a l   c o i l .   Sa id   r e v e r s e   w i n d i n g   of  t he   s u p e r p o s e d  



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

t h a t   can  l e a d   to  i n c r e a s e d   e l e c t r o d e   d e g r a d a t i o n   w i t h  

c o n s e q u e n t   l o s s   of  lumen  m a i n t e n a n c e .   A  r e p r e s e n t a t i v e  

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

i m p r o v e m e n t   f o r   o p e r a t i o n   at  a  g i v e n   power   i n p u t   of  a b o u t  

400  w a t t s   and  at  a  g i v e n   lamp  v o l t a g e   d rop   of  a b o u t   100  

v o l t s   t h e r e b y   c o m p r i s e s :  

(a)  a  t u b u l a r   l i g h t   t r a n s m i t t i n g   a l u m i n a   c e r a m i c  

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

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

a m a l g a m   in  e x c e s s   of  t he   q u a n t i t y   v a p o r i z e d  

in  n o r m a l   o p e r a t i o n   a l o n g   w i t h   a  xenon  g a s  
f i l l   to  f a c i l i t a t e   s t a r t i n g ,   a n d  

(b)   an  e v a c u a t e d   o u t e r   e l o n g a t e d   l i g h t -  

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

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

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

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

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

(c)   s a i d   e l e c t r o d e s   each   c o m p r i s i n g   a  p a i r   o f  

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

wound  a r o u n d   the   d i s t a l   end  of  a  t u n g s t e n  

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

and  w i t h   t he   i n n e r   h e l i c a l   c o i l s   h a v i n g  

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

h a v i n g   a  mixed   o x i d e   e m i s s i o n   m a t e r i a l   b e i n g  

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

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

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

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

w i t h   a c c e p t a b l e   lumen  m a i n t e n a n c e .  

In  s a i d   i m p r o v e d   lamp  c o n s t r u c t i o n ,   the   p r e f e r r e d   e m i s s i o n  

m a t e r i a l   is  d i b a r i u m   c a l c i u m   t u n g s t a t e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG  1  shows  a  h i g h   p r e s s u r e   s o d i u m   v a p o r   l a m p  



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

FIG.  2  i s   an  e n l a r g e d   d e t a i l e d   v iew  of  o n e  

e l e c t r o d e   e m p l o y e d   in  t he   FIG.   1  lamp  e m b o d i m e n t ;   a n d  

FIG.  3  i s   a  g r a p h   d e p i c t i n g   a  lumen  m a i n t e n a n c e  

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

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   to  FIG.  1,  a  h i g h   p r e s s u r e   s o d i u m  

v a p o r   lamp  1  c o r r e s p o n d i n g   to  a  400  w a t t   s i z e   i s  

i l l u s t r a t e d   wh ich   c o m p r i s e s   a  v i t r e o u s   o u t e r   e n v e l o p e   2 

h a v i n g   a  s t a n d a r d   mogul   s c r e w   base   3  a t t a c h e d   to  one  e n d  

and  c o m p r i s i n g   a  r e e n t r a n t   s t em   p r e s s   s e a l   4  t h r o u g h   w h i c h  

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

l e a d - i n   c o n d u c t o r s   5  and  6  whose  o u t e r   ends   a r e   c o n n e c t e d   t o  

t h e   s c r e w   s h e l l  7   and  e y e l e t   8  of  the   b a s e .   The  i n n e r  

e n v e l o p e   or  a r c   t u b e   9  c e n t r a l l y   l o c a t e d   w i t h i n   s a i d   o u t e r  

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

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

t r a n s l u c e n t   or  wh ich   can  be  s i n g l e   c r y s t a l   a l u m i n a   wh ich   i s  

c l e a r   and  t r a n s p a r e n t .   The  u p p e r   end  of  t he   a rc   t u b e   i s  

c l o s e d   by  an  a l u m i n a   c e r a m i c   p l u g   t h r o u g h   wh ich   e x t e n d s   t h e  

n i o b i u m   i n l e a d   w i r e   11  h e r m e t i c a l l y   s e a l e d .   The  i n l e a d  

s u p p o r t s   t he   u p p e r   e l e c t r o d e   wh ich   may  be  g e n e r a l l y   s i m i l a r  

to  t he   l o w e r   e l e c t r o d e   l a t e r   i l l u s t r a t e d   in  t he   FIG.   2 

e m b o d i m e n t .   The  e x t e r n a l   p o r t i o n   of  i n l e a d   11  p a s s e s  

t h r o u g h   a  l oop   12  in  t r a n s v e r s e   s u p p o r t   w i r e   13  a t t a c h e d   t o  

a  s i d e   rod  14.  T h i s   a r r a n g e m e n t   a l l o w s   f o r   t h e r m a l  

e x p a n s i o n   of  t h e   a rc   t u b e   d u r i n g   lamp  o p e r a t i o n   when  t h e  

l o w e r   end  s e a l   i s   r i g i d l y   f i x e d   in  p l a c e ,   and  a  r e s i l i e n t  

m e t a l   r i b b o n   15  a s s u r e s   c o n t i n u e d   good  e l e c t r i c a l  

c o n n e c t i o n .   S i d e   rod  14  i s   w e l d e d   to  l e a d - i n   c o n d u c t o r   6 

and  has   i t s   u p p e r   end  b r a c e d   by  s p r i n g   c lamp  16  w h i c h  

e n g a g e s   i n v e r t e d   n i p p l e   17  in   the   dome  end  of  the   o u t e r  

v i t r e o u s   e n v e l o p e .   A  m e t a l   r e f l e c t o r   band  18  may  b e  

d e s i r a b l e   a r o u n d   the   u p p e r   end  of  the   a rc   t u b e   in  o r d e r   t o  



m a i n t a i n   t he   d e s i r e d   t e m p e r a t u r e   at  t he   u p p e r   end  s e a l ,  

p a r t i c u l a r l y   in  s m a l l e r   s i z e s   of  lamps  such  as  250  w a t t s   o r  

l e s s .   The  l o w e r   end  c l o s u r e   and  e l e c t r o d e   s u p p o r t   a s s e m b l y  

f o r   s a i d   lamp  c o m p r i s e s   a  s h o u l d e r e d   a l u m i n a   c e r a m i c   p l u g   20  

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

t h i n - w a l l e d   n i o b i u m   t u b e   21  s e r v i n g   as  an  e x h a u s t   t u b e   a n d  

as  an  i n l e a d .   S a i d   t u b e   e x t e n d s   bu t   a  s h o r t   d i s t a n c e  

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

s e a l i n g   c o m p o s i t i o n   i n d i c a t e d   by  a  t h i c k   l i n e   a t   22  in  F I G .  

2.  The  p l u g   in  t u r n   has  i t s   neck   p o r t i o n   p e n e t r a t i n g   i n t o  

c e r a m i c   e n v e l o p e   9  whose  end  a b u t s   a g a i n s t   t he   p l u g ' s  

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

two  p a r t s   by  s e a l i n g   c o m p o s i t i o n   i n d i c a t e d   a t   23  and  24  i n  

FIG.   2 .  

The  p r e s e n t   i n v e n t i o n   r e s i d e s   in  t he   e l e c t r o d e  

s t r u c t u r e   i t s e l f   w h i c h   is   d e p i c t e d   in  g r e a t e r   d e t a i l   f o r   t h e  

l o w e r   e l e c t r o d e   s t r u c t u r e   and  e l e c t r o d e   s u p p o r t   a s s e m b l y  

t h e r e f o r   as  shown  in  FIG.  2.  S p e c i f i c a l l y ,   s a i d   e l e c t r o d e  

s t r u c t u r e   c o m p r i s e s   two  l a y e r s   of  m o l y b d e n u m   w i r e   25  and  26  

wound  a r o u n d   t he   d i s t a l   end  of  a  t u n g s t e n   s h a n k   27  a n d  

l o c a t e d   w i t h i n   t he   c e r a m i c   e n v e l o p e .   The  s h a n k   e x t e n d s   f a r  

e n o u g h   down  i n t o   t u b e   or  i n l e a d   21  t h a t   i t   can  be  s e c u r e l y  

l o c k e d   in  p l a c e   by  d e f o r m i n g   t he   t u b e   at  a  p l a c e   o u t s i d e   t h e  

c e r a m i c   e n v e l o p e   in  a  m a n n e r   p i n c h i n g   t he   s h a n k   o v e r   a n  

a p p r e c i a b l e   l e n g t h .   P r e f e r a b l y   t he   d e f o r m a t i o n   is   at  a n  

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

i t   a d e q u a t e   to  s e r v e   as  a  r e s e r v o i r   f o r   e x c e s s   a m a l g a m .   T h e  

i l l u s t r a t e d   c r i m p ,   s o m e t i m e s   known  as  a  b u t t e r f l y   c r i m p ,   i s  

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

a p p r e c i a b l e   e x t e n t   of  t he   f l a t t e n e d   p o r t i o n s   or  w i n g s   2 8 .  

At  t h e   same  t i m e ,   r e s t r i c t e d   c h a n n e l s   ( n o t   shown)   a re   l e f t  

open   on  b o t h   s i d e s   of  t he   s h a n k   to  c o m m u n i c a t e   w i t h   t h e  

o u t e r   p o r t i o n   of  the   e x h a u s t   t u b e   up  to  the   t i p   30.  S u c h  

c o m m u n i c a t i o n   p e r m i t s   p a s s a g e   of  t he   sod ium  m e r c u r y   a m a l g a m  

in  v a p o r   fo rm  but   p r e v e n t   i t s   movement   as  a  l i q u i d   u n d e r  



o r d i n a r y   o p e r a t i n g   c o n d i t i o n s ,   even  when  the   lamp  i s  

u p e n d e d .   In  the   i m p r o v e d   e l e c t r o d e   s t r u c t u r e   b e i n g  

d e s c r i b e d ,   t he   two  l a y e r s   of  the   m o l y b d e n u m   w i r e   c o i l s   25  

and  26  can  be  wound  on  t he   s h a n k   as  s u p e r p o s e d   h e l i c a l  

l a y e r s   a l l   in  a  s i n g l e   o p e r a t i o n ,   w i t h   i n n e r   l a y e r   25  b e i n g  

s p a c e   wound  and  c r i m p   w e l d e d   on  the   s h a n k   and  t h e n   the   o u t e r  

l a y e r   26  o v e r   i t   by  b a c k w i n d i n g   in  a  t i g h t   f a s h i o n .   I n  

b a c k w i n d i n g ,   one  c o n t i n u e s   to  r o t a t e   the   s h a n k   in  the   s a m e  
d i r e c t i o n   b u t   t he   p i t c h   or  d i r e c t i o n   of  p r o g r e s s i o n   of  t h e  

t u r n s   i s   r e v e r s e d   so  t h a t   t he   o u t e r   t u r n   l o c k s   in  the   i n n e r  

t u r n s .   Such  e n t i r e   w i n d i n g   o p e r a t i o n   may  be  d o n e  

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

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

f a b r i c a t i o n ,   t he   o n l y   r e m a i n i n g   o p e r a t i o n   is  t h a t   o f  

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

t u b e   in  p l a c e   f o r   c r i m p i n g .   S a i d   i n n e r   h e l i c a l   l a y e r   25  i s  

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

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

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

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

l o w e r   e l e c t r o d e   s u p p o r t   a s s e m b l y   a re   d e p i c t e d   in  FIG.  1 .  

The  a r c   t u b e   i t s e l f   is  s u p p o r t e d   in  the   o u t e r   e n v e l o p e   by  a  

c o n n e c t o r   31  wh ich   is  w e l d e d   a c r o s s   f rom  t u b u l a r   i n l e a d   2 1  

to  a  s u p p o r t   rod  32  j o i n e d   to  l e a d - i n   c o n d u c t o r   5 .  

The  lamp  p e r f o r m a n c e   c h a r a c t e r i s t i c s   f o r   t h e  

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

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

p a r t i c u l a r l y ,   lamp  o p e r a t i n g   t e s t s   f o r   t he   400  w a t t   s i z e  

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

t he   p r i o r   a r t   a l l - t u n g s t e n   e l e c t r o d e s   and  the   same  g e o m e t r y  

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

The  r e s u l t s   of  s a i d   c o m p a r i s o n   lamp  t e s t s   a re   s u m m a r i z e d   i n  

T a b l e   I  be low  and  in  F i g u r e   3 .  



As  e v i d e n t   f rom  t he   above   t e s t s   r e s u l t s ,   t he   m o l y b d e n u m  

c o i l   e l e c t r o d e s   were  f o u n d   to  be  u n i f o r m l y   s u p e r i o r   to  t h e  

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

v a l u e s   d u r i n g   t he   i n i t i a l   100  h o u r s   of  lamp  o p e r a t i o n .  

The  d i s t i n c t i v e  l u m e n   m a i n t e n a n c e   c h a r a c t e r i s t i c s  

o b t a i n e d   w i t h   400  w a t t   s i z e   l amps   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   a r e   d e p i c t e d   in  FIG.   3.  As  shown,   a  

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

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

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

d e s p i t e   g r e a t e r   i n i t i a l   l umen   d e p r e c i a t i o n .   W h i l e   the   e x a c t  

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

p r e s e n t   t i m e ,   i t   may  be  a t t r i b u t a b l e   to  t he   d i f f e r e n t  

b e h a v i o r   of  t h e s e   r e f r a c t o r y   m e t a l s   when  the   lamp  e l e c t r o d e s  

a r e   c o n s t r u c t e d   as  w e l l   as  d u r i n g   s u b s e q u e n t   lamp  o p e r a t i o n .  

The  g r e a t e r   d u c t i l i t y   of  m o l y b d e n u m   w i r e   c o m p a r e d   w i t h  

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

be  f a b r i c a t e d   d u r i n g   e l e c t r o d e   m a n u f a c t u r e ,   as  a b o v e  

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

p r o d u c e   h i g h e r   lumen  o u t p u t   d u r i n g   the   i n i t i a l   100  h o u r s   o f  

lamp  o p e r a t i o n .   D u r i n g   s u b s e q u e n t   lamp  o p e r a t i o n   up  t o  

a b o u t   4 , 0 0 0   h o u r s   of  lamp  o p e r a t i o n ,   t h e r e   is  e x p e r i e n c e d   a  

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

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

o p e r a t i n g   e n v i r o n m e n t .   Over   s t i l l   l o n g e r   lamp  o p e r a t i o n ,  

h o w e v e r ,   t h e r e   is  a p p a r e n t l y   e x p e r i e n c e d   a  much  s l o w e r   r a t e  

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



a c c o m p a n i e d   by  l o w e r   e m i s s i o n   m a t e r i a l   l o s s   such   t h a t   t h e  

d e p i c t e d   f i n a l   lumen  m a i n t e n a n c e   is  b e t t e r   t han   f o u n d   w i t h  

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

I t   w i l l   be  a p p a r e n t   f rom  t he   f o r e g o i n g   d e s c r i p t i o n  
t h a t   an  i m p r o v e d   e l e c t r o d e   s t r u c t u r e   f o r   h i g h   p r e s s u r e  
s o d i u m   v a p o r   t y p e   lamps  has  been   d i s c l o s e d   w h i c h   i s  

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

t h o s e   s k i l l e d   in  t he   lamp  a r t   t h a t   s a i d   i m p r o v e d   e l e c t r o d e  

s t r u c t u r e   can  r e p l a c e   the   c o n v e n t i o n a l   a l l - t u n g s t e n  

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

the   lamp  o t h e r   t h a n   above   s p e c i f i c a l l y   d i s c l o s e d   a r e  

e m p l o y e d .   For  e x a m p l e ,   o t h e r   end  s e a l   c o n f i g u r a t i o n s   f o r  

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

known  and  wh ich   can  u t i l i z e   t he   p r e s e n t   e l e c t r o d e  

i m p r o v e m e n t .   A c c o r d i n g l y ,   i t   is   i n t e n d e d   to  l i m i t   t h e  

p r e s e n t   i n v e n t i o n   o n l y   by  the   s c o p e   of  t he   f o l l o w i n g   c l a i m s .  



1.  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   v a p o r   l a m p  

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

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

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

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

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

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

a c c e p t a b l e   lumen  m a i n t e n a n c e .  

2.  A n '  i m p r o v e d   lamp  as  in  c l a i m   1  w h e r e i n   s a i d  

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

3.  An  i m p r o v e d   lamp  as  in  c l a i m   1  w h e r e i n   s a i d  

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

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

a p a r t   t u r n s .  

4.  An  i m p r o v e d   lamp  as  in  c l a i m   1  w h e r e i n   a  m i x e d  

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

a p a r t   t u r n s   of  s a i d   i n n e r   h e l i c a l   l a y e r   on  one  of  s a i d  

e l e c t r o d e s .  

5.  An  i m p r o v e d   lamp  as  in  c l a i m   4  w h e r e i n   s a i d  

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

6.  An  i m p r o v e d   lamp  as  in  c l a i m   3  w h e r e i n   s a i d  

m o l y b d e n u m   w i r e  c o i l s   a r e   each   wound  a r o u n d   the   d i s t a l   e n d  

of  a  t u n g s t e n   s h a n k   and  w h e r e i n   t he   w i n d i n g   p i t c h   of  s a i d  

i n n e r   h e l i c a l   c o i l   is   in  t he   r e v e r s e   d i r e c t i o n   f rom  t h e  

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



7.  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   v a p o r   l a m p  

c o m p r i s i n g :  

(a)  a  t u b u l a r   l i g h t - t r a n s m i t t i n g   a l u m i n a   c e r a m i c  

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

i n t o   i t s   ends   and  a  c h a r g e   of  s o d i u m - m e r c u r y  

ama lgam  in  e x c e s s   of  t he   q u a n t i t y   v a p o r i z e d  

in  n o r m a l   o p e r a t i o n   a l o n g   w i t h   a  xenon  g a s  
f i l l   to  f a c i l i t a t e   s t a r t i n g ;   a n d  

(b)   an  e v a c u a t e d   o u t e r   e l o n g a t e d  

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

s u r r o u n d i n g   s a i d   a rc   t u b e   h a v i n g   a  s t em  p r e s s  
s e a l   at  one  end  t h r o u g h   w h i c h   e x t e n d s   a  p a i r  
of  i n l e a d s   e l e c t r i c a l l y   c o n n e c t e d   to  s a i d  

t h e r m i o n i c   e l e c t r o d e s ;  

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

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

wound  a r o u n d   t he   d i s t a l   end  of  a  t u n g s t e n  

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

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

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

mixed   o x i d e   e m i s s i o n   m a t e r i a l   b e i n g   d i s p e r s e d  

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

h e l i c a l   c o i l ,   w h e r e i n   t he   i m p r o v e m e n t  

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

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

w i t h   a c c e p t a b l e   lumen  m a i n t e n a n c e .  

8.  An  i m p r o v e d   lamp  as  in  c l a i m   7  w h e r e i n   s a i d  

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