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(54)  Improvements  in  or  relating  to  discharge  lamps. 

In  high  pressure  discharge  lamps,  for  example,  high 
pressure  sodium  lamps  improved  colour,  closer  to  white,  has 
been  sought,  for  example  by  the  use  of  external  heat  shields 
to  raise  the  temperature  of  the  dose  amalgam. 

The  present  invention  introduces  a  wick  (18)  disposed 
around  the  shank  (2)  of  one  electrode.  Made  of  a  material 
which  is  wetted  by the  liquid  dose  in  use  it  acts,  if the  lamp  is 
appropriately  orientated,  to  move  the  dose  (8)  by  surface 
tension  to  a  hotter  part  of  the  lamp.  Effective  control  of 
vapour  pressure  and  therefore  lamp  colour  can  be  obtained 
by  suitable  tailoring  of  the  wick  dimensions  or  materials  or 
both. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  d i s cha rge   lamps  and  i s  

p a r t i c u l a r l y ,   a l though  not  e x c l u s i v e l y ,   r e l a t e d   to  high  p r e s s u r e  

d i s cha rge   lamps  such  as  high  p r e s s u r e   sodium  lamps  and  mercu ry  

l a m p s .  

Discharge   lamps  comprise  a  s ea led   d i s c h a r g e   or  arc  tube  o f  

a  l i g h t   t r a n s m i t t i n g   m a t e r i a l   having  e l e c t r o d e s   at  oppos i t e   ends  

and  c o n t a i n i n g   a  f i l l   compr i s ing   a  dose  of  s u b s t a n c e s   which  e m i t  

l i g h t   when  a  d i s cha rge   is  s t r u c k   between  the  e l e c t r o d e s .   The 

dose  may  compr ise :   mercury;  mercury  with  the  a d d i t i o n   o f  m e t a l  

h a l i d e s   to  improve  the  spectrum  of  the  l i g h t   emi t t ed ;   a 

sodium/mercury   amalgam  in  the  case  of  high  p r e s s u r e   sodium  lamps 

or  other   more  complex  m i x t u r e s .   The  f i l l   also  i nc ludes   an 

i n e r t   gas  to  act  as  a  s t a r t e r   for  the  d i s c h a r g e .  

Much  work  has  been  done  on  d i s c h a r g e   lamps  to  improve  t h e i r  

luminous  e f f i c a c y   and  colour   r e n d e r i n g   and  improvements  have 

been  ach ieved   in  par t   by  developments   in  the  doses  u s e d .  

It   is  an  ob jec t   of  t h i s   i n v e n t i o n   to  provide  an  a l t e r n a t i v e  

form  of  d i s c h a r g e   lamp.  

According  to  one  aspect   of  the  p r e sen t   i n v e n t i o n   there   i s  

provided  a  high  p r e s su re   d i s c h a r g e   lamp  i n c l u d i n g   a  l i g h t  

t r a n s m i t t i n g   arc  tube  having,   sea led   in to   the  ends  t h e r e o f ,  

e l e c t r o d e s   each  compr is ing   at  l e a s t   an  e l e c t r o d e   shank  and 

wi th in   the  arc  tube  a  dose  s u i t a b l e   to  be  l i q u i d   at  l e a s t   i n  

par t   at  the  working  t e m p e r a t u r e   of  the  lamp,  the  lamp  f u r t h e r  

i n c l u d i n g   a  r e s e r v o i r   r eg ion   adapted  to  c o l l e c t   the  l i q u i d   dbse  



when  the  lamp  is  a p p r o p r i a t e l y   o r i e n t a t e d   and  t r a n s f e r   means 

a r r a n g e d   to  be  in  c o n t a c t   with  the  l i q u i d   dose  when  the  lamp  i s  

a p p r o p r i a t e l y   o r i e n t a t e d   and  c o n s t r u c t e d   so  t h a t ,   in  o p e r a t i o n ,  

at  l e a s t   pa r t   of  the  l i q u i d   dose  is  moved  to  a  h o t t e r   par t   o f  

the  tube  by  the  a c t i o n   of  s u r f a c e   t e n s i o n .  

Acco rd ing   to  another   aspec t   of  the  p r e sen t   i n v e n t i o n   t h e r e  

is  p r o v i d e d   a  high  p r e s s u r e   d i s c h a r g e   lamp  i n c l u d i n g :   a  

l i g h t - t r a n s m i t t i n g   arc  tube;  two  e l e c t r o d e s ,   each  compr i s ing   a t  

l e a s t   an  e l e c t r o d e   shank  sea led   into  opposing  ends  of  the  a r c  

tube;   w i t h i n   the  arc  tube  a  dose  s u i t a b l e   to  be  l i q u i d   at  l e a s t  

in  pa r t   when  the  lamp  is  in  o p e r a t i o n ;   and  t r a n s f e r   means 

d i s p o s e d   in  the  reg ion   of  at  l e a s t   one  of  said  e l e c t r o d e   s h a n k s  

and made  of  a  m a t e r i a l   which  wi l l   be  wetted  by  the  l i q u i d   d o s e  

at  the  o p e r a t i n g   t e m p e r a t u r e   of  the  lamp  so  t h a t   in  o p e r a t i o n ,  

with  the  lamp  a p p r o p r i a t e l y   o r i e n t a t e d ,   the  t r a n s f e r   member  i s  

c a p a b l e   of  moving  some  of  the  l i qu id   dose  to  a  h o t t e r   par t   o f  

the  lamp  by  the  a c t i o n   of  s u r f a c e   t e n s i o n .  

In  o rde r   t h a t   the  i n v e n t i o n   may  be  c l e a r l y   u n d e r s t o o d  a n d  

r e a d i l y   c a r r i e d   into  e f f e c t   i t   wi l l   now  be  d e s c r i b e d   by  way  o f  

example  with  r e f e r e n c e   to  the  accompanying  d rawings ,   of  wh ich :  

F i g u r e   1  shows  a  d i s cha rge   tube  i n c o r p o r a t i n g   an  example  o f  

the  i n v e n t i o n ,  

F i g u r e   2  i l l u s t r a t e s   the  r e s u l t   of  o p e r a t i n g   the  tube  o f  

F igure   1  in  one  o r i e n t a t i o n ,  

F igu re   3  i l l u s t r a t e   the  r e s u l t s   of  o p e r a t i n g   the  tube  o f  

F igure   1  in  the  i n v e r s e   o r i e n t a t i o n   to  Figure  2,  

F i g u r e   4  i l l u s t r a t e s   an  a d a p t a t i o n   of  the  tube  of  Figure   1 

i n c o r p o r a t i n g  a   s i l i c a   s l e e v e ,  

F i g u r e   5  i l l u s t r a t e s   the  tube  of  Figure   4  in   a  c o m p l e t e  

d i s c h a r g e   l a m p ,  

F igu re   5a  shows  an  a l t e r n a t i v e   lamp  to  t ha t   of  F igure   5 

with  two  s t a r t e r   e l e c t r o d e s ,  

F i g u r e   6  shows  an  a l t e r n a t i v e   d i scha rge   tube  for  h o r i z o n t a l  

b u r n i n g ,  



Figure   7  shows  one  end  a r r angement   of  the  i n v e n t i o n  

s u i t a b l e   for  an  alumina  d i s c h a r g e   t u b e ,  

Figure   8  shows  an  a l t e r n a t i v e   to  Figure  7 ,  

F igure   9  shows  ano the r   a l t e r n a t i v e   to  Figure   7 ,  

F igure   10  shows  a  wick  b ra id   wound  on  a  c o n v e n t i o n a l  

e l e c t r o d e   s h a n k ,  

Figure  11  shows  an  a l t e r n a t i v e   to  Figure  10,  

Figure   12  i l l u s t r a t e s   the  s e a l i n g   of  an  e l e c t r o d e   as  i n  

Figure  10  in  a  fused  s i l i c a   d i s c h a r g e   t u b e .  

F igure   13  shows  a  wick  made  from  a  c o n v e n t i o n a l   SON 

e l e c t r o d e   pr imary  c o i l ,  

Figure   14  shows  one  example  of  a  lamp  i n c o r p o r a t i n g   t h e  

i n v e n t i o n ,  

Figure   15a  and  15b  show  s p e c t r a   for  the  lamp  of  F igure   13 

opera ted   in  d i f f e r e n t   m a n n e r s ,  

F igure   16  i l l u s t r a t e s   the  r e l a t i o n s h i p   between  lamp  v o l t a g e  

and  wick  l eng th   for  a  lamp  i n c o r p o r a t i n g   the  i n v e n t i o n ,   and 

Figure   17  shows  a  porous  cermet  w i c k .  

Recen t ly   i n t e r e s t   has  developed  in  the  heat  pipe  as  a  h e a t  

t r a n s f e r   device ,   for  example  as  d e s c r i b e d   in  B r i t i s h   Pa ten t   No. 

1  027  719.  The  device  comprises   a  sea led   c o n t a i n e r   with  a 

condensable   vapour  t h e r e i n .   C a p i l l a r y   means  t r a n s p o r t s   t h e  

condensed  vapour  from  a  cooler   r eg ion   to  a  h o t t e r   r eg ion   where  

it  evapo ra t e s   to  be  t r a n s f e r r e d   to  the  cooler   r eg ion   by  t h e  

vapour  p r e s su re   g r a d i e n t   and  t h e r e   to  condense.  Thus  a  h e a t  

t r a n s f e r   cycle  is  set  u p .  

The  heat  pipe  shows  tha t   s u r f a c e   t ens ion   can  be  used  t o  

move  l i q u i d s   to  r eg ions   of  h igher   t e m p e r a t u r e ,   even  a g a i n s t   t h e  

force  of  g r a v i t y ,   and  i t   is  now  proposed  to  use  heat   p i p e  

t echnology   in  a  new  form  of  d i s c h a r g e   lamp.  

In  d i scha rge   lamps  the  e l e c t r o d e s   g e n e r a l l y   comprise  a 

meta l ,   u s u a l l y   t u n g s t e n ,   e l e c t r o d e   shank  of ten  overwound  with  a 

coi l   which  may  be  impregna ted   with  e l e c t r o n   e m i t t e r .  

I t   is  proposed  to  add  to  such  an  e l e c t r o d e ,   with  or  w i t h o u t  

the  overwound  c o i l ,   a  t r a n s f e r   member  which  may  t r a n s p o r t   a 



working  f l u i d   component  of  the  f i l l ,   i f   in  c o n t a c t   with  a  l i q u i d  

r e s e r v o i r   t h e r e o f .   This  member,  which  in  the  b r o a d e s t   s e n s e  

may  be  c o n s i d e r e d   to  be  porous ,   wi l l   for  the  purposes   of  t h i s  

s p e c i f i c a t i o n   be  c a l l e d   a  "wick" .   A  p a r t i c u l a r l y   c o n v e n i e n t  

form  of  wick  for   t h i s   purpose   is  a  bra id   of  t u n g s t e n   w i r e  

wrapped  around  the  e l e c t r o d e   s h a n k .  

To  i l l u s t r a t e   one  embodiment  of  the  i n v e n t i o n   Figure  1 

shows  a  fused  s i l i c a   d i s c h a r g e   tube  1,  in  t h i s   example  of  a  t y p e  

used  in  a  1000  watt   mercury  metal   h a l i d e   lamp,  and  having  an 

i n t e r n a l   volume  of  about  30cm3.  A  c o n v e n t i o n a l   e l e c t r o d e   a t  

one  end  compr i ses   a  t u n g s t e n   shank  2,  which  may  o p t i o n a l l y  

c o n t a i n   a  small   p r o p o r t i o n   of  thor ium,   with  a  t ungs t en   c o i l  

overwind  3.  E l e c t r i c a l   c o n n e c t i o n   to  the  e l e c t r o d e   is  t h r o u g h  

a  molybdenum  f o i l   4  in  a  c o n v e n t i o n a l   pinch  seal   5.  At  t h e  

other   end  the  e l e c t r o d e   compr ises   a  t u n g s t e n   shank  6  s u r r o u n d e d  

by  a  t u n g s t e n   wick  7.  E l e c t r i c a l   connec t ion   is  also  by  a  

molybdenum  f o i l   4  in   a  pinch  sea l   5.  In  th i s   example  the  wick  

7  ex t ends   down  the  shank  6  to  the  pinch  and  if  the  tube  i s _  

o p e r a t e d   v e r t i c a l l y   as  shown  in  Figure   1 a  l i q u i d   r e s e r v o i r   8  o f  

the  dose  f o r m s .  

In  o p e r a t i o n   t h e r e   is  a  l a rge   t e m p e r a t u r e   g r a d i e n t  

(500-1500°C)  along  the  l e n g t h   of  the  wick  7.  Surface  t e n s i o n  

l i f t s   the  l i q u i d   dose,  a g a i n s t   g r a v i t y   and  the  t e m p e r a t u r e  

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

p r e s s u r e   in  the  lamp.  The  dose  s u b s e q u e n t l y   r e t u r n s   to  t h e  

r e s e r v o i r   8  under  g r a v i t y   and  a  t rue  heat  pipe  r e s u l t s .  

I t   is  an  impor tan t   c o n s i d e r a t i o n   that   the  l i q u i d   dose 

should  'wet '   the  wick,  to  be  p r o p e r l y   t r a n s p o r t e d ,   and  for  t h e  

p r e s e n t   purposes   w e t t i n g   may  be  def ined   as  the  achievement   of  a  

w e t t i n g   angle   6  de f ined   by  0° ≤  0  <  90° .  

I t   is  thought   t ha t   any  metal  wil l   wet  t u n g s t e n   in  t h e  

absence  of  oxide  l a y e r s   and  in  these   c i r cums tances   the  a d d i t i o n  

to  the  dose  of  metals   such  as  Calcium  and  Barium,  having  a  g r e a t  

a f f i n i t y   for  oxygen,  promotes   w e t t i n g   (See  Addison  et  al,  J .  

Chem.  Soc . (1962)   2 6 9 9 - 2 7 0 5 ) .  



In  genera l   i t   is  c o n s i d e r e d   t ha t   a  wick  should  be  a 

m a t e r i a l   which  wi l l   be  wet ted   by  a  metal   or  metal   compound  dose  

at  a  t e m p e r a t u r e   above  the  m e l t i n g   poin t   x°C  of  the  d o s e .  

For  s i l i c a   arc  tubes  the  t e m p e r a t u r e   x  should  p r e f e r a b l y   be 

lower  than  1000°C  and  for  p o l y c r y s t a l l i n e   alumina  arc  t u b e s  

the  t e m p e r a t u r e   x  should  p r e f e r a b l y   be  lower  than  1100 C.  

The  wick  7  may  take  d i f f e r e n t   forms  s u i t a b l e   to  t r a n s p o r t  

the  l i q u i d   dose  by  s u r f a c e   t e n s i o n .   It  is  cons ide red   tha t   a 

wick  of  pore  r ad ius   of  about  0.1mm  would  su i t   a  worst  case  of  a 

l i q u i d   with  the  d e n s i t y   of  m e r c u r y .  

A  conven i en t   form  is  a  b ra ided   t u n g s t e n   wire  which  is  u sed  

as  an  e l e c t r o d e   overwind  in  some  forms  of  high  p r e s s u r e   m e r c u r y  

f l u o r e s c e n t   lamps.  I t   is  d i f f i c u l t   to  wind  a  bra id   d i r e c t l y   on 

the  e l e c t r o d e   shank  6  as  mandrel  because  of  d i f f i c u l t i e s   i n  

c u t t i n g   the  ends  and  with  the  b ra id   s p r i n g i n g   away  from  t h e  

mandrel .   Moreover,   m u l t i p l e   l aye r s   of  bra id   are  d e s i r a b l e .  

The  b ra id   may  however  be  wound  in  c o n v e n t i o n a l   manner  on  a 

molybdenum  wire  as  mandrel ,   the  mandrel  being  d i s s o l v e d   out  and 

the  bra id   f i t t e d   on  to  the  e l e c t r o d e   shank  as  a  coi led   c o i l .  

A l t e r n a t i v e l y ,   the  molybdenum  pr imary  mandrel  may  be  r e p l a c e d   by 

t u n g s t e n   wire  which  is  l e f t   in  s i t u   to  s t r e n g t h e n   the  braid  and 

reduce  the  pore  s i z e .  

Cons ide r ing   two  e x p e r i m e n t a l   lamps  which  have  been  made  i n  

th i s   way,  one  (A)  had  an  open  bra id   overwind  with  holes  of  abou t  

0.11mm  diameter   and  the  o ther   (B)  had  a  bra id   r e t a i n i n g   a 

t u n g s t e n   primary  mandrel  and  thus  much  smal le r   holes .   Both  o f  

these   expe r imen ta l   lamps  had  a  c o n v e n t i o n a l   e l e c t r o d e   at  t h e  

other  end,  as  used  for  me rcu ry -me ta l   h a l i d e   lamps.  The  b r a i d e d  

overwinds  were  app rox ima te ly   5mm  long  (double  the  l ength   of  a 

normal  overwind)  in  order  to  extend  to  the  pinch.   The  dose  

ha l i de   chosen  was  sodium  iod ide   because  of  i t s   s u i t a b l e  

c h a r a c t e r i s t i c s   (mel t ing   point   651 C,  b o i l i n g   point   1300 C)  

and  also  because  the  d i s t r i b u t i o n   of  sodium  in  the  arc  can  be 

observed  v i s u a l l y .   Sodium  iodide   is  known  as  a  dose  in  m e t a l  

h a l i d e   lamps  but  in  such  lamps  the  p a r t i a l   p r e s s u r e   of  sodium  i s  



low  because   of  the  low  vapour  p r e s s u r e   of  sodium  i o d i d e .   For  

t h i s   i n v e n t i o n   each  tube  was  dosed  with  3.67mg  cm-3  of  me rcu ry  
and  3.Omg  cm-3  anhydrous  sodium  iodide   and  15  t o r r   cold  f i l l  

p r e s s u r e   of  argon  as  a  s t a r t e r   gas.  This  r e l a t i v e l y   high  dose  

of  sodium  i o d i d e   was  in  par t   chosen  to  ensure  the  fo rma t ion   of  a  

l i q u i d   p o o l .  

The  tubes   were  o p e r a t e d   v e r t i c a l l y   at  1000  w a t t s .  

In  one  expe r imen t   both  tubes  A  and  B  were  ope ra t ed   with  t h e  

c o n v e n t i o n a l   e l e c t r o d e   at  the  bottom  and  ran  s t a b l y   as  normal  

NaI-Hg  a r c s ,   as  i l l u s t r a t e d   in  Figure   2  wh ich .  app l i e s   to  b o t h  

lamps.  As  shown  in  F igure   2  the  glow  d iv ided   in to   two  p a r t s  

v i s i b l y   d i f f e r e n t   as  i n d i c a t e d   by  d i f f e r e n t   d i r e c t i o n s   o f  

h a t c h i n g .   The  par t   9  is  the  orange  sodium  glow  which  i s  

e x t e n s i v e   because   of  the  la rge   dose  of  sodium  i o d i d e .   Shown  a t  

10  is  a  b lue   pa r t   of  the  glow  dominated  by  mercury  r a d i a t i o n .  

The  condens ing   dose  is  shown  at  11. 

The  lamps  were  also  run  with  the  wick  e l e c t r o d e   at  t h e  

bottom  and  the  c o n v e n t i o n a l   e l e c t r o d e   at  the  top.  In  t h e s e  

c i r c u m s t a n c e s   the  arc  behaved  qui te   d i f f e r e n t l y .   At  i n t e r v a l s  

of  about  f o r t y   seconds  the  arc  became  c o n s t r i c t e d   and  s w i r l e d  

around  the  tube  for  a  per iod   of  about  f ive  seconds .   The 

i n s t a b i l i t y   for   lamp  A  is  then  i l l u s t r a t e d   in  Figure   3 .  '  

With  the  wick  at  the  bottom,  the  orange  colour  of  t h e  

sodium  glow  was  deeper  ( i n d i c a t i n g   a  h igher   p a r t i a l   p r e s s u r e   o f  

sodium),   the  arc  v o l t a g e   at  ra ted   watts   f e l l   by  10-15  v o l t s   and 

the  luminous  e f f i c a c y   i n c r e a s e d .   With  lamp  B,  for  example,  i t  

is  p o s s i b l e   to  i n c r e a s e   the  e f f i c a c y   from  90  1m  W-1  (with  t h e  

wick  at  the  top)  to  119  1m  W-1.  The  i n t e r m i t t e n t   i n s t a b i l i t y  

is  thought   to  be  caused  by the   delay  while  condensed  d r o p l e t s   o f  

dose  c o a g u l a t e   before   f a l l i n g   under  g r a v i t y   to  the  base  of  t h e  

w i c k .  

The  c a p i l l a r y   a c t i o n   can  be  made  cont inuous   by  moving  t h e  

cool  spot  n e a r e r   to  the  base  of  the  wick.  One  means  o f  

a c h i e v i n g   t h i s   which  may  be  used  in  some  p roduc t i on   lamps  is  t o  

provide   a  c lose   f i t t i n g   s i l i c a   s leeve   around  a l l   but  the  bot tom 



5  to  20mm  (but  p r e f e r a b l y   the  bottom  10mm)  of  the  tube.   T h i s  

is  i l l u s t r a t e d   in  F igu re  4   in  which  a  30mm  diameter   s i l i c a   t u b e  

11  is  f i t t e d   around  the  arc  tube  1.  Such  a  tube  should  have  an 

i n t e r n a l   d iameter   such  t ha t   a  gap  between  3  and  10mm  ( b u t  

p r e f e r a b l y   about  4mm)  s e p a r a t e s   i t   from  the  arc  tube  on  a l l  

s i d e s .   With  tube  11  in  place  and  the  wick  at  the  bottom  a  lamp 
such  as  A  or  B  can  be  o p e r a t e d   with  a  colour  appearance   s i m i l a r  

to  a  high  p r e s s u r e   sodium  l amp.  

F igure   5  shows  such  a  lamp,  based  on  the  arc  tube  1  of  a 

1000  watt   mercury -meta l   ha l i de   lamp  and  with  the  outer   s i l i c a  

tube  11,  mounted  in  a  c o n v e n t i o n a l   g lass   outer   envelope  12.  I t  

is  suppor t ed   in  the  manner  of  a  metal   ha l i de   lamp  by  a  m e t a l  

framework  and  e l e c t r i c a l   c o n n e c t i o n s   in  the  c o n v e n t i o n a l   manner  

to  an  end  cap  i n .  t h i s   example  a  " G o l i a t h   Edison  screw"  (GES)  cap  

13.  This  lamp  may  be  s t a r t e d   by  a  high  f requency  pu lse   a p p l i e d  

e x t e r n a l l y   to  the  arc  tube .   Other  known  forms  of  s t a r t i n g   may 
be  used  as  d e s i r e d .   For  example  Figure  5A  shows  a  1000W  lamp 
s i m i l a r   to  tha t   of  Figure   5  but  having  s t a r t i n g   e l e c t r o d e s  a t  

both  ends.  This  lamp  is  about  400mm  long  o v e r a l l   with  a 

90-95mm  arc  gap.  It  should  be  noted  tha t   the  sodium  i o d i d e  

vapour  p r e s s u r e   given  by  the  dose  de sc r i bed   h e r e i n b e f o r e   is  t o o  

grea t   for  a  p r a c t i c a l   lamp,  as  ev idenced  by  the  i n s t a b i l i t y  

which  is  t y p i c a l   of  metal  ha l i de   lamps  with  excess ive   h a l i d e  

vapour  p r e s s u r e   and  it  is  envisaged   tha t   the  lamp  of  Figure   5 

should  have  between  one  t en th   and  one  hal f   of  tha t   sodium  i o d i d e  

vapour  p r e s s u r e .   The  vapour  p r e s s u r e   can  be  reduced  by 

employing  the  i n v e n t i o n   to  a  more  l i m i t e d   e x t e n t  :   for  example ,  

by  s h o r t e n i n g   the  wick  or  using  a  l a r g e r   e f f e c t i v e   pore  r a d i u s .  

It  wi l l   be  a p p r e c i a t e d   by  those  s k i l l e d   in  the  ar t   tha t   t h e  

p r i n c i p l e s   of  the  i n v e n t i o n   may  be  extended  to  other   l a m p s .  

For  example  mercury -meta l   h a l i d e   lamps  may  be  dosed  with  o t h e r  

h a l i d e s ,   such  as  rare  ea r th   h a l i d e s ,   which  l i q u e f y   at  t y p i c a l  

arc  tube  t e m p e r a t u r e s   but  which  have  low  vapour  p r e s s u r e s .  

The  i n v e n t i o n   may  be  used  with  high  p r e s s u r e   sodium  l a m p s ,  

enhancing  the  vapour  p r e s s u r e   of  other   metals   to  modify  t h e  



c o l o u r .   The  i n v e n t i o n   is  p a r t i c u l a r l y   advan tageous   for  m e t a l  

vapour  lamps  such  as  high  p r e s s u r e   sodium  s ince  i t   is  e s p e c i a l l y  

d e s i r a b l e   to  i n c r e a s e   the  vapour  p r e s s u r e   of  meta ls   or  t h e i r  

a l l o y s   to  improve  colour   while   many  metal   h a l i d e s   (as  used  i n  

m e r c u r y - m e t a l   ha l ide   lamps  of  the  p r i o r   a r t )   have  s u f f i c i e n t l y  

high  vapour   p r e s s u r e s   at  the  o p e r a t i n g   t e m p e r a t u r e s   of  arc  t u b e  

e n v e l o p e s . T h e   sodium  may  a lso   be  o m i t t e d ,   to  give  new  types  o f  

high  p r e s s u r e   metal  v a p o u r - m e r c u r y   lamps.  I t   should  be  n o t e d  

t h a t   mercury  is  n o t o r i o u s l y   r e l u c t a n t   to  wet  wicks  but  b e t t e r  

w e t t i n g   of  metal   wicks  can  be  o b t a i n e d   with  amalgams  than  w i t h  

pure  m e r c u r y .  

The  i n v e n t i o n   may  be  used  with  h o r i z o n t a l   burning  lamps 

with  s u i t a b l e   wick  des ign .   This  may  be  with  a  m e t a l l i c   o r  

i n s u l a t i n g   wick  along  the  tube  wall  or  may  be  w i t h  a   tube  d e s i g n  

as  shown  in  Figure   6  in  which  the  tube  has  the  c o n v e n t i o n a l  

e l e c t r o d e s   at  the  ends  and  in  the  wall  a  d e p r e s s i o n   14  which  may 

hold  a  r e s e r v o i r   of  l i q u i d   8  when  i t   is  at  the  bottom.  A  wick  

7  is  p laced   in  th i s   d e p r e s s i o n   to  provide   the  r e q u i r e d   heat-  p i p e  

a c t i o n .  

A  number  of  o ther   a r r angement s   for  the  wick  e l e c t r o d e   may 

be  adop ted ,   of  which  some  are  i l l u s t r a t e d   in  F igures   7 - 1 2 .  

F igure   7  shows a  p r e f e r r e d   a r rangement   for  a  

p o l y c r y s t a l l i n e   alumina  d i s c h a r g e   tube  1  having  an  end  plug  15 ,  

which  is  also  of  p o l y c r y s t a l l i n e   a lumina .   Inse t   t h e r e i n   is  a  

niobium  tube  16  s u p p o r t i n g   an  e l e c t r o d e   shank  2  with  a  t u n g s t e n  

b r a id   18  s e r v i n g   both  as  overwind  and  as  wick.  The  end  of  t h e  

b ra id   18  n e a r e s t   to  the  e l e c t r o d e   top  may  o p t i o n a l l y   be 

impregna t ed   with  an  e l e c t r o n   emiss ive   s u b s t a n c e .   In  t h i s  

example  the  end  plug  15  is  shaped  to  be  concave  and  the  n iobium 

tube  16  is  also  p o s i t i o n e d   so  as  to  provide  a  r e s e r v o i r   for  t h e  

l i q u i d   dose  8.  G r a v i t a t i o n a l   fo rces   thus  a s s i s t   in  t h e  

c r e a t i o n   of  a  l i q u i d   pool  at  the  base  of  the  w i c k .  

F igure   8  shows  a  s i m i l a r   a r rangement   except  tha t   the  end 

plug  19  is  made  of  a  c e r a m i c - m e t a l   ( ce rme t ) .   Where,  as  i n  

F i g u r e   8  the  cermet  is  e l e c t r i c a l l y   c o n d u c t i n g ,   the  t u n g s t e n  



shank  of  the  e l e c t r o d e   need  not  pass  comple t e ly   through  the  p l u g  

19.  A  metal  wire  17,  p r e f e r a b l y   of  doped  molybdenum,  i s  

s i n t e r e d   i n to   the  e x t e r i o r   side  of  the  plug,  for  e l e c t r i c a l  

c o n n e c t i o n .  

Figure   9  shows  a  f u r t h e r   a l t e r n a t i v e   for  an  alumina  a r c  

tube  in  which  the  e l e c t r o d e   shank  2  c a r r i e s   a  b ra id   wick  18 

s i m i l a r   to  those   of  F igu re s   7  and  8.  In  t h i s   example  t h e  

e l e c t r o d e   2  is  s i n t e r e d   into  the  boss  of  a  c o n d u c t i n g   cermet  end 

plug  20,  which  is  s ea led   by  a  g lass   f r i t   21  to  t h e  

p o l y c r y s t a l l i n e   alumina  plug  15.  The  lead  wire  17  i s  

p r e f e r a b l y   of  molybdenum  and  can  be  brazed  or,  p r e f e r a b l y ,  

s i n t e r e d   in to   cap  20.  For  s i n t e r i n g   it   is  p r e f e r a b l e   to  u se  

doped  molybdenum  which  is  more  d u c t i l e .  

Looking  at  one  form  of  the  e l e c t r o d e   i t s e l f   in  more  d e t a i l ,  

Figure  10  shows  how  a  wick  in  the  form  of  a  t u n g s t e n   bra id   18 

may  be  f i t t e d   around  an  e l e c t r o d e   shank  2  so  t ha t   i t   might,   when 

sea led   i n t o ,   for  example,  a  fused  s i l i c a   tube,   c o n t a c t   t h e  

r e s e r v o i r   of  l i q u i d   dose.  With  p o l y c r y s t a l l i n e   a l u m i n a  

d i s c h a r g e   t ubes ,   us ing  niobium  tubes  as  e l e c t r i c a l  

l e a d - t h r o u g h s ,   i t   is  p r e f e r r e d   to  weld  the  shank  2  to  t h e  

niobium  tube  16  be fo re   f i t t i n g   the  wick.  In  t h i s   example  a 
c o n v e n t i o n a l   e l e c t r o d e   overwind  3  is  used.  This  comprises   a 

pr imary  coi l   overwound  with  a  secondary  c o i l .  

In  F igure   11  is  an  a l t e r n a t i v e   as  used  in  Figure   7  in  which  

the  b ra id   18  extends  over  a  longer  part  of  the  shank  2,  w i t h o u t  

a  s e p a r a t e   c o n v e n t i o n a l   ove rwind .  

F igure   12  shows  the  manner  in  which  an  e l e c t r o d e   as  i n  

Figure   10  may  be  s ea l ed   into  a  fused  s i l i c a   tube  1  so   tha t   t h e  

wick  b ra id   18  meets  the  pinch  seal  5.  In  th i s   manner  i t  

extends  to  the  very  lowest   point  and  wi l l   be  immersed  in  any 

l i q u i d   dose  which  c o l l e c t s   the re .   The  pinch  seal   p r e f e r a b l y  

has  a  sma l l e r   r ad ius   of  cu rva tu re   near  the  base  of  the  w i c k .  

In  a  c o n s t r u c t i o n   such  as  tha t   of  Figure   10,  e i t h e r   for  u se  

in  an  alumina  arc  tube  or  a  fused  s i l i c a   arc  tube  as  shown  i n  

Figure   12,  the  pr imary  ( inner)   coi l   of  a  c o n v e n t i o n a l   lamp 



e l e c t r o d e   overwind  may  be  used  as  a  wick.  A  s u i t a b l e   coi l   i s  

the  p r imary   co i l   of  a  400  watt  SON  (high  p r e s s u r e   sod ium)  

lamp.  An  example  of  a  co i l   wick  of  t h i s   form  is  shown  at  26  i n  

F igure   13,  mounted  on  a  shank  2  suppor t ed   on  a  niobium  tube  i n  

the   manner  of  F igure   7 .  

By  way  of  a  s p e c i f i c   example  of  the  e f f e c t i v e n e s s   of  t h e  

i n v e n t i o n ,   F igure   14  shows  (but  not  to  s c a l e )   a  lamp  in  which  a 

p o l y c r y s t a l l i n e   a lumina  arc  tube  24,  113mm  long  and  7.4mm 

i n t e r n a l   d i a m e t e r ,   a  s ize  commonly  used  for  400W  high  p r e s s u r e  

sodium  lamps,  is  mounted  i n s i d e   an  evacua ted   e l l i p t i c a l   o u t e r  

g l a s s   bulb  25.  The  lower  end  of  the  arc  tube  has  a  b r a i d e d  

wick  on  the  e l e c t r o d e   and  concave  plug,   both  of  the  t y p e  

d e s c r i b e d   with  r e f e r e n c e   to  Figure  7.  The  upper  end  has  a  

c o n v e n t i o n a l   e l e c t r o d e   3  and  shape  of  plug  commonly  used  in  h i g h  

p r e s s u r e   sodium  l a m p s .  

The  lamp  is  dosed  with  about  40mg  sodium  and  160mg  m e r c u r y  

in  the  form  of  an  amalgam  with  15  t o r r   xenon  cold  f i l l  

p r e s s u r e .   In  order  to  ensure  tha t   the  bottom  of  the  a r c  t u b e  

is  the  r eg ion   in  which  the  dose  l i q u e f i e s   a  cap  22  of  n iob ium 

metal   was  p laced  around  the  t o p .  

For  t e s t i n g   purposes   two  such  lamps  were  ope ra t ed   at  400W 

one  with  the  wick  e l e c t r o d e   at  the  bottom  and  the  o ther   with  t h e  

s t a n d a r d   e l e c t r o d e   at  the  bottom.  With  the  s t a n d a r d   e l e c t r o d e  

a t  t h e   bottom  the  lamp  ran  at  104V,  4.4A  and  produced  t h e  

spec t rum  of  F igure   15a  which  is  e s s e n t i a l l y   t h a t   of  a  p r io r   a r t  

high  p r e s s u r e   sodium  lamp,  with  a  golden  yellow  co lou r .   The 

lamp  run  with  the  wick  e l e c t r o d e   at  the  bottom  had  a  w h i t e  

co lour   with  the  spectrum  of  Figure  15b  and  ran  at  385V,  1.3A. 

This  i n d i c a t e s   a  much  h igher   p a r t i a l   p r e s s u r e   of  sodium  in  t h e  

lamp.  Both  lamps  o p e r a t e d   s t a b l y .  

In  ano ther   example  lamps  g e n e r a l l y   s i m i l a r   to  tha t   o f  

F igure   14  have  been  made,  having  at  one  end  b r a ided   t u n g s t e n  

wicks  of  v a r i o u s   l e n g t h s   (3mm,  5mm  and  7mm)  on  e l e c t r o d e s   w i t h  

c o n v e n t i o n a l   overwinds  in  the  manner  of  F igure   10. 

F igure   16  is  a  graph  of  the  p o t e n t i a l   d i f f e r e n c e   across   t h e  



lamp  at  a  c o n s t a n t   power  of  400  wat ts   as  a  f u n c t i o n   of  w i c k  

bra id   l e n g t h ,   the  p a r t i a l   p r e s s u r e   of  sodium  being  s t r o n g l y  

c o r r e l a t e d   wi th   the  p o t e n t i a l   d i f f e r e n c e .  

I t   can  be  seen  from  Figure   16  tha t   v a r i a t i o n   of  the  wick  

l e n g t h   p r o v i d e s   an  e f f e c t i v e   c o n t r o l   of  vapour  p r e s s u r e   (and 

hence  of  c o l o u r ) .   High  p r e s s u r e   sodium  lamps  of  improved  

colour  and  h igher   sodium  vapour  p r e s s u r e   have  been  produced  i n  

the  p r i o r   art   by  the  use  of  e x t e r n a l   heat  s h i e l d s ,   so  tha t   n o t  

only  the  dose  amalgam  but  a lso  the  components  of  the  end  s e a l  

are  s u b j e c t   to  much  h igher   t e m p e r a t u r e ,   thus  i n c r e a s i n g   t h e  

chemical   r e a c t i o n   ra te   between,   for  example,  the  dose  amalgam 

and  the  s e a l i n g   g l a s s .   With  the  p resen t   i n v e n t i o n   an  e x t e r n a l  

sh i e ld   is  not  n e c e s s a r y   at  the  end  c o n t a i n i n g   the  l i q u i d   amalgam 

and  the  end  s e a l . i s   t h e r e f o r e   c o o l e r .   Chemical  r e a c t i o n   r a t e s  

are  t h e r e f o r e   thought   to  be  l e s s   for  a  given  lamp  p e r f o r m a n c e  

than  with  p r i o r   ar t   l a m p s .  

Other  m ix tu re s   of  meta ls   such  as:  sodium,  t h a l l i u m   and 

mercury;   sodium,  t h a l l i u m ,   cadmium  and  mercury;  l i t h i u m ,  

t h a l l i u m   and  mercury  can  be  used  to  make  metal   vapour  lamps 

s u i t a b l e   for  genera l   i l l u m i n a t i o n .  

Other  embodiments  f o r  a   wick  e l e c t r o d e   and  tube  shapes  t o  

r e c e i v e   i t   and  provide  at  l e a s t   some  r e s e r v o i r   of  l i q u i d   dose  

wi l l   be  a p p a r e n t   to  those  s k i l l e d   in  the  a r t .   By  way  of  a 

n o n - e x h a u s t i v e   l i s t   the  fo l lowing   wick  forms  may  be  s u i t a b l e   f o r  

c e r t a i n   a p p l i c a t i o n s :  

a)  r e p l a c i n g   a  co i led   coi l   with  a  braid  made  by  r e p e a t e d  

winding  of  t u n g s t e n   wire  on  the  e l e c t r o d e   shank,  each  l a y e r  

being  wound  in  the  oppos i t e   d i r e c t i o n   to  the  p rev ious   one ,  

t y p i c a l l y   for  three   l aye r s   not  n e c e s s a r i l y   of  the  same  d i a m e t e r ;  

b)  a  porous ,   p r e - s i n t e r e d   t ungs t en   r i n g ;  

c)  a  porous  ceramic  c y l i n d e r ,   p r e f e r a b l y   of  s i n t e r e d  

alumina  made  by  embedding  metal  powder,  p r e f e r a b l y   n i c k e l ,   i n  

alumina  powder,  s i n t e r i n g   to  give  some  s t r e n g t h   w i t h o u t  

e v a p o r a t i n g   the  meta l ,   l e ach ing   out  the  metal  with  acid  and 

r e - s i n t e r i n g   the  porous  s t r u c t u r e   at  h igher   t e m p e r a t u r e ;  



d)  a  porous  ceramic  c y l i n d e r ,   as  in  c),  but  made  w i t h  

meta l ,   p r e f e r a b l y   n i c k e l ,   b ra id   r a t h e r   than  powder ;  

e)  a  porous  cermet  m a t e r i a l ,   made  by  c o a t i n g   c e r a m i c  

( p r e f e r a b l y   a lumina)   g r anu l e s   wi th   metal  ( p r e f e r a b l y   molybdenum 

or  n i c k e l ) ,   p r e f i r i n g   at  600 -   12000C  in  an  i n e r t   or  r e d u c i n g  

environment   and  s u b s e q u e n t l y   l e a c h i n g   out  the  metal  with  a c i d  

and  r e - s i n t e r i n g   the  porous  s t r u c t u r e   at  h igher   t e m p e r a t u r e ;  

f)  a  porous  cermet  m a t e r i a l   made  by  d i s p e r s i n g   m e t a l  

( p r e f e r a b l y   t u n g s t e n   or  molybdenum)  i n s i d e   ceramic  ( p r e f e r a b l y  

alumina)   g r a n u l e s   t o g e t h e r   with  up  to  25%  by  volume  of  an 

o rgan ic   b inder   ( p r e f e r a b l y   p o l y e t h y l e n e   g lycol   or  p o l y v i n y l  

a l c o h o l )   and  s u b s e q u e n t l y   burn ing   out  the  b inder   during  f i r i n g  

at  1000 -  1400°C  ( p r e f e r a b l y   1200 -   1300°C)  (An  example  of   a  

porous  cermet  wick  of  t h i s   type  is  i l l u s t r a t e d   in  Figure  17 ) ;  

g)  a  s t r u c t u r e   as  in  e)  but  us ing  other   metal  wire  f o r m s ,  

p o r o s i t y   being  c o n t r o l l e d   by  the  t h i c k n e s s   and  p a t t e r n   of  t h e  

w i r e ;  

h)  a  s i m i l a r   s t r u c t u r e   using  molybdenum  braid  which .can   be 

s i n t e r e d   at  a  high  enough  t e m p e r a t u r e   to  e m b r i t t l e   t h e  

molybdenum  and  thus  f a c i l i t a t e   machining  to  shape  b e f o r e  

l e a c h i n g   out  the  m e t a l ;  

i)  a  s i m i l a r   porous  ceramic  c y l i n d e r   in  which  the  m e t a l  

used  is  i ron  which,  being  cheap,  reduces   the  cost  when  p r e p a r e d  

by  l e a c h i n g   o u t ;  

j)  a  porous  wick  of  meta l ,   made  by  s i n t e r i n g   metal  f l a k e s  

around  the  e l e c t r o d e   shank,  which  can  produce  l o n g i t u d i n a l  

voidage  with  g r e a t e r   s t r e n g t h   than  a  porous  s i n t e r e d   powder ,  

t h i s   may  be  t u n g s t e n   ( p r e f e r a b l y )   or  t an ta lum  or  molybdenum; 

k)  a  wick  made  by  s i n t e r i n g   t u n g s t e n   ( p r e f e r a b l y )   o r  

molybdenum  powder  c o n t a i n i n g   a  n i cke l   wire  s t r u c t u r e ,   p r e f e r a b l y  

b r a i d ,   in  which,  to  reduce  the  s i n t e r i n g   t e m p e r a t u r e ,   0.5  t o  

1.5%  by  weight   of  n i cke l   being  added  to  the  t ungs t en   powder  and 

the  n i cke l   wire  being  l eached   out  to  leave  pores  for  the  w i c k ;  

1)  a  wick  made  by  c u t t i n g   t u n g s t e n   wire  into  small  p i e c e s ,  

p r e s s i n g   them  around  the  e l e c t r o d e   shank  and  s i n t e r i n g ;  



m)  s t r a i g h t   l eng ths   of  t u n g s t e n   wire  (or  o ther   h i g h  

me l t i ng   p o i n t ,   n o n - r e a c t i v e   meta l )   s i n t e r e d   t o g e t h e r  

l o n g i t u d i n a l l y   p a r a l l e l   to  the  e l e c t r o d e   shank,  p o r o s i t y   b e i n g  

c o n t r o l l e d   by  the  s i n t e r i n g   t e m p e r a t u r e ;  

n)  a  co i l   of  t u n g s t e n   wire  as  used  for  t u n g s t e n   f i l a m e n t  

lamps,  a  s u i t a b l e   example  being  wire  from  tungs ten   h a l o g e n  

' s t u d i o '   lamps  r a t ed   at  240V,  1500W; 

o)  one  or  more  tubes  of  s i n t e r e d   alumina  p laced  around  t h e  

e l e c t r o d e   shank  so  tha t   the  r e s u l t i n g   annula r   spaces  a r e  

d i m e n s i o n a l l y   s u i t a b l e   for  c a p i l l a r y   a c t i o n .  

An  e f f e c t i v e   wick  may  be  provided  by  t e x t u r i n g   o r  

c o n t o u r i n g   the  e l e c t r o d e   shank  su r f ace   provided  the  c r i t e r i a   f o r  

c a p i l l a r y   a c t i o n   are  s a t i s f i e d .   This  may  be  ach ieved   f o r  

example  by  a  h e l i c a l   groove  which  is  almost  c losed  at  t h e  

s u r f a c e   p r o v i d i n g   opposing  s u r f a c e s   for  the  c a p i l l a r y   a c t i o n ,  

a l though   at  p r e sen t   such  a  su r f ace   would  be  d i f f i c u l t   to  p r o d u c e .  

Al though  tubes  have  been  de sc r i bed   with  one  c o n v e n t i o n a l  

e l e c t r o d e   and  one  wick  e l e c t r o d e   i t   is  envisaged  t ha t   s u c c e s s f u l  

tubes  may  have  two  e l e c t r o d e s   both  of  which  are  w ick  

e l e c t r o d e s .   However  at  any  time  only  one  such  e l e c t r o d e   may  be 

o p e r a t i v e   in  a  heat  pipe  mode  depending  on  the  tube  o r i e n t a t i o n .  

F u r t h e r m o r e   a l though  the  i l l u s t r a t e d   embodiments  show  a 

wick  d i s p o s e d   around  the  e l e c t r o d e   shank  i t   wi l l   be  r e a l i s e d  

that   i t   may  be  ad jacen t   or  in  the  region  of  the  shank,  p e r h a p s  

d i sposed   around  an  a u x i l i a r y   e l e c t r o d e ,   p r o v i d i n g   i t   is  w e t t e d  

by  the  l i q u i d   d o s e .  



1.  A  high  p r e s s u r e   d i s c h a r g e   lamp  i n c l u d i n g   a  l i g h t  

t r a n s m i t t i n g   arc  tube  hav ing ,   s e a l e d   in to   the  ends  t h e r e o f ,  

e l e c t r o d e s   each  compr i s ing   at  l e a s t   an  e l e c t r o d e   shank  and 

w i t h i n   the  arc  tube  a  dose  s u i t a b l e   to  be  l i q u i d   at  l e a s t   i n  

pa r t   at  the  working  t e m p e r a t u r e   of  the  lamp,  the  lamp  f u r t h e r  

i n c l u d i n g   a  r e s e r v o i r   r eg ion   adapted   to  c o l l e c t   the  l i qu id   dose  

when  the  lamp  is  a p p r o p r i a t e l y   o r i e n t a t e d   and  t r a n s f e r   means 

a r r a n g e d   to  be  in  c o n t a c t   with  the  l i q u i d   dose  when  the  lamp  i s  

a p p r o p r i a t e l y   o r i e n t a t e d   and  c o n s t r u c t e d   so  t h a t ,   in  o p e r a t i o n ,  

at  l e a s t   pa r t   of  the  l i q u i d   dose  is  moved  to  a  h o t t e r   part   o f  

the  tube  by  the  a c t i o n   of  s u r f a c e   t e n s i o n .  

2.  A  lamp  a c c o r d i n g   to  Claim  1  in  which  the  t r a n s f e r   member 

compr i ses   a  porous  wick  o f  a   m a t e r i a l   s u i t a b l e   to  be  wet ted  by 

the  l i q u i d   dose  in  o p e r a t i o n .  

3.  A  lamp  a c c o r d i n g   to  Claim  2  in  which  the  arc  tube  is  made 

of  s i l i c a   and  the  porous  wick  is  made  o f  a   m a t e r i a l   s u i t a b l e   t o  

be  wet ted   by  a  metal   or  metal  compound  me l t i ng   a t  a   t e m p e r a t u r e  

below  1000°C.  

4.  A  lamp  a c c o r d i n g   to  Cla im 2  in  which  the  arc  tube  i s  m a d e  

of  p o l y c r y s t a l l i n e   alumina  and  the  porous  wick  is  made  of  a  

m a t e r i a l   s u i t a b l e   to  be  wet ted   by a  metal   or  metal   compound 

m e l t i n g   a t  a   t e m p e r a t u r e   below  1100oC. 

5.  A  lamp  a c c o r d i n g   to  any  p r e c e d i n g   claim  in  which  t h e  

t r a n s f e r   means  is  d i sposed   in  the  r eg ion   of  the  shank  of  one  o f  

said  e l e c t r o d e s .  

6.  A  lamp  a c c o r d i n g   to  Claim  5  in  which  the  t r a n s f e r   member  i s  

a  wire  bra id   wrapped  around  the  e l e c t r o d e   s h a n k .  

7.  A  lamp  a c c o r d i n g   to  Claim  5  in  which  the  t r a n s f e r   member  i s  

a  wire  co i l   d i sposed   around  the  e l e c t r o d e   s h a n k .  

8.  A  lamp  a c c o r d i n g   to  Claim  5  in  which  the  t r a n s f e r   means  i s  

a  porous  ceramic  member. 

9.  A  lamp  a c c o r d i n g   to  Claim  5  in  which  the  t r a n s f e r   member  i s  

a  porous  metal   member. 



10.  A  lamp  a c c o r d i n g   to  Claim  8  or  Claim  9  in  which  t h e  

e l e c t r o d e   shank  passes   through  the  porous  member.  

11.  A  high  p r e s s u r e   d i s c h a r g e   lamp  i n c l u d i n g   a 

l i g h t - t r a n s m i t t i n g   arc  tube;   two  e l e c t r o d e s ,   each  compr i s ing   a t  

l e a s t   an  e l e c t r o d e   shank  s ea l ed   into  opposing  ends  of  the  a r c  

tube;  w i th in   the  arc  tube  a  dose  s u i t a b l e   to  be  l i q u i d   at  l e a s t  

in  par t   when  the  lamp  is  in  o p e r a t i o n ;   and  t r a n s f e r   means 

d i sposed   in  the  r eg ion   of  a  l e a s t   one  of  said  e l e c t r o d e   s h a n k s  

and  made  of  a  m a t e r i a l   which  wi l l   be  wet ted  by  the  l i q u i d   dose  

at  the  o p e r a t i n g   t e m p e r a t u r e   of  the  lamp  so  tha t   in  o p e r a t i o n ,  

with  the  lamp  a p p r o p r i a t e l y   o r i e n t a t e d ,   the  t r a n s f e r   member  i s  

capable   of  moving  some  of  the  l i q u i d   dose  to  a  h o t t e r   par t   o f  

the  lamp  by  the  a c t i o n   of  s u r f a c e   t e n s i o n .  

12.  A  lamp  a c c o r d i n g   to  Claim  11  in  which  the  t r a n s f e r   means  i s  

d isposed  around  the  e l e c t r o d e   s h a n k .  

13.  A  lamp  a c c o r d i n g   to  any  of  Claims  5  -  1 2   i n c l u d i n g   a 

f u r t h e r   t r a n s f e r   means  d i sposed   in  the  r eg ion   of  the  o ther   s a i d  

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

14.  A  lamp  a c c o r d i n g   to  any  p reced ing   claim  being  a  m e t a l  

vapour  l amp .  
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