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©  High  pressure  sodium  lamp  having  improved  efficacy. 
The  efficacy  of  a  high  pressure  sodium  arc  discharge 

lamp  is increased  by  reducing  the wall loading  and/or current 
density  of the  arc tube.  Adequate  arctube  wall temperature  of 
at  least  about  1100°C  is  maintained  by the  use  of  radiant  or 
thermal insulation  or infrared  reflection  films  or  by the  use  of 
an  arctube  material  having  a  lowthermal  radiant  emittance. 



This  i n v e n t i o n   is  concerned  with  high  e f f i c a c y   high  p r e s s u r e  
sodium  (HPS)  arc  d i s c h a r g e   lamps.  Such  lamps  have  a  n o n - v i t r e o u s ,  

for  example,   a lumina ,   arc  tube  c o n t a i n i n g   a  f i l l   i n c l u d i n g   s o d i u m  

and  mercury  plus  a  s t a r t i n g   gas,  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  improving  the  e f f i c a c y   of  such  lamps  by  design  c h a n g e s  

which  reduce  the  wall  l o a d i n g ,   and  reduce  the  average  arc  c u r r e n t  

d e n s i t y   while   s i m u l t a n e o u s l y   m a i n t a i n i n g   t h e  w a l l  t e m p e r a t u r e   a b o v e  

about  1 1 0 0 ° C .  

BACKGROUND OF  THE INVENTION 

It  is  well  known  in  the  p r i o r   a r t   t h a t   the  useful   v i s i b l e  

r a d i a t i o n   from  an  arc  d i s c h a r g e   in  a  mixture   of  sodium  and  m e r c u r y  

vapors  is  only  one  of  severa l   modes  of  energy  d i s s i p a t i o n   by  s u c h  

arcs .   In  o rder   to  op t imize   the  e f f i c a c y   of  a  high  p r e s s u r e   sod ium 

lamp  i n c o r p o r a t i n g   such  an  arc ,   i t   is  n e c e s s a r y  t o  m i n i m i z e   a l l   t h e  

non-use fu l   modes  of  energy  d i s s i p a t i o n   as  a  r e s u l t  o f   the  c o l l e c t i v e  

e f f e c t s   of  such  v a r i a b l e s   as  arc  t e m p e r a t u r e ,   sodium and  m e r c u r y .  

p r e s s u r e s ,   power  input   per  uni t   l e n g t h ,   tube  d i a m e t e r  a n d   t u b e  w a l l  

t e m p e r a t u r e s .   As a  r e s u l t   of  such  d e t e r m i n a t i o n s ,   we  have  found  t h a t  

the  p r e s e n t   des igns   of  HPS  lamps,  op t imized   for   d i a m e t e r ,   w a l l  

l o a d i n g ,   sodium  and  mercury  p r e s s u r e s   by  emp i r i ca l   t e c h n i q u e s   known 

to  the  p r i o r   a r t ,   s u f f e r   from  a  number  of  i n t r i n s i c   compromises  
tha t   have  h i t h e r t o   been  unsuspec ted   by  the  most  knowledgeable   w o r k e r s  

in  the  f i e l d .   For  i n s t a n c e ,   we  have  found  t h a t ,   at  c o n s t a n t   p o w e r  

input   and  sodium  p r e s s u r e   for  a  given  s ize   t ube ,   e f f i c a c y   i n c r e a s e s  

with  i n c r e a s i n g   wall  t e m p e r a t u r e   by  6  to  10%  per  100°K.  The  r e a s o n  

for  th i s   i n c r e a s e   is  t ha t   s e l f - a b s o r p t i o n   of  sodium  D  l i ne   r a d i a t i o n  

in  the  s e l f - r e v e r s e d   po r t ion   of  the  l i ne   is  d e c r e a s e d   a t   c o n s t a n t  

sodium  p r e s s u r e   as  wall  t e m p e r a t u r e   TW  i n c r e a s e s ,   because  the  d e n s i t y  

of  neu t r a l   sodium  atoms  in  the  c o o l e r - g a s   near  t h e  w a l l s   d e c r e a s e s  

as  TW  i n c r e a s e s ,   accord ing   to  PNa/kTW,  where  PNa  is  t h e  s o d i u m   v a p o r  

p r e s su re   and  k  is  Bol tzmann 's   c o n s t a n t .   In  Figure  1  is  shown  as  a 



shaded  area  in  a  s p e c t r a l   p o w e r  d i s t r i b u t i o n   the  a d d i t i o n a l   r a d i a t i o n  

which  is  emi t t ed   (at  a  c o n s t a n t   arc  t e m p e r a t u r e   and  sodium  v a p o r  

p r e s s u r e )   at  1500°K  wall  t e m p e r a t u r e   in  comparison  to  1300°K.  S i m u l -  

t a n e o u s l y ,   the  l o s s  o f   energy   per  un i t   area  from  the  arc  by  c o n d u c -  

t i o n  o f  h e a t   to  the  wall  d e c r e a s e s   as  TW  i n c r e a s e s ,   s ince   the  t e m p e r a -  

ture   g r a d i e n t   between  the  arc  and  the  wall  d e c r e a s e s .   F igure   2 

i l l u s t r a t e s   the  measured  dependence  o f  e f f i c a c y   as  a  f u n c t i o n   o f  

arc  tube  wall  t e m p e r a t u r e   de t e rmined   from an  expe r imen t   in  which  t h e  

wall  t e m p e r a t u r e   of  a  l i g h t l y - l o a d e d   arc  tube  was  va r i ed   by  o p e r a t i n g  
it   i n s i d e   an  i n d e p e n d e n t l y   c o n t r o l l a b l e   f u r n a c e .  

A c c o r d i n g l y ,   i f   al l   o t h e r   f a c t o r s   were  held  c o n s t a n t ,   t h i s  

f a c t o r   would  cause  the  e f f i c a c y   to  i n c r e a s e  a s   wall  l oad ing   ( p o w e r /  

uni t   area  of  ex t e rna l   wall  s u r f a c e )   i s  i n c r e a s e d ,   because  wall  t e m -  

p e r a t u r e   i n c r e a s e s   as  wall  l o a d i n g  i n c r e a s e s .   High  wall  l o a d i n g s  

are  bes t   achieved  by  o p e r a t i n g   at  high  power  input   per  un i t   of  a r c  

l eng th   in  tubes  of  small  wall  d i a m e t e r .   This  h a s  t e n d e d   to  d i c t a t e  

e m p i r i c a l l y   developed  des igns   of  HPS  lamps  o p e r a t i n g   at  or  above  

about  14  watts /cm2  of  wall  l o a d i n g ,   r e q u i r i n g  p o w e r   i npu t   per  u n i t  

of  arc  l ength   of  about  30  w a t t s / c m   or  g r e a t e r   and  t u b e  i n s i d e  

d iamete rs   t y p i c a l l y   l e s s   than  1  cm. 

The  arc  t e m p e r a t u r e s   w h i c h  r e s u l t   from  such  c o n d i t i o n s   o f  

o p e r a t i o n   are  t y p i c a l l y   of  the  o rder   of  4000°K,  and  i n c r e a s e   w i t h  

i n c r e a s i n g   power  per  un i t   l e n g t h .   As  a  r e s u l t   of  our  r e s e a r c h e s ,  

we  have  de termined  t h a t   the  d e p e n d e n c i e s   on  arc  t e m p e r a t u r e   of  two 

of  the  major  u se l e s s   r a d i a t i v e   e n e r g y - l o s s   mechanisms  of  the  a r c  

( i n f r a r e d   l i n e   emiss ion   and  i n f r a r e d   continuum  emiss ion)   are  s u b -  

s t a n t i a l l y   g r e a t e r   than  t h a t   of  t h e  u s e f u l   v i s i b l e   emiss ion   in  t h e  

sodium  D  l i n e s .   A c c o r d i n g l y ,   as  arc  t e m p e r a t u r e   i n c r e a s e s ,   t h e s e  

two  u se l e s s   energy  loss   mechanisms  i n c r e a s e   f a s t e r   than  the  d e s i r e d  

sodium  D  emiss ion ,   d e c r e a s i n g   the  r a t i o   of  useful   v i s i b l e   to  non-  

useful   i n f r a r e d ,   and  with  i t   the  e f f i c a c y .   A c c o r d i n g l y ,   at  c o n s t a n t  

wall  t e m p e r a t u r e ,   c o n s t a n t   sodium  p r e s s u r e   and  c o n s t a n t   tube  d i a m e t e r ,  

e f f i c a c y   would  dec rease   with  i n c r e a s i n g   power  per  uni t   l e n g t h ,   and 

t h e r e f o r e   wall  l oad ing .   C o r r e s p o n d i n g l y ,   from  t h i s   f a c t o r ,   e f f i c a c y  

would  i n c r e a s e   as  the  power  per  u n i t  l e n g t h   and  the  arc  t e m p e r a t u r e  

d e c r e a s e .  



Immed ia t e ly ,   t h e r e f o r e ,   we  now  recognize   an  i n t r i n s i c   compromise  

i n h e r e n t  i n   lamps  of  the  p r i o r   a r t .   One  f a c t o r   i n c r e a s e s   e f f i c a c y  

with  i n c r e a s i n g   power  per  uni t   l eng th   and  wall  l o a d i n g ;   a n o t h e r  

d e c r e a s e s   e f f i c a c y   with  i n c r e a s i n g   power  per  unit   l ength   and  w a l l  

l o a d i n g .   It  has  never  been  p o s s i b l e   to  take  advantage  of  the  s e p a r a t e  

e f f e c t s   of  i n c r e a s e d   e f f i c a c y   at  r educed   power  per  uni t   l e n g t h ,   and 

i n c r e a s e d   e f f i c a c y   at  h igher   wall  t e m p e r a t u r e ,   s ince  in  p r i o r   a r t  

lamps  power  per  un i t   l ength   and  wall  t e m p e r a t u r e   have  been  i n e x o r a b l y  

t i ed   t o g e t h e r .   In  f a c t ,   s ince   t h e  w a l l   t empera tu re   e f f e c t   is  somewhat 

l a r g e r   than  the  power /un i t   l eng th   e f f e c t ,   the  net  r e s u l t   in  any  

p r a c t i c a l   p r i o r   a r t   lamp  has  been  an  e f f i c a c y   which  s lowly  i n c r e a s e s  

with  power  per  uni t   l eng th   up  to  the maximum  pe rmi t t ed   by  the  t e m p e r a -  

tu re   c a p a b i l i t y   of  t h e  a r c   tube  m a t e r i a l ,   when  measurements   are  made 

at  optimum  sodium  p r e s s u r e .  
The  emp i r i ca l   dependence  of  e f f i c a c y   on  sodium  p r e s s u r e   a t  

c o n s t a n t   tube  d iamete r   and  power  per  uni t   l ength   is  well  known  to  t h e  

p r i o r   a r t ,   and  r e s u l t s   in  a  maximum  e f f i c a c y   at  tha t   sodium  p r e s s u r e  
for  which  the  s e p a r a t i o n   between  the  red  wing  and  blue  wing  maxima 

of  the  s e l f - r e v e r s e d   sodium  D . l i n e   is  80  to  100  angs t roms.   This  i n  

turn  r e s u l t s   from  the  c o m p e t i t i o n   of  two  e f f e c t s ,   to  wit :   as  sodium 

p r e s s u r e   d e c r e a s e s   toward  very  low  l e v e l s ,   the  lumens  per  r a d i a t e d  

watt  of  sodium  D  r a d i a t i o n   approaches   a  c o n s t a n t   525  l u m e n s / w a t t ;  

however,  the  t o t a l   sodium  D  r a d i a t i o n   dec reases   with  d e c r e a s i n g   sodium 

p r e s s u r e ,   and  hence  ove ra l l   e f f i c a c y   d e c r e a s e s .   On  the  o the r   h a n d ,  

at  sodium  p r e s s u r e s   above  the  optimum,  the  concomi tan t   b r o a d e n i n g  

of  the  sodium  D  l ine   r e s u l t s   in  i n c r e a s i n g   of  t h i s   r a d i a t i o n   in  t h e  

far   red  and  near  i n f r a r e d ,   to  which  the  eye  is  i n s e n s i t i v e .   A c c o r d i n g l y ,  

the  average  lumens  per  r a d i a t e d   wat t   of  sodium  D  r a d i a t i o n   d e c r e a s e s  

toward  300  l umens /wa t t .   The  t o t a l   f r a c t i o n   of  input   energy  r a d i a t e d  

in  the  sodium  D  l ine   tends  to  approach  a  s a t u r a t i o n   value  w i t h  

i n c r e a s i n g   sodium  p r e s s u r e ,   however;  consequen t l y   the  o v e r a l l   lamp 

e f f i c a c y   must  decrease   with  i n c r e a s i n g   sodium  p r e s s u r e   in  t h i s   domain .  

The  maximum  of  lamp  e f f i c a c y   then  is  found  at  an  optimum  p r e s s u r e  

i n t e r m e d i a t e   to  the  "low"  and  "iiigh"  p r e s su re   domains .  



As  a  consequence  of  our  r e s e a r c h e s ,   we  have  found  t h a t   t h e  

optimum  sodium  p r e s s u r e   for  maximum  e f f i c a c y   depends  on  tube  d i a m e t e r  

(d)  in  the  f o l l o w i n g  w a y .   Maximum  e f f i c a c y   is  f o u n d  a t   a  D  l i n e  

s e p a r a t i o n   of  80  to  100  angs t roms ,   i ndependen t   of  d i a m e t e r ,   but  t h e  

sodium  p re s su re   PNa  r e q u i r e d   to  y i e l d   t h i s   D  l i n e   s e p a r a t i o n   d e c r e a s e s  

with  i n c r e a s i n g   d i ame te r   a cco rd ing   to  the  e x p r e s s i o n ,   PNa  is  p r o p o r -  

t i o n a l   to  1 / d .   We  f u r t h e r   f ind  t h a t   the  v a r i o u s   modes  of  e n e r g y  
loss  from  the  arc  depend  on  sodium  p r e s s u r e   and  t ube   d i ame te r   a t  

c o n s t a n t   arc  and  wall  t e m p e r a t u r e s   in  t h e  f o l l o w i n g  w a y :  

sodium  D  r a d i a t i o n   per  un i t   l e n g t h  

of  arc  is  p r o p o r t i o n a l   to  P2Nad2; 

i n f r a r e d   l i n e s   per  un i t   l e n g t h  

of  arc  is  p r o p o r t i o n a l   to  PNad3/2 ;  

i n f r a r e d   continuum  per  uni t   l e n g t h  

of  arc  is  p r o p o r t i o n a l   to  P2Nad2;  and 

heat  conduc t ion   loss   per  un i t   l eng th   o f  

arc  is  a p p r o x i m a t e l y   i ndependen t   of  PNa  and  d .  

When  PHa  is  r e s t r i c t e d   to  i t s   optimum  v a l u e ,   varying  a s  1 / d ,  

the  d iameter   dependenc i e s   of  the  vary ing   modes  of  energy  d i s s i p a t i o n  

at  cons t an t   arc  and  wall  t e m p e r a t u r e   a r e :  

sodium  D  r a d i a t i o n   per  uni t   l e n g t h  

of  arc  is  p r o p o r t i o n a l   to  d ;  

i n f r a r e d   l i n e s   per  un i t   l eng th   of  a r c  

is  p r o p o r t i o n a l   to  d ;  

i n f r a r e d   continuum  per  un i t   l e n g t h  

of  arc  is  p r o p o r t i o n a l   to  d;  and 

heat  conduc t ion   l o s s  p e r   un i t   l eng th   o f  

arc  is  a p p r o x i m a t e l y   independen t   of  d ,  

We  see,  t h e r e f o r e ,   t h a t   the  f r a c t i o n   of  input   energy  d i s s i p a t e d  

by  heat  conduct ion   to  t h e  a r c   tube  wal l ,   which  amounts  in  a  t y p i c a l  

400  watt   HPS  lamp  of  the  p r i o r   a r t  t o   a p p r o x i m a t e l y   o n e - t h i r d   of  t h e  



input   power,  may  be  e f f e c t i v e l y   reduced  by  the  use  of  l a r g e r  

d i ame te r   arc  t ubes ;   all  r a d i a t i o n   l o s s e s   i n c r e a s e   with  d i a m e t e r ,  

while  heat  conduc t ion   loss  remains  c o n s t a n t ,   and  t he r eby   becomes 

a  sma l l e r   f r a c t i o n   of  the  t o t a l .   Since  it   is  a  major  n o n - l u m i n o u s  

energy  l o s s ,   when  the  heat  conduc t ion   f r a c t i o n   is  d e c r e a s e d ,   l u m i n o u s  

e f f i c a c y   must  i n c r e a s e ,   i . e . ,   luminous  e f f i c a c y   i n c r e a s e s   w i t h  

i n c r e a s i n g   tube  d iamete r   (p rov ided   sodium  p r e s su re   is  a d j u s t e d   t o  

the  optimum  value  at  each  d i a m e t e r ) .  

Immedia te ly ,   of  cou r se ,   we  again  see  an  i n t r i n s i c   compromise  
forced   on  the  lamp  d e s i g n e r   t h a t   has  h i t h e r t o   gone  u n r e c o g n i z e d   by 

s p e c i a l i s t s   in  the  f i e l d .   As  tube  d i a m e t e r   is  i n c r e a s e d ,   the  h e a t  

input   t o  t h e   wall  r e q u i r e d   to  m a i n t a i n   a  c o n s t a n t   t e m p e r a t u r e   s h o u l d  

i n c r e a s e   in  p r o p o r t i o n   to  d i a m e t e r ;   but  as  we  have  seen,   the  h e a t  

conduc t ion   from  the  a rc ,   a  major  component  of  tha t   heat  i n p u t ,   r e m a i n s  

c o n s t a n t .   Consequen t ly ,   w i thou t   any  s p e c i a l   measures  to  improve  
heat  i n s u l a t i o n   of  the  wa l l ,   the  wall  t e m p e r a t u r e   will   d e c r e a s e  

as  the  tube  d iamete r   i n c r e a s e s .   Because  of  the  a l r e a d y - d e s c r i b e d  

la rge   dependence  of  e f f i c a c y   on  wall  t e m p e r a t u r e ,   the  dec rease   i n  

wall  t e m p e r a t u r e   with  i n c r e a s i n g   tube  d iamete r   wipes  out  and  r e v e r s e s  
the  gain  which  would  have  been  observed   at  c o n s t a n t   wall  t e m p e r a t u r e .  

Moreover,   we  note  t h a t   i t   is  of  no  value  to  a t t empt   to  m a i n t a i n  

the  wall  t e m p e r a t u r e   cons t an t ,  by   s i m u l t a n e o u s l y   i n c r e a s i n g   the  power 
i n p u t / u n i t   l eng th   as  d iamete r   is  i n c r e a s e d .   This  r e s u l t s   in  a 

g r e a t e r   i n c r e a s e   in  the  u s e l e s s   i n f r a r e d   l i ne s   and  continuum  t h a n  

in  the  v i s i b l e   sodium  D  l i n e ,   because  of  the  i n c r e a s e   in  a r c  

t e m p e r a t u r e   r equ i r ed   and  the  h igher   t e m p e r a t u r e   c o e f f i c i e n t s   o f  

the  f o r m e r .  

As  a  consequence ,   the  e f f e c t s   of  power  per  uni t   l ength   and  t u b e  

d iamete r   on  e f f i c a c y   uncovered  by  our  r e s e a r c h e s   have  in  p r a c t i c a l  

lamps  been  negated  by  the  i nve r se   e f f e c t s   of  wall  t e m p e r a t u r e   and 

have  remained  und i scovered   by  the  many  s p e c i a l i s t s   t h r o u g h o u t   t h e  

world  a t t a c k i n g   the  problem  of  design  of  HPS  lamps by  the  u s u a l  

empi r i ca l   t e c h n i q u e s .  

The  r e s u l t s   of  our  i n v e s t i g a t i o n s   can  be  summarized  as  f o l l o w s .  

1.  Luminous  e f f i c a c y   i n c r e a s e s   with  i n c r e a s i n g   wall  t e m p e r a t u r e  

(a l l   o the r   f a c t o r s   held  c o n s t a n t )   because   of  reduced  s e l f - a b s o r p t i o n  



of  r a d i a t i o n   in  the  c e n t e r   of  the  sodium  D  l i n e .   Each  a d d i t i o n a l  

wat t   of  r a d i a t i o n   p e r m i t t e d   to  escape  in  t h i s   region  of  the  s p e c t r u m  
c o n t r i b u t e s   about  500  lumens  to  the  t o t a l   luminous  o u t p u t .  

2.  Luminous  e f f i c a c y   i n c r e a s e s   as  power  input   per  un i t   l e n g t h  
d e c r e a s e s   below  tha t   of  p r i o r   a r t   lamps  (al l   o ther   f a c t o r s   h e l d  

c o n s t a n t )   because  u s e l e s s   i n f r a r e d   r a d i a t i o n   is  dec reased   t h e r e b y  

to  a  g r e a t e r   degree  than  the  useful   sodium  D  r a d i a t i o n .   It  is  t o  

be  noted  t ha t   t h i s   i n c r e a s e   in  e f f i c a c y   with  dec rease   in  power  p e r  
uni t   l ength   does  not  c o n t i n u e   i n d e f i n i t e l y   to  van i sh ing   power  p e r  
un i t   l eng th .   The  c o n t i n u i n g   i n c r e a s e   in  e f f i c a c y   is  l i m i t e d   and 

e v e n t u a l l y   r eve r sed   by  the  f a c t   t h a t   the  heat  conduc t ion   loss   i t s e l f  

has  a  lower  c o e f f i c i e n t   of  dependence  on  arc  t e m p e r a t u r e   than  a n y  
r a d i a t i o n   los s .   At  some  low  power  per  un i t   l ength   the  energy  l o s s  

due  to  heat  conduc t ion   becomes  too  l a r g e   in  comparison  to  the  d e s i r e d  

D  l ine   r a d i a t i o n ,   thus  l i m i t i n g   and  r e v e r s i n g   the  i n c r e a s e   in  e f f i c a c y .  
There  is  t h e r e f o r e   an  optimum  power  per  uni t   l ength   which  is  in  t h e  

v i c i n i t y   of  20  to  25  w a t t s / c m ,   s u b s t a n t i a l l y   lower  than  the  o p e r a t i n g  

va lues   of  many  p r i o r   a r t   high  p r e s s u r e   sodium  l amps .  

3.  Luminous  e f f i c a c y   i n c r e a s e s   as  tube  d iamete r   i n c r e a s e s  

(sodium  p r e s s u r e   a d j u s t e d   for  optimum,  all   o ther   f a c t o r s   held  c o n s t a n t )  

because  u se l e s s   heat  conduc t ion   l o s s   is  reduced  r e l a t i v e   to  the  u s e f u l  

r a d i a t i o n   l o s s .  

The  severa l   energy  l o s s e s ,   t h e i r   f u n c t i o n a l   dependenc ie s   and 

a p p r o p r i a t e   magnitude  c o e f f i c i e n t s   have  been  i n c o r p o r a t e d   in  a  s i m p l e  

energy  balance  to  y i e l d   the  r e s u l t   shown  in  Figure  3,  which  is  a  p l o t  

of  e f f i c a c y   (no rma l i zed   to  t h a t   of  the  p r i o r   a r t   400  watt   lamp,  0.7  cm 

in  i n s ide   d iamete r )   vs  power  input   per  uni t   l e n g t h ,   with  tube  d i a m e t e r  

as  a  pa ramete r ;   c o n s t a n t   wall  t e m p e r a t u r e   and  optimum  sodium  p r e s s u r e  

for   each  d iamete r   is  assumed.  In  t h i s   s i m p l i f i e d   energy  b a l a n c e  

p i c t u r e ,   the  change  in  the  shape  of  r a d i a l   t e m p e r a t u r e   p r o f i l e   of  t h e  

arc  with  d iamete r   is  n e g l e c t e d ;   when  t h i s   f a c t o r   is  i n c l u d e d   in  a  more 

d e t a i l e d   c a l c u l a t i o n ,   the  i n c r e a s e   of  e f f i c a c y   with  d iamete r   is  n o t  

qu i t e   as  l a r g e ,   but  the  t r end   is  i d e n t i c a l .   The  e x i s t e n c e   of  a 

maximum  in  e f f i c a c y   at  an  optimum  power  per  uni t   l ength   is  c l e a r l y  

v i s i b l e   in  these   c a l c u l a t i o n s ;   the  optimum  power  per  un i t   l e n g t h  

appears   to  be  in  the  v i c i n i t y   of  20  to  25  w a t t s / c m ,   s u b s t a n t i a l l y  

below  the  va lues   of  m a n y  p r i o r   a r t   l a m p s .  



The  concep ts   and  p r i n c i p l e s   s t a t e d   here in   are  at  v a r i a n c e   w i t h  

the  p r i o r   a r t   u n d e r s t a n d i n g   of  the  means  of  o p t i m i z i n g   high  p r e s s u r e  
sodium  lamps  for  maximum  e f f i c a c y .   For  example,   U.S.  P a t e n t  

3 ,906 ,272   d i s c l o s e s ,   in  Figure  1,  an  optimum  arc  tube  i n s i d e   d i a m e t e r  

for   each  wa t t age   lamp  and  design  c e n t e r   arc  drop;  the  p a t e n t   does  

not  r e c o g n i z e   t ha t   said  optimum  d i ame te r   r e s u l t s   from  two  c o m p e t i n g  

mechanisms  which  we  have  d i s c o v e r e d   and  d i s c l o s e   h e r e i n .   We  have  

d i s c o v e r e d   t h a t   with  s u i t a b l e   thermal  i n s u l a t i o n   to  m a i n t a i n   w a l l  

t e m p e r a t u r e s   s u f f i c i e n t l y   h igh,   e f f i c a c y   con t i nues   to  i n c r e a s e   w i t h  

i n c r e a s i n g   d i ame te r   up  to  at  l e a s t   d o u b l e  t h e   d i a m e t e r s   d i s c l o s e d   i n  

said  p a t e n t  t o   be  opt imum. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  p lo t   of  sodium  resonance   r a d i a t i o n   in  terms  o f  

s p e c t r a l   r a d i a n t   f lux  versus   w a v e l e n g t h ,   at  wall  t e m p e r a t u r e s   o f  
1300°K  and  1500°K. 

FIG.  2  shows  r e l a t i v e   e f f i c a c y   as  a  f u n c t i o n   of  a r c  t u b e   wa l l  

t e m p e r a t u r e ,   at  optimum  sodium  vapor  p r e s s u r e .  
FIG.  3  is  a  p lo t   of  r e l a t i v e   e f f i c a c y   of  HPS  lamps  versus   i n p u t  

power  (wa t t s )   per  c e n t i m e t e r   of  arc  l e n g t h ,   a.t  optimum  sod ium 

p r e s s u r e   and  c o n s t a n t   wall  t e m p e r a t u r e  ( a b o u t   7500°K),  for   arc  t u b e s  

having  i n s i d e   d i ame te r s   of  2 . 0 ,  1 . 5 ,   1.1  and  0.7  cm. 
FIG. 4  shows  an  HPS  lamp  in  accordance   with  t h i s   i n v e n t i o n .  

THE  INVENTION 

It  is  an  o b j e c t   of  t h i s   i n v e n t i o n   to  p rov ide   means  for   i n c r e a s i n g  

the  o p e r a t i n g   wall  t e m p e r a t u r e   of  any  HPS  lamp  which  is  l e s s   t h a n  

the  maximum  pe rmi t t ed   by  the  arc  tube  m a t e r i a l   (about   1500°K  f o r  

p o l y c r y s t a l l i n e   a lumina ) ,   t he reby   p e r m i t t i n g   an  i n c r e a s e   in  e f f i c a c y  

of  about  6  to  10%  per  1000K  i n c r e a s e   in  wall  t e m p e r a t u r e .   The 

o p e r a t i n g   wall  t e m p e r a t u r e   may  be  i n c r e a s e d   by  improved  t h e r m a l  

i n s u l a t i o n   of  the  arc  tube  or  by  a  r e d u c t i o n   in  pr imary  t h e r m a l  

r a d i a t i o n   and /o r   heat  conduc t ion   of  the  arc  tube  m a t e r i a l .   Means 

s h o u l d  b e   p rovided   to  ma in ta in   the  sodium-mercury   amalgam  r e s e r v o i r  

t e m p e r a t u r e   at  the  v a l u e  y i e l d i n g   optimum  sodium  vapor  p r e s s u r e .  



Another  o b j e c t   of  t h i s   i n v e n t i o n   is  to  combine   the  means  f o r  

i n c r e a s i n g   t h e  o p e r a t i n g   wall  t e m p e r a t u r e   with  arc  tubes   of  s u b -  

s t a n t i a l l y   l a r g e r   d i ame te r   than  p r i o r   a r t   arc  t u b e s ,  i n  o r d e r   t o  

achieve   the  e f f i c a c y   gain  a s s o c i a t e d   with  sa id   l a r g e r   d i ame te r   by 

keeping  the  wall  t e m p e r a t u r e   at  or  near  the  maximum  p e r m i t t e d   by  t h e  

m a t e r i a l   (about  15000K  for   p o l y c r y s t a l l i n e   alumina)  in  s p i t e   of  t h e  

reduced  wall  l oad ing .   P r io r   a r t   a r c  t u b e s   had  arc  tube  o u t e r  

d i a m e t e r s   of  about  0.6  to  1.0  cm  and  o p e r a t e d   (when  o p t i m a l l y   d e s i g n e d )  

at  wall  l oad ings   of  about   14  to  20  wa t t s / cm2 .   P r i o r   a r t   arc  t u b e s  

also  g e n e r a l l y   o p e r a t e d   at  about  25  to  5 0  w a t t s  p e r   cm  of  arc  l e n g t h ;  

in  t h i s   i n v e n t i o n ,   the  power  consumption  per  cm  of  arc  l eng th   i s  

g e n e r a l l y   l e s s .  

To  demons t r a t e   the  changes  in  l a m p  d e s i g n   which  r e s u l t   from  t h e  

t e a c h i n g s   of  t h i s   i n v e n t i o n ,   c o n s i d e r   a  400  wa t t   HPS  l a m p ,  s u c h   a s  

has  been  an  a r t i c l e   of  commerce  s i n c e  t h e  l a t e   1960 's   and  has  n o t  

changed  s u b s t a n t i a l l y   in  phys ica l   d imens ions ,   m a t e r i a l s   of  m a n u f a c t u r e  

or  per formance   r a t i n g s   s i nce   about  1973.  Such  lamps  a r e  t y p i c a l l y  

ra ted   at  50,000  lumens,  125 lumens   per  wa t t ,   and  do  no t ,   on  t h e  

ave rage ,   exceed  t h a t   r a t i n g   in  pe r fo rmance .   Arc  tubes  used  by  a l l  

m a n u f a c t u r e r s   are  s u b s t a n t i a l l y  s i m i l a r   in  d i m e n s i o n s .   Thus,  s u c h  

lamps  can  be  c o n s i d e r e d   to  have  been  t h o r o u g h l y   op t im ized   a c c o r d i n g  

to  the  t e a c h i n g s   of  the  p r i o r  a r t .  

Example  1,  below,  i l l u s t r a t e s   the  comparison  between  the  p e r f o r -  

mance  of  a  p r i o r   ar t   lamp  and  t h a t   of  a  lamp  c o n s t r u c t e d   in  a c c o r d a n c e  

with  the  t e a c h i n g s   of  t h i s   i n v e n t i o n ,   employing  t r a n s l u c e n t   p o l y -  

c r y s t a l l i n e   y t t r i u m   oxide  ( y t t r i a )   as  the  arc  tube  m a t e r i a l   i n s t e a d  

of  a l u m i n a .  

Both  t r a n s l u c e n t   ceramics   have  the  p r o p e r t y   of  becoming  opaque  

in  the  i n f r a r e d   s p e c t r a l   r e g i o n .   Alumina  becomes  a b s o r b e n t   be tween  

about  4  microns  and  about  7  microns  w a v e l e n g t h ,   whereas  y t t r i a   becomes 

a b s o r b e n t   between  about  7  microns  and  about  9  m i c r o n s ;  t h u s   y t t r i a  

will   i n t r i n s i c a l l y   t h e r m a l l y   r a d i a t e   l e s s   than  a l u m i n a  a t   t e m p e r a t u r e s  

about  12000C. 

The  thermal  r a d i a n t   e m i t t a n c e s   of  t r a n s l u c e n t   p o l y c r y s t a l l i n e   y t t r i a  

arc  t u b e s ,   such  as  d i s c l o s e d   in  U.S.  P a t e n t s   4 ,147 ,744   and  4 , 1 1 5 , 1 3 4 ,  

have  been  measured  to  b e  a b o u t  0 . 1 1 ,   while   those   o f _ p o l y c r y s t a l l i n e  



alumina  are  t y p i c a l l y   0.20.   This  permi ts   the  y t t r i a   arc  tube  t o  

reach  a  h igher   wall  t e m p e r a t u r e   for  a  given  power  per  un i t   a r e a  

d i s s i p a t i o n   or,   more  i m p o r t a n t l y   for  our  pu rpose s ,   to  ach ieve   e q u a l  

t e m p e r a t u r e   to  an  alumina  arc  tube  wall  at  a  lower  power  per  u n i t  

area.   Thus  we  can  provide   a  h igher   e f f i c a c y   lamp  by  means  of  a 

l a r g e r   d i a m e t e r ,   l o w e r - w a l l  l o a d e d   y t t r i a   arc  tube  m a i n t a i n e d   a t  

equal  or  n e a r l y   equal  t e m p e r a t u r e   as  an  arc  tube  des igned   a c c o r d i n g  

to  the  p r i o r   a r t .  

Example  1 

Note  the  s u b s t a n t i a l   r e d u c t i o n   in  both  c u r r e n t   d e n s i t y   and  w a l l  

load ing   of  t h i s   lamp  in  comparison  to  the  p r i o r   a r t   lamp,  and 

the  s u b s t a n t i a l   i n c r e a s e   in  e f f i c a c y   d e s p i t e   a  somewhat  l o w e r  

wall  t e m p e r a t u r e .   It  is  noted  t ha t   3 ,906 ,272   does  not  d i s c l o s e  

an  optimum  d i ame te r   for   a  p r i o r   a r t   400  watt  lamp.  However,  an 

e x t r a p o l a t i o n   of  the  curves  t h e r e i n   to  the  400  watt   l e v e l  

conf i rms  t h a t   0.732  cm  can  be  c o n s i d e r e d   very  nea r ly   optimum 

accord ing   to  the  p r i o r   a r t .  

The  wall  t e m p e r a t u r e s   c i t ed   above  and  e l sewhere   in  t h i s   s p e c i f i -  

ca t ion   are  measured  by  a  r a d i o m e t r i c   method  d e s c r i b e d   by  deGroot ,   J . J . ,  

"Comparison  Between  the  C a l c u l a t e d   and  the  Measured  Radiance  at  t h e  

c e n t e r   of  the  D- l ines   in  a  High  P re s su re   Sodium  Vapor  D i s c h a r g e " ,  



Proc.  2nd  IEE  Conference  on  Gas  D i s c h a r g e s ,   London,  p.  124  ( 1 9 7 2 ) .  
This  method  is  be l i eved   to  have  an  accuracy   of  plus  or  minus  20 

to  3 0 ° .  

Example  2  shows  the  r e s u l t s   for  a  150  watt   55  vo l t   HPS  lamp  made 

in  a c c o r d a n c e   with  t h i s   i n v e n t i o n   as  compared  to  a  150  watt   55  v o l t  

HPS  p r i o r   a r t   lamp.  The  lamp  as  per  t h i s   i n v e n t i o n   had  an  8  mm 
i n s i d e   d i a m e t e r   y t t r i a   arc  tube  while  the  p r i o r   a r t   lamp  had  a  5 . 8 7  

mm  i n s i d e   d i ame te r   alumina  arc  t ube ,   which  is  very  c lose   to  t h e  

d i a m e t e r   of  5.75  mm  d i s c l o s e d   in  3 ,906 ,272   to  be  optimum  for   t h i s  

lamp.  

Example  2 

There  is  a  s u b s t a n t i a l   r e d u c t i o n   in  both  c u r r e n t   d e n s i t y   and  w a l l  

l oad ing   of  t h i s   lamp  in  comparison  to  the  p r i o r   a r t   lamp,  and  i t   h a s  

h igher   e f f i c a c y   as  we l l ,   even  though  the  d i ame te r   is  39%  g r e a t e r   t h a n  

the  d i a m e t e r   d i s c l o s e d   in  3 ,906 ,272   to  be  optimum.  The  e f f i c a c y   g a i n  

for   the  lamp  of  Example  2  is  g r e a t e r   than  t h a t   for   Example  1  b e c a u s e  

the  wall  t e m p e r a t u r e   of  the  new  lamp  in  Example  2  is  c l o s e r   to  t h a t  

of  the  p r i o r   a r t   lamp. 

Example  3  shows  the  comparison  in  e f f i c a c y   between  a  50  wat t   lamp 

a c c o r d i n g   to  our  i n v e n t i o n   employing  an  y t t r i a   arc  tube  for   r e d u c e d  

thermal  r a d i a t i v e   l o s s e s ,   and  two  d i f f e r e n t   v e r s i o n s ,   A  and  B  o f  



50  watt  p r io r   a r t   lamps.  P r i o r   a r t   lamp  A  has  been  m a n u f a c t u r e d  

for  only  about  a  year   and  has  been  known  to  not  have  been  o p t i m i z e d  

accord ing   to  the  known  p r i o r   a r t ,   by  v i r t u e   of  i t s   very  low  w a l l  

loading  and  low  arc  tube  wall  t e m p e r a t u r e .   Exper imenta l   lamps 

manufac tured   a cco rd ing   to  our  i n v e n t i o n   with  y t t r i a   arc  tubes  o f  

i d e n t i c a l   dimension  have  s u b s t a n t i a l l y   i n c r e a s e d   arc  tube  w a l l  

t e m p e r a t u r e s   and  c o r r e s p o n d i n l y   i n c r e a s e d   e f f i c a c y .   R e c e n t l y  

announced  p r i o r   a r t   lamp  B  r e p r e s e n t s   an  a t t empt   to  f u r t h e r   o p t i m i z e  

the  50  watt   lamp  acco rd ing   to  the  known  p r i o r   a r t   p r i n c i p l e s ,   v i z . ,  

by  d e c r e a s i n g   the  arc  tube  d i a m e t e r ,   s h o r t e n i n g   the  arc  l e n g t h ,  

i n c r e a s i n g   the  wall  l o a d i n g .  

Example  3 

Optimum  d i ame te r   for  t h i s   lamp  accord ing   to  3 ,906 ,272   is  0.335  cm,  I t  

should  be  noted  tha t   d e s p i t e   a  d e v i a t i o n   of  more  than  40%  from  s a i d  

optimum  d i a m e t e r ,   the  lamp  accord ing   to  our  i n v e n t i o n   has  e q u i v a l e n t  

e f f i c a c y .   Moreover,   p r i o r   ar t   Lamp  A'was  d e l i b e r a t e l y   des igned   a t  

less   than  optimum  wall  load ing   for  alumina  in  order   to  improve  i t s  

lumen  main tenance   and  ease  of  m a n u f a c t u r e ,   advan tages   which  a r e  

r e t a i n e d   by  our  lamp  but  are  l o s t   in  the  more  r ecen t   p r i o r   a r t   lamp  B. 



Thus  f a r ,   the  s p e c i f i c   examples  used  to  i l l u s t r a t e   t h i s   i n v e n -  

t ion  have  been  employed  y t t r i a   arc  tubes .   However,  o the r   means  t o  
reduce  thermal  r a d i a t i v e   l o s s e s   may  also  be  used  to  p rov ide   t h e  

l a r g e r   d i a m e t e r ,   lower  wall  l o a d i n g ,   lower  arc  c u r r e n t   d e n s i t y  

arc  tubes  t h a t   are  the  s u b j e c t   of  t h i s   i n v e n t i o n ,   and  t h a t   have  an 

arc  tube  s u r f a c e   wall  t e m p e r a t u r e   above  about  11000C.,   p r e f e r a b l y  

near  1200°C,  in  s p i t e   of  reduced  heat  i n p u t  p e r   un i t   area  to  t h e  

arc  tube  w a l l s .  

In  example  4,  below,  we  d e s c r i b e   the  u s e  o f   i n f r a r e d - r e f l e c t i n g  

s h i e l d s   to  reduce  thermal   r a d i a t i v e   l o s s e s .  

Example  4 

A  c o n v e n t i o n a l   400  wat t   lamp  was  c o n s t r u c t e d  w i t h   an  a l u m i n a  

arc  tube ,   7.3  mm  inner   d i ame te r   by  8.9  mm  ou te r   d i a m e t e r ,   i n s i d e  

the  usual  type  7720  g lass   ou te r   j a c k e t .   However,  a  qua r t z   s l e e v e ,  

29  mm  inner   d i ame te r   by  33  mm  outer   d i a m e t e r ,   su r rounded   the  a r c  

tube  wi th in   the  ou te r   j a c k e t .   On  the  inner   s u r f a c e   of  the  q u a r t z  
s l eeve   was  an  i n f r a r e d   r e f l e c t i v e   coa t ing   of  indium  oxide  and  t i n  

oxide.   Lamp  o p e r a t i o n   is  summarized  b e l o w .  

At  400  wat ts   the  wall  t e m p e r a t u r e   is  h ighe r   than  1200°C  n o r m a l l y  

a s s o c i a t e d   with  the  c o n v e n t i o n a l   7.3  mm  I.D.  des ign .   Thus  the  q u a r t z  

s l eeve   will   permit   the  use  of  l a r g e r   d i ame te r   on  t ubes .   However ,  

the  use  of  such  a  s l eeve   provides   two  a d d i t i o n a l   g lass   i n t e r f e r e n c e s  

which  the  l i g h t   emi t t ed   by  the  arc  tube  has  to  pass  t h rough .   A 

la rge   p e r c e n t a g e   of  the  r e f l e c t e d   r a d i a t i o n   from  the  g lass   i n t e r f e r e n c e s  

is  then  l o s t   through  a b s o r p t i o n   wi th in   the  lamp.  If  the  o b s e r v e d  

e f f i c a c y   of  about  124  LPW  is  c o r r e c t e d   for  t h i s   l o s s ,   we  see  t h a t  

the  e f f i c a c y   of  the  arc  tube  has  i n c r e a s e d   s u b s t a n t i a l l y   above  t h a t  

of  the  same  arc  tube  mounted  wi thou t   heat   c o n s e r v i n g   means,  and  i s  

in  f a c t ,   s u b s t a n t i a l l y   g r e a t e r   than  the  125  LPW  o b t a i n a b l e   from  p r i o r  



art   400  watt  lamps.  This  i n c r e a s e   in  e f f i c a c y   has  r e s u l t e d   from  t h e  

r e d u c t i o n   in  s e l f - a b s o r p t i o n   of  the  sodium  D  r a d i a t i o n   brought   a b o u t  

by  the  lower  sodium  atom  d e n s i t y   near   the  wall  t h a t   is  a  c o n s e q u e n c e  

of  the  h igher   wall  t e m p e r a t u r e .  

In  Example  5,  below,  we  d e s c r i b e   the  a p p l i c a t i o n   of  the  r a d i a n t -  

r e f l e c t o r   p r i n c i p l e   of  thermal  i n s u l a t i o n   to  an  arc  tube  with  a 

l a r g e r   d i a m e t e r .  

Example  5 

A  lamp  (Lamp  C)  was  made  compr is ing   a  l a rge   d iamete r   alumina  a r c  

tube ,   11.0  mm  I.D.  by  12.5  mm  O.D.  wi th in   a  c y l i n d r i c a l   type  7720 

glass   ou te r   j a c k e t .   There  was  an  i n f r a r e d   r e f l e c t i v e   c o a t i n g ,   s i m i l a r  

to  t ha t   of  Example  4,  on  the  inner   s u r f a c e   of  the  j a c k e t .   P e r f o r m a n c e  

of  Lamp  C  was  compared  with  tha t   of  a  s i m i l a r   lamp  (Lamp  D)  w i t h o u t  

the  i n f r a r e d   r e f l e c t i v e   coa t ing   (but  with  niobium  heat  s h i e l d s   at  t h e  

arc  tube  ends  to  r a i s e   the  end  t e m p e r a t u r e ,   t h e r e f o r e   the  p r e s s u r e ,  
of  the  sodium-mercury   amalgam).  Performance  of  the  lamps  i s  

summarized  be low.  

These  r e s u l t s   show  tha t   the  i n f r a r e d   r e f l e c t i v e   coa t ing   r a i s e s  

the  arc  tube  t e m p e r a t u r e .   A  comparison  of  lumens  at  s i m i l a r   D 

l i ne s   i n d i c a t e s   the  advantage   gained  from  the  i n c r e a s e   in  wa l l  

t e m p e r a t u r e .   C o n v e n t i o n a l l y   des igned  lamps  o p e r a t e   at  125  LPW  a t  

400  watts  and  135  LPW  at  1000  wa t t s .   Comparison  with  Lamp  C  a t  

700  wat ts   i n d i c a t e s   t ha t   h igher   e f f i c a c i e s   can  be  ob ta ined   by  t h i s  

i n v e n t i o n   than  by  u t i l i z i n g   conven t iona l   methods  of  HPS  lamp  d e s i g n ,  

Lamp  C  having  h igher   e f f i c a c y   at  700  watts   than  conven t iona l   lamps 

at  1000  w a t t s .  

As  a  f u r t h e r   i l l u s t r a t i o n   of  the  degree  to  which  our  i n v e n t i o n  

d i f f e r s   from  the  p r ecep t s   of  HPS  l amp-des ign   embodied  in  t h e  p r i o r  

a r t ,   we  o f f e r   the  data  in  Table  I  which  shows  the  d imens ions ,   a v e r a g e  



arc  c u r r e n t   d e n s i t y ,   wall  l o a d i n g ,   and  arc  load ing   for   a  number  o f  

high  p r e s s u r e   sodium  lamps,  encompass ing   all   wa t t ages   above  70  w a t t s  

p r e s e n t l y   commerc ia l ly   a v a i l a b l e ,   d e s i g n e d   accord ing   to  the  t e a c h i n g s  

of  the  p r i o r   a r t ,   where  c u r r e n t  l oad ing   = 

P / ( Π x   OD  x  AL)  and  arc  l o a d i n g  =   P/AL,  where  I =  tamp  c u r r e n t ,   P= 

lamp  power,  AL  =  d i s t a n c e   between  e l e c t r o d e   t i p s   and  ID,  OD  =  i n s i d e  

and  o u t s i d e   d i a m e t e r s   r e s p e c t i v e l y .  





An  impor t an t   po in t   to  n o t i c e   is  the  comparison  between  the  250 

and  250S  lamps,  the  l a t t e r   having  been  op t imized   for  h ighe r   e f f i c a c y  

over  the  former  acco rd ing   to  the  t e a c h i n g s   of  the  p r io r   a r t .   The 

250  watt  lamp  has  a  wall  loading   of  14.6  w a t t s / c m 2 ,   an  ID  of  0.732  cm 

and  d e l i v e r s   about  26500  lumens,  whi le   the  250S  lamp  has  a  wall  l o a d i n g  

of  19.44  wa t t s / cm2 ,   an  ID  of  0.587  cm  and  d e l i v e r s   about  29000  l u m e n s .  

According  to  3 , 9 0 6 , 2 7 2 ,   the  optimum  d i a m e t e r   for  t h i s   lamp  is  a p p r o x i -  

mately  0.55  cm.  Thus,  the  d i r e c t i o n   of  change  of  dimension  p a r a m e t e r s  
for  i n c r e a s e d   e f f i c a c y   accord ing   to  the  t e a c h i n g s   of  the  p r i o r   a r t  

is  toward  sma l l e r   d i ame te r   arc  t u b e s ,   with  a  r e s u l t i n g   i n c r e a s e   i n  

wall  l o a d i n g .   That  t e a c h i n g   is  d i r e c t l y   o p p o s i t e   the  d i s c l o s u r e   o f  

th i s   i n v e n t i o n .  

The  lamps  in  Table  I  are  t y p i c a l l y   des igned   for  maximum  e f f i c a c y  

accord ing   to  the  t e a c h i n g s   of  the  p r i o r   a r t .   None  of  the  lamps  a r e  

designed  with  a  d i amete r   l a rge   enough  t h a t   the  c u r r e n t   d e n s i t y   i s  

as  low  as  8.0  amp/cm2.  Nor  are  any  of  the  lamps  designed  with  a  

wall  load ing   as  low  as  13  w a t t s / c m 2 .   Moreover,   the  e f f i c a c i e s  

i n d i c a t e d   appear   g e n e r a l l y   to  i n c r e a s e   with  i n c r e a s i n g   wall  t e m p e r a -  

t u r e ,   and  all  wall  t e m p e r a t u r e s   appear   to  be  in  excess  of  a b o u t  
1100°C.  Thus,  we  may  conclude  t h a t   t he  op t imum  d i ame te r s   c i t e d   i n  

3 ,906,272  for  each  lamp  simply  r e p r e s e n t   the  l a r g e s t   p o s s i b l e   d i a m e t e r  

c o n s i s t e n t   with  a  minimum  wall  t e m p e r a t u r e   of  7100°C  for  c o n v e n t i o n a l l y  

c o n s t r u c t e d   high  p r e s s u r e   sodium  l a m p s .  

To  r e p e a t   once  more,  the  c e n t r a l   c o n c e p t . o f   our  i n v e n t i o n   i s  

t h a t   s t i l l   h igher   e f f i c a c i e s   can  be  o b t a i n e d   at  s t i l l   l a r g e r  

d iamete rs   when  s u i t a b l e   s teps   are  taken  to  reduce  the  t h e r m a l  

r a d i a t i v e   l o s se s   from  the  arc  tube  s u r f a c e   so  t h a t   i t s   t e m p e r a t u r e  

can  be  ma in t a ined   above  7700°C  even  though  the  heat  energy  i n p u t  

per  unit   area  of  wall  s u r f a c e   may  be  r e d u c e d .  

In  a  p r e f e r r e d   embodiment,   a  lamp  in  accordance   with  t h i s   i n v e n -  

t ion   comprises   a  n o n - v i t r e o u s   arc  tube  1  having  e l e c t r o d e s   2  s e a l e d  

into  the  ends.  Arc  tube  1  c o n t a i n s   sodium,  mercury  and  a  s t a r t i n g   g a s ,  

t y p i c a l l y ,   xenon.  A  metal  framework  3  p rov ides   suppor t   for  the  a r c  

tube  and  an  e l e c t r i c a l   path  to  the  upper  e l e c t r o d e .   A  suppor t   wire  4  

is  embedded  in  g lass   press   5  and  p r o v i d e s   e l e c t r i c a l   connec t i on   t o  

the  lower  e l e c t r o d e .   The  arc  tube  assembly  is  con t a ined   w i th in   an 

ou te r   g lass   j a c k e t   6.  Arc  tube  1  was  made  of  y t t r i a   and  the  r e s u l t s  

for  a  150  watt   lamp  and  a  400  wat t   lamp  made  in  accordance   t h e r e w i t h  

are  shown  in  Examples  2  and  1  above,   r e s p e c t i v e l y .  



1.  A  high  p r e s s u r e   sodium  arc  d i s c h a r g e   lamp  having  improved  

e f f i c i e n c y   compris ing  a  n o n - v i t r e o u s   arc  tube  having  e l e c t r o d e s   a t  

i t s   ends  and  c o n t a i n i n g   sodium,  mercury  and  a  s t a r t i n g   gas,   t h e  

wall  l oad ing   of  the  lamp  dur ing  normal  o p e r a t i o n   being  l ess   t h a n  

about  13  wat t s   per  square  c e n t i m e t e r   of  arc  tube  e x t e r n a l   wa l l  

s u r f a c e ,   the  arc  tube  wall  t e m p e r a t u r e   during  normal  o p e r a t i o n  

being  g r e a t e r   than  about  1100°C.  

2 .  A  h i g h   p r e s su re   sodium  arc  d i s c h a r g e   lamp  having  improved 

e f f i c i e n c y  c o m p r i s i n g   a  n o n - v i t r e o u s   arc  tube  having  e l e c t r o d e s   a t  

i t s   ends  and  c o n t a i n i n g   sodium,  mercury  and  a  s t a r t i n g   gas,  t h e  

c u r r e n t   d e n s i t y   of  the  lamp  dur ing   normal  o p e r a t i o n   being  l ess   t h a n  

about  8  amperes  per  square  c e n t i m e t e r   of  arc  tube  i n t e r n a l   c r o s s -  

s e c t i o n a l   a rea ,   the  arc  tube  wall  t e m p e r a t u r e   during  normal  o p e r a t i o n  

being  g r e a t e r   than  about  1100°C.  

3.  The  lamp  of  Claim  2  wherein  the  wall  l o a d i n g  o f   the  lamp 

during  normal  o p e r a t i o n   is  l e s s   than  about  13  wat ts   per  s q u a r e  
c e n t i m e t e r   of  arc  tube  e x t e r n a l   wall  s u r f a c e .  

4.  The  lamp  of  Claim  3  wherein   the  arc  tube  is  d i s p o s e d  

wi th in   an  ou te r   j a c k e t   and  means  t h e r m a l l y   i n s u l a t i n g   the  arc  t u b e  

are  a lso  d i sposed   w i t h i n ,   or  upon  the  inner   s u r f a c e   of ,   said  o u t e r  

j a c k e t .  

5.  The  lamp  of  Claim  3  wherein  the  arc  tube  is  made  of  y t t r i a .  
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