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©  Electrode  alignment  and  capsule  design  for  single-ended  low  wattage  metal  halide  lamps. 

©  A  low  wattage  single-ended  metal  halide  arc  discharge  ,» 
lamp  has  an  isothermal  arc  chamber  with  an  outer  diameter 
(t)  substantially  equal  to  the  product  of  a  first  constant  and  f f  
the  lamp  wattage  plus  a  second  constant;  a  fill  gas  and  a  pair  /  / 
of  electrical  conductors  sealed  into  and  passing  through  one  /  / 
end  of  the  arc  chamber  to  provide  a  pair  of  electrodes  therein  //  $  s 
having  a  spacing  therebetween  of  a  distance  to  provide  a  (  (  17  19 
substantially  uniform  current  for  lamps  in  the  range  of  about  KSv  ' 
35  to  150  watts.  ~̂  :  

FIG.I 
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CROSS  REFERENCE  TO  RELATED  A P P L I C A T I O N S :  

The  f o l l o w i n g   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   r e l a t e   to  t h e  

s u b j e c t   m a t t e r   of   t h e   p r e s e n t   a p p l i c a t i o n ,   a r e   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   and  have   t h e   f i l i n g   d a t e   o f  

the   p r e s e n t   a p p l i c a t i o n :   D o c k e t   Nos .   8 3 - 1 - 1 2 3   and  8 3 - 1 - 1 2 7 .  

TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   r e l a t e s   to  s i n g l e - e n d e d   low  w a t t a g e   m e t a l  

h a l i d e   a r c   d i s c h a r g e   l a m p s   and  more   p a r t i c u l a r l y   to   t h e  

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

w a t t a g e   m e t a l   h a l i d e   a r c   d i s c h a r g e   l a m p s .  

BACKGROUND  ART 

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

of  t he   s o - c a l l e d   " d o u b l e - e n d e d "   d e s i g n ,   as  d i s c l o s e d   by  Koury   i n  

U.S.   P a t e n t   No.  3 , 4 0 7 , 3 2 7 .   T h e r e i n ,   a  p a i r   of  e l e c t r o d e s   a r e  

s e a l e d   i n t o   o p p o s i t e   ends   of  a  f u s e d   s i l i c a   a r c  t u b e ,   a n  

a p p r o p r i a t e   f i l l   gas  is   d i s - p o s e d   w i t h i n   t h e   a r c   t u b e   and  t h e   a r c  

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

member  f o r m e d   f o r   a c c e p t a n c e   by  a  s o c k e t .   M o r e o v e r ,  

c o m m e r c i a l l y   a v a i l a b l e   u n i t s   r a n g e   f r o m   175  to  1500  w a t t s   w i t h  

an  a rc   gap  b e t w e e n   t h e   e l e c t r o d e s   in   t h e   r a n g e   of   26  to   91  mm 

and  a  gap  t o l e r a n c e   as  g r e a t   as  + 1 . 0   mm. 

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

v o l t a g e   m e t a l   h a l i d e   a r c   d i s c h a r g e   l a m p   i s   s e t   f o r t h   in   U . S .  

P a t e n t   No.  4 , 1 6 1 , 6 7 2   i s s u e d   to   Cap  e t   a l .   H e r e i n ,   a  l amp   i s  

d i s c l o s e d   h a v i n g   a  p o w e r   i n p u t   of   a b o u t   2 5 0 - w a t t s   and  an  a r c  

l o a d i n g   of   a b o u t   60  to  150  w a t t s / c m .   H o w e v e r ,   t h i s   s t r u c t u r e   i s  

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

i n t o   e a c h   end   of  a  l o n g i t u d i n a l - e x t e n d i n g   a r c   t u b e .  

U n f o r t u n a t e l y ,   " d o u b l e   e n d e d "   s t r u c t u r e s   a r e   r e l a t i v e l y  

e x p e n s i v e   to   m a n u f a c t u r e ,   a r e   n o t   e s p e c i a l l y   s u i t e d   to  an  o u t e r  

e n v e l o p e   w i t h   a  c o n n e c t i n g   b a s e   a t   one  end  due  to  t h e  



d o u b l e - e n d e d   c o n f i g u r a t i o n   of   t h e   a r c   lamp  and  t e n d   to   e x h i b i t  

r e l a t i v e l y   l a r g e   t o l e r a n c e s   in   so  f a r   as  gap  s p a c i n g   a n d  

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

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

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

d i s c h a r g e   l a m p s   of   U . S .   P a t e n t   Nos .   4 , 3 0 2 , 6 9 9 ;   4 , 3 0 8 , 4 8 3 :  

4 , 3 2 0 , 3 2 2 ;   4 , 3 2 1 , 5 0 1   and   4 , 3 2 1 , 5 0 4 .   a l l   o f   t h e   a b o v e - m e n t i o n e d  

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

to  p a r t i c u l a r   a p p l i c a t i o n s .   H o w e v e r ,   e a c h   l e a v e s   s o m e t h i n g   t o  

be  d e s i r e d   i n s o f a r   as  t h e   c o s t   of   e l e c t r o d e   and  a r c   c h a m b e r  

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

OBJECTS  AND  SUMMARY  OF  THE  I N V E N T I O N :  

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   to   p r o v i d e   an  i m p r o v e d  

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

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

c a p a b i l i t y .   A n o t h e r   o b j e c t   o f   t h e   i n v e n t i o n   i s   to   p r o v i d e   a n  

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

i s o t h e r m a l   a r c   c h a m b e r .   - - s t i l l   a n o t h e r   o b j e c t   o f   t h e   i n v e n t i o n  

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

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

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

c h a m b e r   and  e l e c t r o d e   a l i g n m e n t .  

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   o f   t h e   i n v e n t i o n   by  a  s i n g l e - e n d e d   m e t a l  

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

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

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

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

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

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

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

h a l i d e   a r c   d i s c h a r g e   l a m p   has   an  i s o t h e r m a l   a r c   c h a m b e r   w i t h   a  

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



and  p a s s i n g   t h r o u g h   one  end  of  t h e   a r c   c h a m b e r   to   p r o v i d e   a  p a i r  

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

p r o v i d i n g   a  s u b s t a n t i a l l y   u n i f o r m   c u r r e n t   f o r   l a m p s   in   t h e   r a n g e  
of  a b o u t   35  to   150  w a t t s .  

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

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

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

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

the   lamp  w a t t a g e   p l u s   a  f i x e d   l e n g t h   a n d   a n   a r c   gap   of  a  

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

the   r a n g e   of  a b o u t   35  to   150  w a t t s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  i s   a  c r o s s - s e c t i o n a l   v i e w   of   a  s i n g l e - e n d e d   m e t a l  

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

FIG.  2  i s   a  c r o s s - s e c t i o n a l   v i e w  o f  a   s i n g l e - e n d e d   m e t a l  

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

of  t he   a r c   c h a m b e r   t h e r e o f ;  

FIG.  3  i s   a  c r o s s - s e c t i o n a l   v i e w   of   a  s i n g l e - e n d e d   m e t a l  

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

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

FIG.  4  i s   a  g r a p h   i l l u s t r a t i n g   t h e   a r c   g a p   (x)   and  w a t t a g e s  

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

c u r r e n t   v a l u e ;  

FIG.  5  i s   a  c h a r t   i l l u s t r a t i n g   t h e   l u m e n   m a i n t e n a n c e  

p e r f o r m a n c e   in   a c c o r d a n c e   w i t h   t h e   o p e r a t i n g   t i m e   of   a  

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

a n d  

F I G .  6   i s   a  c h a r t   i l l u s t r a t i n g   t h e   v o l t a g e   c h a n g e   i n  

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

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



BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

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   t a k e n   in   c o n j u n c t i o n   w i t h   t h e  

a b o v e - d e s c r i b e d   d r a w i n g s .  

R e f e r r i n g   to  FIG.  1  of   t h e   d r a w i n g s ,   a  l o w - w a t t a g e  

s i n g l e - e n d e d   m e t a l   h a l i d e   a r c   d i s c h a r g e   l a m p  5   i n c l u d e s   a n  

i s o t h e r m a l   a r c   c h a m b e r   7  w i t h   a  p r e s s   s e a l   p o r t i o n   9  a t   one   e n d  

t h e r e o f   and  an  e x h a u s t   t i p - o f f   s e a l   11  a t   t h e   o p p o s i t e   e n d  

t h e r e o f .  A   p a i r   of   e l e c t r i c a l   c o n d u c t o r s   13  and  15  a r e   s e a l e d  

i n t o   and  p a s s   t h r o u g h   one  end  of   t h e   a r c   c h a m b e r   7  and  f o r m   a  

p a i r   of   s p a c e d   e l e c t r o d e s   17  and  19  w i t h i n   t h e   a r c   c h a m b e r   7 .  

The  e l e c t r i c a l   c o n d u c t o r s   13  and  15  a r e   c o n n e c t e d   to   a  p a i r   o f  

m e t a l   r i b b o n s   21  and  23  s e a l e d   i n  t h e   p r e s s   s e a l   p o r t i o n   9  w h i c h  

a r e ,   i n   t u r n ,   c o n n e c t e d   to   a  p a i r   of   e l e c t r i c a l   l e a d s   25  and   2 7  

f o r m e d   f o r   e l e c t r i c a l   c o n n e c t i o n   to   an  e n e r g i z i n g   s o u r c e .  

More  s p e c i f i c a l l y ,   t h e   i s o t h e r m a l   a r c   c h a m b e r   7  of  FIG.   2 

has  an  o u t e r   d i a m e t e r   ( t ) ,   an  i n n e r   w a l l   p o r t i o n   29,  a  p r e s s  

s e a l   s e a m   p o r t i o n   31  and  a  dome  p o r t i o n   33.   The  o u t e r   d i a m e t e r  

( t )   of   t h e   a r c   c h a m b e r   7  i s   d e t e r m i n e d   by  t h e   f o r m u l a t i o n :   t  =  a  

W  +  b  w h e r e   W  is   t h e   l amp  w a t t a g e ;   a  i s   s u b s t a n t i a l l y   e q u a l   t o  

0 . 0 7   + 0 . 0 1   m m / w a t t   and  b  i s   s u b s t a n t i a l l y   e q u a l   to  7 . 2 0   + 1 . 0 0  

mm.  T h u s ,   t h e   o u t e r   d i a m e t e r   ( t )   of   t h e   a r c   c h a m b e r   7  v a r i e s   i n  

a c c o r d a n c e  w i t h   t h e   l amp   w a t t a g e   e m p l o y e d .  

A l s o ,   t h e   p r e s s   s e a l   s eam  p o r t i o n   31  h a s   a  r a d i u s   ( r l )  
w h i c h   i s   e q u a l   to  o n e - h a l f   t h e   o u t e r   d i a m e t e r   ( t )   of  t h e   a r c  

c h a m b e r   7  p l u s   a  c o n s t a n t   ( c )   w h e r e i n   t h e   c o n s t a n t   (c )   i s  

s u b s t a n t i a l l y   e q u a l   to   1 . 4  ±   0 . 2   mm.  The  dome  p o r t i o n   33  of   t h e  

a r c   c h a m b e r  7   a l s o   h a s  a   r a d i u s   ( r 2 )   w h i c h   i s   s u b s t a n t i a l l y  

e q u a l   t o   t h e   r a d i u s   ( r 1 )   of   t h e   p r e s s   s e a l   p o r t i o n   31  d i v i d e d  

by  a  c o n s t a n t   (d)  w h e r e i n   (d)   i s   g r e a t e r   t h a n   2 . 0   mm  and  l e s s  

t h a n   4 . 0   mm. 



M o r e o v e r ,   t h e   p r e s s   s e a l   seam  is   s u b t e n d e d   by  an  a n g l e   h a v i n g  

a  v a l u e   of  a b o u t   1150  and  c e n t e r e d   a t   t he   m i d p o i n t   of  a  l i n e  

A-A'  j o i n i n g   t h e   e n d s   o f  t h e   e l e c t r o d e s   17  and  1 9 .  

FIG.  3  i l l u s t r a t e s   t he   d i s c h a r g e   l amp  5  o f   FIG.  1  and  m o r e  

p a r t i c u l a r l y   t h e   a r c   c h a m b e r   7.  The  a r c   c h a m b e r  7   has  an  i n n e r  

w a l l   p o r t i o n   29,   a  p r e s s   s e a l   seam  p o r t i o n   31  a n d   a  dome  s e a l  

p o r t i o n   33.  A  p a i r   of  e l e c t r i c a l   c o n d u c t o r s   13  and   15  a r e  

s e a l e d   i n t o   and  p a s s   t h r o u g h   one  end  o f   t h e   a r c   c h a m b e r   7  t o  

p r o v i d e   a  p a i r   of   e l e c t r o d e s   17  and  19  t h e r e i n .   Each  of  t h e  

e l e c t r o d e s   17  and  19  i s   s p a c e d   f r o m   t h e   i n n e r   w a l l   p o r t i o n   29  o f "  

the   a rc   c h a m b e r   7  by  a  d i s t a n c e   (Y)  of   n o t   l e s s   t h a n   a b o u t   1 . 2  

mm.  A l s o ,   t h e   e n d s   of  t h e   e l e c t r o d e s   17  and  19  have   a  gap  ( X )  

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

c u r r e n t  f o r   l a m p s   i n   t h e   r a n g e   of  a b o u t   35  to   150  w a t t s ,   and  a  

d e v i a t i o n   or  d e c o n c e n t r i c i t y   (U-U)  o f   l e s s   t h a n   a b o u t   0 . 2 4   mm 

w i t h   r e s p e c t   to   a  c e n t e r l i n e   X ' - X ` .   M o r e o v e r ,   t h e  

p r e v i o u s l y - m e n t i o n e d   e n d s   of  t he   e l e c t r o d e s   17  and  19  a r e   s p a c e d  

f r o m   t h e   i n n e r  w a l l   s u r f a c e   2 9  o f   t h e   dome  s e a l   p o r t i o n   33  a t   a  

d i s t a n c e   (Z)  of   n o t  l e s s   t h a n   a b o u t   3 . 2   mm  and  no t   more  t h a n  

a b o u t   3 .9   mm. 

In  f a b r i c a t i n g   low  w a t t a g e ,   n o r m a l l y   l a m p   w a t t a g e   in   t h e  

r a n g e   of  a b o u t   35  to   150  w a t t s ,   s i n g l e - e n d e d   m e t a l   h a l i d e   a r c  

d i s c h a r g e   l a m p s ,   i t   was  d e t e r m i n e d   t h a t   a  max imum  a c c e p t a b l e   a r c  

c h a m b e r   t e m p e r a t u r e   of   a b o u t   825°  C  m i n i m i z e d   l i f e   l i m i t i n g  

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

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

A l s o ,   t h e   u t i l i z a t i o n   of  an  i s o t h e r m a l   a r c   c h a m b e r   7  w h i c h  

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

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

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

n e a r   t h e   a b o u e - m e n t i o n e d   maximum  a c c e p t a b l e   a r c   c h a m b e r  

t e m p e r a t u r e .  

A l s o ,   i t   has   b e e n   d e t e r m i n e d   t h a t   a  s u b s t a n t i a l l y   u n i f o r m  

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

a b o u t   35  to  150  w a t t s   by  c o n t r o l l i n g   t h e   a r c   gap  or  s p a c i n g   t h e  



i n n e r   e n d s   of  t h e   e l e c t r o d e s   17  and  19  w i t h i n   t h e   a r c  

c h a m b e r   7.  More  s p e c i f i c a l l y ,   i t   ha s   b e e n   f o u n d   t h a t   an  a r c  

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

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

b e t w e e n   t h e   i n n e r   e n d s   of   t h e   e l e c t r o d e s   (X)  i s   s u b s t a n t i a l l y  

e q u a l   to   a b o u t   1 . 7 4   X  10-5   W 3 -   3 . 3   X 1 0 - 3  W 2 + 2 . 6 7   W 

+  3 . 3 2   w h e r e   X  i s   t h e   a r c   gap  or   e l e c t r o d e   s p a c i n g   i n  

m i l l i m e t e r s   and  W  i s   t h e   lamp  w a t t a g e .  

As  can   c l e a r l y   be  s e e n   in   t h e   g r a p h   of  FIG.  4,  t h e   a r c   g a p  

or   d i s t a n c e   b e t w e e n   t h e   i n n e r   e n d s   o f   t h e   e l e c t r o d e s   (X)  v a r i e s  

in   a c c o r d a n c e   w i t h   v a r i a t i o n s   in   t h e   l a m p   w a t t a g e   (W).  F o r  

e x a m p l e ,   a  40  w a t t   a r c   d i s c h a r g e   l a m p   w o u l d   have   an  a r c   gap  o f  

a b o u t   3 . 2   mm  w h i l e   a  100  w a t t   l a m p   w o u l d   have   an  a r c   gap  o f  

a b o u t   7 . 8   mm  and  b o t h   wou ld   h a v e   s u b s t a n t i a l l y   t h e   s a m e  

e l e c t r i c a l   c u r r e n t .   A c c o r d i n g l y ,   i t   can   r e a d i l y   be  s e e n   t h a t   a  

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

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

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

v a l u e s ,   d e s i g n e d   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 l y - d e s c r i b e d  

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

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

n o r m a l l y   e m p l o y e d   f o r   any  one  of  t h e   d i s c h a r g e   l a m p s .  

As  a  s p e c i f i c ,   b u t   no t   l i m i t i n g ,   e x a m p l e   of   a  p r e f e r r e d  

e m b o d i m e n t ,   a  4 0 - w a t t   s i n g l e - e n d e d   m i n i a t u r e   m e t a l   h a l i d e   a r c  

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

l a m p   o u t e r   d i a m e t e r   ( t )  =   1 0 . 0   mm 

p r e s s   s e a l   p o r t i o n   r a d i u s   ( r 1 )  =   6 . 4   mm 

dome  s e a l   p o r t i o n   r a d i u s   ( r 2 )   =  3 . 2   mm 

p r e s s   s e a l   s u b t e n d e d   a n g l e   (9)   =  1 1 5 0  



A l s o ,   a  p a i r   of  e l e c t r o d e s   17  and  19  w i t h i n   t h e   a r c   c h a m b e r  

7  were   s p a c e d   a b o u t   1.3  mm  f r o m   t h e   i n n e r   w a l l   p o r t i o n   of  t h e  

a r c   c h a m b e r   7;  had  an  a r c   gap  of   a b o u t   3 .2   mm,  a  d e v i a t i o n   o f  

the   e l e c t r o d e s   17  and  19  f r o m   c e n t e r   of  l e s s   t h a n   0 . 2 4   mm  a n d  

were   s p a c e d   f r o m   t h e   dome  s e a l   p o r t i o n   33  by  a b o u t   3 . 5   mm. 

The  l a m p s   had  an  i n i t i a l   f i l l   gas   w h i c h   i n c l u d e d   a b o u t   7 . 4  

mg  Hg;  4 . 0   mg.  2 0 : 1 : N a I : S c I 3  m o l a r   r a t i o ;   0 . 1 2   mg  Sc  and  1 0 0  

t o r r   a r g o n .   Upon  o p e r a t i o n   of   t h e   l a m p s   a t   a  p o w e r   l o a d i n g   o f  

a b o u t   4 0 - w a t t s   in   e v a c u a t e d   e n c l o s u r e s ,   i t   was  f o u n d   t h a t   t h e  

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

a b o u t   740°   C  a d j o i n i n g   t h e   p r e s s   s e a l   p o r t i o n   31  to   a  maximum  o f  

a b o u t   770°   C  in   t h e   dome  s e a l   p o r t i o n   33.  T h u s ,   t h e   s u r f a c e  

t e m p e r a t u r e   of  t h e   a r c   c h a m b e r   7  v a r i e d   by  n o t   m o r e  t h a n   a b o u t  +  

15°  C  f r o m   t h e   p r e s s   s e a l   p o r t i o n   31  t o   t he   dome  s e a l   p o r t i o n  

33.  M o r e o v e r ,   t e m p e r a t u r e s   o f   t h e   p r e s s   s e a l - p o r t i o n   31  n e a r e s t  

t he   a rc   c h a m b e r   7  w e r e   f o u n d   to   be  w i t h i n   a  r a n g e  o f   a b o u t   +5°  C.  

A c c o r d i n g l y ,   FIG.   5  i l l u s t r a t e s   t he   l i g h t   o u t p u t ,   in   l u m e n s ,  

of  a  p l u r a l i t y   of  s i n g l e - e n d e d   4 0 - w a t t   m e t a l   h a l i d e   a r c  

d i s c h a r g e   l a m p s   o p e r a t e d   f o r   4 0 0 0 - h o u r s .   As  can  r e a d i l y   b e  

s e e n ,   t h e   i n i t i a l   l u m e n   l e v e l   of   a b o u t   2300  l u m e n s   i s   m a i n t a i n e d  

a t   a b o u t   1970  l u m e n s   or  86%  a t   4 0 0 0 - h o u r s .   A l s o ,   FIG.   6 

i l l u s t r a t e s   t h e   l a m p   v o l t a g e   of   t h e   same  g r o u p   o f   l a m p s  

o p e r a t i n g   f o r   4 0 0 0 - h o u r s .   H e r e i n ,   t he   lamp  v o l t a g e   r e a c h e s   a  

peak  a t   a b o u t   2 0 0 0 - h o u r s   and  g r a d u a l l y   d e c l i n e s   t o w a r d   t h e  

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

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

low  w a t t a g e   s i n g l e - e n d e d   m e t a l   h a l i d e   a r c   d i s c h a r g e   l amp   w h e r e i n  

l i f e - l i m i t i n g   m e c h a n i s m s   h a v e   b e e n   r e d u c e d .   T h u s ,   t h e  

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

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

s i n g l e - e n d e d   m e t a l   h a l i d e   a r c   d i s c h a r g e   l amp .   M o r e o v e r ,   t h e  

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



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

a  s i n g l e   b a l l a s t   f o r   l a m p s   v a r y i n g   in   w a t t a g e   f r o m   a b o u t   35  t o  

150  w a t t s .  

W h i l e   t h e r e   h a v e   b e e n   shown  w h a t   a r e   a t  p r e s e n t   c o n s i d e r e d  

to  be  p r e f e r r e d   e m b o d i m e n t s   of  t he   i n v e n t i o n ,   i t   w i l l   b e  

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

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

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



1.  A  s i n g l e - e n d e d   low  w a t t a g e   m e t a l   h a l i d e   a r c   d i s c h a r g e  

lamp  c o m p r i s i n g :  

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

w a l l s   i n c l u d i n g   dome  and  p r e s s   s e a l   p o r t i o n s ;  

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

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

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

s a i d   a r c   d i s c h a r g e   lamp  c h a r a c t e r i z e d   b y  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   p a i r   of  e l e c t r o d e s   have  an  i n n e r   end   s p a c i n g   of  a  d i s t a n c e  

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

r a n g e   of  a b o u t   35  to  150  w a t t s   and  s a i d   c h a m b e r   h a s  a n   o u t e r  

d i a m e t e r   d e t e r m i n e d   by  t h e   f o l l o w i n g   f o r m u l a :  

w h e r e :  

t  =  a r c   c h a m b e r   o u t e r   d i a m e t e r  

W  =   l amp   w a t t a g e  

a  =  0 . 0 7 =  0 . 0 1  m m / w a t t  

b  =   7 . 2 0   =  1 . 0 0   mm 

2.  The  s i n g l e - e n d e d   low  w a t t a g e   m e t a l   h a l i d e   a r c   d i s c h a r g e  

lamp  of  C l a i m   1  w h e r e i n   s a i d   e l e c t r o d e   i n n e r   end  s p a c i n g   v a r i e s  

in  a c c o r d a n c e   w i t h   t h e   f o l l o w i n g :  

w h e r e :  

X  =  e l e c t r o d e   s p a c i n g   in   m i l l i m e t e r s  

W  =  l amp   w a t t a g e  



3.  The  s i n g l e - e n d e d   low  w a t t a g e   m e t a l   h a l i d e   a r c   d i s c h a r g e  

lamp  of  C l a i m   1  w h e r e i n   s a i d   e l e c t r o d e s   a r e   s p a c e d   f r o m   s a i d  

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

a b o u t   1 .2   mm  and  s a i d   p r e s s   s e a l   s eam  p o r t i o n   o f   s a i d   a r c  

c h a m b e r   has   a  r a d i u s   ( r i )   in   a c c o r d a n c e   w i t h   t h e   f o l l o w i n g :  

w h e r e :  

4.  The  s i n g l e - e n d e d   low  w a t t a g e   m e t a l   h a l i d e   a r c   d i s c h a r g e  

lamp  of  C l a i m   1  w h e r e i n   s a i d   e l e c t r o d e s   a r e   s p a c e d   f r o m   s a i d  

dome  s e a l   p o r t i o n   of   s a i d   a r c   c h a m b e r   by  no t   l e s s   t h a n   a b o u t   3 . 2  

mm  and  n o t   more   t h a n   a b o u t   3 . 9   mm  and   s a i d   dome  s e a l   p o r t i o n   o f  

s a i d   a r c   c h a m b e r   has   an  o u t e r   r a d i u s   ( r 2 )   s u b s t a n t i a l l y   e q u a l  

to  t he   r a d i u s   o f   t h e   p r e s s   s e a l   seam  p o r t i o n   ( r l )   d i v i d e d   by  a  

c o n s t a n t   (d )   w h e r e :  

5.  The  s i n g l e - e n d e d   low  w a t t a g e   m e t a l   h a l i d e   a r c   d i s c h a r g e  

lamp  of   C l a i m   1  w h e r e i n   s a i d   e l e c t r o d e s   have   a  d e c o n c e n t r i c i t y  

of  l e s s   t h a n   a b o u t   0 . 2 4   mm  and  s a i d   p r e s s   s e a l   s eam  p o r t i o n   o f  

s a i d   a r c   c h a m b e r   i s   c o n t a i n e d   w i t h i n   an  a n g l e   (6 )   of   a b o u t   1 1 5 °  

±  40°  when  s a i d   a n g l e   i s   t a k e n   f r o m   t h e   m i d p o i n t   o f   a  l i n e  

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



6.  The  s i n g l e - e n d e d   low  w a t t a g e   m e t a l   h a l i d e   a r c   d i s c h a r g e  

lamp  of  C l a i m   1  w h e r e i n   s a i d   e l e c t r o d e s   a r e   s p a c e d   f r o m   s a i d  

w a l l s   of  s a i d   a r c   c h a m b e r   by  a  d i s t a n c e   no t   l e s s   t h a n   a b o u t   1 . 2  

mm,  f r o m   s a i d   dome  s e a l   p o r t i o n   of  s a i d   a r c   c h a m b e r   by  n o t   l e s s  

t h a n   a b o u t   3 . 2   mm  and  n o t   more   t h a n   a b o u t   3 . 9   mm  and  have  a  

d e c o n c e n t r i c i t y   of   l e s s   t h a n   a b o u t   0 . 2 m m .  

7.  The  s i n g l e - e n d e d   low  w a t t a g e   m e t a l   h a l i d e   a r c   d i s c h a r g e  

lamp  of  C l a i m   1  w h e r e i n   s a i d   p r e s s   s e a l   seam  p o r t i o n   of  s a i d   a r c  

c h a m b e r   has   a  r a d i u s   ( r l )   s u b s t a n t i a l l y  e q u a l   to   o n e - h a l f   t h e  

o u t e r   d i a m e t e r   ( t )   p l u s   a  c o n s t a n t   (c)   of  a b o u t   1 . 4   +  0 . 0 2   mm 

and  s a i d   dome  s e a l   p o r t i o n   of   s a i d   a r e   c h a m b e r   has   an  o u t e r  

r a d i u s   ( r 2 )   s u b s t a n t i a l l y   e q u a l   to   t h e   r a d i u s   of  t h e   p r e s s  

s e a l   seam  p o r t i o n   ( r 1 )   d i v i d e d   by  a  c o n s t a n t   (d)  w h e r e i n   ( d )  

is   g r e a t e r   t h a n   2  and  l e s s   t h a n   4  mm. 
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