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@  A  single-ended  metal  halide  discharge  lamp  including  a 
fused  silica  elliptical-shaped  envelope  which  is  filled  with  a  me- 
tal  halide  dosed  high  pressure  mercury  fill  and  wherein  a  pair  of 
electrodes  each  having  a  metal  rod  with  a  ball  on  the  end 
thereof  are  sealed  whereby  isothermal  operation  of  the  ellipti- 
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also  provided  wherein  an  elliptical-shaped  envelope  is  formed, 
a  pair  of  electrodes  having  metal  rods  with  a  ball  on  the  end 
thereof  are  sealed  into  one  end  of  the  envelope,  and  the  enve- 
lope  is  filled  with  a  metal  halide  dosed  high  pressure  mercury 
fill. 
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ACTORUM  AG 

  A  single-ended  metal  halide  discharge  lamp  including  a 
fused  silica  elliptical-shaped  envelope  which  is  filled  with  a  me- 
tal  halide  dosed  high  pressure  mercury  fill  and  wherein  a  pair  of 
electrodes  each  having  a  metal  rod  with  a  ball  on  the  end 
thereof  are  sealed  whereby  isothermal  operation  of  the  ellipti- 
cal-shaped  envelope  is  effected.  A  manufacturing  process  is 
also  provided  wherein  an  elliptical-shaped  envelope  is  formed, 
a  pair  of  electrodes  having  metal  rods  with  a  ball  on  the  end 
thereof  are  sealed  into  one  end  of  the  envelope,  and  the  enve- 
lope  is  filled  with  a  metal  halide  dosed  high  pressure  mercury 
fill. 



CROSS  REFERENCE  TO  OTHER  APPLICATIONS 

The  following  concurrent ly   f i led   a p p l i c a t i o n s   r e l a t e   to  

s ingle-ended  metal  hal ide  discharge  lamps  and  the  f a b r i c a t i o n  

thereof :   At to rney ' s   Docket  Nos.  24,445;  24,213;  24,823;  and 

83-1-085.  

TECHNICAL  FIELD 

This  invention  r e l a t e s   to  s ingle-ended  metal  hal ide   d i scha rge  

lamps  and  the  manufacture  of  such  lamps  and  more  p a r t i c u l a r l y   to  

s ingle-ended  metal  halide  discharge  lamps  having  a  s t a b i l i z e d   arc  
and  an  envelope  formed  for  isothermal  o p e r a t i o n .  

BACKGROUND  OF  THE  INVENTION 

In  the  f i e ld   of  p r o j e c t o r s ,   op t ica l   lens  systems  and  s i m i l a r  

app l i ca t ions   requ i r ing   a  r e l a t i v e l y   intense  source  of  l i gh t ,   it  has 

been  a  common  p rac t i ce   to  employ  a  l igh t   source  in  the  form  of  a 

tungsten  lamp.  Although  tungsten  or  tungsten  halogen  lamps  do  have 

cer ta in   de s i r ab l e   fea tures   such  as  low  cost,   d e s i r a b l e   c o l o r  

fea tures   enhancing  skin  tones  and  do  not  require   a  spec ia l   power 

source,  several   undes i rable   fea tures   are  u n f o r t u n a t e l y   a l s o  

present .   For  example,  s t r u c t u r e s   employing  a  tungsten  source  do  not  

generate  enough  blue  l i gh t ,   tend  to  undes i rably   genera te   l a r g e  

amounts  of  heat  which  n e c e s s i t a t e s   expensive  and  cumbersome  cool ing  



devices  located  adjacent   the  l igh t   source,  and  tend  to  exhibi t   a 
r e l a t i v e l y   short  l i f e   such  as  an  ope ra t i ona l   period  of  about  10  t o  
20  hours.  Thus,  it  is  not  uncommon  to  replace  the  l igh t   source  each 
time  the  apparatus  is  employed.  Obviously,  such inconvenience  and 

expense  leaves  much  to  be  des i red.   Moreover,  screen  i l lumina t ion   i s  
l imited  due  to  the  i n a b i l i t y   to  increase  surface  luminance  much 

beyond  3400°  K  while  the  mechanical  body  s t ruc tu re   is  r igid  l e a d i n g  
to  des t ruc t ion   during  operat ion  by  chemical  means  and  by  v i b r a t i o n  

or  shock. 

An  improvement  over  the  above-descr ibed  system  is  provided  by 
the  use  of  metal  hal ide   discharge  lamps  as  a  l igh t   source.  For 

example,  a  common  form  of  high  pressure   metal  halide  discharge  lamp 
is  disclosed  in  U.S.  Patent  No.  4,161,672.   Therein,  a  double-ended 

arc  tube  or  an  arc  tube  having  e l ec t rodes   sealed  into  d i a m e t r i c a l l y  
opposite  ends  is  employed  in  conjunct ion  with  an  evacuated  or  noble  

gas  f i l l e d   outer  envelope.  However,  it  has  been  found  that  such 
s t ruc tu res   are  r e l a t i v e l y   expensive  to  manufacture  and  are  obv ious ly  
not  appropr ia te   for  use  in  p ro j ec to r s   or  other  optic  l e n s - t y p e  

a p p a r t u s .  
As  to  s ing le -ended   metal  hal ide   arc  discharge  lamps,  U.S.  P a t e n t  

Nos.  4,302,699;  4,308,483;  4,320,322;  4,321,501  and  4,321,504  a l l  

disclose  v a r i a t i o n s   in  s t ruc tu re   or  f i l l   su i tab le   to  a  p a r t i c u l a r  

app l i ca t ion .   However,  any  one  or  all   of  the  above-mentioned  p a t e n t s  

leave  something  to  be  desired  insofar   as  s t a b i l i t y   of  the  arc  and 

isothermal  uni formity   of  the  discharge  lamp  are  concerned .  

OBJECTS  AND  SUMMARY  OF  THE  INVENTION 

An  object   of  the  present   invent ion  is  to  provide  an  improved 

s ingle-ended  high  i n t e n s i t y   d ischarge  lamp.  Another  object  of  t h e  

invention  is  to  enhance  the  c a p a b i l i t i e s   of  s ingle-ended  h igh  

in t ens i ty   discharge  lamps.  S t i l l   another  object  of  the  invention  i s  



to  provide  a  s ingle-ended  high  i n t ens i t y   discharge  lamp  having  an 

improved  s t r u c t u r a l   conf igura t ion .   A  fu r the r   object  of  t h e  

invention  is  to  provide  an  improved  process  for  manufac tu r ing  

single-ended  high  i n t ens i t y   discharge  lamps.  
These  and  other  objects ,   advantages  and  c a p a b i l i t i e s   a r e  

achieved  in  one  aspect  of  the  invention  by  a  s ingle-ended  h i g h  

pressure  high  i n t ens i t y   discharge  lamp  having  a  pair  of  e l e c t r o d e s  

each  including  a  metal  rod  with  a ' s p h e r i c a l   ball   on  the  end  t h e r e o f  

sealed  into  and  passing  through  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   containing  a  meta l -bear ing   mercury  f i l l  

t h e r e i n .  

In  another  aspect  of  the  invent ion,   a  process  for  manufac tu r ing  

single-ended  metal  halide  discharge  lamps  is  provided  wherein  a  p a i r  
of  e lectrodes  each  having  a  spher ica l   bal l   on  the  end  of  a  metal  rod 

are  sealed  into  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  

envelope,  and  the  envelope  is  f i l l e d   with  unsa tura ted   m e t a l - b e a r i n g  

mercury. 

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  

single-ended  high  i n t ens i t y   discharge  lamp  of  the  i n v e n t i o n ;  

FIG.  2  is  a  diagrammatic  i l l u s t r a t i o n   of  the  d ischarge   and 

convection  gas  flow  for  v e r t i c a l   operat ion  of  the  d ischarge  lamp  of  

FIG.  1;  
FIG.  3  is  another  i l l u s t r a t i o n   of  the  discharge  lamp  of  FIG.  1 

showing  the  approximate  e l e c t r i c   f i e ld   l ines   of  force  between  t h e  

electrodes  of  the  lamp;  and 

FIG.  4  is  a  photograph,  100  X  enlargement,   of  an  e l ec t rode   o f  

the  embodiment  of  FIG.  1 .  



BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

For  a  b e t t e r   understanding  of  the  present   invent ion,   t o g e t h e r  
with  other  and  fur ther   objec ts ,   advantages  and  c a p a b i l i t i e s   t h e r e o f ,  
reference   is  made  to  the  following  d i sc losu re   and  appended  claims  in  

connection  with  the  accompanying  d rawings .  

Referr ing  to  the  drawings,  FIG.  1  i l l u s t r a t e s   a  low  wat tage  
metal  ha l ide   lamp  having  a  body  por t ion  5  of  a  ma te r ia l   such  as 
fused  s i l i c a .   This  fused  s i l i c a   body  port ion  5  is  formed  to  p rov ide  

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   por t ion   7  having  a  major  and  minor 

d iamet r ica l   measurement,  "X"  and  "Y"  r e s p e c t i v e l y ,   in  a  r a t io   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   port ion  7 

preferab ly   has  a  height  "Z"  s u b s t a n t i a l l y   equal  to  the  minor 

dimensional  measurement  "Y". 

Sealed  into  one  end  of  and  passing  through  the  body  portion  5  i s  

a  pair  of  e l ec t rodes   9  and  11.  Each  of  the  e l ec t rodes   9  and  11 

includes  a  metal  rod  13  with  a  sphe r i ca l   bal l   15  on  the  end  t h e r e o f  

within  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   port ion  7.  P re fe rab ly ,   t he  

e lec t rodes   9  and  11  are  pos i t ioned   within  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   por t ion   7  in  a  manner  such  that   the  end  of  the  s p h e r i c a l  

bal ls   15  of  the  e lec t rodes   9  and  11  is  s u b s t a n t i a l l y   equally  spaced 

from  the  i n t e r i o r   port ion  7  insofar   as  the  major  and  minor  axes  "X" 

and  "Y"  and  a l s o  s u b s t a n t i a l l y   at  the  midpoint  of  the  height  "Z". 

Also,  a  meta l -bear ing   mercury  f i l l   is  disposed  within  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   port ion  7.  For  example,  mercury  dosed 

with  a  metal  halide  such  as  sodium  and  scandium  along  with  argon  i s  

an  appropr ia te   f i l l   for  a  low  wattage  metal  hal ide  discharge  lamp. 

S p e c i f i c a l l y ,   a  50-watt  discharge  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   por t ion   7  with  a  volume  of  about  .1  Cm 3 was  f i l l e d   wi th  

about  3.0  mgms  of  mercury,  1.9  mgms  of  sodium  and  scandium  in  a  
molar  r a t i o   of  about  20:1  and  argon  at  a  pressure  of  about  200 



torr .   ope ra t iona l   t e s t ing   provided  an  i n i t i a l   lumen  output  of  about 

3100  lumens  with  a  lumen  maintenance  of  about  84%  a f t e r   160  hours  of  

opera t ional   l i f e .  

Referring  more  s p e c i f i c a l l y   to  the  above -desc r i bed  

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

i l l u s t r a t e s   the  e lec t rodes   9  and  11  each  having  a  sphe r i ca l   bal l   15 

thereon  and  spaced  along  the  major  axis  "X"  and  s u b s t a n t i a l l y   equa l  
distance  from  the  walls  17  of  the  i n t e r i o r   portion  7.  As  can 

readily  be  seen,  the  body  port ion  5  is  preferably   v e r t i c a l l y  

posi t ioned  such  that  the  spher ica l   bal ls   15  are  located   one  above 

the  other.   As  a  r e s u l t ,   a  gas  flow  pa t te rn   is  provided,  as 
indicated  by  the  arrows,  wherein  cool  gas  tends  to  flow  down  the  

outside  wall  17  of  the  i n t e r i o r   port ion  7  and  is  drawn  into  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  bottom  e l e c t r o d e  

11.  The  spher ica l   bal l   15  of  the  bottom  e lectrode  11  provides  a 

spher ical   extension,   which  wil l   be  explained  h e r e i n a f t e r ,   and,  in  

turn,  produces  gas  flow  pinching  or  a  venturi   action  20  at  the  a r c  
terminus  of  the  spher ica l   bal l   15  of  the  bottom  e l ec t rode   11.  I n  

this  manner,  arc  terminus  wandering  is  minimized.  Also,  the  gas 
atoms  are  heated  in  the  plasma  column  22,  and  the  upper  e lec t rode   9 

acts  as  a  de f l ec to r   which  spreads  the  hot  gases  reaching  the  top  o f  

the  body  por t ion   5  of  the  e l l i p t i c a l - s h a p e d   arc  tube.  Moreover,  
infrared  measurements  of  the  temperature  of  the  wall  17  du r ing  

operation  of  the  arc  tube  ind ica te   less  than  a  20%  t e m p e r a t u r e  
va r i a t ion   at  a  wall  temperature  of  about  1100°  C.  Thus,  t h e  

above-described  e l l i p t i c a l - s h a p e d   i n t e r i o r   portion  7  and  t he  

e l l i p t i c a l - s h a p e d   arc  22  provide  a  convection  current   flow;  21  o f  

FIG.  2,  w h i c h  i s  s u b s t a n t i a l l y   uniform  and  free  from  u n d e s i r e d  

turbulence  such  that  arc  s t a b i l i t y ,   which  is  p a r t i c u l a r l y   impor tan t  

in  p ro jec to r s   and  lens  systems,  is  p rov ided .  



A d d i t i o n a l l y ,   it  has  been  noted  that  the  above-descr ibed  a r c  
tends  to  wander  about  the  contact   region  of  the  sphe r i ca l   balls   15 

i n i t i a l l y .   However,  it  has  been  found  that  the  employing  of  a 
seasoning  step  in  the  manufacturing  process  tends  to  c ause  

development  of  protuberances   24  of  (FIG.  4)  on  each  one  of  the  b a l l s  
15.  As  a  r e s u l t ,   the  protuberances   24tend  to  minimize  the  arc  gap 
between  the  sphe r i ca l   ba l l s   15  of  the  e lec t rodes   9  and  11  and  f o r c e  
the  arc  to  have  c e n t r a l l y   located   t e rmina t ion   points  on  each  of  t he  
e lec t rodes   9  and  11.  

Although  not  completely  understood,   it  is  bel ieved  that  the  
above-descr ibed  protuberances   24  of  (FIG.  4)  are  of  a  size  which 

depends  upon  the  local   mate r ia 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  flow  p r o p e r t i e s .   Moreover,  the  growth  formation  a l s o  

appears  to  be  a  funct ion  of  the  e l ec t rode   size  and  t e m p e r a t u r e .  

Thus,  the  lower  the  operat ing  temperature   the  longer  the  seasoning  
time  r e q u i r e d .  

As  a  s p e c i f i c   example,  a  0 .017- inch  tungsten  rod  having  a  b a l l  

15  thereon  of  about  0 .025-inch  was  operated  in  a  100-watt  meta l  

h a l i d e - f i l l e d   d ischarge  lamp  drawing  about  1.6  amperes  of  c u r r e n t .  

After  about  15  minutes  of  "seasoning"  at  normal  o p e r a t i o n a l  

condi t ions ,   it  was  found  that  the  arc  s t a b i l i z e d   and  one  or  more 

protuberances   appeared  on  the  surface  of  the  spher ica l   ba l l s   15  o f  

the  e l e c t r o d e s  9   and  11.  Thus,  the  surface  breakup  into  p l a t e l e t s  
and  formation  of  the  pro tuberances   on  the  spheroid  ba l l s   15  i n h i b i t s  

any  wandering  of  the  arc  and  enhances  the  l igh t   s o u r c e .  

Add i t i ona l l y ,   it  is  to  be  noted  t ha t   an  arc  source,  such  as  a 
metal  ha l ide   d ischarge   lamp,  provides  not  only  higher  luminance  b u t  

also  higher  e f f i cacy   than  a  tungsten  source.  Also,  a  metal  h a l i d e  

discharge  lamp  provides  a  point  source  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  100-watt  m e t a l  h a l i d e   d ischarge  lamp 
e x i h i b i t s   a  plasma  having  a  minimum  luminance  in te rmedia te   t h e  

spher ica l   ba l l s   15  and  a  maximum  luminance  a t  o r   near  the  s p h e r i c a l  



balls  15.  Moreover,  the  plasma  column  is  normally  about  1  to  2  mm 
in  diameter  and  about  3  mm  in  length.   However,  a  tungsten  source  i s  

about  2.5  mm  in  diameter  and  8  mm  in  length  with  the  luminance 

varying  in  a  s inuso ida l   manner  over  the  length  of  the  t u n g s t e n  

sou rce .  

Following  is  a  t ab le ,   Table  I,  showing  a  comparison  in  

luminance,  e f f i cacy . and   size  of  a  tungsten  source,  a  high  p r e s s u r e  
xenon  source  and  a  metal  halide  lamp  sou rce :  

As  can  readi ly   be  seen,  the  tungsten  source  at  300  w a t t s  

provides  about   33  lumens  per  watt  as  compared  with  65  L/W  for  a 
100-watt  metal  hal ide  lamp.  Also,  t e s t s   in  a  35  mm  p r o j e c t i o n  

system  ind ica te   an  output  of  about  10,000  lumens  from  the  300-wat t  

tungsten  source  is  equ iva len t   to  that  of  the  6,500  lumens  from  the  

100-watt  metal  hal ide  lamp  source.  The  long  wavelenth  r ad ia t ion   and 

the  misd i rec ted   v i s i b l e   l igh t   of  the  tungsten  source  tends  t o  b e  

absorbed  as  heat  by  the  film  of  a  p ro j ec to r .   Thus,  is  has  been 

found  that  the  tungsten  lamp  generates   about  270  watts  of  heat  as 

compared  to  about  90  watts  or  about  1/3  thereof   by  the  metal  h a l i d e  

lamp  and  assoc ia ted   power  supply .  



Further ,   the  xenon  source  shows  a  r e l a t i v e l y   high  luminance 

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

output  of  the  xenon  source  which  is  comparable  to  that  provided  by  a  
100-watt  metal  hal ide  lamp  would  n e c e s s i t a t e   a  xenon  source  of  about  

200  watts  in  order  to  compensate  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   smal l  

diameter,   about  0.5  mm  in  the  example,  as  compared  with  a  me ta l  

halide  lamp,  about  1.0  mm,  which  g rea t ly   and  undesirably  reduces  the  

to lerances   or  va r i a t i ons   in  pos i t ioned   loca t ion   of  the  arc  source  
when  employed  with  a  r e f l e c t o r   in  a  p ro j ec t i on   system.  In  o t h e r  

words,  po s i t i ona l   adjustment  of  an  arc  source  in  a  xenon  lamp  i s  

much  more  c r i t i c a l   than  in  a  metal  hal ide  discharge  lamp  system. 
Accordingly,  a  s ingle-ended  metal  hal ide   discharge  lamp  has  been 

provided  wherein  e l ec t rodes   are  disposed  within  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   port ion  of  a  fused  s i l i c a   envelope.  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  conjunct ion  with  an  e l l i p t i c a l - s h a p e d   a r c  

there in ,   provides  a  s u b s t a n t i a l l y   i sothermal   opera t iona l   c o n d i t i o n  

of  the  fused  s i l i c a   envelope  forming  the  discharge  lamp.  Moreover,  
it  has  been  found  poss ib le   to  provide  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   important  in  the  operat ion  of  p ro j ec to r   and  optic  l e n s  

a p p a r a t u s .  
While  there  has  been  shown  and  descr ibed  what  is  at  p r e s e n t  

considered  the  p re fe r red   embodiments  of  the  invent ion,   it  wil l   be 

obvious  to  those  sk i l l ed   in  the  art  that  various  changes  and 

modif ica t ions   may  be  made  there in   without  depar t ing   from  t h e  

invention  as  defined  by  the  appended  c l a i m s .  



1.  A  process  for  manufacturing  s ingle-ended  metal  h a l i d e  

discharge  lamps  comprising  the  steps  o f :  

forming  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 ;  
sealing  a  pair  of  e lec t rodes   into  one  end  of  s a i d  

e l l i p t i c a l - s h a p e d   envelope  with  each  of  said  e lec t rodes   having  a  
metal  rod  passing  through  said  envelope  and  a  spher ica l   ba l l   on  t he  
end  of  each  metal  rod  within  said  envelope;  and 

f i l l i n g   said  e l l i p t i c a l - s h a p e d   envelope  with  a  metal  h a l i d e  
dosed  high  pressure   mercury  f i l l   whereby  s u b s t a n t i a l l y   un i fo rm 

heating  of  said  e l l i p t i c a l - s h a p e d   envelope  is  e f f e c t e d .  

2.  The  process  of  Claim  1  including  the  step  of  seasoning  s a i d  

discharge  lamp  for  a  time  and  at  a  temperature  s u f f i c i e n t   to  cause  

development  of  protuberances  on  said  spher ical   bal ls   of  s a i d  

electrodes  whereby  arc  s t a b i l i t y   is  enhanced. 

3.  The  process  of  Claim  1  wherein  said  forming  of  s a i d  

e l l i p t i c a l - s h a p e d   fused  s i l i c a   envelope  is  of  a  manner  to  p roduce  

major  and  minor  axes  of  a  ra t io   of  about  2 : 1 .  

4.  The  process  of  Claim  1  wherein  said  forming  of  s a i d  

e l l i p t i c a l - s h a p e d   fused  s i l i c a   envelope  is  of  a  manner  to  p roduce  

major  and  minor  axes  and  said  e lec t rodes   are  sealed  into  s a i d  

envelope  along  said  major  axis  in  a  manner  to  provide  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  therebetween  whereby  spac ing  

between  said  e l l i p t i c a l l y - s h a p e d   arc  and  e l l i p t i c a l l y - s h a p e d  

envelope  is  s u b s t a n t i a l l y   uni form.  



5.  The  process  of  Claim  1  wherein  said  f i l l i n g   of  s a i d  

e l l i p t i c a l - s h a p e d   envelope  is  e f fec ted   with  high  pressure  mercury 
doped  with  sodium  and  scandium. 

-  6.  In  a  metal  hal ide  discharge  lamp  manufacturing  p rocess  
wherein  a  pair   of  e l ec t rodes   each  having  a  metal  rod  with  a  sphero id  
bal l   thereon  is  sealed  into  one  end  of  the  envelope  and  a  me ta l  
halide  dosed  high  pressure   mercury  f i l l   is  dispensed  into  t h e  

envelope,  the  improvement  wherein  said  envelope  is  formed  in  an 
e l l i p t i c a l   shape  whereby  isothermal  operat ion  of  t h e  

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 .  

7.  The  process  of  Claim  6  including  the  step  of  seasoning  s a i d  

discharge  lamp  for  a  time  and  at  a  temperature  s u f f i c i e n t   to  cause 
development  of  protuberances   on  said  spheroid  bal ls   of  s a i d  

e l e c t r o d e s .  

8.  The  process  of  Claim  6  wherein  said  envelope  is  formed  in  an 

e l l i p t i c a l - s h a p e   with  major  and  minor  axes  in  a  r a t io   of  about  2 : 1 .  

9.  The  process  of  Claim  6  wherein  said  envelope  is  formed  i n t o  

an  e l l i p t i c a l   shape  having  a  major  axis  and  said  e lec t rodes   a r e  
sealed  into  one  end  of  said  envelope  and  spaced  along  said  major  
axis  to  provide  an  e l l i p t i c a l - s h a p e d   arc  t he rebe tween .  

10.  The  process of  Claim  9  wherein  said  e l l i p t i c a l - s h a p e d   arc  i s  

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