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CROSS  REFERENCE  TO  OTHER  APPLICATIONS 

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   t o  

s i n g l e - e n d e d   meta l   h a l i d e   d i s c h a r g e   lamps  and  the  f a b r i c a t i o n  

t h e r e o f :   A t t o r n e y ' s   Docket  No.  24 ,445 ;   24 ,213;   8 3 - 1 - 0 5 8 ;   a n d  

8 3 - 1 - 0 8 5 .  

TECHNICAL  FIELD 

This  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   meta l   h a l i d e   d i s c h a r g e  

lamps  and  the  m a n u f a c t u r e   of  such  lamps  and  more  p a r t i c u l a r l y   t o  

s i n g l e - e n d e d   meta l   h a l i d e   d i s c h a r g e   lamps  having   a  s t a b i l i z e d   a r c  

and  an  enve lope   formed  for   i s o t h e r m a l   o p e r a t i o n .  

BACKGROUND  OF THE  INVENTION 

In  the  f i e l d   of  p r o j e c t o r s ,   o p t i c a l   l ens   sys tems  and  s i m i l a r  

a p p l i c a t i o n s   r e q u i r i n g   a  r e l a t i v e l y   i n t e n s e   source   of  l i g h t ,   i t   h a s  

been  a  common  p r a c t i c e   to  employ  a  l i g h t   source   in  the  form  of  a  

t u n g s t e n   lamp.  Al though  t u n g s t e n   or  t u n g s t e n   h a l o g e n   lamps  do  h a v e  

c e r t a i n   d e s i r a b l e   f e a t u r e s   such  as  low  c o s t ,   d e s i r a b l e   c o l o r  

f e a t u r e s   e n h a n c i n g   skin  tones   and  do  not  r e q u i r e   a  s p e c i a l   power  

source ,   s e v e r a l   u n d e s i r a b l e   f e a t u r e s   are  u n f o r t u n a t e l y   a l s o  

p r e s e n t .   For  example,   s t r u c t u r e s   employing  a  t u n g s t e n   source   do  n o t  

g e n e r a t e   enough  blue  l i g h t ,   tend  to  u n d e s i r a b l y   g e n e r a t e   l a r g e  

amounts  of  hea t   which  n e c e s s i t a t e s   e x p e n s i v e   and  cumbersome  c o o l i n g  



devices   l o c a t e d   a d j a c e n t   the  l i g h t   s o u r c e ,   and  tend  to  e x h i b i t   a  

r e l a t i v e l y   s h o r t   l i f e   such  as  an  o p e r a t i o n a l   p e r i o d   of  about   10  t o  

20  hours .   Thus,   i t   is  not  uncommon  to  r e p l a c e   the  l i g h t  s o u r c e   e a c h  

time  the  a p p a r a t u s   is  employed.   o b v i o u s l y ,   such  i n c o n v e n i e n c e   and  

expense  l e a v e s   much  to  be  d e s i r e d .   Moreover ,   s c r een   i l l u m i n a t i o n   i s  

l i m i t e d   due  to  the  i n a b i l i t y   to  i n c r e a s e   s u r f a c e   l uminance   much 

beyond  3400°  K  wh i l e   the  m e c h a n i c a l   body  s t r u c t u r e   is  r i g i d   l e a d i n g  

to  d e s t r u c t i o n   d u r i n g   o p e r a t i o n   by  chemica l   means  and  by  v i b r a t i o n  

or  s h o c k .  

An  improvement   over  the  a b o v e - d e s c r i b e d   system  is  p r o v i d e d   by  

the  use  of  me t a l   h a l i d e   d i s c h a r g e   lamps  as  a  l i g h t   s o u r c e .   F o r  

example,   a  common  form  of  high  p r e s s u r e   me ta l   h a l i d e   d i s c h a r g e   l amp  

is  d i s c l o s e d   in  U.S.  P a t e n t   No.  4 , 1 6 1 , 6 7 2 .   T h e r e i n ,   a  d o u b l e - e n d e d  

arc  tube  or  an  arc  tube  having  e l e c t r o d e s   s e a l e d   i n to   d i a m e t r i c a l l y  

o p p o s i t e   ends  is  employed  in  c o n j u n c t i o n   with  an  e v a c u a t e d   or  n o b l e  

gas  f i l l e d   o u t e r   e n v e l o p e .   However,  i t   has  been  found  t h a t   s u c h  

s t r u c t u r e s   are   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   and  are  o b v i o u s l y  

not  a p p r o p r i a t e   for   use  in  p r o j e c t o r s   or  o t h e r   o p t i c   l e n s - t y p e  

a p p a r t u s .  

As  to  s i n g l e - e n d e d   meta l   h a l i d e   arc  d i s c h a r g e   lamps ,   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  

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

a p p l i c a t i o n .   However,  any  one  or  a l l   of  the  a b o v e - m e n t i o n e d   p a t e n t s  

leave  s o m e t h i n g   to  be  d e s i r e d   i n s o f a r   as  s t a b i l i t y   of  the  arc  a n d  

i s o t h e r m a l   u n i f o r m i t y   of  the  d i s c h a r g e   lamp  are  c o n c e r n e d .  

OBJECTS  AND  SUMMARY  OF  THE  INVENTION 

An  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  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   h igh  i n t e n s i t y   d i s c h a r g e   lamp.  Another   o b j e c t   of  t h e  

i n v e n t i o n   is  to  enhance  the  c a p a b i l i t i e s   of  s i n g l e - e n d e d   h i g h  

i n t e n s i t y   d i s c h a r g e   lamps.   S t i l l   a n o t h e r   o b j e c t   of  the  i n v e n t i o n   i s  



to  p rov ide   a  s i n g l e - e n d e d   high  i n t e n s i t y   d i s c h a r g e   lamp  hav ing   an  

improved  s t r u c t u r a l   c o n f i g u r a t i o 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   is  to  provide   an  improved  p r o c e s s   for  m a n u f a c t u r i n g  

s i n g l e - e n d e d   high  i n t e n s i t y   d i s c h a r g e   l a m p s .  

-  These  and  o the 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  

ach i eved   in  one  a spec t   of  the  i n v e n t i o n   by  a  s i n g l e - e n d e d   h i g h  

p r e s s u r e   high  i n t e n s i t y   d i s c h a r g e   lamp  hav ing   a  p a i r   of  e l e c t r o d e s  

each  i n c l u d i n g   a  metal   rod  with  a  s p h e r i c a l   b a l l   on  the  end  t h e r e o f  

sea led   in to   and  pass ing   th rough   one  end  of  an  e l l i p t i c a l - s h a p e d  

envelope   of  fused   s i l i c a   c o n t a i n i n g   a  m e t a l - b e a r i n g   mercury   f i l l  

t h e r e i n .  

In  a n o t h e r   a spec t   of  the  i n v e n t i o n ,   a  p r o c e s s   for   m a n u f a c t u r i n g  

s i n g l e - e n d e d   meta l   h a l i d e   d i s c h a r g e   lamps  is  p r o v i d e d   where in   a  p a i r  

of  e l e c t r o d e s   each  h a v i n g  a   s p h e r i c a l   b a l l   on  the  end  of  a  meta l   r o d  

are  s e a l e d   in to   one  end  of  an  e l l i p t i c a l - s h a p e d   fused   s i l i c a  

enve lope ,   and  the  envelope   is  f i l l e d   wi th   u n s a t u r a t e d   m e t a l - b e a r i n g  

m e r c u r y .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  c r o s s - s e c t i o n a l   view  of  one  embodiment  of  a  

s i n g l e - e n d e d   high  i n t e n s i t y   d i s c h a r g e   lamp  of  the  i n v e n t i o n ;  

FIG.  2  is  a  d i ag rammat ic   i l l u s t r a t i o n   of  the  d i s c h a r g e   a n d  

c o n v e c t i o n   gas  flow  for  v e r t i c a l   o p e r a t i o n   of  the  d i s c h a r g e   lamp  o f  

FIG.  1 ;  

FIG.  3  is  ano ther   i l l u s t r a t i o n   of  the  d i s c h a r g e   lamp  of  FIG.  1  

showing  the  approx imate   e l e c t r i c   f i e l d   l i n e s   of  f o r ce   between  t h e  

e l e c t r o d e s   of  the  lamp;  a n d  

FIG.  4  is  a  p h o t o g r a p h ,   100  X  e n l a r g e m e n t ,   of  an  e l e c t r o d e   o f  

the  embodiment  of  FIG.  1 .  



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  the  p r e s e n t   i n v e n t i o n ,   t o g e t h e r  

with  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   and  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   is  made  to  the  f o l l o w i n g   d i s c l o s u r e   and  appended  c la ims  i n  

c o n n e c t i o n   wi th   the  accompanying   d r a w i n g s .  

R e f e r r i n g   to  the  d r a w i n g s ,   FIG.  1  i l l u s t r a t e s   a  low  w a t t a g e  

metal   h a l i d e   lamp  hav ing   a  body  p o r t i o n   5  of  a  m a t e r i a l   such  a s  

fused  s i l i c a .   This  f u s e d   s i l i c a   body  p o r t i o n   5  is  formed  to  p r o v i d e  

an  e l l i p t i c a l - s h a p e d   i n t e r i o r   p o r t i o n   7  having   a  major   and  m i n o r  

d i a m e t r i c a l   m e a s u r e m e n t ,   "X"  and  "Y"  r e s p e c t i v e l y ,   in  a  r a t i o   o f  

about  2 :1 .   Moreover ,   the  e l l i p t i c a l - s h a p e d   i n t e r i o r   p o r t i o n   7 

p r e f e r a b l y   has  a  h e i g h t   "Z"  s u b s t a n t i a l l y   equal   to  the  m i n o r  

d i m e n s i o n a l   measu remen t   " Y " .  

Sea l ed   i n to   one  end  of  and  p a s s i n g   th rough  the  body  p o r t i o n   5  i s  

a  pa i r   of  e l e c t r o d e s   9  and  11 .   Each  of  the  e l e c t r o d e s   9  and  11 

i n c l u d e s   a  me ta l   rod  13  wi th   a  s p h e r i c a l   b a l l   15  on  the  end  t h e r e o f  

w i th in   the  e l l i p t i c a l - s h a p e d   i n t e r i o r   p o r t i o n   7.  P r e f e r a b l y ,   t h e  

e l e c t r o d e s   9  and  11  are  p o s i t i o n e d   w i t h i n   the  e l l i p t i c a l - s h a p e d  

i n t e r i o r   p o r t i o n   7  in  a  manner  such  t h a t   the  end  of  the  s p h e r i c a l  

b a l l s   15  of  the  e l e c t r o d e s   9  and  11  is  s u b s t a n t i a l l y   e q u a l l y   s p a c e d  

from  the  i n t e r i o r   p o r t i o n   7  i n s o f a r   as  the  major   and  minor  axes  "X" 

and  "Y"  and  a l so   s u b s t a n t i a l l y   at  the  m idpo in t   of  the  h e i g h t   " Z " .  

Also ,   a  m e t a l - b e a r i n g   mercury   f i l l   is  d i s p o s e d   w i t h i n   t h e  

e l l i p t i c a l - s h a p e d   i n t e r i o r   p o r t i o n   7.  For  example ,   mercury   d o s e d  

with  a  me t a l   h a l i d e   such  as  sodium  and  scandium  a long   wi th   argon  i s  

an  a p p r o p r i a t e   f i l l   fo r   a  low  w a t t a g e   meta l   h a l i d e   d i s c h a r g e   l a m p .  

S p e c i f i c a l l y ,   a  5 0 - w a t t   d i s c h a r g e   lamp  having   an  e l l i p t i c a l - s h a p e d  

i n t e r i o r   p o r t i o n   7  w i th   a  volume  of  about  .1  cm3  was  f i l l e d   w i t h  

about  3.0  mgms  of  m e r c u r y ,   1.9  mgms  of  sodium  and  scand ium  in  a  

molar  r a t i o   of  about   20:1  and  argon  at  a  p r e s s u r e   of  about   200 



t o r r .   O p e r a t i o n a l   t e s t i n g   p rov ided   an  i n i t i a l   lumen  o u t p u t   of  a b o u t  

3100  lumens  wi th   a  lumen  ma in t enance   of  about   84%  a f t e r   160  hours  o f  

o p e r a t i o n a l   l i f e .  

R e f e r r i n g   more  s p e c i f i c a l l y   to  the  a b o v e - d e s c r i b e d  

e l l i p t i c a l - s h a p e d   i n t e r i o r   p o r t i o n   7,  FIG.  2  of  the  d r a w i n g s  

i l l u s t r a t e s   the  e l e c t r o d e s   9  and  11  each  hav ing   a  s p h e r i c a l   b a l l   15 

thereon   and  spaced   a long  the  major  ax i s   "X"  and  s u b s t a n t i a l l y   e q u a l  

d i s t a n c e   from  the  w a l l s   17  of   the  i n t e r i o r   p o r t i o n   7.  As  c a n  

r e a d i l y   be  seen ,   the  body  p o r t i o n   5  is  p r e f e r a b l y   v e r t i c a l l y  

p o s i t i o n e d   such  t h a t   the  s p h e r i c a l   b a l l s   15  are  l o c a t e d   one  above  

the  o t h e r .   As  a  r e s u l t ,   a  gas  flow  p a t t e r n   is  p r o v i d e d ,   a s  

i n d i c a t e d   by  the  a r r o w s ,   wherein   cool   gas  t ends   to  flow  down  t h e  

o u t s i d e   wal l   17  of  the  i n t e r i o r   p o r t i o n   7  and  is  drawn  i n t o  t h e  

e l l i p t i c a l - s h a p e d   arc  or  plasma  column  22  at  the  bot tom  e l e c t r o d e  

11.  The  s p h e r i c a l   b a l l   15  of  the  bo t tom  e l e c t r o d e   11  p r o v i d e s   a  

s p h e r i c a l   e x t e n s i o n ,   which  w i l l   be  e x p l a i n e d   h e r e i n a f t e r ,   and,  i n  

t u rn ,   p r o d u c e s   gas  f low  p inch ing   or  a  v e n t u r i   a c t i o n   20  at  the  a r c  

te rminus   of  the  s p h e r i c a l   b a l l   15  of  the  bo t tom  e l e c t r o d e   11.  I n  

th i s   manner,   arc  t e r m i n u s   wander ing   is  m i n i m i z e d .   Also,   the  g a s  

atoms  are  h e a t e d   in  the  plasma  column  22,  and  the  u p p e r  e l e c t r o d e   9 

acts   as  a  d e f l e c t o r   which  spreads   the  hot   gases   r e a c h i n g   the  top  o f  

the  body  p o r t i o n   5  of  the  e l l i p t i c a l - s h a p e d   arc  tube .   M o r e o v e r ,  

i n f r a r e d   m e a s u r e m e n t s   of  the  t e m p e r a t u r e   of  the  wal l   17  d u r i n g  

o p e r a t i o n   of  the  arc  tube  i n d i c a t e   l e s s   than  a  20%  t e m p e r a t u r e  

v a r i a t i o n   at  a  wa l l   t e m p e r a t u r e   of  about   1100°  C.  Thus,  t h e  

a b o v e - d e s c r i b e d   e l l i p t i c a l - s h a p e d   i n t e r i o r   p o r t i o n   7  and  t h e  

e l l i p t i c a l - s h a p e d   arc  22  p rov ide   a  c o n v e c t i o n   c u r r e n t   f low;  21  o f  

FIG.  2,  which  is  s u b s t a n t i a l l y   u n i f o r m   and  f r ee   from  u n d e s i r e d  

t u r b u l e n c e   such  t h a t   arc  s t a b i l i t y ,   which  is  p a r t i c u l a r l y   i m p o r t a n t  

in  p r o j e c t o r s   and  l e n s   sys t ems ,   is  p r o v i d e d .  



A d d i t i o n a l l y ,   i t   has  been  noted  t h a t   the  a b o v e - d e s c r i b e d   a r c  

tends  to  wander  about   the  c o n t a c t   r e g i o n   of  the  s p h e r i c a l   b a l l s   15 

i n i t i a l l y .   However,  i t   has  been  found  t h a t   the  employing  of  a  

season ing   s t ep   in  the  m a n u f a c t u r i n g   p r o c e s s   tends   to  c a u s e  

development   of  p r o t u b e r a n c e s   24  of  (FIG.  4)  on  each  one  of  the  b a l l s  

15.  As  a  r e s u l t ,   the  p r o t u b e r a n c e s   24 tend   to  min imize   the  arc  g a p  
between  the  s p h e r i c a l   b a l l s   15  of  the  e l e c t r o d e s   9  and  11  and  f o r c e  

the  arc  to  have  c e n t r a l l y   l o c a t e d   t e r m i n a t i o n   p o i n t s   on  each  of  t h e  

e l e c t r o d e s   9  and  1 1 .  

Al though  not  c o m p l e t e l y   u n d e r s t o o d ,   i t   is  b e l i e v e d   t h a t   t h e  

a b o v e - d e s c r i b e d   p r o t u b e r a n c e s   24  of  (FIG.  4)  are  of  a  s i z e   w h i c h  

depends  upon  the  l o c a l   m a t e r i a l   p r o p e r t i e s   and  the  f i e l d   s t r e n g t h  

and  gas  f low  p r o p e r t i e s .   Moreover ,   the  growth  f o r m a t i o n   a l s o  

appears   to  be  a  f u n c t i o n   of  the  e l e c t r o d e   s i z e   and  t e m p e r a t u r e .  

Thus,  the  lower   the  o p e r a t i n g   t e m p e r a t u r e   the  l o n g e r   the  s e a s o n i n g  

time  r e q u i r e d .  

As  a  s p e c i f i c   example ,   a  0 . 0 1 7 - i n c h   t u n g s t e n   rod  hav ing   a  b a l l  

15  the reon   of  about   0 . 0 2 5 - i n c h   was  o p e r a t e d   in  a  1 0 0 - w a t t   m e t a l  

h a l i d e   f i l l e d   d i s c h a r g e   lamp  d rawing   about   1.6  amperes  of  c u r r e n t .  

Af te r   about   15  m inu t e s   of  " s e a s o n i n g "   at  normal  o p e r a t i o n a l  

c o n d i t i o n s ,   i t   was  found  t h a t   the  arc   s t a b i l i z e d   and  one  or  more  

p r o t u b e r a n c e s   a p p e a r e d   on  the  s u r f a c e   of  the  s p h e r i c a l   b a l l s   15  o f  

the  e l e c t r o d e s   9  and  11.  Thus,  the  s u r f a c e   b reakup   in to   p l a t e l e t s  

and  f o r m a t i o n   of  the  p r o t u b e r a n c e s   on  the  s p h e r o i d   b a l l s   15  i n h i b i t s  

any  wander ing   of  the  arc  and  enhances   the  l i g h t   s o u r c e .  

A d d i t i o n a l l y ,   i t   is  to  be  no ted   t h a t   an  arc  s o u r c e ,   such  as  a  

metal   h a l i d e   d i s c h a r g e   lamp,  p r o v i d e s   not   only  h i g h e r   l uminance   b u t  

also  h i g h e r   e f f i c a c y   than  a  t u n g s t e n   s o u r c e .   Also,   a  me ta l   h a l i d e  

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

source .   S p e c i f i c a l l y ,   a  1 0 0 - w a t t   me ta l   h a l i d e   d i s c h a r g e   l a m p  

e x i h i b i t s   a  p lasma  hav ing   a  minimum  l u m i n a n c e   i n t e r m e d i a t e   t h e  

s p h e r i c a l   b a l l s   15  and  a  maximum  l u m i n a n c e   at  or  near   the  s p h e r i c a l  



b a l l s   15.  Horeover ,   the  plasma  column  is  no rmal ly   about  1  to  2  mm 

in  d i a m e t e r   and  about  3  mm  in  l e n g t h .   However,  a  t u n g s t e n   source  i s  

about  2.5  mm  in  d i a m e t e r   and  8  mm  in  l e n g t h   with  the  l u m i n a n c e  

va ry ing   in  a  s i n u s o i d a l   manner  over  the  l e n g t h   of  the  t u n g s t e n  

s o u r c e .  

Fo l lowing   is  a  t a b l e ,   Table  I,  showing  a  compar i son   i n  

luminance ,   e f f i c a c y   and  s ize   of  a  t u n g s t e n   s o u r c e ,   a  high  p r e s s u r e  

xenon  source   and  a  me ta l   h a l i d e   lamp  s o u r c e :  

As  can  r e a d i l y   be  seen,   the  t u n g s t e n   source   at  300  w a t t s  

p rov ides   about   33  lumens  per  wa t t   as  compared  with  65  L/W  for   a  

100-wat t   meta l   h a l i d e   lamp.  Also,   t e s t s   in  a  35  mm  p r o j e c t i o n  

system  i n d i c a t e   an  ou tpu t   of  about   10 ,000  lumens  from  the  3 0 0 - w a t t  

t u n g s t e n   source   is  e q u i v a l e n t   to  t h a t   of  the  6,500  lumens  from  t h e  

100-wat t   meta l   h a l i d e   lamp  s o u r c e .   The  long  w a v e l e n t h   r a d i a t i o n   and  

the  m i s d i r e c t e d   v i s i b l e   l i g h t   of  the  t u n g s t e n   source   tends   to  b e  

absorbed  as  hea t   by  the  f i lm  of  a  p r o j e c t o r .   Thus,  is  has  b e e n  

found  t h a t   the  t u n g s t e n   lamp  g e n e r a t e s   a b o u t  2 7 0   w a t t s   of  hea t   a s  

compared  to  about  90  wa t t s   or  about   1/3  t h e r e o f   by  the  meta l   h a l i d e  

lamp  and  a s s o c i a t e d   power  s u p p l y .  



F u r t h e r ,   the  xenon  source   shows  a  r e l a t i v e l y   high  l u m i n a n c e  

c a p a b i l i t y   but  a  r e l a t i v e l y   low  e f f i c a c y   c a p a b i l i t y .   Thus,   a  lumen 

output   of  the  xenon  source   which  is  comparable   to  t h a t   p r o v i d e d   by  a  

100-wa t t   me ta l   h a l i d e   lamp  would  n e c e s s i t a t e   a  xenon  sou rce   of  a b o u t  

200  wa t t s   in  o r d e r   to  compensa te   for   a  r e l a t i v e l y   poor  e f f i c a c y  

c a p a b i l i t y .   Moreover ,   a  xenon  source   has  a  r e l a t i v e l y   s m a l l  

d i a m e t e r ,   about   0.5  mm  in  the  example ,   as  compared  wi th   a  m e t a l  

h a l i d e   lamp,  about   1.0  mm,  w h i c h  g r e a t l y   and  u n d e s i r a b l y   r e d u c e s   t h e  

t o l e r a n c e s   or  v a r i a t i o n s   in  p o s i t i o n e d   l o c a t i o n   of  the  arc  s o u r c e  

when  employed  wi th   a  r e f l e c t o r   in  a  p r o j e c t i o n   sys tem.   In  o t h e r  

words,  p o s i t i o n a l   a d j u s t m e n t   of  an  arc  source  in  a  xenon  lamp  i s  

much  more  c r i t i c a l   than  in  a  me ta l   h a l i d e   d i s c h a r g e   lamp  s y s t e m .  

A c c o r d i n g l y ,   a  s i n g l e - e n d e d   meta l   h a l i d e   d i s c h a r g e   lamp  has  b e e n  

p rov ided   whe re in   e l e c t r o d e s   are  d i s p o s e d   w i t h i n   an  e l l i p t i c a l - s h a p e d  

i n t e r i o r   p o r t i o n   of  a  fused   s i l i c a   e n v e l o p e .   This  e l l i p t i c a l - s h a p e d  

envelope   i n t e r i o r ,   in  c o n j u n c t i o n   with  an  e l l i p t i c a l - s h a p e d   a r c  

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

of  the  fu sed   s i l i c a   enve lope   fo rming   the  d i s c h a r g e   lamp.  M o r e o v e r ,  

i t   has  been  found  p o s s i b l e   to  p r o v i d e   a  s t a b i l i z e d   arc  which  i s  

. p a r t i c u l a r l y   i m p o r t a n t   in  the  o p e r a t i o n   of  p r o j e c t o r   and  o p t i c   l e n s  

a p p a r a t u s .  

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   w i l l   b e  

obvious  to  those   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.  A  s i n g l e - e n d e d   metal   h a l i d e   d i s c h a r g e   lamp  c o m p r i s i n g :  

a  fused   s i l i c a   e l l i p t i c a l - s h a p e d   e n v e l o p e   having  major  and  m i n o r  

a x e s ;  

a  p a i r   of  e l e c t r o d e s   s e a l e d   i n to   and  p a s s i n g   through  one  end  o f  

sa id   enve lope   with  each  of  sa id   e l e c t r o d e s   i n c l u d i n g   a  meta l   r o d  

having  a  s p h e r i c a l   b a l l   on  the  end  t h e r e o f   i n t e r i o r   of  s a i d  

enve lope ,   s a id   e l e c t r o d e s   being  spaced   from  one  a n o t h e r  a l o n g   s a i d  

major  axis   of  s a id   e n v e l o p e ;   a n d  

a  meta l   h a l i d e   dosed  high  p r e s s u r e   mercury   f i l l   w i t h i n   s a i d  

envelope  whereby  i s o t h e r m a l   o p e r a t i o n   of  s a id   e l l i p t i c a l - s h a p e d  

envelope   is  s u b s t a n t i a l l y   e f f e c t e d .  

2.  The  meta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1  where in   s a i d  

e l e c t r o d e s   are  each  spaced  at  a  s u b s t a n t i a l l y   un i form  d i s t a n c e   f r o m  

said  e n v e l o p e .  

3.  The  meta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1  where in   s a i d  

e l l i p t i c a l - s h a p e d   enve lope   has  major   and  minor  axes  in  a  r a t i o   o f  

about  2 : 1 .  

4.  The  meta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1  where in   s a i d  

s p h e r i c a l   b a l l   of  each  one  of  s a id   p a i r   of  e l e c t r o d e s  h a s   a  

p r o t u b e r a n c e   t h e r e o n   of  a  s ize   which  v a r i e s   with  the  m a t e r i a l   and 

o p e r a t i o n a l   t e m p e r a t u r e   of  sa id   s p h e r i c a l   b a l l .  



5.  The  meta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1  where in   s a i d  

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

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

e n v e l o p e .  

6.  I n  a   meta l   h a l i d e   d i s c h a r g e   lamp  having  an  enve lope   of  f u s e d  

s i l i c a   wi th   a  f i l l   of  meta l   h a l i d e   dosed  high  p r e s s u r e   m e r c u r y ,   t h e  

improvement  where in   s a id   e n v e l o p e   has  an  e l l i p t i c a l   shape  wi th   a  

major  and  minor  axes  and  a  p a i r   of  e l e c t r o d e s   are  s e a l e d   i n to   one  

end  of  s a id   e l l i p t i c a l - s h a p e d   e n v e l o p e   with  each  e l e c t r o d e   hav ing   a  

meta l   rod  wi th   a  s p h e r i c a l   b a l l   on  the  end  t h e r e o f   i n t e r i o r l y   o f  

sa id   e n v e l o p e .  

7.  The  improvement   of  Claim  6  where in   sa id   major  and  minor  a x e s  

of  s a id   e l l i p t i c a l - s h a p e d   e n v e l o p e   are  in  a  r a t i o   of  about   2 : 1 .  

8.  The  improvement   of  Claim  6  where in   each  of  s a id   e l e c t r o d e s  

is  spaced  s u b s t a n t i a l l y   u n i f o r m l y   from  sa id   e n v e l o p e .  

9.  The  improvement   of  Claim  6  where in   sa id   e l e c t r o d e s   and  f i l l  

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

spaced  from  sa id   e l l i p t i c a l - s p a c e d   e n v e l o p e .  

10.  The  improvement   of  Claim  6  where in   sa id   d i s c h a r g e   lamp  is  a  

50 -wa t t   lamp  having  a  lumen  m a i n t e n a n c e   of  about  84%  at  160  hours   o f  

o p e r a t i o n .  

11.  The  improvement   of  Claim  6  where in   each  of  s a id   s p h e r i c a l  

b a l l s   of  each  of  s a id   e l e c t r o d e s   has  a  p r o t u b e r a n c e   t h e r e o n   w h e r e b y  

s t a b i l i t y   of  a  d e v e l o p e d   arc  is  e n h a n c e d .  
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