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©  Electrode  positioning  in  metal  halide  lamps. 
©   A  low  wattage  metal  halide  discharge  lamp  includes  an 
evacuated  outer  envelope,  a  domed  quartz  sleeve  therein 
and  an  arc  tube  within  the  domed  quartz  sleeve  With  the  arc 
tube  having  a  pair  of  electrodes  press  sealed  therethrough 
with  each  of  the  electrodes  having  a  coil  thereon  spaced 
from  the  press  seal  and  from  the  end  of  the  electrode  to 
provide  a  figure  of  merit  (FM)  substantially  equal  to  the 
product  of  the  distance  from  the  press  seal  to  the  coil  and  the 
distance  from  the  press  seal  to  the  end  of  the  electrode. 

FIG.  I 
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tube  having  a  pair  of  electrodes  press  sealed  therethrough 
with  each  of  the  electrodes  having  a  coil  thereon  spaced 
from  the  press  seal  and  from  the  end  of  the  electrode  to 
provide  a  figure  of  merit  (FM)  substantially  equal  to  the 
product  of  the  distance  from  the  press  seal  to  the  coil  and  the 
distance  from  the  press  seal  to  the  end  of  the  electrode. 



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

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

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

l a m p s .  

BACKGROUND  A R T :  

In  t h e   p r e s e n t - d a y   m a r k e t   p l a c e ,   m e t a l   h a l i d e   d i s c h a r g e  

l a m p s   a r e ,   in   g e n e r a l ,   of   t h e   i n t e r m e d i a t e   and  h i g h   w a t t a g e  

v a r i e t y .   More   s p e c i f i c a l l y ,  t h e   known  m e t a l   h a l i d e   d i s c h a r g e  

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

a b o u t   175  to   1500   w a t t s .   A l s o ,   i t   i s   known  t h a t   t h e s e   m e t a l  

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

h i g h e r   e f f i c a c y .   M o r e o v e r .   e f f i c a c y   i s   d i r e c t l y   r e l a t e d   t o  

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

o u t p u t   t o   i n p u t   p o w e r   and   i s   e x p r e s s e d   in   l u m e n s   p e r   w a t t .  

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

f o r   g e n e r a l   i l l u m i n a t i o n ,   t h e   s m a l l e s t   i s   t h e   175  w a t t  

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

c o n d u c t e d   t e s t i n g ,   a p p e a r   t o   h a v e   an  e f f i c a c y   of   a b o u t   80  LPW 

or  l u m e n s   p e r   w a t t ,   a  l u m e n   o u t p u t   of  a b o u t   1 4 . 0 0 0   l u m e n s   and   a  

c o l o r   t e m p e r a t u r e s   of  a b o u t   4 4 0 0   °K  f o r   a  c l e a r   l a m p   and   a b o u t  

4 0 0 0 ° K   f o r   a  p h o s p h o r   c o a t e d   l a m p .  

H o w e v e r ,   i t   h a s   b e e n   a  common  b e l i e f   t h a t   m e t a l   h a l i d e  

d i s c h a r g e   l a m p s   of  a  s i z e   s m a l l e r   t h a n   a b o u t   175  w a t t s   w o u l d   b e  

i m p r a c t i c a l   due   to   t h e   u n d e s i r e d   r e l a t i v e l y   low  e f f i c a c y .  

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

a b o u t   4 9 0 0 ° K ,   common  t o   p r e s e n t - d a y   l a m p s ,  w o u l d   a l s o   a p p e a r   o n  



t h e   low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   l a m p .   M o r e o v e r ,   a  c o l o r  

t e m p e r a t u r e   of  a b o u t   4 4 0 0 ° K   w o u l d   be  u n s a t i s f a c t o r y   f o r   g e n e r a l  
i l l u m i n a t i o n   p u r p o s e s   s i n c e   t h e   o r d i n a r y   i n c a n d e s c e n t   lamp  h a s  

a  c o l o r   t e m p e r a t u r e   of  a b o u t   2 7 8 0 ° K .  

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   a  m e t a l  

h a l i d e   d i s c h a r g e   l amp  w h i c h   o v e r c o m e s   t h e   p r o b l e m s   of  t h e   p r j o r  

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

d i s c h a r g e   lamp  h a v i n g   i m p r o v e d   e f f i c a c y .   A  f u r 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   low  w a t t a g e   m e t a l  

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

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  a  low  w a t t a g e   m e t a l  

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

domed  q u a r t z   s l e e v e   p o s i t i o n e d   t h e r e i n   and  an  a r c   t u b e   d i s p o s e d  

w i t h i n   t h e   domed  q u a r t z   s l e e v e   w i t h   t h e   a r c   t u b e   h a v i n g   a  p a i r  

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

e l e c t r o d e   and  e a c h   e l e c t r o d e   h a v i n g   a  f i g u r e   of  m e r i t   (FM)  

s u b s t a n t i a l l y   e q u a l   to   t h e   p r o d u c t   of   t h e   b a c k   s p a c e   (BS)  o r  

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

( I L )   or  d i s t a n c e   f r o m   a  p r e s s   s e a l   t o   t h e   end  of  t h e   e l e c t r o d e .  

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  low  w a t t a g e   m e t a l  

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

F IG.   2  i s   an  e n l a r g e d   s e c t i o n a l   v i e w   of  an  e l e c t r o d e   of  t h e  

a r c   t u b e   of  FIG.   1:  a n d  



FIG.   3  i s   a  c o m p a r i s o n   c h a r t   i l l u s t r a t i n g   t h e   e f f i c a c y   a n d  

c o l o r   t e m p e r a t u r e   f o r   a  g i v e n   f i g u r e   of  m e r i t   of  a  low  w a t t a  

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

BEST  MODE  FOR  CARRYING  OUT  THE  I N V E N T I O N :  

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   F I G .   1  of  t h e   d r a w i n g s ,   a  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  5  i n c l u d e s   an  e v a c u a t e d   o u t e r  

e n v e l o p e   7  h e r m e t i c a l l y   s e a l e d   to   a  g l a s s   s t e m   member   9  a n d  

h a v i n g   an  e x t e r n a l   b a s e   member   11  a f f i x e d   t h e r e t o .   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   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   t h e   s t e m   member   9  and  p r o v i d e   a c c e s s   f o r   e n e r g i z a t i o n  

of  t h e   d i s c h a r g e   5  by  an  e x t e r n a l   s o u r c e   ( n o t   s h o w n ) .  

W i t h i n   t h e   v a c u u m   of  t h e   e v a c u a t e d   o u t e r   e n v e l o p e   7.  a  

s u p p o r t   member   17  i s   a f f i x e d   to   one  of  t h e   e l e c t r i c a l  

c o n d u c t o r s   13  and  e x t e n d s   s u b s t a n t i a l l y   p a r a l l e l   to   t h e  

l o n g i t u d i n a l   a x i s   of  t h e   lamp  5  and  f o r m s   a  c i r c u l a r  

c o n f i g u r a t i o n   19  n e a r   t h e   u p p e r   p o r t i o n   of  t h e   e n v e l o p e   7 .  

T h i s   c i r c u l a r   c o n f i g u r a t i o n   19  in   c o n j u n c t i o n   w i t h   t h e   u p p e r  

p o r t i o n   of  t h e   e n v e l o p e   7  t e n d   to   m a i n t a i n   t h e   s u p p o r t   m e m b e r  

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

e x t e r n a l   s h o c k .  

A  f i r s t   s t r a p   member   21  i s   w e l d e d   to   t h e   s u p p o r t   member   1 7  

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

a x i s   of  t h e   s u p p o r t   member   17.  A  h e a t   c o n s e r v i n g   means   s u c h   a s  

a  domed  q u a r t z   s l e e v e   23  has   a  p a i r   of  o p p o s i t e l y   d i s p o s e d  

n o t c h e s   25  and  27  on  t h e   end  28  t h e r e o f   o p p o s i t e   to   t h e   d o m e d  



p o r t i o n .   T h e s e   n o t c h e s   25  and  27  a r e   f o r m e d  t o   s l i p   o v e r   t h e  

f i r s t   s t r a p   member   21  w h i c h   s e r v e s   t o   s u p p o r t   t h e   domed  q u a r t z  

s l e e v e   23 .   A l s o ,   a  s u b s t a n t i a l l y   c i r c u l a r - s h a p e d   s t r a p   29  

s u r r o u n d s   t h e   domed  q u a r t z   s l e e v e   23  n e a r   t h e   domed  p o r t i o n  

t h e r e o f   and   i s   a t t a c h e d   t o   t h e   s u p p o r t   m e m b e r   1 7 .  

W i t h i n   t h e   domed  q u a r t z   s l e e v e   23  i s   an  a r c   t u b e   31.  T h e  

a r c   t u b e   31  has   a  p i n c h   s e a l   a t   o p p o s i t e   e n d s   t h e r e o f ,   3 3  a n d  

35  r e s p e c t i v e l y .   M e t a l   f o i l  m e m b e r s   37  and  39  a r e   s e a l e d  i n t o  

t h e   p r e s s   s e a l s   33  and  35  and   e l e c t r i c a l   c o n d u c t o r s   41  a n d  4 3  

a r e   a t t a c h e d   to   t h e   f o i l   m e m b e r s   37  and  39  and   e x t e n d   o u t w a r d l y  

f r o m   t h e   p r e s s   s e a l s   33  and   35 .   A  f l e x i b l e   s u p p o r t   member   4 5  

i s   a f f i x e d   to   one  of  t h e   e l e c t r i c a l   c o n d u c t o r s   41  and  to   t h e  

s u p p o r t   member   17.   A l s o ,   a  l e a d   47  i s   a f f i x e d   to   t h e   o t h e r  

e l e c t r i c a l   c o n d u c t o r   43  w h i c h   p a s s e s   t h r o u g h   t h e   domed  p o r t i o n  

of  t h e   domed   q u a r t z   s l e e v e   23 .   M o r e o v e r ,   a  f l e x i b l e  

s p r i n g - l i k e   member   49  c o n n e c t s   t h e   l e a d   47  t o   t h e   o t h e r   one  1 5  

of   t h e   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  p a i r   o f  

g e t t e r s   51  and  53  a r e   a f f i x e d   to   t h e   e l e c t r i c a l   c o n d u c t o r s   13  

and   15  and   s e r v e   t o   p r o v i d e   and   m a i n t a i n   t h e   v a c u u m   w i t h i n   t h e  

e v a c u a t e d   o u t e r   e n v e l o p e   7  and   t h e   domed  q u a r t z   s l e e v e   2 3 .  

M o r e o v e r ,   a  p a i r   of  e l e c t r o d e s   55  and   57  p r o j e c t   i n t o   o p p o s i t e  

e n d s   of   t h e   a r c   t u b e   3 1 .  

R e f e r r i n g   more   s p e c i f i c a l l y   t o   t h e   a r c   t u b e   31.   i t   i s   to   b e  

n o t e d   t h a t   e a c h   of  t h e   e n d s   t h e r e o f   i m m e d i a t e l y   a d j a c e n t   a n d  

i n c l u d i n g   t h e   p r e s s   s e a l s   33  and  35  i s   c o a t e d   w i t h   a  w h i t e  

z i r c o n i u m   o x i d e   p a i n t   i n   o r d e r   to   p r o v i d e   a  w a l l   t e m p e r a t u r e  

o f i n c r e a s e d   u n i f o r m i t y .   A l s o ,   t h e   a r c   t u b e   31  c o n t a i n s   a  

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

M o r e o v e r ,   o t h e r   m e t a l   h a l i d e s   a r e   a l s o   s u i t a b l e   t o   t h e  

s t r u c t u r e .  

R e f e r r i n g   to   t h e   e n l a r g e d   s e c t i o n a l   v i e w   of  F IG .   2.  t h e  

d e t a i l s   of  t h e   e l e c t r o d e s   55  and  57  and  t h e   p r e s s   s e a l s   33  a n d  

35  can   be  more   c l e a r l y   s e e n .   S i n c e   b o t h   e n d s   of  t h e   s t r u c t u r e  



a r e   s i m i l a r ,   a  r e v i e w   of  one  end  s e r v e s   to   i l l u s t r a t e   t h e  

c o n f i g u r a t i o n .   As  c an   be  s e e n ,   an  e l e c t r o d e   55  i s   a t t a c h e d   t n  

a  f o i l   member   37  and  t h i s   e l e c t r o d e   55  i n c l u d e s   a  c o i l   59  

a f f i x e d   t h e r e t o .   A l s o ,   t h e   c o i l   59  i s   p o s i t i o n e d   on  t h e  

e l e c t r o d e   55  in  a  m a n n e r   to   p r o v i d e   a  s p e c i f i c   d i s t a n c e   f r o m  

t h e   p r e s s   s e a l   33  to   t h e   b a c k   of  t h e   c o i l   59  and  t h i s   d i s t a n c e  

i s   d e s i g n a t e d   t h e   b a c k   s p a c e   ( B S ) .   A l s o ,   t h e   e l e c t r o d e   5 5  

p r o j e c t s   i n t o   t h e   a r c   t u b e   31  f o r   a  g i v e n   d i s t a n c e   and  t h i s  

d i s t a n c e   f rom  t h e   p r e s s   s e a l   33  to   t h e   i n n e r   end  of  t h e  

e l e c t r o d e   55  is   known  as  t h e   i n s e r t i o n   l e n g t h   ( I L ) .  

I m p o r t a n t l y ,   i t   has   b e e n   f o u n d   t h a t   t h e   b a c k   s p a c e   (BS)  and  t h e  

i n s e r t i o n   l e n g t h   ( I L )   a r e   c r i t i c a l   p a r a m e t e r s   and  t h e   p r o d u c t  

t h e r e o f   p r o v i d e   a  d e s i g n   c r i t e r i a   w h i c h   may  be  r e f e r r e d   to   as  a  

f i g u r e   of  m e r i t   (FM).   To  r e p e a t ,   t h e   f i g u r e   of  m e r i t   (FM)  i s  

s u b s t a n t i a l l y   e q u a l   to   t h e   p r o d u c t   of  t h e   b a c k   s p a c e   (BS)  a n d  

t h e   i n s e r t i o n   l e n g t h   ( I L ) .   A c c o r d i n g l y ,   t h e   f i g u r e   of  m e r i t  

(FM)  p r o v i d e s   a  d i s c h a r g e   l amp   d e s i g n   c a p a b i l i t y   w h e r e b y  

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

As  to   t h e   a b o v e - d e s c r i b e d   f i g u r e   of  m e r i t   (FM),   i t   has   b e e n  

f o u n d   t h a t   a  b a c k   s p a c e   (BS)  or  t h e   d i s t a n c e   of  t h e   back   of  a  

c o i l   on  an  e l e c t r o d e   to   t h e   p r e s s   s e a l   i s   p r e f e r a b l y   in   t h e  

r a n g e   of  a b o u t   0 . 5  ±   0 . 2   mm  f o r   l a m p s   h a v i n g   a  f i g u r e   of  m e r i t  

(FM)  g r e a t e r   t h a n   a b o u t   1 . 0   and   l e s s   t h a n   1 . 5 .   A l s o ,   l a m p s  

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

a b o u t   0 . 0 1 7   i n c h   and  a  s p a c e   t h e r e b e t w e e n   of  a b o u t   1 .4   cm  a r e  

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

R e f e r r i n g   more   s p e c i f i c a l l y   t o   t h e   c o m p a r i s o n   c h a r t   o f  

F IG .   3.  t h e r e i n   a  c o m p a r i s o n   i s  p r o v i d e d   f o r   a  100  w a t t   m e t a l  

h a l i d e   d i s c h a r g e   l amp   w i t h   t h e   a b o v e - d e s c r i b e d   f i g u r e   of  m e r i t  

(FM)  c o m p a r e d   w i t h   b o t h   l amp   e f f i c a c y   and  a  c o l o r   t e m p e r a t u r e .  

As  can   r e a d i l y   be  s e e n ,   a  100  w a t t   m e t a l   h a l i d e   d i s c h a r g e   l a m p  

h a v i n g   a  f i g u r e   of  m e r i t   (FM)  g r e a t e r   t h a n   a b o u t   1 . 0   and  l e s s  

t h a n   a b o u t   1 .5   w o u l d   p r o v i d e   a  l amp  h a v i n g   an  e f f i c a c y   (LPW)  i n  



t h e   r a n g e   of  a b o u t   98%  to  93%  and  c o l o r   t e m p e r a t u r e   ( T c )   i n  

t h e   r a n g e   of  a b o u t   2 8 0 0 ° K   to  3 2 0 0 ° K .   T h u s .   i t   can   be  s e e n   t h a t  

a  100  w a t t   m e t a l   h a l i d e   d i s c h a r g e   l amp  c an   be  d e s i g n e d   t o   h a v e  

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

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

much  i m p r o v e d   o v e r   p r i o r   known  low  w a t t a g e   s t r u c t u r e s .  

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

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

to  t h o s e   s k i l l e d   in   t h e   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   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   f r o m   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  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   l amp  c o m p r i s i n g :  

an  e v a c u a t e d   o u t e r   e n v e l o p e ;  

a  domed  q u a r t z   s l e e v e   l o c a t e d   w i t h i n   s a i d   e v a c u a t e d  

o u t e r   e n v e l o p e ;   a n d  

an  a r c   t u b e   d i s p o s e d   w i t h i n   s a i d   domed  q u a r t z   s l e e v e ,  

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

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

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

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

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

( F M ) s u b s t a n t i a l l y   e q u a l   to   t h e   p r o d u c t   of  t h e   b a c k   s p a c e   ( B S )  

and  t h e   i n s e r t i o n   l e n g t h   ( I L )   w h e r e  

BS  =  d i s t a n c e   f rom  p r e s s   s e a l   to  c o i l  

IL  =  d i s t a n c e   f r o m   p r e s s   s e a l   to   end  of  e l e c t r o d e  

2.  The  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   l a m p   of  C l a i m   1 

w h e r e i n   t h e   o p e r a t i o n a l   v o l t a g e   of  s a i d   l amp  i s   a b o u t   100  v o l t s .  

3.  The  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   l a m p   of  C l a i m   1 

w h e r e i n   s a i d   f i g u r e   of  m e r i t   (FM)  i s   g r e a t e r   t h a n   a b o u t   1 .0   a n d  

l e s s   t h a n   a b o u t   1 . 5   and  s a i d   l amp  h a s   a  c o l o r   t e m p e r a t u r e   i n  

t h e   r a n g e   of  a b o u t   2800   to   3 2 0 0 ° K .  

4.  The  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   l a m p   of  C l a i m   1  

w h e r e i n   s a i d   f i g u r e   of  m e r i t   (FM)  i s   g r e a t e r   t h a n   a b o u t   1 . 0   a n d  

l e s s   t h a n   a b o u t   1 . 5   and  s a i d   l amp  h a s   an  e f f i c a c y   in   t h e   r a n g e  

of  a b o u t   93  to   98  l u m e n s   p e r   w a t t .  

5.  The  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   l a m p   of  C l a i m   1 

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

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



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

d i a m e t e r   of  a b o u t   0 . 0 1 7   i n c h , a r e   s p a c e d   f r o m   one  a n o t h e r   b y  

a b o u t   1 . 4   cm  and  t h e   l amp  o p e r a t i n g   v o l t a g e   i s   a b o u t   100  v o l t s .  

7.  The  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   l a m p   of  C l a i m  1  

w h e r e i n   s a i d   b a c k   s p a c e   (BS)  i s   in   t h e   r a n g e   of  a b o u t   0 . 5  ±  

0 . 2   mm. 

8.  The  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   l a m p   of  C l a i m   1  

w h e r e i n   s a i d   f i g u r e   of  m e r i t   (FM)  i s   g r e a t e r   t h a n   1 . 0   and  l e s s  

t h a n   1 . 5   and  s a i d   o p e r a t i o n a l   v o l t a g e   i s   a b o u t   100  v o l t s .  

9.  In  a  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   l amp   h a v i n g   a n  

e v a c u a t e d   o u t e r   e n v e l o p e   w i t h   a  domed  q u a r t z   s l e e v e   l o c a t e d  

t h e r e i n   and   an  a r c   t u b e   p o s i t i o n e d   w i t h i n   s a i d   domed  q u a r t z  

s l e e v e ,   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   a r c   t u b e   i n c l u d e s   a  f i l l  

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

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

s p a c e d   f r o m   s a i d   p r e s s   s e a l   and  f r o m   t h e   end   of  s a i d   e l e c t r o d e  

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

of  m e r i t   (FM)  s u b s t a n t i a l l y   e q u a l   t o   t h e   p r o d u c t   of   t h e   b a c k  

s p a c e   (BS)  and  t h e   i n s e r t i o n   l e n g t h   ( I L )   w h e r e  

BS  =   d i s t a n c e   f r o m   p r e s s   s e a l   to   c o i l  

I L  =   d i s t a n c e   f r o m   p r e s s   s e a l   to   e n d   of  e l e c t r o d e  

10.   The  i m p r o v e m e n t   of  C l a i m   9  w h e r e i n   s a i d   f i g u r e   o f  

m e r i t   i s   g r e a t e r   t h a n   a b o u t   1 . 0   and  l e s s   t h a n   a b o u t   1 . 5 .  

11.   The  i m p r o v e m e n t   of  C l a i m   9  w h e r e i n   s a i d   b a c k   s p a c e  

(BS)  i s   i n   t h e   r a n g e   of  a b o u t   0 . 5  ±   0 . 2   mm. 



12.  The  i m p r o v e m e n t   of  C l a i m   9  w h e r e i n   s a i d   a r c   t u b e  

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

h a l i d e s .  

13.   The  i m p r o v e m e n t   of  c l a i m   9  w h e r e i n   s a i d   d i s c h a r g e   l a m p  

i s   o p e r a t i o n a l   a t   a b o u t   100  v o l t s ,   s a i d   f u s e   t u b e   has   a  f i g u r e  

of  m e r i t   (FM)  g r e a t e r   t h a n   1 . 0   and  l e s s   t h a n   1 . 5 ,   s a i d  

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

0 . 1 7   i n c h   and  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   one  a n o t h e r   b y  

a b o u t   1 . 4   c m .  

14.   The  i m p r o v e m e n t   of  C l a i m   9  w h e r e i n   s a i d   e l e c t r o d e s  

h a v e   a  f i g u r e   of  m e r i t   g r e a t e r   t h a n   1 . 0   and   l e s s   t h a n   a b o u t   1 . 5  

and  s a i d   lamp  has   a  c o l o r   t e m p e r a t u r e   in   t h e   r a n g e   of  a b o u t  

2800   t o   3 2 0 0 ° K .  
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