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@  Improvements  in  or  relating  to  high  pressure  sodium  lamps. 

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



The  p resen 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  sea led   d i s cha rge   (arc)   tube  of  a  ce ramic  

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 cha rge   takes  place  between  e l e c t r o d e s   at  oppos i t e   ends 

t h e r e o f   in  a  f i l l   which  i nc ludes   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 

to 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 eng th   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  part   of  the  f i l l   to  improve  t h e  

e f f i c a c y   of  the  lamp.  

The  high  p re s su re   sodium  lamp  (see  "Lamps  and  Light ing"   ed .  

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 .   It  has  been  the  sub jec 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   l u m i n o u s  e f f i c a c y   and  t h e  

e x t e n s i o n   of  the  t echnology  to  lamps  of  p r o g r e s s i v e l y   lower  

powers  have  r e s u l t e d .   The  r e s u l t s   of  one  such  study  a r e  

desc r ibed   and  claimed  in  U.S.  Patent   No. 3  906  277  which 

prov 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 ior   a r t .  

Neve r the l e s s   i t   is  be l i eved   that   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  lower  



power  high  p r e s s u r e   sodium  lamps  and  i t   is  an  ob jec t   of  t h i s  

i n v e n t i o n   to  provide  a  method  of  de t e rmin ing   these  d i m e n s i o n s  

with  the  aim  of  improving  lamp  design  and  to  provide  improved  

lower  power  lamps  designed  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 nc lude   lamps  in  power  and  vo l t age   ranges  n o t  

s p e c i f i c a l l y   i nc luded   in  the  t e a c h i n g s   of  said  U.S.  P a t e n t  

wi thout   e x t r a p o l a t i o n ,   for  example  a  70  wat t ,   70-130  vo l t   l amp.  

According  to  another   aspec 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  70  wat t s   and  at  a  lamp  v o l t a g e   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   diameter   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   sea led   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 eng th   L  in  mm  between  the  e l e c t r o d e s   b e i n g  

def ined   s u b s t a n t i a l l y   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 

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  one  aspect   of  the  i n v e n t i o n   there   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  

70  wat ts   and  at  a  lamp  vo l t age   in  the  range  80  to  100  v o l t s ,   t h e  

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   a r c  

tube  whose  i n t e r n a l   d iameter   is  in  the  range  3.5  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 led   i n t o  t h e   ends  t he r eo 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  and  me rcu ry  

amalgam  having  a  sodium  mole  f r a c t i o n   in  the  range  0 . 6 3  -   0 . 8 ,  

the  arc  l eng th   between  the  e l e e 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 ine   for  a  chosen  lamp  vo l tage   and  sodium 

mole  f r a c t i o n   in  Figure  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  tube  is  r e s t r i c t e d  

to  less   than  20  W/CM2. 



P r e f e r a b l y   the  cool  spot  t empera tu re   of  the  lamp  i s  

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

By  a  70  watt   lamp  is  meant  a  lamp  of  nominal ly   70  w a t t  

r a t i n g   which  is  des igned  to  run  at  70  watts   at  a  s p e c i f i e d  

vo l t age   a l t h o u g h   for  va r ious   reasons  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  wil l   not  be  70  w a t t s .  

In  order   t ha t   the  i n v e n t i o n   may  be  c l e a r l y   unders tood   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   wi l l   now  be  desc r ibed   by  way  o f  

example  with  r e f e r e n c e   to  the  accompanying  drawings,   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  lamp  v o l t a g e  

on  e f f i c a c y   for  d i f f e r e n t   arc  tube  b o r e s ,  

Figure   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 ,  

Figure  3  is  a  graph  de f i n ing   the  arc  tube  l ength   r e q u i r e d  

to  op t imise   e f f i c a c y   as  a  func t ion   of  arc  tube  bore,   lamp 

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

Figure  4  shows  a  p r e f e r r e d   90  V  high  p r e s su re   sodium  lamp 

in  accordance   with  the  i n v e n t i o n .  

The  e a r l y   high  p r e s su re   sodium  lamps  in  genera l   use  were  

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  also  a t  

p rov id ing   e f f i c i e n t   high  p re s su re   sodium  lamps  with  lower  power 

r a t i n g s   such  as  the  70  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  fo l lowing   th is   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  th ree   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 .  

It  is  known  tha t   the  e f f i c a c y   of  a  high  p re s su re   sodium 

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 cus sed   by  P.L.  Denbigh  in  "L igh t ing   Research  and 

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

s p e c i f i e d   for  economic  and  other  c o n s i d e r a t i o n s   and  o thers   can  

be  f ixed ,   at  l e a s t   w i th in   known  ranges  during  design  work .  

In  the  said  paper  by  Denbigh  an  expe r imen ta 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  

va l id   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   and  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  70  watt  h i g h  

p r e s s u r e   sodium  lamp  with  a  lamp  vo l t age   of  70-130V,  which  i s  

known  to  be  a  p r e f e r r e d   range,   and  t ak ing   c e r t a i n   c r i t e r i a ,  

which  may  be  s p e c i f i e d   w i th in   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   t h e  

e f f i c a c y .  

For  70  wat t   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 h a 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 ,   as  is  shown  in  Figure   1,  which  is  a  p lo t   of  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   lamp  vo l t age   (in  v o l t s )   for  a  70  w a t t  

lamp  for  arc  tubes   with  4.0  mm  and  5.3  mm  bores .   This  p lo t   i s  

for  a  sodium  mole  f r a c t i o n   of  0.686  and  for  t e m p e r a t u r e s ,   at  t h e  

cool  spot  at  which  excess   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  ob ta ined   by  us ing  well   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  ad jus tment   of  e l e c t r o d e   l eng th )   t o  

a d j u s t   heat  l o s s e s   in  the  arc  tube  for  o p e r a t i o n   at  t h e  

s p e c i f i e d   v o l t a g e .  

It   has  a l so   been  found  tha t   e f f i c a c y   i n c r e a s e s   as  sodium 

mole  f r a c t i o n   d e c r e a s e s   from  1  to  0.6  as  shown  in  Figure  2 ,  

which  is  a  p lo t   of  e f f i c a c y   a g a i n s t   sodium  mole  f r a c t i o n   be tween  

0.8  and  0.6  for   a  70  wa t t ,   90V  high  p r e s s u r e   sodium  lamp  of  4  mm 

arc  tube  bore  again   at  optimum  cool  spot  t e m p e r a t u r e .   I t  

should  be  noted  t ha t   as  the  sodium  mole  f r a c t i o n   approaches  0 . 6  

the  colour   is  e x c e e d i n g l y   pink  and  is  cons ide red   to  be 

u n a c c e p t a b l e   for  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   into  account  Figure   3  shows  t h e  

dimensions  r e q u i r e d   in  accordance  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  ad ju s t ed   using  p r io r   art  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  Figure   shows 

the  arc  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  70  watt   high  p r e s su re   sodium  lamps  in tended   t o  



operate   at  80  v o l t s ,   90  vol ts   and  100  v o l t s .   This  is  r e p e a t e d  

for  each  of  th ree   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  cons idered   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  aspect  of  co lour .   Also  i l l u s t r a t e d   f o r  

r e fe rence   are  l i ne s   of  constant   wall  l o a d i n g .  

It  has  been  seen  from  Figure  1  that   for  higher  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 ime  

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

usua l ly   set  at  not  g rea t e r   than  20  W/Cm2,  and  of  arc  tube  s i z e  

determine  the  sma l l e s t   p r a c t i c a b l e   tube  bore.  The-are  t u b e s  

f a l l i n g   at  the  lower  l e f t   hand  corner  of  Figure  1  are  on  t h e  

l im i t s   of  p r a c t i c a l   manufacture  ( evapora t ion   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 a l   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  vo l t ages   between  80  and  100V,  dimensions  may  be 

obtained  by  i n t e r p o l a t i o n   in  Figure  3  and  dimensions  for  lamps 

outs ide   these   ranges  may  be  obtained  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   by  the  example  o f  

the  p r e f e r r e d   70  watt  90  volt   high  p r e s su re   sodium  lamp. 

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 .688  

it   can  be  seen  that   th is   lamp  should  have  an  arc  length  o f  

30.2mm  and  an  arc  tube  bore  of  4.0  mm.  The  wall  l o a d i n g  

obtained  is  17  .4  W/cm2.  The  pos i t i on   of  th is   lamp  in  F i g u r e  

3  has  been  i n d i c a t e d   by  a  s tar   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  Figure  3  may  be 

expressed  in  the  form  of  an  equat ion  the  a p p l i c a t i o n   of  which 

yie lds   lamps  wi th in   the  ranges  for  which  the  inven t ion   a p p l i e s ,  

i nc lud ing   those  defined  by  that   F i g u r e .  

Thus  for  a  70  watt  h igh -p re s su re   sodium  lamp  of  v o l t a g e  

drop  V  between  70  and  130  volts   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  and 

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

to  5.0  mm  and  having  an  optimum  cool  spot  t empera ture   by 

s u i t a b l e   ad jus tment   of  heat  l o s ses ,   the  d i scharge   may  be  caused 



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  

mm  de f i ned   b y :  

This  e q u a t i o n   is  app l i ed   in  the  f o l l owing   e x a m p l e s .  

EXAMPLE  1 

For  a  90  v o l t   70  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  30.2  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 i g u r e s  - 1 - 3 .  

EXAMPLE  2 

For  an  80  vo l t   70  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   are  tube  bore  of  4.0  mm  the  arc  l ength   r e q u i r e d   i s  

27.7  mm. 

EXAMPLE  3 

For  a  100  vo l t   70  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  32.7  mm. 

These  equa t i ons   are  b e l i e v e d   to  provide  the  arc  l ength   t o  

w i t h i n   0.15  mm,  which  is  s i g n i f i c a n t l y   wi 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.  I n  

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  arc  tube  b o r e s  

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 tudy  o f  

the  graph  t h a 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   tha t   in  de te rmin ing   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  equa t i ons   may  be  e v a l u a t e d .  

F igure   4  shows  a  p r e f e r r e d   70  watt  90  vo 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  length   of  30.2  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   l e n g t h  



of  42  mm.  The  tube  is  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   l eads   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 ressure   and  a  sodium 

amalgam  with  a  sodium  mole  f u n c t i o n   of  0.686.  The  assembly  i s  

mounted  in  an  outer   envelope  4  being  suppor ted   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  conven t iona l   lamp  base  6  i s  

provided  with  a  t e r m i n a l   7 .  

The  p r e f e r r e d   80  v o l t   and  100  vo 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  70  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 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 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  and  mercury  amalgam  having  a  sodium  mole  f r a c t i o n   in  t h e  

range  0 . 6 3 - 0 . 8 ,   the  arc  l eng th  Q  in  mm  between  the  e l e c t r o d e s  

being  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 

mole  f r a c t i o n ,   and  V  is  the  lamp  vo l t age   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  70  wat ts   and  at  a  lamp  vo l t age   in  the  range  80  to  100 

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   diameter   is  in  t h e  

range  3.5  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 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  -  

0.8,   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 ine   for  a  chosen  a r c  

tube  bore  with  the  l i ne   for  a  chosen  lamp  vol tage   and  sodium 

mole  f r a c t i o n   in  Figure  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  accord ing   to  e i t h e r   Claim  1  or  Claim  2  in  which 

the  wall  l o a d i n g   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  accord ing   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  accord ing   to  Claim  4  in   which  the  sodium  mole 

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

6.  A  lamp  accord ing   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  Claims  4  -   6  being  a  90 

vo l t   lamp  in  which  the  arc  l eng th   is  30 .2  +   0.5mm. 

8.  A  lamp  accord ing   to  any  of  Claims  4  -  6   being  an  80 

vo l t   lamp  in  which  the  arc  l eng th   is  27 .7  +   0.5mm. 

9.  A  lamp  acco rd ing   to  any  of  Claims  4  -  6   being  a  100 

vo l t   lamp  in  which  the  arc  l eng th   is  32 .7  +   0.5mm. 
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