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54)  Electric  discharge  lamps. 

Arc  tubes  (10)  for  high  pressure,  metal  halide,  electric 
discharge  lamps  comprise  a  tube  (11)  of  ceramic  material,  for 
example  alumina,  having  end  portions  (12)  of  smaller  cross- 
sectional  area  than  the  intermediate  portion  of  the  tube.  Cer- 
met  end  closures  (14)  of  corresponding  coss-section  are  sea- 
led  to  the  tube  ends  and  carry  electrodes  (17)  and  leads  (18) 
which  are  each  inserted  into  an  area  of  electrically  conductive 
cermet  to  make  connection  between  them.  The  reduced 
cross-section  of  the  tube  ends  and  closures  reduces  heat 
losses  due  to  radiation  and  enables  a  higher'cool  spot  temp- 
erature'  to  be  maintained.  It  also  minimizes  loss  of  volatile 
substances  during  the  operation  of  final  sealing  of  the  tube. 





T h i s   i n v e n t i o n   r e l a t e s   to  e l e c t r i c   d i s c h a r g e  

l a m p s   and  more   e s p e c i a l l y   to  t h e   p r o v i s i o n   of  i m p r o v e d  

c e r a m i c   a r c   t u b e s   f o r   h i g h   p r e s s u r e ,   m e t a l   h a l i d e   l a m p s .  

D i s c h a r g e   l amps   o p e r a t i n g   at   r e l a t i v e l y   l o w  

p o w e r   b u t   w i t h   h i g h   e f f i c a c y ,   f o r   e x a m p l e   low  p o w e r ,   h i g h  

p r e s s u r e   m e t a l   h a l i d e   l a m p s ,   h a v e   of  n e c e s s i t y   a  h i g h  

p o w e r   l o a d i n g   ( w a t t s   pe r   u n i t   a r c   l e n g t h )   and  a  h i g h  

p o w e r   d e n s i t y   ( w a t t s   pe r   u n i t   a r c   t u b e   v o l u m e ) .   The  a r c  

t u b e   w a l l s   c o n s e q u e n t l y   a t t a i n   a  h i g h   o p e r a t i n g   t e m p e r -  

a t u r e   and  s i l i c a   i s   no t   a  s a t i s f a c t o r y   m a t e r i a l   f o r   t h e  

t u b e   i f   t h e   lamp  is   to  have   a  l o n g   l i f e .   C e r a m i c  

m a t e r i a l s ,   f o r   e x a m p l e   a l u m i n a ,   can  w i t h s t a n d   a  h i g h  

t e m p e r a t u r e ,   a r e   c h e m i c a l l y   l e s s   r e a c t i v e   t h a n   s i l i c a ,  

can  e a s i l y   be  made  in   s m a l l   s i z e s   and  a r e   t h e r e f o r e  

s u i t a b l e   f o r   use   in  t h i s   t y p e   of  l a m p .  

One  of  t h e   p r o b l e m s   f a c i n g   t h e   d e s i g n e r   of  a  

h i g h   p r e s s u r e   m e t a l   h a l i d e   lamp  i n t e n d e d   f o r   o p e r a t i o n  

a t   low  p o w e r   i s   t h a t   of  a c h i e v i n g   a d e q u a t e   p a r t i a l  

p r e s s u r e s   of   t he   m e t a l   h a l i d e s .   T h i s   g e n e r a l l y   r e q u i r e s  

a  r e l a t i v e l y   h i g h   minimum  a rc   t u b e   t e m p e r a t u r e   ( c o o l   s p o t  

t e m p e r a t u r e ) ,   w h i c h   b e c o m e s   p r o g r e s s i v e l y   more  d i f f i c u l t  

to  a c h i e v e   as  t h e   d e s i g n e d   i n p u t   p o w e r   of   t h e   lamp  i s  

r e d u c e d .   H e a t   c o n s e r v a t i o n   t h u s   b e c o m e s   i n c r e a s i n g l y  

more  i m p o r t a n t   as  t he   d e s i r e d   o p e r a t i n g   p o w e r   i s   r e d u c e d ,  

and  t h e s e   a r c   t u b e s   a re   o p e r a t e d   in   e v a c u a t e d   o u t e r  

e n v e l o p e s   or  b u l b s   to  r e d u c e   t he   l o s s   of  h e a t   b y  

c o n d u c t i o n   and  c o n v e c t i o n   f rom  the   s u r f a c e s   of  t he   t u b e .  

With   t h e s e   l o s s e s   r e d u c e d   to  a  min imum  t he   main   c a u s e  

of  h e a t   l o s s   i s   r a d i a t i o n   f rom  t h e   h o t   a r c   t u b e .  

The  e q u i l i b r i u m   t e m p e r a t u r e   of  any  p a r t   o f  

the   a r c   t u b e   i s   d e t e r m i n e d   by  t h e   b a l a n c e   b e t w e e n   t h e  

i n f l o w   and  o u t f l o w   of  h e a t ,   and  in  r e g i o n s   r e m o t e   f r o m  

the   d i s c h a r g e   ( f o r   e x a m p l e ,   in  the   v i c i n i t y   of  t h e   s e a l s ,  

w h e r e   t he   c o o l   s p o t   is   u s u a l l y   s i t u a t e d )   h e a t   l o s s e s   a r e  



due  m a i n l y   to  r a d i a t i o n ,   and  i n c r e a s e   w i t h   i n c r e a s i n g  

t e m p e r a t u r e ,   s u r f a c e   a r e a   and  e m i t t a n c e   of   t h e   m a t e r i a l  

e m p l o y e d .   For   e x a m p l e ,   i n   c o n v e n t i o n a l   f u s e d   s i l i c a  

a r c   t u b e s   the   l a r g e   a r e a   of   t h e   p i n c h   s e a l s ,   w h i c h   h a v e  

h i g h   e m i t t a n c e ,   l i m i t s   t h e   c o o l   s p o t   t e m p e r a t u r e s   t h a t  

can   be  a t t a i n e d .   In  t h e   c a s e   of  c e r a m i c   t u b e s ,   we  h a v e  

now  f o u n d   t h a t   c e r m e t   m a t e r i a l s   w h i c h   may  be  u s e d   t o  

s e a l   t he   t u b e   a l s o   e x h i b i t   h i g h   e m i t t a n c e ,   and  n o t a b l y  

a  h i g h e r   e m i t t a n c e   t h a n   t h a t   of  t he   c e r a m i c   m a t e r i a l s  

t h e m s e l v e s .  

A  f u r t h e r   p r o b l e m   in   c e r a m i c   l a m p s   of   s m a l l  

d i m e n s i o n s   i s   t h a t   of   m a k i n g   t he   f i n a l   s e a l   w i t h o u t   l o s s  

of   v o l a t i l e   f i l l   s u b s t a n c e s .   S e a l i n g   i n v o l v e s   h e a t i n g  

p a r t s   of  t he   a r c   lamp  to  a  h i g h   t e m p e r a t u r e ,   p e r h a p s  

e v e n   a b o v e   1 6 0 0  C ,   w i t h   t h e   dose   o n l y   a b o u t   a  c e n t i m e t r e  

away.   We  h a v e   f o u n d   upon   i n v e s t i g a t i o n   t h a t   in   t he   e a r l y  

s t a g e s   of  t h e   s e a l i n g   p r o c e s s   the   t r a n s f e r   of  h e a t   t o  

t h e   d o s e s   of  v o l a t i l e   s u b s t a n c e s   i s   m a i n l y   due  to  d i r e c t  

r a d i a t i o n   f rom  t he   h e a t   r e g i o n .  

The  p r e s e n t   i n v e n t i o n   is  c o n c e r n e d   w i t h   t h e  

d e s i g n   of  c e r a m i c   a r c   t u b e s   in   w h i c h   h e a t   l o s s e s   f rom  t h e  

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

The  i n v e n t i o n   i s   a l s o   c o n c e r n e d   to  p r o v i d e   a r c   t u b e s   o f  

c e r a m i c   m a t e r i a l   i n   w h i c h   f i n a l   s e a l i n g   can   be  a c c o m p l i s h -  

ed  w i t h o u t   l o s s   of  v o l a t i l e   s u b s t a n c e s ,   by  r e d u c i n g   t h e  

t r a n s f e r   of  h e a t   to   t h e   s u b s t a n c e s   f r o m   t he   h e a t e d   r e g i o n  

of  t he   s e a l .  

In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   we  now 

p r o v i d e   an  a r c   t u b e   f o r   a  h i g h   p r e s s u r e ,   m e t a l   h a l i d e ,  

e l e c t r i c   d i s c h a r g e   lamp  c o m p r i s i n g   a  t u b e   of  l i g h t -  

t r a n s m i t t i n g   c e r a m i c   h a v i n g   end  p o r t i o n s   w h i c h   a r e   o f  

s m a l l e r   c r o s s - s e c t i o n a l   a r e a   t h a n   an  i n t e r m e d i a t e   p o r t i o n  

and  a r e   a d a p t e d   to   be  s e a l e d   to   end  c l o s u r e s   of   c o m p a t i b l e .  

c e r m e t - o f   c o r r e s p o n d i n g   d i a m e t e r .  



In   a c c o r d a n c e   w i t h   one  p r e f e r r e d   e m b o d i m e n t   o f  

t he   i n v e n t i o n ,   t h e   i n t e r m e d i a t e   p o r t i o n   of  t he   t u b e   i s  

s u b s t a n t i a l l   c y l i n d r i c a l ,   and  t he   end  p o r t i o n s   a r e  

s u b s t a n t i a l l y   c y l i n d r i c a l  a n d   of   s m a l l e r   d i a m e t e r ,   and  a r e  

c o n n e c t e d   w i t h   t h e   i n t e r m e d i a t e   p o r t i o n   by  r e s p e c t i v e  

i n t e g r a l   s h o u l d e r   p o r t i o n s .   In  a r c   l amps   of   t h i s   f o r m   i t  

i s   p r e f e r r e d   t h a t   t h e   e l e c t r o d e s   s h o u l d   be  c a r r i e d   o n  

c o n d u c t i v e   s u p p o r t s   of   s u c h   l e n g t h s   t h a t   the   e l e c t r o d e s  

a r e   d i s p o s e d   in   t h e   v i c i n i t y   of   the   s h o u l d e r   p o r t i o n s   o f  

t he   l amp .   The  r e d u c e d   c r o s s - s e c t i o n   of   the   end  p o r t i o n s  

and  t he   use  of  c e r m e t   c l o s u r e   p l u g s   or  c a p s   of   c o r r e s p o n d -  

i n g l y  r e d u c e d   c r o s s - s e c t i o n   p e r m i t s   t he   r e d u c t i o n   o f  

r a d i a t i v e   t h e r m a l   l o s s e s   and  m a i n t e n a n c e   of   the   d e s i r e d  

h i g h   c o o l   s p o t   t e m p e r a t u r e s .  

A c c o r d i n g   to  a  s e c o n d   p r e f e r r e d   e m b o d i m e n t   o f  

t he   i n v e n t i o n ,   t h e   i n t e r m e d i a t e   p o r t i o n   has   a  m a x i m u m  

d i a m e t e r   in   t h e   c e n t r a l   r e g i o n   of  t h e   t u b e   a n d  t a p e r s  

i n w a r d l y   in   b o t h   d i r e c t i o n s   r e s p e c t i v e   o r i f i c e s   o f  

r e d u c e d   d i a m e t e r   a t   t h e   t u b e   e n d s ,   to  w h i c h  t h e  c e r m e t  

c l o s u r e s   a r e   s e a l e d .   T h i s   t a p e r i n g   fo rm  o f  l a m p ' t u b e  

m a i n t a i n s   a  more  n e a r l y   i s o t h e r m a l   t e m p e r a t u r e  d i s t r i b u t -  

i o n   a l o n g   i t s   l e n g t h .  

In  a c c o r d a n c e   w i t h   t he   t h i r d   p r e f e r r e d - .  

e m b o d i m e n t   of   t h e   i n v e n t i o n ,   t h e   i n t e r m e d i a t e   p o r t i o n   i s  

s u b s t a n t i a l l y   c y l i n d r i c a l ,   and  t h e   end  p o r t i o n s  a r e   o f  

i n t e g r a l   s h o u l d e r e d   f o r m ,   t e r m i n a t i n g   in   r e s p e c t i v e  

o r i f i c e s   of   r e d u c e d   d i a m e t e r   to   w h i c h   the   c e r m e t   c l o s u r e s  

a r e   s e a l e d .   Wi th   t h i s   f o r m   of  t u b e ,   i t   is  p r e f e r r e d   t h a t  

t h e   e l e c t r o d e s   s h o u l d   be  c a r r i e d   on  s h o r t   s u p p o r t s   s o  

t h a t   t h e y   a r e   l o c a t e d   w i t h i n   t h e   s h o u l d e r e d   end  r e g i o n s  

of   t he   t u b e .   T h i s   fo rm  of  t u b e   r e q u i r e s   s u i t a b l y   s h a p e d  

end  p l u g s   of   c e r m e t   m a t e r i a l ,   f o r   e x a m p l e   as  d e s c r i b e d  

in  our   German  S p e c i f i c a t i o n   OS  26  55  726 ,   w h i c h   a r e  

p r e f e r a b l y   s e a l e d   w i t h   t he   a p p l i c a t i o n   of  p r e s s u r e   in   t h e  

a x i a l   d i r e c t i o n .  

The  p r i n c i p l e s   of   t h i s   i n v e n t i o n   a r e   a p p l i c a b l e  



to  any  c e r a m i c   m a t e r i a l   s u i t a b l e   f o r   t he   f a b r i c a t i o n  

of   a r c   lamp  e n v e l o p e s   and  to  any  c e r m e t   m a t e r i a l   s u i t a b l e  

f o r   use   in   end  c l o s u r e s   f o r   s u c h   t u b e s .   E x a m p l e s   o f  

s u i t a b l e   c e r a m i c   m a t e r i a l s   i n c l u d e   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   and  s i n g l e   c r y s t a l   a l u m i n a   c e r a m i c s ,   s u c h  

as  t h o s e   a v a i l a b l e   u n d e r   t he   T r a d e   Mark  " S T E L L O X " .  

The  a r c   t u b e s   may  be  made  in   s e v e r a l   w a y s .  

Fo r   e x a m p l e ,   t he   c e r a m i c   p o w d e r   can   be  m o u l d e d   and  c o m -  

p a c t e d   to   t he   d e s i r e d   s h a p e ,   u s i n g   a  ' l o s t   wax '   p r o c e s s ,  

p r i o r   to  s i n t e r i n g .   A l t e r n a t i v e l y ,   a  ' g r e e n - s t a t e '   o r  

p a r t l y   s i n t e r e d   t u b e   can  be  m a c h i n e d   to  s h a p e .   Y e t  

a n o t h e r ,   and  s i m p l e r ,   m e t h o d   is   to  a s s e m b l e   a p e r t u r e d  

p l u g s   at  t h e   end  of   a  l e n g t h   of   t u b e   in   t h e   g r e e n   s t a t e ,  

g i v i n g   a  s t r u c t u r e   w h i c h   w i l l   be  i n t e g r a t e d   by  s i n t e r i n g  

and  may  s u b s e q u e n t l y   be  t r i m m e d .  

U s e f u l   c e r m e t   m a t e r i a l s ,   w h i c h   may  be  c o n d u c -  

t i v e   or  may  i n c l u d e   i n t e g r a l   c o n d u c t i v e   and  i n s u l a t i n g  

r e g i o n s ,   may  be  made  by  c o m p a c t i n g   and  s i n t e r i n g   g r a n u l e s  

o f   r e f r a c t o r y   o x i d e ,   s u c h   as  a l u m i n a ,   w h i c h   h a v e  b e e n  

c o a t e d   w i t h   a  m e t a l   s u c h   as  t u n g s t e n ,   m o l y b d e n u m   o r  

t a n t a l u m ,   e . g .   by  r o l l i n g   in   t h e   m e t a l   p o w d e r .   T h e s e   c e r m e t  

m a t e r i a l s   a r e   d e s c r i b e d   in   o u r   a f o r e s a i d   German  S p e c i -  

f i c a t i o n   2 6 - 5 5   721,   w h i c h   a l s o   d e s c r i b e s   a  v a r i e t y   o f  

f o r m s   and  s h a p e s   o f   a r c   t u b e   end   c l o s u r e s .   The  s e a l s  

b e t w e e n   t he   end  c l o s u r e   of   t h e   t u b e s   a r e   p r e f e r a b l y   m a d e  

w i t h   t he   h e l p   of  s e a l i n g   c o m p o s i t i o n s   s u c h   as  t h o s e  

d e s c r i b e d   in   our   c o - p e n d i n g   B r i t i s h   A p p l i c a t i o n s   3 5 7 2 0 / 7 8  

and   4 0 9 9 1 / 7 8 ,   t he   l a t t e r   p u b l i s h e d   u n d e r   the   s e r i a l   n u m b e r  

2  008  087 .   The  m a t e r i a l s   of  t h e   f o r m e r   a p p l i c a t i o n   a r e  

c e r a m i c   m a t e r i a l s   c o m p o s e d   of   a  r e f r a c t o r y   o x i d e ,   s u c h   a s  

a l u m i n a ,   w i t h   m i n o r   a m o u n t s   of   o t h e r   o x i d e s . .   The  m a t e r i a l s  

of   t he   l a t t e r   a p p l i c a t i o n   a r e   h a l i d e   r e s i s t a n t   g l a s s e s   b a s e d  

on  r a r e   e a r t h   o x i d e s ,   s u c h   as  l a n t h a n u m   o x i d e ,   w i t h   m i n o r  

a m o u n t s   of   b o r i c   o x i d e   and  o t h e r   o x i d e s .   T h e s e   m a t e r i a l s  

may  c o n v e n i e n t l y   be  p r e f o r m e d   i n t o   e l e m e n t s   o f   a p p r o p r i a t e  

s h a p e .  



In  the   a c c o m p a n y i n g   d r a w i n g s :  

F i g .   1  is   a  d i a g r a m m a t i c   s e c t i o n   of   a  

d i s c h a r g e   lamp  e m b o d y i n g   the   i n v e n t i o n ;  
F i g .   2  i s   a  s i m i l a r   s e c t i o n   o f   a  s e c o n d  

e m b o d i m e n t ;  

F i g .   3  is   a  s i m i l a r   s e c t i o n   o f   a  t h i r d  

e m b o d i m e n t ;  

F i g s .   4A  and  4B  a re   f r a g m e n t a r y   v i e w s   i l l u s -  

t r a t i n g   t he   f a b r i c a t i o n   of   t he   t u b e s   of   F i g s .   1  and  3 

r e s p e c t i v e l y ;   a n d  

F i g .   5  is   a  f r a g m e n t a r y   v iew  s h o w i n g   t h e  

l o c a t i o n   o f   v o l a t i l e   s u b s t a n c e s   d u r i n g   s e a l i n g   of   a  

lamp  e m b o d y i n g   the   i n v e n t i o n .  

In   F i g .   1,  an  a r c   t u b e   10  f o r   a  low  p o w e r ,  

h i g h   e f f i c a c y ,   m e t a l   h a l i d e   d i s c h a r g e   lamp  c o m p r i s e s   a  

s u b s t a n t i a l l y   c y l i n d r i c a l   main  p o r t i o n   11,   w h i c h   may,  f o r  

e x a m p l e ,   be  up  to  2  cm  in   l e n g t h .   R e s p e c t i v e   c y l i n -  

d r i c a l   end   p o r t i o n s   12  a r e   c o n n e c t e d   w i t h   t h e   m a i n   p o r t i o n  

11  by  i n t e g r a l   s h o u l d e r s   13:   The  a r c   t u b e   i s   p r e f e r a b l y  

c o m p o s e d   of   t r a n s l u c e n t   a l u m i n a   c e r a m i c   s u c h   as  t h e  

'STELLOX'   m a t e r i a l   r e f e r r e d   to  a b o v e .  

The  t u b e   may  be  f a b r i c a t e d   by  m a c h i n i n g   t o  

s h a p e   a  ' g r e e n '   or  p a r t l y   s i n t e r e d   t u b e ,   or   by  a  ' l o s t  

w a x '   t y p e   of   m o u l d i n g   t e c h n i q u e   in  w h i c h   t h e   c e r a m i c  

p o w d e r   i s   c o m p a c t e d   r o u n d   a  f o r m e r   w h i c h   i s   s u b s e q u e n t l y  

r e m o v e d   by  h e a t i n g ,   b u r n i n g   or   o x i d a t i o n ,   as  d e s c r i b e d  

in   B r i t i s h   P a t e n t s   1  360  340  and  1  443  7 4 1 .  

A  s i m p l e r   m e t h o d   of  f a b r i c a t i o n   i s   i l l u s t r a t e d  

by  F i g .   4A  and  i n v o l v e s   t he   i n s e r t i o n   i f   s h o u l d e r e d   p l u g s  

40  of   p a r t l y   s i n t e r e d   c e r a m i c   m a t e r i a l   p o w d e r   i n t o   e a c h  

end  of   a  g r e e n - s t a t e   p a r a l l e l   t u b e   11.  The  p o w d e r s   f r o m  

w h i c h   t h e   p l u g s   a re   made  a r e   c h o s e n   to  e n s u r e   t h a t   t h e  

t u b e   s h r i n k s   o n t o   them  d u r i n g   t he   f i n a l   s i n t e r i n g   p r o c e s s  
and  g i v e s   a  vacuum  t i g h t   j o i n ,   as  d e s c r i b e d   in  B r i t i s h  

P a t e n t   1  196  899.   The  e x c e s s   41  at  t he   ends   of   the   t u b e  

can   be  t r i m m e d   o f f   a f t e r   t he   f i n a l   s i n t e r i n g .  



End  caps   14  a re   s e a l e d   to  t h e   r e s p e c t i v e   e n d  

p o r t i o n s   12  t h r o u g h   t he   i n t e r m e d i a r y   o f   a  s e a l i n g   c o m p o s i -  

t i o n   15.  The  c aps   c a r r y   c o n d u c t i v e   e l e c t r o d e   s u p p o r t s  
16  t e r m i n a t i n g   in   a r c   t u b e   e l e c t r o d e s   17 ,   w h i c h   may  b e  

of   c o n v e n t i o n a l   t y p e   b u t   p r e f e r a b l y   h a v e   a  d o u b l e   o v e r -  

w i n d   of   t u n g s t e n   w i r e   ( s e e   F i g .   5 ) ,  l c c a t e d   in   s h o u l d e r e d   p o r t i o n s  

13 .   The  end  c l o s u r e s   14  c a r r y   e x t e r n a l   e l e c t r i c a l   l e a d s  

18  w h i c h   a r e   p r e f e r a b l y   c o n n e c t e d   e l e c t r i c a l l y   to  t h e  

s u p p o r t s   16  t h r o u g h   c o n d u c t i v e   c e r m e t   m a t e r i a l   c o n s t i t u -  

t i n g   or  i n c l u d e d   in   t he   end  c l o s u r e   14  as  d e s c r i b e d   i n  

o u r   German  S p e c i f i c a t i o n   26  55  7 2 6 .  

The  s e a l i n g   c o m p o s i t i o n   15  may  be  a  h a l i d e  

r e s i s t a n t   s e a l i n g   g l a s s ,   in   w h i c h   c a s e   t he   c e m e t   c l o s u r e ,  

t h e   i n t e r m e d i a r y   s e a l i n g   m a t e r i a l   and  t h e   end  o f   t h e   t u b e  

a r e   h e a t e d   to  a  t e m p e r a t u r e   s u f f i c i e n t   to  c a u s e   t h e   g l a s s  

to  s o f t e n   and  f low  o v e r   t he   s u r f a c e s   to   be  s e a l e d .  

A p p l i c a t i o n   o f   l i g h t   p r e s s u r e   h e l p s   to  s e a l   t h e   c e r m e t  

s q u a r e l y   on  the   t u b e   end .   A l t e r n a t i v e l y ,   t h e   s e a l i n g  

c o m p o s i t i o n   may  be  a  c e r a m i c   m a t e r i a l   b a s e d ,   f o r   e x a m p l e ,  

on  an  o x i d e   s u c h   as  a l u m i n a ,   w h i c h   can   be  f i r e d ,   g r o u n d  

and  p r e s s e d   to  fo rm  an  a n n u l a r   s e a l i n g   e l e m e n t   f o r  

a p p l i c a t i o n   to  t h e   t u b e   e n d s ,   as  d e s c r i b e d   in   t h e   B r i t i s h  

A p p l i c a t i o n s   r e f e r r e d   t o  

In   e i t h e r   c a s e ,   t he   l o w e r   end  of   t h e   a r c   t u b e  

may  be  s u p p o r t e d   in   a  m e t a l l i c   h o l d e r ,   f o r   e x a m p l e   o f  

c o p p e r ,   d u r i n g   the   s e a l i n g   p r o c e s s ,   w h i c h   has   t h e   e f f e c t  

of   c o n d u c t i n g   h e a t   away  f rom  t h e   t u b e   end  and  t h e r e b y  

f u r t h e r   r e d u c i n g   h e a t i n g   of   t he   d o s e s   o f   v o l a t i l e   s u b s t a n -  

c e s .   The  p o s i t i o n   of   t h e s e   d o s e s   in   Lhe  t u b e   end  i s  

shown  in  F i g .   5,  w h e r e   t he   r e f e r e n c e   n u m e r a l s   c o r r e s p o n d  

to  t h o s e   in   F i g .   1.  The  c e r m e t   c l o s u r e   14  d i f f e r s   f r o m  

t h a t   in   F i g .   1  in   h a v i n g   a  b o s s   42 ,   on  w h i c h   t h e   d o s e s  

43  r e s t   d u r i n g   the   o p e r a t i o n   o f   s e a l i n g   the   s e c o n d   t u b e  

e n d .   -The  e l e c t r o d e s   17  h a v e   t h e   d o u b l e   t u n g s t e n   o v e r w i n d  

a l r e a d y   r e f e r r e d   t o .  



The  end  p o r t i o n s   12  o f   r e d u c e d   c r o s s - s e c t i o n  

and  more  e s p e c i a l l y   t h e   c l o s u r e s   14  o f .  c o r r e s p o n d i n g  

r e d u c e d   c r o s s - s e c t i o n   r e d u c e   the   r a d i a t i v e   t h e r m a l   l o s s e s  

f rom  t he   t u b e   ends   and  e n a b l e   a  r e l a t i v e l y   h i g h   s p o t  

t e m p e r a t u r e   to   be  m a i n t a i n e d .   F u r t h e r m o r e ,   t h i s   s t r u c t u r e  

of  a r c   t u b e   r e d u c e s   t he   t r a n s f e r   of   h e a t   to  d o s e d   m a t e r -  

i a l s   w i t h i n   t he   t u b e   d u r i n g   t h e   o p e r a t i o n   of   s e a l i n g   o n  

t h e   f i n a l   end  c l o s u r e   1 4 .  

The  a r c   t u b e   20  of  F i g .   2  i n c l u d e s   a  c e n t r a l  

p o r t i o n   21  of   e n l a r g e d   d i a m e t e r   w h i c h   t a p e r s   t o w a r d s  

b o t h   ends   in  r e g i o n s   22  to  t e r m i n a l   o r i f i c e s   23  of  r e d u c e d  

d i a m e t e r .   The  e n d s   a r e   c l o s e d   b y  c e r m e t   end  caps   24  w i t h  

the   h e l p   of  s e a l i n g   m a t e r i a l   25  and  a r e   p r o v i d e d   w i t h  

e l e c t r o d e s   26  and  e x t e r n a l   e l e c t r i c a l   c o n n e c t i o n s   27  a s  

in   t he   lamp  of   F i g .   1.  The  m a t e r i a l s   and  t e c h n i q u e s  

e m p l o y e d   in   t he   m a n u f a c t u r e   of   t h i s   lamp  may  be  t he   s a m e  

as  f o r   the   lamp  of   F i g .   1,  and  t he   t u b e   may  be  e i t h e r  

m a c h i n e d   f r o m   a  s o l i d   p i e c e   or  m o u l d e d   by  t h e   ' l o s t   w a x '  

p r o c e s s .  
The  s h a p e   of   t he   a r c   t u b e   shown  in  F i g .   2 

e n a b l e s   a  more  n e a r l y   i s o t h e r m a l   t e m p e r a t u r e   d i s t r i b u t i o n  

to  be  m a i n t a i n e d   a l o n g   t h e   l e n g t h   of   t he   t u b e   d u r i n g  

lamp  o p e r a t i o n .   The  r e d u c e d   d i a m e t e r   of   t h e   ends   23  a n d  

c l o s u r e s   24  h a v e   t h e   same  a d v a n t a g e s   as  in   t h e   lamp  o f  

F i g .   1 .  

In  F i g .   3,  an  a r c   t u b e   30  is   s u b s t a n t i a l l y  

c y l i n d r i c a l   t h r o u g h o u t   t he   g r e a t e r   p a r t   of  i t s   l e n g t h   b u t  

a t   i t s   ends   has   s h o u l d e r e d   r e g i o n s   31  p r o v i d i n g   t e r m i n a l  

o r i f i c e s   32  of   r e d u c e d   d i a m e t e r .   The  t u b e   i s   c l o s e d   b y  

s u i t a b l y   s h a p e d   end  p l u g s   33  w h i c h   a r e   s e a l e d   to  t h e  

o r i f i c e s   32  w i t h   t h e   h e l p   of  s e a l i n g   m a t e r i a l   3 4 .  

E l e c t r o d e s   35  a r e   c a r r i e d   on  v e r y   s h o r t   s u p p o r t s   or  s h a n k s  

and  e x t e r n a l   e l e c t r i c a l   c o n n e c t i o n s   36  a r e   p r o v i d e d .  

The  t u b e   30  t o g e t h e r   w i t h   t he   s h o u l d e r e d   r e g i o n s  

31  can  be  made  by  the   ' l o s t   wax '   m o u l d i n g   p r o c e s s   o r ,  

more  s i m p l y ,   by  i n s e r t i n g   s h a p e d   and  a p e r t u r e d   end  p l u g s  



44  i n t o   the   ends   of   a  g r e e n - s t a t e   t u b e   p r i o r   to   f i n a l  

s i n t e r i n g ,   as  shown  in  F i g .   4B.  A f t e r   s i n t e r i n g ,   t h e  

ends   can   be  t r i m m e d   and  t he   e x t e r n a l   s h o u l d e r   g r o u n d  

to  a  r a d i u s   to  f o l l o w   t he   i n t e r n a l   c u r v a t u r e .  

In  s e a l i n g   the   end  p l u g s   33  to   t he   e n d s   o f  

t h e   a r c   t u b e   30,  c o n s i d e r a b l y   g r e a t e r   p r e s s u r e   has   t o  

be  a p p l i e d   to   t he   c e r m e t .   H o w e v e r ,   t he   end  p l u g s   a r e  

p r e f e r a b l y   s e a l e d   to  t he   t u b e   30  w i t h   t h e   h e l p   of   t h e  

c e r a m i c   s e a l i n g   m a t e r i a l s   and  t e c h n i q u e s   d e s c r i b e d   i n  

A p p l i c a t i o n   3 5 7 2 0 / 7 8   w h i c h   e n a b l e   a  l o w e r   s e a l i n g  

t e m p e r a t u r e   to  be  e m p l o y e d ,   f o r   e x a m p l e   a b o u t   1 2 0 0 ° C ,  

w h i l e   p r e s s u r e   i s   a p p l i e d   in   t h e   a x i a l   d i r e c t i o n   b e t w e e n  

t h e   end   p l u g   and  t he   a r c   t u b e .   The  l o w e r   t e m p e r a t u r e s  

e m p l o y e d   h e l p   f u r t h e r   to  r e d u c e   t h e   t r a n s f e r   of   h e a t  

f r o m   t he   r e g i o n   of  t h e   s e a l   to  d o s e d   m a t e r i a l s   w i t h i n  

t he   a r c   t u b e   d u r i n g   f i n a l   s e a l i n g .  

The  i n v e n t i o n   i s   e m i n e n t l y   s u i t a b l e   f o r   u s e  

w i t h   l o w e r   p o w e r ,   h i g h   e f f i c a c y ,   m e t a l   h a l i d e   l a m p s .   T h e  

v a p o u r   f i l l   f o r   s u c h   l amps   may  be  o f   a  c o n v e n t i o n a l  

c h a r a c t e r   and  t h u s   c o m p r i s e   an  i n e r t   g a s ,   s u c h   as  a r g o n ,  

m e r c u r y   and  a t   l e a s t   one  m e t a l   h a l i d e ,   as  w e l l   known  i n  

t h e   a r t ,   to  p r o v i d e   a  m o d i f i e d   or  b r o a d e n e d   e m i s s i o n  

s p e c t r u m .   For   e x a m p l e ,   t h e   h a l i d e s   may  c o m p r i s e   s o d i u m  

and   t i n   h a l i d e s   as  d e s c r i b e d   in   o u r   B r i t i s h   P a t e n t  

1  541  437  o r ,   as  an  a l t e r n a t i v e ,   s o d i u m   and  a l u m i n i u m  

h a l i d e s   as  d e s c r i b e d   in   o u r   B r i t i s h   P a t e n t   1  444  0 2 3 .  

The  i n v e n t i o n   i s   of   e s p e c i a l   i n t e r e s t   in   t h e   p r o d u c t i o n   o f  

l a m p s   o f   l e s s   t h a n   250  w a t t s   p o w e r ,   f o r   e x a m p l e ,   f o r  

d o m e s t i c   use  and  more  p a r t i c u l a r l y   b e l o w   150  w a t t s ,   f o r  

e x a m p l e ,   a b o u t   100  w a t t s .  



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

lamp  h a v i n g   a  c e r a m i c   a r c   t u b e   c h a r a c t e r i z e d   in  t h a t   t h e  

end  p o r t i o n s   of   t he   t u b e   and  c e r m e t   end  c l o s u r e s   s e a l e d  

t h e r e t o   a r e   of   s m a l l e r   c r o s s - s e c t i o n a l   a r e a   t h a n   a n  

i n t e r m e d i a t e   p o r t i o n   of   t he   t u b e .  

2.  A  lamp  a c c o r d i n g   to  c l a i m   1  c h a r a c t e r i z e d   i n  

t h a t   t he   i n t e r m e d i a t e   p o r t i o n   of   t h e   a r c   t u b e   i s   s u b s t a n t -  

i a l l y   c y l i n d r i c a l   and  t he   end  p o r t i o n s   a re   s u b s t a n t i a l l y  

c y l i n d r i c a l   and  of  s m a l l e r   d i a m e t e r   and  a re   c o n n e c t e d   w i t h  

t he   i n t e r m e d i a t e   p o r t i o n   by  r e s p e c t i v e   i n t e g r a l   s h o u l d e r  

p o r t i o n s .  

3.  A  lamp  a c c o r d i n g   to  c l a i m   2  c h a r a c t e r i z e d   i n  

t h a t   t he   e l e c t r o d e s   a r e   d i s p o s e d   in   t h e   v i c i n i t y   o f   t h e  

s h o u l d e r   p o r t i o n   a t   e a c h   end  o f  t h e   l a m p .  

4.  A  lamp  a c c o r d i n g   to  c l a i m   1  c h a r a c t e r i z e d   i n  

t h a t   t he   i n t e r m e d i a t e   p o r t i o n   has   a  maximum  d i a m e t e r   i n  

i t s   c e n t r a l   r e g i o n   and  t a p e r s   i n w a r d l y   in  b o t h   d i r e c t i o n s  

to  r e s p e c t i v e   o r i f i c e s   of   r e d u c e d   d i a m e t e r   to  w h i c h   t h e  

end  c l o s u r e s   a r e   s e a l e d .  

5.  A  lamp  a c c o r d i n g   to  c l a i m   1  c h a r a c t e r i z e d   i n  

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

and  t h e   end  p o r t i o n s   a r e   of  i n t e g r a l   s h o u l d e r e d   fo rm  a n d  

t e r m i n a t e   in   r e s p e c t i v e   o r i f i c e s   of   r e d u c e d   d i a m e t e r   t o  

w h i c h   t h e   end  c l o s u r e s   a r e   s e a l e d .  

6.  A  lamp  a c c o r d i n g   to  c l a i m   5  c h a r a c t e r i z e d   i n  

t h a t   t he   e l e c t r o d e s   a r e   d i s p o s e d   w i t h i n   t h e   s h o u l d e r e d  

end  p o r t i o n s   of   t h e   t u b e .  



7.  A  lamp  a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

c h a r a c t e r i z e d   in  t h a t   t h e   end  c l o s u r e s .   a r e   f o r m e d   a t  

l e a s t   in   p a r t   of   e l e c t r i c a l l y   c o n d u c t i v e   c e r m e t   and  t h e  

e l e c t r o d e s   a r e   m o u n t e d   on  s u p p o r t s   w h i c h   a r e   f i x e d   i n  

b u t   do  n o t   e x t e n d   c o m p l e t e l y   t h r o u g h   t h e   c o n d u c t i v e  

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

8.  A  lamp  a c c o r d i n g   to  c l a i m  7   c h a r a c t e r i z e d   i n  

t h a t   t h e   c o n d u c t i v e   c e r m e t   c o n t a i n s   t u n g s t e n   and  a l u m i n i u m  

o x i d e   in   a  v o l u m e   ratio of metal not  e x c e e d i n g   0 . 0 7 B   and  s u b s t a n t -  

i a l l y   m a t c h e s   t h e   c e r a m i c   of  t h e   a r c   t u b e   in   t h e r m a l  

e x p a n s i o n   p r o p e r t i e s .  

9.  A  lamp  a c c o r d i n g   to  c l a i m   2  or   3  c h a r a c t e r i z e d  

in   t h a t   t h e   s h o u l d e r   and  end  p o r t i o n s   a t   e a c h   end  o f   t h e  

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

and  t u b e   e l e m e n t s   i n s e r t e d   and  s i n t e r e d   i n t o   t h e   i n t e r -  

m e d i a t e   p o r t i o n   t u b e .  

10.   A  lamp  a c c o r d i n g   to  c l a i m   5  or   6  c h a r a c t e r i z e d  

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

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

i n t o   t h e   e n d s   o f   t h e   t u b e .  

11.   A  c e r a m i c   a r c   t u b e   f o r   an  e l e c t r i c a l   d i s c h a r g e  

lamp  c h a r a c t e r i z e d   in   t h a t   t h e   end  p o r t i o n s   of   t h e   t u b e  

a r e   of   s m a l l e r   c r o s s - s e c t i o n a l   a r e a   t h a n   an  i n t e r m e d i a t e  

p o r t i o n   and  a r e   a d a p t e d   to  be  s e a l e d   to   end  c l o s u r e s   o f  

c o m p a t i b l e   c e r m e t .  
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