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54)  Improvements  in  discharge  lamps. 

A  high  pressure  sodium  vapour  discharge  lamp  is 
provided  including  a  starting  aid  in  the  form  of  an  electrically 
conductive  wire  wound  around  the  lamp  envelope  and  in  the 
vicinity  of  the  lamp  electrode.  A  spark  gap  in  the  form  of  an 
envelope  of  insulating  material  is  inserted  between  one  of 
the  inleads  and  the  conductive  wire.  The  spark  gap  envelope 
may  be  filled  with  air,  rare  gas  or  may  be  evacuated  and 
ensures  that  the  lamp  is  electrically  isolated  during  normal 
running  but  breaks  down  under  high  voltage  pulses  applied 
to  start  the  lamp. 





This  i n v e n t i o n   r e l a t e s   to  metal   h a l i d e   lamps  and  more  

p a r t i c u l a r l y   but  not  e x c l u s i v e l y   to  high  p r e s s u r e   sodium  l amps  

using  ceramic   arc  tubes  and  to  the  problems  of  s t a r t i n g   s u c h  

l a m p s .  

The  arc  tubes  of  high  p r e s s u r e   sodium  vapour  lamps  u s u a l l y  

c o n t a i n   an  i n e r t   gas,  t y p i c a l l y   Xenon,  in  a d d i t i o n   to  t h e  

sodium,  mercury  and  o c c a s i o n a l l y   o ther   a d d i t i v e s   such  a s  

cadmium.  The  i n e r t   gas  f a c i l i t a t e s   s t a r t i n g   and  d u r i n g  

o p e r a t i o n   a lso  acts   as  a  b u f f e r   gas  t o g e t h e r   with  the  m e r c u r y  

vapour .   Lamp  s t a r t i n g   is  u s u a l l y   ach ieved   by  app ly ing   a  

vo l t age   pulse   h igher   than  mains  v o l t a g e   or  a  t r a i n   of  s u c h  

pulses   ac ross   the  arc  tube  and  with  a  Xenon  f i l l i n g   p r e s s u r e   o f  

between  10  to  50  t o r r   at  300k  a  vo l t age   pulse   of  the  order   1 . 5  

to  5kV  u s u a l l y   s u f f i c e s   to  s t a r t   the  lamp.  A  vo l t age   pulse   o f  

t h i s   o rder   is   wi th in   the  r e q u i r e m e n t s   to  avoid  a r c ing   b e t w e e n  

lamp  components  such  as  the  cap  and  h o l d e r s   and  s a t i s f i e s   t h e  

r e q u i r e m e n t s   for  creepage  and  c l e a r a n c e   d i s t a n c e s   and  a l so   g i v e s  

s a t i s f a c t o r y   lamp  performance  for  l i f e   and  e f f i c a c y  

c h a r a c t e r i s t i c s .   However,  i t   is  known  t ha t   f u r t h e r   i n c r e a s e s  

in  Xenon  p r e s s u r e   would  give  f u r t h e r   i n c r e a s e s   in  e f f i c a c y ,   f o r  

example,  i f   the  Xenon  p r e s s u r e   is  i n c r e a s e d   to  w i th in   the  r a n g e  
50  to  1000  t o r r   at  300k  the  luminous  e f f i c a c y   would  be 

i n c r e a s e d ,   a cco rd ing   to  UK  Patent   No.  1 ,587 ,987 ,   by  about  15%. 

While  such  an  i n c r e a s e   in  e f f i c a c y   o b v i o u s l y   would  be  d e s i r a b l e ,  

lamps  having  arc  tubes  gas  f i l l e d   to  t h i s   h igher   p r e s s u r e   a r e  

m o r e  . d i f f i c u l t   to  s t a r t   and  may  r e q u i r e   a  peak  vo l t age   pulse   i n  



excess   of  the  recommended  l i m i t s   for  lamp  caps,   ho lde r s   and 

a s s o c i a t e d   c o n t r o l   gear .   In  order   to  keep  the  v o l t a g e   w i t h i n  

the  usual   va lue   of  around  1.5  to  5kV  i t   is  n e c e s s a r y   to  use  a  

s t a r t i n g   a id .   Such  a ids   can  comprise  an  a u x i l i a r y   e l e c t r o d e   i n  

the  form  of  a  s t r i p   or  s p i r a l   ex t end ing   along  or  looped  a r o u n d  

the  arc  tube  enve lope .   A  v a r i e t y   of  s t a r t i n g   a ids   a r e  

a v a i l a b l e   but  a l l   have  some  sho r t comings   e i t h e r   in  terms  of  c o s t  

or  complex i ty   or  e f f e c t i v e n e s s .   For  example,  to  be  e f f e c t i v e ,  

the  s t r i p   or  s p i r a l   ment ioned   above  must  be  d i r e c t l y   c o n n e c t e d  

to  one  main  e l e c t r o d e   of  the  arc  tube  but  i f   so  connected  i t  

l eads   to  sodium  loss  due  to  e l e c t r o l y s i s   through  the  arc   t u b e  

wall  and  hence  premature   lamp  f a i l u r e .   Such  an  a r rangement   i s  

d i s c l o s e d   in  UK  Pa ten t   N o . 1 , 3 4 0 , 5 5 1 .   An  a t tempt   to  overcome 

t h i s   problem  is  d i s c l o s e d   in  UK  Pa ten t   No.1 ,514 ,416   wh ich  

d i s c l o s e s   the  use  of  a  wire  loop  in  combina t ion   with  a  v a r i a b l e  

v o l t a g e   d i v i d e r .   The  v a r i a b l e   v o l t a g e   d iv ide r   i n c l u d e s   a  

t e m p e r a t u r e   s e n s i t i v e   r e s i s t a n c e   which  does  not  c o m p l e t e l y  

d i s c o n n e c t   the  s t a r t i n g   aid  from  the  supply  when  the  lamp  i s  

running   and  hence,   while   t h i s   a r rangement   does  reduce  sodium 

loss   i t   s t i l l   remains  a  s i g n i f i c a n t   problem.  O t h e r  

a r rangements   have  been  t r i e d ,   for  example,  a  thermal   swi tch   i n  

the  form  of  b i - m e t a l l i c   s t r i p .   Gene ra l ly   these   m e c h a n i c a l  

a r r angement s   r e q u i r e   a  long  r e - s e t   time.  In  other   words  if   t h e  

lamp  is  swi tched   off  i t   is  n e c e s s a r y   to  allow  the  lamp  to  c o o l  

be fo re   a t t e m p t i n g   to  r e - s t r i k e   i t .   This  g e n e r a l l y   t a k e s  

between  5  to  15  minutes   whereas  i t   is  g e n e r a l l y   accep ted   t ha t   a  

s a t i s f a c t o r y   hot  r e - s t r i k e ,   t h a t   i s ,   sw i t ch ing   the  lamp  on  a g a i n  

j u s t   a f t e r   i t   has  been  swi tched   off  should  take  place  w i t h i n  

about  30  seconds .   A  type  of  thermal   switch  is  shown  in  UK 

Pa ten t   No .1 ,505 ,847   where  a  b i - m e t a l l i c   s t r i p   has  leg  p o r t i o n s  

curved  around  to  engage  an  arc  tube.   The  hea t i ng   of  the  l e g  

p o r t i o n s   due  to  the  i n c r e a s e   in  t e m p e r a t u r e   when  the  lamp  i s  

runn ing   causes  the  curved  legs   of  the  switch  to  swing  c l e a r   o f  

the  arc  tube  and  hence  r e a c t i o n   between  the  arc  tube  wall  and  

the  s t a r t e r   is  avoided .   A  d i f f i c u l t y   with  t h i s   type  o f  



ar rangement   again   is  a  very  long  r e - s e t   time  of  between  15 

minutes  to  30  m i n u t e s .   Moreover  i t   is  d i f f i c u l t   to  ensure  t h a t  

the  m e t a l l i c   s t r i p s   a c c u r a t e l y   r e - l o c a t e   themse lves   around  t h e  

arc  tube .   Even  more  s o p h i s t i c a t e d   s o l u t i o n s   than  t h i s   have  

been  proposed  and  UK  Pa ten t   No .1 ,587 ,987   d i s c l o s e s   the  use  of  a  

c a p a c i t o r   in  c i r c u i t   with  a  conduc t ive   wire  looped  around  t h e  

arc  tube .   U.K.  Pa t en t   1603959  is  ano the r   p a t e n t   w h i c h  

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

wire  with  the  c a p a c i t o r   being  s u p p o r t e d   in  p o s i t i o n   by  s u i t a b l e  

i n s u l a t i n g   g l a s s   bead  member.  However,  s ince   the  l e a k a g e  

r e s i s t a n c e   of  the  c a p a c i t o r   d i e l e c t r i c   is  t e m p e r a t u r e   d e p e n d e n t ,  

dur ing  the  o p e r a t i o n   of  the  lamp  small   l eakage   c u r r e n t s   can  

e x i s t   which  w i l l   have  a  s i g n i f i c a n t   e f f e c t   over  the  very  l o n g  

l i f e   of  t he se   lamps.   I t   should  be  noted   tha t   whereas  i n  

e a r l i e r   lamps  an  average  l i f e   of  6,000  hours  would  be  c o n s i d e r e d  

s a t i s f a c t o r y   the  a v e r a g e  l i f e   of  p r e s e n t   lamps  is   nea re r   2 4 , 0 0 0  

hours .   Other  s e m i - c o n d u c t i v e   d e v i c e s ,   for   example  d iodes ,   have 

been  t r i e d   but  t hese   a lso   are  t e m p e r a t u r e   dependent   and  c a n n o t  

w i t h s t a n d   the  working  t e m p e r a t u r e   of  about  3 0 0  C .  

An  o b j e c t   of  t h i s   i n v e n t i o n   is  to  provide   a  s t a r t i n g  

ar rangement   for  a  d i s cha rge   lamp  s u b s t a n t i a l l y   f r e e ,   and  i f   n o t  

f r e e ,   c e r t a i n l y   improved  upon  the  per formance   of  the  p r io r   a r t  

a r rangements   d e s c r i b e d   above .  

According  to  the  p re sen t   i n v e n t i o n   we  p rov ide   a  h i g h  

p r e s s u r e   d i s c h a r g e   lamp  having  an  arc  d i s c h a r g e   tube  i n c l u d i n g  

e l e c t r o d e s   for   s u p p o r t i n g   a  d i s c h a r g e ,   i n l e a d s   connec ted   t o  

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

c o - o p e r a t i n g   with  the  e l e c t r o d e s   and  a  spark   gap  c o n n e c t e d  

between  the  conductor   and  one  of  the  i n l e a d s .  

The  spark   gap  acco rd ing   to  the  i n v e n t i o n   p rov ides   a  much 

s impler   and  l e s s   complex  s o l u t i o n   to  a  p rob lem  which  has  been 

p r e s e n t   in  the  a r t   for  many  years .   I t   p r o v i d e s ,   for  example:  

a)  a  s imple   i nexpens ive   des ign ,   which  ac ts   as  a  

non-mechan ica l   switch  r esponding   only  to  the  high  v o l t a g e  

s t a r t i n g   p u l s e ,  



b)  a  hot  r e s t r i k e   a c t i o n   us ing  a  s u i t a b l e   i g n i t o r   w i t h i n  

the  r e q u i r e d   30  s e e s ,   and  

c)  is   not  s i g n i f i c a n t l y   t e m p e r a t u r e   s e n s i t i v e .  

I n s u l a t i n g   m a t e r i a l   used  in  the  c o n s t r u c t i o n   of  the  s p a r k  

gap  should  have  high  e l e c t r i c a l   r e s i s t i v i t y   of  the  o r d e r  
10 ohms  cms  at  650  K  which  is  thought   to  be  s u i t a b l e   for  m o s t  

lamp  a p p l i c a t i o n s .   A l u m i n o s i l i c a t e   and  b o r o s i l i c a t e   g l a s s e s  

come  i n t o   t h i s   c a t e g o r y .   Of  course   o the r   m a t e r i a l s   with  h i g h e r  

r e s i s t i v i t y ,   for  example  ceramic  could  be  s u i t a b l e .   Soda  l i m e  

s i l i c a t e   g lass   which  has  lower  r e s i s t i v i t y   of  105ohm  ems  a t  

650  K  could  also  be  s u i t a b l e   depending  on  lamp  duty.   I t   i s  

advan tageous   to  have  the  c o - e f f i c i e n t   of  expans ion   of  t h e  

i n s u l a t i n g   m a t e r i a l   c o m p a t i b l e   with  the  c o - e f f i c i e n t   o f  

expans ion   of  the  m a t e r i a l   of  the  c o n d u c t o r s .   The  nea re r   t h e s e  

p r o p e r t i e s   are  to  being  the  same  the  l e s s   tendency  t h e r e   is  f o r  

c r a c k i n g   of  s e a l s   to  occur .   R e f r a c t o r y   meta ls   such  a s  

molybdenum  and  t u n g s t e n   wire  have  been  found  s u i t a b l e   c o n d u c t o r s  

as  well   as  the  n i c k e l   i r on   a l l oy   known  commerc ia l ly   as  NILO. 

As  a  g e n e r a l   guide  the  spark  gap  should  be  des igned  s o  t h a t   i t  

w i l l   not  breakdown  below  about  2  x  mains  v o l t a g e   but  s h o u l d  

breakdown  below  a b o u t  1   x  the  a p p l i e d   s t a r t i n g   vo l t age   p u l s e .  

However  from  the  f o l l o w i n g   d e s c r i p t i o n   i t   w i l l   be  c l ea r   t ha t   t h e  

spark   gap can  be  des igned   to  meet  a  v a r i e t y   of  c o n d i t i o n s .   I t  

w i l l   a lso   be  c l e a r   to  those   s k i l l e d   in  the  a r t   t ha t   while  t h e  

f o l l o w i n g   d e s c r i p t i o n   is   in  terms  of  a  high  p r e s s u r e   sod ium 

vapour  lamp  the  spark   gap  can  be  used  in  a  v a r i e t y   of  l amps  

r e q u i r i n g   s t a r t i n g   aids  and  i g n i t o r s   or  the  l i k e .  

P r e f e r a b l y   the  lamp  of  the  i n v e n t i o n   should  i nc lude   a  s m a l l  

amount  of  argon  or  neon  or  a  mixture   t h e r e o f   which  we  have  f ound  

to  aid  s t a r t i n g   wi th   l i t t l e   i n f l u e n c e   on  luminous  e f f i c a c y .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  of  example  o n l y  

and  with  r e f e r e n c e   to  the  accompanying  drawings  w h e r e i n :  

Figure   1  is  a  p a r t   s e c t i o n a l   view  of  a  high  p r e s s u r e   sod ium 

lamp  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,  

Figure   2  is  a  s e c t i o n a l   view  of  an  end  c lo su re   a s s e m b l y  



used  in  the  lamp  of  F igure   1, 

F igure   3  is  a  f i r s t   example  of  a  spark  gap  a c c o r d i n g   to  t h e  

i n v e n t i o n ,  

F i g u r e  4   is  a  second  example  of  a  spark  gap  a c c o r d i n g   t o  

the  i n v e n t i o n ,  

A  high  p r e s s u r e   sodium  vapour  d i s c h a r g e   lamp  10  a c c o r d i n g  

to  one  embodiment  of  the   i n v e n t i o n   is  shown  in  F igure   1.  T h i s  

comprises   an  ou t e r   envelope  11  of  b o r o s i l i c a t e   g l a s s   f i t t e d   t o  

an  edison  screw  end  p o r t i o n   12  forming  the  base  of  the  lamp 

10.  The  envelope   11  con t a in s   a ' c e r a m i c   arc  d i s c h a r g e   tube  13 

suspended  from  a  c ross   par t   14  a t t a ched   at  one  s ide  15  and,  by 

means  of  an  o v e r h a n g i n g   po r t i on   16  to  the  o ther   s ide   17  of  a  

s u b s t a n t i a l l y   r i g i d   e l e c t r i c a l l y   conduc t ive   suppor t   rod  18.  

The  suppor t   rod  18  is  welded  to  a  main  e l e c t r i c a l   i n l e a d   19 

p r o j e c t i n g   t h r o u g h   a  b o r o s i l i c a t e   g lass   stem  20.  S p r i n g - l i k e  

b r a c k e t s   a t t a c h e d   to  t h e  s u p p o r t   rod  18  ensure   the  arc  tube  i s  

p rope r ly   c e n t r e d   w i t h i n   the  lamp  envelope .   The  c ross   piece  14 

is  a t t a c h e d   to  a  niobium  tube  21  h e r m e t i c a l l y   s e a l e d   to  t h e  

d i s cha rge   arc  tube  15  and  the  tube  21  in  turn   is  connec ted   t o  

d i s cha rge   e l e c t r o d e   22  thus  forming  one  main  e l e c t r i c a l   i n l e a d  

for  the  arc  tube .   At  the  other  end  of  the  arc  tube  13  the re   i s  

a t t a c h e d   a  second  niobium  tube  23  which  is  a  s l i d i n g   f i t   on  a  

suppor t   wire  25  welded  to  a  s u b s t a n t i a l l y   r i g i d   e l e c t r i c a l l y  

conduct ive   rod  26  p r o j e c t i n g   through  the  b o r o s i l i c a t e   g lass   s t em 

2 0 .   A  f l e x i b l e   conduc t ive   f o i l   27  is  a t t a c h e d   to  the  n iob ium 

tube  23  and  the  s u b s t a n t i a l l y   r i g i d   rod  26  and  t h i s   a r r a n g e m e n t  

thus  forms  a  second  main  e l e c t r i c a l   i n l e a d   to  the  d i s c h a r g e  

e l e c t r o d e   24.  This  arrangement   allows  for  movements  of  t h e  

components  due  to  t empera tu re   expansion  e f f e c t s .   The  n iob ium 

tube  end  c l o s u r e   a r rangement   which  is  shown  in  g r e a t e r   d e t a i l   i n  

Figure  2  is  but  one  of  s eve ra l   p o s s i b l e   a r rangements   and  t h e  

p a r t i c u l a r   a r r angement   of  end  c losure   chosen  is  not  c r i t i c a l   t o  

the  i n v e n t i o n .   In  F igure   2  the  niobium  tube  23  is  h e r m e t i c a l l y  

sea led   w i t h i n   an  alumina  plug  28 ,  which  in  tu rn   is  h e r m e t i c a l l y  

a t t ached   by  means  of  a  s u i t a b l e   s e a l i n g   compos i t ion   29  w i t h i n  



the  d i s c h a r g e   tube   13.  The  niobium  tube  23  c a r r i e s   a  shank  30 

s u p p o r t i n g   the  d i s cha rge   e l e c t r o d e   2 4 .  

The  arc  tube  of  the  above  lamp  can  have  a  gas  f i l l i n g  

compr i s i ng   a  m ix tu re   of  90  to  98%  Xenon,  with  the  ba lance   o f  

2-10%  being  a rgon,   neon  or  a  combina t ion   of  both  f i l l e d   to  a  

t o t a l   p r e s s u r e   of  between  50  and  1000  t o r r   at  300K.  The  a r g o n  

and  or  neon  gives  some  improvement  in  s t a r t i n g ,   with  l i t t l e  

i n f l u e n c e   on  luminous  e f f i c a c y .   In  a d d i t i o n   the  arc  t u b e  

c o n t a i n s   charges   of  sodium  and  mercury  which  dur ing   lamp 

o p e r a t i o n   w i l l   produce  a  p a r t i a l   p r e s s u r e   of  sodium  of  40  to  400 

t o r r   and  a  p a r t i a l   p r e s s u r e   of  mercury  of  40  to  1400  t o r r .   The 

ou te r   g l a s s   envelope  of  the  lamp  10  is  u s u a l l y   evacua ted   t o  

min imise   l o s s e s   but  in  some  cases  may  be  gas  f i l l e d   with  a  

n o n - r e a c t i v e   gas  or  mix tu re .   A  means  of  g e t t e r i n g ,   for  example  

r ing   36,  i s  i n c l u d e d   in  the  outer   envelope  to  c l ea r   up 

i m p u r i t i e s   such  as  h y d r o g e n .  

In  accordance   with  t h i s   embodiment  of  the  p r e s e n t   i n v e n t i o n  

a  spark   gap  g e n e r a l l y   i n d i c a t e d   at  38  is  p rov ided .   One  end  39 

of  the  spark   gap  is  connected  to  the  i n l ead   26  while   t h e   o t h e r  

end  40  is  connec ted   to  a  conduc t ive   wire  41.  This  wire  41 

loops  around  the  arc  tube  as  shown  and  c o - o p e r a t e s   with  t h e  

d i s c h a r g e   e l e c t r o d e s   22  and  24  to  f a c i l i t a t e   the  s t a r t i n g   of  t h e  

lamp.  The  end  of  the  wire  41  remote  from  the  spark  gap  38  i s  

anchored   w i t h i n   an  i n s u l a t i n g   member  42  a t t a c h e d   to  the  r o d  

18.  The  i n s u l a t i n g   member  42  is  a  s o l i d   p iece   of  b o r o s i l i c a t e  

g l a s s   with  the  conduc t ive   wire  41  embedded  t h e r e i n .  

According  to  the  p re sen t   i n v e n t i o n   s e v e r a l   v e r s i o n s   o f  

spark   gap  can  be  used.  In  f i gu re   3  a  l i n e a r   v e r s i o n   is  shown 

compr i s i ng   a  l e n g t h   of  a l u m i n o s i l i c a t e   g lass   forming  an  e l o n g a t e  

enve lope   43  d e f i n i n g   a  c o n t a i n e r   s ea l ed   at  each  end  44  and  45 

around  c o - a x i a l   conduc tors   46  and  47  the reby   h e r m e t i c a l l y  

s e a l i n g   the  conduc to r s   46  and  47  w i th in   the  envelope  43.  The 

envelope   43  can  be  evacua ted   or  enc lose   a  f i l l   of  a i r   or  one  o r  

more  gas  s p e c i e s   the  p r e s s u r e   of  which,  t o g e t h e r   with  the  s p a r k  

gap,  may  be  used  to  c o n t r o l   the  breakdown  v o l t a g e .   A  spark  gap  



as  shown  in  f i g u r e   3  t y p i c a l l y   could  be  14  mm  in  o v e r a l l   l e n g t h  

with  an  o u t s i d e   d iameter   of  3  mm.  The  conduc to r s   46  and  47 

could  be  molybdenum  wire  0.3  mm  in  d i ame te r   and  with  a  gap  
between  the  conduc to r s   of  b e t w e e n  i   to  1  mm.  The  conduc to r s   46 

and  47  can  be  j o ined   to  s t a i n l e s s   s t e e l   wires   48  and  49 

a p p r o x i m a t e l y   0.7  mm  in  d iamete r   which  a s s i s t s   in  the  m o u n t i n g  

and  assembly  p rocedu re .   A  spark   gap  as  de sc r i bed   c o n t a i n s   a  

f i l l   of  argon  at  a  p r e s s u r e   between  75  and  250  t o r r   and  would  be  

a r ranged   to  break  down  between  1,000  and  3,000  v o l t s .   A 

d i f f e r e n t   v e r s i o n   of  spark  gap  is  shown  in  f i gu re   4.  T h i s  

comprises   a  bulbous  envelope  p o r t i o n   50  a lso  de f i n ing   a  

c o n t a i n e r   having  one  end  51  pinch  s e a l e d   around  spaced  p a r a l l e l  

conduc tors   52  and  53  the reby   h e r m e t i c a l l y   s e a l i n g   the  c o n d u c t o r s  

w i th in   the  envelope  50.  The  enve lope   in  t h i s   case  is  o f  

alumino  s i l i c a t e   g l a s s ,   a p p r o x i m a t e l y   8  mm  in  diameter   and  a b o u t  

8mm  long.   The  conductors   are  as  b e f o r e ,   molybdenum  w i r e  

a p p r o x i m a t e l y   0.3  mm  in  d iameter   which  are  jo ined   to  0.7  mm 

diameter   s t a i n l e s s   s t e e l   wires  54  and  55.  The  gap  between  t h e  

conduc to r s   is  be tween  I   to  lmm,  the  bulb  is  f i l l e d   w i t h  a r g o n ,  

in  the  range  75-250  t o r r .   Breakdown  is  a r ranged   to  occur  i n  

the  range  500  to  2000  v o l t s .  

In  o p e r a t i o n   we  have  found  t h a t   i f   the  spark  gap  i s  

p o s i t i o n e d   such  t h a t   i t   is  d i r e c t l y   exposed  to  the  l i g h t   f rom 

the  arc  tube  some  photo  e l e c t r i c   e m i s s i o n   can  take  place  be tween  

the  e l e c t r o d e s .   In  one  t e s t   we  found  a  c u r r e n t   of  the  order   o f  

7  micro  amps  e x i s t e d .   We  f i nd ,   however,   tha t   we  can  p r e v e n t  

th i s   by  p r o v i d i n g   s u i t a b l e   s h i e l d i n g ,   for  example  by  p r o v i d i n g  

sc reens   around  the  spark  gap,  or  by  l o c a t i n g   the  spark  gap  in  an  

area  not  exposed  to  the  l i g h t .   Another   a l t e r n a t i v e   is  t o  

provide   the  spark  gap  38  with  a  s u i t a b l e   non-conduc t ing   c o v e r i n g  

of  opaque  m a t e r i a l   56  and  57  as  shown  in  f i g u r e s   3  and  and  4 

(much  exagge ra t ed   for  purposes   of  i l l u s t r a t i o n )   r e s p e c t i v e l y .  

Such  a  cover ing   could  be,  for  example,   z i r c o n i a .  

In  use  a  lamp  i n c o r p o r a t i n g   the  spark   gap  of  the  i n v e n t i o n  

wi l l   ,be  p laced   in  c i r c u i t   with  a  s u i t a b l e   i g n i t e r   which  w i l l  



provide   high  v o l t a g e   pu l ses   of  the  order   1.5  to  5  KV.  The 

spark  gap  p rov ided   w i l l   be  a r r anged   to  break  down  under  t h e s e  

high  vo l t age   pulses   and  w i l l   then  be  able  to  pass  cu r r en t   to  t h e  

wire  conduc to r   41  to  f a c i l i t a t e   the  s t a r t i n g   of  lamp.  As  s o o n  

as  the  high  vo l t age   pu lses   cease  to  be  a p p l i e d   no  c u r r e n t   w i l l  

pass  ac ross   the  spark   gap  and  hence  no  sodium  loss   wi l l   be 

i n c u r r e d   t h r o u g h   l eakage   c u r r e n t   c i r c u l a t i n g   in  the  conductor   4 l  

drawing  out  sodium  ions  through  the  arc  tube .   No  r e s e t t i n g   o f  

component  p a r t s   is  r e q u i r e d   and  i t   w i l l   be  ev iden t   from  t h e  

d e s c r i p t i o n   t h a t   the  des ign   of  spark   gap  is  ex t remely   simple  and 

economica l .   In  a d d i t i o n   to  the  high  p r e s s u r e   sodium  lamp 

desc r ibed   h e r e i n   i t   w i l l   be  a p p r e c i a t e d  t h a t   the  spark  gap  may 

be  used   with  any  d i s c h a r g e   lamp  in  which  the  i g n i t i o n   phase  i s  

p receeded   by  the  a p p l i c a t i o n   of  a  high  vo l t age   p u l s e .   I n  

p a r t i c u l a r   we  have  o b t a i n e d   e x c e l l e n t   s t a r t i n g   in  shor t   a r c  

metal  h a l i d e   l a m p s .  



1.  A  d i scha rge   lamp  having  an  arc  d i s cha rge   tube  i n c l u d i n g  

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

connec ted   to  r e s p e c t i v e   e l e c t r o d e s ,   a  s t a r t i n g   aid  i n c l u d i n g   a  

conduc tor   c o - o p e r a t i n g   wi th   the  e l e c t r o d e s   and  a  spark   gap  
connec ted   between  the  conduc tor   and  one  of  the  i n l e a d s ,   s a i d  

spark   gap  compr i s ing   an  envelope   of  i n s u l a t i n g   m a t e r i a l   d e f i n i n g  

a  c o n t a i n e r   and  two  or  more  conduc tors   h e r m e t i c a l l y   s e a l e d   t o  

and  p r o j e c t i n g   w i t h i n   the  envelope  to  def ine   a  gap  between  t h e  

c o n d u c t o r s .  

2.  A  d i scha rge   lamp  a c c o r d i n g   to  Claim  1  wherein   the  spark  g a p  

envelope   i nc ludes   a  f i l l   of  g a s .  

3.  A  d i scha rge   lamp  a c c o r d i n g   to  Claim  2  where  the  gas  is  a i r .  

4.  A  d i s cha rge   lamp  a c c o r d i n g   to  Claim  2  wherein  the  gas  is  a  

r a r e   g a s .  

5.  A  d i scha rge   lamp  a c c o r d i n g   to  Claim 4  where in   the  gas  i s  

argon  with  a  p r e s s u r e   i n  t h e   range  40  to  4 0 0  t o r r .  

6.  A  d i scha rge   lamp  a c c o r d i n g   to  Claim  1  where in   the  spark   g a p  

envelope  con ta ins   a  vacuum.  

7.  A  d i scha rge   lamp  a c c o r d i n g   to  Claim  1  wherein  the  spark  g a p  

envelope  i nc ludes   a  cove r ing   of  non -conduc t i ng   opaque  m a t e r i a l .  

8.  A  d i scha rge   lamp  a c c o r d i n g   to  Claim  1  wherein  the  spark  gap  

envelope  13  covered  with  z i r c o n i a .  

9.  A  high  p r e s su re   sodium  vapour  d i scha rge   lamp  having  an  a r c  

d i s c h a r g e   tube  with  a  f i l l   i n c l u d i n g   a  mixture   of  90  to  98% 

xenon,   with  the  ba lance   being  s e l e c t e d   from  argon  or  n e o n ,  

s e p a r a t e l y   or  in  combina t ion   and  with  the  r e s u l t a n t   gas  f i l l  

be ing   at  a  t o t a l   p r e s s u r e   of  between  50  and  1000  t o r r   at  300°K, 

sa id   lamp  arc  d i s cha rge   tube  f u r t h e r   compris ing  an  enve lope ,   two 

e l e c t r o d e s   ex tend ing   i n t o   said  envelope  and  h e r m e t i c a l l y   s e a l e d  

t h e r e w i t h ,   said  e l e c t r o d e s   being  spaced  apa r t   in  said  e n v e l o p e  

to  suppor t   an  arc  d i s c h a r g e   path  t h e r e b e t w e e n ,   sa id   lamp  f u r t h e r  

compr i s ing   a  s t a r t i n g   a id   i n c l u d i n g   a  conductor   l e a d i n g   to  t h e  

v i c i n i t y   of  the  e l e c t r o d e s   to  c o - o p e r a t e   t h e r e w i t h ,   and  a  s p a r k  

gap  connected  between  an  i n l e a d   of  sa id   lamp  and  sa id   c o n d u c t o r ,  

s a i d - s p a r k   gap  compr i s ing   an  envelope  of  i n s u l a t i n g   m a t e r i a l  



d e f i n i n g   a  c o n t a i n e r   and  two  or  more  conduc to r s   h e r m e t i c a l l y  

sea led   to  and  p r o j e c t i n g   w i t h i n   the  envelope  to  def ine   a  g a p  

between  the  c o n d u c t o r s ,   sa id   spark  gap  being  adapted  t o  

e l e c t r i c a l l y   i s o l a t e   the  lamp  dur ing   normal  running  of  the  lamp 

and  break  down  under  high  vo l t age   pu l s e s   a p p l i e d   to  s t a r t   t h e  

l amp .  

10.  A  d i s c h a r g e   lamp  acco rd ing   to  Claim  1  wherein  the  a r c  

d i s c h a r g e   tube   i n c l u d e s   a  f i l l   s e l e c t e d   f rom:  

argon  at  a  p r e s s u r e   of  between  75  to  250  t o r r ;  

xenon  at  a  p r e s s u r e   of  between  50  to  1000  t o r r   at  300°K; 

sodium  where in   the  p a r t i a l   p r e s s u r e   is  between  40  and  400 

t o r r   dur ing   lamp  o p e r a t i o n ;  

mercury  where in   the  p a r t i a l   p r e s s u r e   is  between  40  and  1400 

t o r r ;   and  

a  m i x t u r e   of  90  to  98%  xenon  wi th   the  balance  of  2  to  10% 

being  s e l e c t e d   from  argon  or  neon,  s e p a r a t e l y   or  i n  

c o m b i n a t i o n   and  with  the  r e s u l t a n t   gas  f i l l   being  at  a  

t o t a l   p r e s s u r e   of  between  50  to  1000  t o r r   at  300°K. 
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