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High  pressure  sodium  lamoa- 

The  invention  provides  an  improved  high  pressure 
sodium  lamp  of  nominally  50  watt  rating  operating  at  a  lamp 
voltage  V  of  substantially  70-130  volts  in  which  for  satisfac- 
tory  life,  efficacy  and  colour,  for  an  arc  tube  of  internal 
diameter  d  in  the  range  3.0  to  5.0  mm,  the  sodium  mole 
fraction  x,  in  the  range  0.63-0.8,  and  arc  length  are  deter- 
mined  by  interpolation  or  extrapolation  on  the  graph  of 
Figure  3  or  by  the  equation 



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  high  p r e s s u r e   sodium  lamps  

which  comprise  a  s e a l ed   d i s c h a r g e   (arc)   tube  of  a  c e r a m i c  

m a t e r i a l ,   p r e f e r a b l y   p o l y c r y s t a l l i n e   a lumina,   in  which  a  

d i s c h a r g e   takes   place  between  e l e c t r o d e s   at  o p p o s i t e   ends  

t h e r e o f   in  a  f i l l   which  i n c l u d e s   sodium  vapour  in  amalgam  w i t h  

mercury  and  an  i n e r t   s t a r t i n g   gas  ( u s u a l l y   Xenon  at  t y p i c a l l y   20 

t o r r   cold  f i l l   p r e s s u r e ) .   The  i n v e n t i o n   is  p a r t i c u l a r l y  

concerned  with  the  o p t i m i s a t i o n   of  the  arc  tube  bore  and  the  a r c  

l e n g t h   between  the  e l e c t r o d e s   in  r e l a t i o n   to  the  sodium  mole  

f r a c t i o n   of  a  sodium  amalgam  par t   of  the  f i l l   to  improve  t h e  

e f f i c a c y   of  the  l amp.  

The  high  p r e s s u r e   sodium  lamp  (see  "Lamps  and  L i g h t i n g "   e d .  

Henderson  &  Marsden  2nd  Ed.  pp  242-249,  Arnold)  is  now  w e l l  

e s t a b l i s h e d .   I t   has  been  the  s u b j e c t   of  many  i n v e s t i g a t i o n s  

which  have  aided  u n d e r s t a n d i n g   of  i t s   p h y s i c a l   p r o p e r t i e s   and  

s i g n i f i c a n t   improvements  in  i t s   luminous  e f f i c a c y   and  t h e  

e x t e n s i o n   of  the  t echno logy   to  lamps  of  p r o g r e s s i v e l y   l o w e r  

powers  have  r e s u l t e d .   The  r e s u l t s   of  one  such  s tudy  a r e  
d e s c r i b e d   and  c la imed  in  U.S.  Pa t en t   No. 3  906  277  w h i c h  

p rov ides   c e r t a i n   c r i t e r i a   the  s a t i s f a c t i o n   of  which  is  said  t o  

r e s u l t   in  a  lamp  of  i n c r e a s e d   e f f i c a c y   over  the  p r io r   a r t .  

N e v e r t h e l e s s   i t   is  b e l i e v e d   tha t   i t   is  p o s s i b l e   by  s u i t a b l e  

choice  of  the  arc  tube  bore  ( i n t e r n a l   d iamete r )   and  arc  l e n g t h  

(between  the  e l e c t r o d e   t i p s ) ,   to  improve  the  e f f i c a c y   of  l o w e r  

power  high  p r e s s u r e   sodium  lamps  and  i t   is  an  o b j e c t   of  t h i s  

i n v e n t i o n   to  provide  a  method  of  d e t e r m i n i n g   these   d i m e n s i o n s  



with  the  aim  of  improving  lamp  design  and  to  p rov ide   i m p r o v e d  

lower  power  lamps  des igned   in  such  a  manner.  In  p a r t i c u l a r   i t  

is  an  o b j e c t   to  i n c l u d e  l a m p s   in  power  and  v o l t a g e   ranges  wh ich  

are  not  s p e c i f i c a l l y   i n c l u d e d   in  the  t e a c h i n g s   of  sa id   U . S .  

Pa ten t   w i thou t   e x t r a p o l a t i o n ,   for  example  a  50  wat t ,   70-130  v o l t  

l a m p .  

According  to  one  a spec t   of  the  i n v e n t i o n   the re   is  p r o v i d e d  

a  high  p r e s s u r e   sodium  lamp  for  o p e r a t i o n   at  a  power  r a t i n g   o f  

50  wa t t s   and  at  a  lamp  v o l t a g e   drop  in  the  range  70  to  130 

v o l t s ,   the  lamp  i n c l u d i n g   a  s u b s t a n t i a l l y   t u b u l a r  

l i g h t - t r a n s m i t t i n g   arc  tube  whose  i n t e r n a l   d iameter   is  in  t h e  

range  3.0  to  5.0  mm,  having  t h e r m i o n i c   e l e c t r o d e s   s e a l e d   i n t o  

the  end  t h e r e o f   and  f i l l e d   with  an  i n e r t   s t a r t i n g   gas  and  a  

sodium  amalgam  having  a  sodium  mole  f r a c t i o n   in  the  r a n g e  

0 . 6 3 - 0 . 8 ,   the  arc  l e n g t h  I   in  mm  between  the  e l e c t r o d e s   b e i n g  

s u b s t a n t i a l l y   de f ined   by  the  e q u a t i o n  

where  d  is  the  arc  tube  i n t e r n a l   d iameter   in  mm,  x  is  the  sod ium 

mole  f r a c t i o n ,   and  V  is  the  lamp  v o l t a g e   drop  in  v o l t s .  

According  to  ano ther   a spec t   of  the  i n v e n t i o n   the re   i s  

p rov ided   a  high  p r e s s u r e   sodium  lamp  for  o p e r a t i o n   at  a  power 

r a t i n g   of  50  wat ts   and  at  a  lamp  v o l t a g e   in  t h e  r a n g e   70  to  90 

v o l t s ,   the  lamp  i n c l u d i n g :   a  s u b s t a n t i a l l y   t u b u l a r  

l i g h t - t r a n s m i t t i n g   arc  tube  whose  i n t e r n a l   d iameter   is  in  t h e  

range  3.0  to  4.5  mm,  having  t h e r m i o n i c   e l e c t r o d e s   s ea l ed   i n t o  

the  ends  t h e r e o f   and  f i l l e d   with  an  i n e r t   s t a r t i n g   gas  and  a  

sodium  amalgam  having  a  sodium  mole  f r a c t i o n   in  the  range  0 . 6 3  -  

0 .80,   the  arc  l eng th   between  the  e l e c t r o d e   t i p s   being  d e t e r m i n e d  

s u b s t a n t i a l l y   by  the  i n t e r s e c t i o n   of  a  l i n e   for  a  chosen  a r c  

tube  bore  with  the  l i ne   for  a  chosen  lamp  vo l t age   and  sodium 

mole  f r a c t i o n   in  F igure   3  of  the  accompanying  drawings ,   o r  

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

P r e f e r a b l y   the  wall   l o ad ing   of  the  arc  tubes  is  r e s t r i c t e d  

to  l e s s   than  20  W/cm2. 



P r e f e r a b l y   the  cool  spot  t e m p e r a t u r e   of  the  lamp  i s  

op t imi sed   by  the  ad jus tmen t   of  heat   l o s s e s   t h e r e f r o m .  

By  a  50  wat t   lamp  is  meant  a  lamp  of  nomina l ly   50  w a t t  

r a t i n g   which  is  des igned   to  run  at  50  wa t t s   at  a  s p e c i f i e d  

vo l t age   a l t hough   for  va r ious   r easons   the  lamp  may  be  run  a t  

d i f f e r e n t   v o l t a g e s   at  which  the  lamp  power  wi l l   not  be  50  w a t t s .  

In  order   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   and 

r e a d i l y   c a r r i e d   in to   e f f e c t   i t   w i 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  w h i c h ,  

Figure   1  is  a  graph  i n d i c a t i n g   the  e f f e c t   of  arc  tube  b o r e  

on  e f f i c a c y ,  

F igure   2  is  a  graph  i n d i c a t i n g   the  e f f e c t   of  sodium  mole  

f r a c t i o n   on  e f f i c a c y ,  

F igure   3  i s  a   graph  d e f i n i n g   the  arc  l eng th   r e q u i r e d . t o  

op t imise   e f f i c a c y   as  a  f u n c t i o n   of  arc  tube  bore ,   lamp  v o l t a g e  

and  sodium  mole  f r a c t i o n ,   and  

F i g u r e  4   shows  a  p r e f e r r e d   80  V  high  p r e s s u r e   sodium  lamp 

in  acco rdance   with  the  i n v e n t i o n .  

The  e a r l y   high  p r e s s u r e   sodium  lamps  in  g e n e r a l   use  w e r e  

400  watt   lamps.  Subsequent   developments   have  aimed  a t  

i n c r e a s i n g   the  luminous  e f f i c a c y   of  these   lamps  and  a l so   a t  

p r o v i d i n g   e f f i c i e n t   high  p r e s s u r e   sodium  lamps  with  lower  power 

r a t i n g s   such  as  the  50  watt  lamp  which  t h i s   i n v e n t i o n  

p r o v i d e s .   In  f o l l o w i n g   t h i s   course  a t t e n t i o n   has  been  paid  t o  

s a t i s f y i n g   the  t h r ee   p r i n c i p l e   c r i t e r i a   which  are  long  l i f e ,  

high  e f f i c a c y   and  a  good  c o l o u r .  

I t   is  known  tha t   the  e f f i c a c y   of  a  high  p r e s s u r e   sod ium 

lamp,  with  i t s   colour   and  l i f e ,   depend  on  eleven  v a r i a b l e s .  

However,  as  d i s c u s s e d   by  P.L.  Denbigh  in  " L i g h t i n g   Research   and  

Technology"  (Vol.  10,  No. 1  1978  pp  28-32)  s e v e r a l   of  these   a r e  

s p e c i f i e d   for  economic  and  o ther   c o n s i d e r a t i o n s   and  o t h e r s   c an  

be  f i x e d ,   at  l e a s t   w i th in   known  ranges   dur ing   des ign   work .  

In  the  sa id   paper  by  Denbigh  an  e x p e r i m e n t a l   d e s i g n  

approach  is  e x p l a i n e d ,   many  of  the  c o n s i d e r a t i o n s   of  which  a r e  
v a l i d   now.  However  t h i s   paper  did  not  cons ide r   the  e f f e c t s   on 



the  lamp  des ign   of  the  amalgam  r a t i o ,   which  is  known  to  a f f e c t  

the  e f f i c a c y   of  the  lamp  both  d i r e c t l y  a n d   i n d i r e c t l y .  

The  p r e s e n t   i n v e n t i o n   t h e r e f o r e   p rov ides   a  50  watt  h i g h  

p r e s s u r e   sodium  lamp  with  a  lamp  v o l t a g e   of  70-130V,  which  i s  

known  to  be  a  p r e f e r r e d   range  and  t a k i n g   c e r t a i n   c r i t e r i a   wh ich  

may  be  s p e c i f i e d   w i t h i n   ranges  known  to  give  i n c r e a s e d   e f f i c a c y ,  

a d j u s t s   o ther   c r i t e r i a   f u r t h e r   to  i n c r e a s e   the  e f f i c a c y .  

For  50  watt   lamps  at  t h i s   range  of  v o l t a g e s   c o n s t r u c t e d   t o  

give  maximum  e f f i c i e n c y   ( i . e .   at  optimum  cool  spot  t e m p e r a t u r e )  

i t   has  been  found  t ha t   e f f i c a c y   i n c r e a s e s   as  the  tube  b o r e .  

d e c r e a s e s ,   by  way  of  example  see  F igure   1,  which  is  a  p lo t   o f  

e f f i c a c y   (in  l u m e n s / w a t t )   a g a i n s t   arc  tube  bore  (in  mm)  for  a  

50  wa t t ,   80V  lamp.  This  p lo t   is  for  a  sodium  mole  f r a c t i o n   o f  

0.686  and  for  t e m p e r a t u r e s ,   at  the  cool  spot  at  which  e x c e s s  

amalgam  c o l l e c t s ,   which  are  optimum  for  maximum  e f f i c i e n c y .  

The  optimum  cool  spot  t e m p e r a t u r e s   are  o b t a i n e d   by  us ing  w e l l  

known  means  ( i n c l u d i n g   heat   s c r e e n s ,   s u i t a b l e   c o n s t r u c t i o n   and  

a d j u s t m e n t   of  e l e c t r o d e   l eng th )   to  a d j u s t   heat  l o s s e s   in  the  a r c  

tube  for   o p e r a t i o n   at  the  s p e c i f i e d   v o l t a g e .  

I t   has  a lso   been  found  t h a t   e f f i c a c y   i n c r e a s e s   as  sod ium 

mole  f r a c t i o n   d e c r e a s e s   from  1  to  0.63  as  shown  in  F igure   2 ,  

which  is  a  p lo t   of  e f f i c a c y   a g a i n s t   sodium  m o l e  f r a c t i o n   for  a  

50  wa t t ,   80V  high  p r e s s u r e   sodium  lamp  of  4   mm  arc  tube  b o r e  

aga in   at  optimum  cool  spot  t e m p e r a t u r e .   I t   should  be  n o t e d  

t h a t   as  the  sodium  mole  f r a c t i o n   approaches   0.6  the  colour   i s  

e x c e e d i n g l y   pink  and  is  c o n s i d e r e d   to  be  u n a c c e p t a b l e   f o r  

l i g h t i n g   p u r p o s e s .  

Taking  the  f o r e g o i n g   in to   account   F igure   3  shows  t h e  

d imens ions   r e q u i r e d   in  acco rdance   with  t h i s   i n v e n t i o n   to  a c h i e v e  

maximum  e f f i c a c y   for  lamps  a d j u s t e d   using  p r i o r   a r t   t e c h n i q u e s  

to  be  at  t h e i r   optimum  cool  spot  t e m p e r a t u r e .   The  F igure   shows 

the  are  l e n g t h ,   in  mm,  p l o t t e d   as  a  f u n c t i o n   of  the  arc  t u b e  

bore ,   in  mm,  for  50  watt  high  p r e s s u r e   sodium  lamps  in t ended   t o  

o p e r a t e   at  70  v o l t s ,   80  v o l t s   and  90  v o l t s .   This  is  r e p e a t e d  

for  each  of  t h r e e   sodium  mole  f r a c t i o n   va lues ,   0.63,  0.70  and  



0.80  d e f i n i n g   a  range  which  is  c o n s i d e r e d   to  be  s a t i s f a c t o r y ,  

p a r t i c u l a r l y   from  the  aspec t   of  c o l o u r .   Also  i l l u s t r a t e d   f o r  

r e f e r e n c e   are  l i n e s   of  c o n s t a n t   wall   l o a d i n g .  

I t   has  been  seen  from  F igure   1  tha t   for  h igher   e f f i c a c y   t h e  

bore  must  be  as  small   as  p o s s i b l e .   At  the  same  t i m e  

c o n s t r a i n t s   of  wall  l o a d i n g ,   which  for  long  l i f e   lamps  i s  

u s u a l l y   set   at  not  g r e a t e r   than  20  W/Cm2,  and  of  arc  tube  s i z e  

de te rmine   the  s m a l l e s t   p r a c t i c a b l e   tube  bore.   The  arc  t u b e s  

f a l l i n g   at  the  lower  l e f t   hand  corner   of  F igure   3  are  on  t h e  

l i m i t s   of  p r a c t i c a l   manufac tu re   ( e v a p o r a t i o n   of  dose  and  a r c  

tube  c l e a n l i n e s s   being  the  p r i n c i p l e   p r o b l e m s ) .  

For  lamps  having  sodium  mole  f r a c t i o n s   between  0.63  and  

0.80  and  for  v o l t a g e s   between  70  and  90V  d imensions   may  be  

ob t a ined   by  i n t e r p o l a t i o n   in  F igure   3  and  d imens ions   for  l amps  

o u t s i d e   t hese   ranges  may  be  o b t a i n e d   by  e x t r a p o l a t i o n .  

The  use  of  the  graph  may  be  i l l u s t r a t e d  b y   the  example  o f  

the  p r e f e r r e d   50  watt  80  vo l t   high  p r e s s u r e   sodium  l amp.  

Taking  a  s a t i s f a c t o r y   middle  range  sodium  mole  f r a c t i o n   of  0 . 6 8 6  

it   can  be  seen  tha t   t h i s   lamp  should  have  an  arc  l e n g t h   o f  

24.5  mm  and  an  arc  tube  bore  of  4.0  mm.  The  wall   l o a d i n g  

o b t a i n e d   is  15.2  W/cm2.  The  p o s i t i o n   of  t h i s   lamp  in  F i g u r e  

3  has  been  i n d i c a t e d   by  a  s t a r   and  i t   is  shown  in  the  same 

manner  in  F igures   1  and  2 .  

The  i n f o r m a t i o n   conveyed  by  the  graph  of  F igure   3  may  be 

e x p r e s s e d   in  the  form  of  an  e q u a t i o n   the  a p p l i c a t i o n   of  wh ich  

y i e l d s   lamps  w i th in   the  ranges   for  which  the  i n v e n t i o n   a p p l i e s ,  

i n c l u d i n g   those  def ined   by  t h a t   F i g u r e .  

Thus  for  a  50  watt  h i g h - p r e s s u r e   sodium  lamp  of  v o l t a g e  

drop  V  between  70  and  130  v o l t s   having  an  arc  tube  dosed  with  a  

sodium  amalgam  with  a  sodium  mole  f r a c t i o n   x  between  0.8  a n d  

0.63  and  an  arc  tube  bore  ( i n t e r n a l   d i ame te r )   d  in  the  range  3 . 0  

to  5.0  mm  and  having  an  optimum  cool  spot  t e m p e r a t u r e   by 

s u i t a b l e   a d j u s t m e n t   of  heat   l o s s e s ,   the  d i s c h a r g e   may  be  c a u s e d  

to  o p e r a t e   at  maximum  e f f i c a c y   by  the  choice  of  an  arc  l e n g t h  

t  mm  d e f i n e d   by: 



This  e q u a t i o n   is  a p p l i e d   in  the  f o l l o w i n g   e x a m p l e s .  

EXAMPLE  1 

For  an  80  vo l t   50  watt  high  p r e s s u r e   sodium  lamp 

and  for  a  p r e f e r r e d   sodium  mole  f r a c t i o n   of  0.686  and  arc  t u b e  

bore  of  4.0  mm  the  arc  l eng th   r e q u i r e d   is  24.5  mm,  which  g i v e s  

the  p r e f e r r e d   lamp  i n d i c a t e d   by  the  s t a r   on  F igures   1 - 3 .  

EXAMPLE  2 

For  a  90  v o l t   50  watt   high  p r e s s u r e   sodium  lamp 

so  t h a t   for  a  p r e f e r r e d   sodium  mole  f r a c t i o n   of  0.686  and  a  

p r e f e r r e d   arc  tube  bore  of  4.0  mm  the  arc  l e n g t h   r e q u i r e d   i s  

26 .5  mm.  

EXAMPLE  3 

For  a  70  v o l t   50  watt   high  p r e s s u r e   sodium  lamp 

so  t h a t   for  a  p r e f e r r e d   sodium  mole  f r a c t i o n   of  0.686  and  a r c  

tube  bore  of  4.0  mm  the  arc  l eng th   r e q u i r e d   is  22.5  mm. 

These  e q u a t i o n s   are  b e l i e v e d   to  provide  the  arc  l eng th   t o  

w i th in   0.15  mm,  which  is  s i g n i f i c a n t l y   w i th in   d e s i r a b l e  

p r o d u c t i o n   t o l e r a n c e s   which  are  t y p i c a l l y  +   0.5  mm. 

In  m a n u f a c t u r i n g   p r a c t i c e   i t   is  p o s s i b l e   to  provide   a r c  

tube  bores  to  t i g h t   t o l e r a n c e s   and  the  sodium  mole  f r a c t i o n   may 

be  v i r t u a l l y   exac t .   However  i t   w i l l   be  a p p r e c i a t e d   from  s t u d y  

of  the  graphs  tha t   small   changes  w i l l   not  markedly  a f f e c t   t h e  

e f f i c a c y .   I t   is  t h e r e f o r e   not  i n t ended   t ha t   in  d e t e r m i n i n g   t h e  

scope  of  the  i n v e n t i o n   i t   should  be  l i m i t e d   to  the  p r e c i s i o n  

with  which  the  e q u a t i o n s   may  be  e v a l u a t e d .  

F i g u r e  4   shows  a  p r e f e r r e d   50  watt   80  v o l t   high  p r e s s u r e  
sodium  lamp  in  accordance   with  t h i s   i n v e n t i o n .   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  has  a  l e n g t h   of  24.5  mm 

plus  the  two  e l e c t r o d e   l e n g t h s   (in  t h i s   example  a  t o t a l   o f  

36.3  mm).  The  tube  of  i n t e r n a l   d iameter   4.0  mm  and  has  end  

caps  2  in  which  e l e c t r o d e s   (not  shown)  and  e x t e r n a l   leads   3  a r e  



mounted.  The  d i s c h a r g e   tube  is  f i l l e d   with  a  f i l l i n g   i n c l u d i n g  

Xenon  s t a r t i n g   gas  at  20  t o r r   cold  f i l l   p r e s s u r e   and  a  sod ium 

amalgam  with  a  sodium  mole  f r a c t i o n   of  0 .686.   The  assembly  i s  

mounted  in  an  outer   envelope  4  being  s u p p o r t e d   t h e r e i n   by  a  

c o n v e n t i o n a l   metal   framework  5.  A  c o n v e n t i o n a l   lamp  base  6  i s  

p rovided   with  a  t e r m i n a l   7 .  

The  p r e f e r r e d   70  v o l t   and  90  v o l t   lamps  are  s u b s t a n t i a l l y  

the  same  a p a r t   from  the  d imens ions   of  the  arc  tube  which  a r e  

about  10%  s h o r t e r   and  10%  l a r g e r   r e s p e c t i v e l y .  



1.  A  high  p r e s s u r e   sodium  lamp  for  o p e r a t i o n   at  a  power 

r a t i n g   of  50  wat ts   and  at  a  lamp  vo l t age   drop  in  the  range  70  t o  

130  v o l t s ,   the  lamp  i n c l u d i n g   a  s u b s t a n t i a l l y - t u b u l a r  

l i g h t - t r a n s m i t t i n g   arc  tube  whose  i n t e r n a l   d iamete r   is  in  t h e  

range  3.0  to  5.0  mm,  having  t h e r m i o n i c   e l e c t r o d e s   s ea l ed   i n t o  

the  end  t h e r e o f   and  f i l l e d   with  an  i n e r t   s t a r t i n g   gas  and  a  

sodium  amalgam  having  a  sodium  mole  f r a c t i o n   in  the  r a n g e  
0 . 6 3 - 0 . 8 ,   the  arc  l e n g t h  t   in  mm  between  the  e l e c t r o d e s   b e i n g  

s u b s t a n t i a l l y   de f ined   by  the  e q u a t i o n  

where  d  is  the  arc  tube  i n t e r n a l   d iameter   in  mm,  x  is  the  sodium 

m o l e  f r a c t i o n ,   and  V  is  the  lamp  v o l t a g e   drop  in  v o l t s .  

2.A  high  p r e s s u r e   sodium  lamp  for  o p e r a t i o n   at  a  power 

r a t i n g   of  50  wat ts   and  at  a  lamp  v o l t a g e   in  the  range  70  to  90 

v o l t s ,   the  lamp  i n c l u d i n g :   a  s u b s t a n t i a l l y   t u b u l a r  

l i g h t - t r a n s m i t t i n g   arc  tube  whose  i n t e r n a l   d iameter   is  in  t h e  

range  3.0  to  4.5  mm,  having  t h e r m i o n i c   e l e c t r o d e s   sea led   i n t o  

the  ends  t h e r e o f   and  f i l l e d   with  an  i n e r t   s t a r t i n g   gas  and  a  

sodium  amalgam  having  a  sodium  mole  f r a c t i o n   in  the  range  0 . 6 3  -  

0 .80,   the  arc  l eng th   between  the  e l e c t r o d e   t ips   being  d e t e r m i n e d  

s u b s t a n t i a l l y   by  the  i n t e r s e c t i o n   of  a  l i n e   for  a  chosen  a r c  

tube  bore  with  the  l i n e   for  a  chosen  lamp  v o l t a g e   and  sodium 

mole  f r a c t i o n   in  F igure   3  of  the  accompanying  drawings ,   o r  

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

3.  A  lamp  a c c o r d i n g   to  e i t h e r   Claim  1  or  Claim  2  in  which  

the  wall   l oad ing   of  the  arc  tube  is  r e s t r i c t e d   to  less   t h a n  

20  W/cm2. 

4.  A  lamp  a c c o r d i n g   to  any  of  Claims  1  to  3  in  which  t h e  

sodium  mole  f r a c t i o n   is  of  the  order  of  0 . 7 .  

5.  A  lamp  a c c o r d i n g   to  Claim 4  in  which  the  sodium  mole  

f r a c t i o n   is  0 . 6 8 6 .  

6.  A  lamp  a c c o r d i n g   to  any  of  Claims  1 -  5  in  which  t h e  

arc  tube  bore  is  s u b s t a n t i a l l y   4.Omm. 



7.  A  lamp  acco rd ing   to  any  of  C l a i m s  4  -   6  being  a  90 

vo l t   lamp  in  which  the  arc  l e n g t h   is  26.5  +  0.5mm. 

8.  A  lamp  acco rd ing   to  any  of  C l a i m s  4  -   6  being  an  80 

vo l t   lamp  in  which  the  arc  l e n g t h   is  24.5  ±  0.5mm. 

9.  A  lamp  acco rd ing   to  any  of  C l a i m s  4  -   6  being  a  70 

vo l t   lamp  in  which  the  arc  l eng th   is  22.5  +  0.5mm. 
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