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©  Electrodeless  discharge  lamp. 

According  to  one  aspect,  the  fill  material  of  an  electrode- 
less  discharge  lamp  excited  in  the  microwave  includes,  per 
one  cubic  centimeter  of  the  volumetric  content  of  the 
envelope  of  the  lamp,  mercury  in  the  amount  of  17.6  to  41.3 
micromoles,  iodine  in  the  amount  of  0.2  to  6.2  micromoles, 
and  a  metal  selected  from  the  group  consisting  of  iron, 
nickel,  cobalt,  palladium,  and  the  mixtures  thereof,  in  the 
amount  from  0.38  to  1.91  micromoles.  The  fill  material 
further  comprises  argon  as  the  starter  gas  at  the  pressure  of 
30  to  130  torr.  It  is  preferred  that  the  amount  of  iodine  atoms 
measured  in  terms  of  moles  per  unit  volume  exceed  two 
times  that  of  the  metal  measured  in  the  same  terms. 
According  to  the  other  aspect,  the  fill  material  includes,  per 
cubic  centimeter  of  the  volumetric  content  of  the  envelope  of 
the  lamp,  mercury  in  the  amount  from  17.6  to  55  micro- 
moles,  iodine  in  terms  of  atoms  in  the  amount  from  0.15  to 
6.2  micromoles,  a  metal  selected  from  the  group  consisting 
of  dysprosium,  holmium,  thulium,  scandium,  and  the  mix- 
tures  thereof,  in  the  amount  from  0.13  to  0.39  micromoles, 
and  argon.  It  is  also  preferred  that  the  amount  of  iodine 
measured  in  terms  of  moles  per  unit  volume  exceeds  three 
times  the  amount  of  the  metal  measured  in  the  same  terms. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   h i g h   f r e q u e n c y  

e x c i t e d   e l e c t r o d e l e s s   d i s c h a r g e   l a m p s ,   and  more   p a r t i c u l a r l y  

to   i m p r o v e m e n t s   in   t h e   c o m p o s i t i o n   of   t h e   f i l l   m a t e r i a l s  

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

r i c h   in   t h e   n e a r   u l t r a v i o l e t   l i g h t   r a n g e .  

D e s c r i p t i o n   of   t h e   P r i o r   A r t  

Nea r   u l t r a v i o l e t   l i g h t   s o u r c e s   w h i c h   a r e   o f t e n  

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

as  p h o t o e n g r a v i n g ,   h a v e   commonly   c o m p r i s e d   h i g h   p r e s s u r e  

m e t a l   v a p o u r   e l e c t r i c   d i s c h a r g e   l a m p s   w h i c h   have   a  p a i r   o f  

d i s c h a r g e   e l e c t r o d e s   i d s p o s e d   w i t h i n   t h e   e l e v e l o p e   t h e r e o f .  

Such  e l e c t r i c   d i s c h a r g e   l a m p s   h a v e   g e n e r a l l y   c o m p r i s e d   f i l l  

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

b e e n   c a l l e d   m e t a l   h a l i d e   l a m p s .   T h i s   t y p e   of   c o n v e n t i o n a l  

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

s t a b i l i z a t i o n   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t   t h e   l a m p  

r e q u i r e s   to  a t t a i n   t h e   s t a b l e   s t a t e   of  l i g h t   e m i s s i o n   a f t e r  

i t   i s   t u r n e d   on,   i s   r e l a t i v e l y   l o n g ,   i . e . ,   as  l o n g   as  a b o u t  

t h r e e   m i n u t e s .   T h u s ,   when  t h i s   t y p e   o f   c o n v e n t i o n a l   m e t a l  

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

e x p o s u r e   and  p r e p a r a t i o n   s t e p s   f o l l o w   one  a f t e r   a n o t h e r   a t  

s h o r t   i n t e r v a l s   of   one   m i n u i t ,   t h e   l a m p s   c a n n o t   be  t u r n e d  

o f f   d u r i n g   t h e   p r e p a r a t i o n   s t e p s   b e t w e e n   t h e   e x p o s u r e   s t e p s .  



I t   h a s   t h u s   b e e n   n e c e s s a r y   to   k e e p   t h e   l amp  c o n t i n u o u s l y  

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

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

e x p o s u r e   s t e p s   in   w h i c h   t h e   l i g h t   i s   r e q u i r e d .   T h i s   c a u s e s  

much  l o s s   of  e l e c t r i c   p o w e r .   T h u s ,   t h e   s o - c a l l e d   i n s t a n t  

s t a b i l i z a t i o n   t y p e   u l t r a v i o l e t   l i g h t   s o u r c e s   h a v e   b e e n   m u c h  

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

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

to   a b o u t   a  t h o u s a n d   h o u r s .   T h i s   r e l a t i v e l y   s h o r t   l i f e   i s  

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

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

e n v e l o p e   of  t h e   l a m p .  

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

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

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

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

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

l i f e   o f   t h e   c o n v e n t i o n a l   l a m p s   h a s  b e e n   t h e   c o m s u m p t i o n   o f  

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

a d v a n t a g e   of  t h e   e l e c t r o d e l e s s   lamp  i s   t h a t   t h e r e   i s   n o  

t h e r m a l   l o s s   a t   t h e   d i s c h a r g e   e l e c t r o d e s ,   and   t h a t   i t   i s  

e a s i e r   to   a p p l y   g r e a t e r   e l e c t r i c   power   to   t h e   l amp  f rom  t h e  

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

t h e   e l e c t r o d e l e s s   l a m p s   v a i r e s   l i t t l e   f r o m   t h e   t i m e   i t   i s  

t u r n e d   on  t i l l   i t   a t t a i n s   t h e   s t a b l e   s t a t e .   A l s o ,   t h e  

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

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

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



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

many  a d v a n t a g e s   as  a b o v e   d e s c r i b e d ,   t h e y   h a v e   n o t   b e e n  

s a t i s f a c t o r y   as   n e a r   u l t r a v i o l e t   l i g h t   s o u r c e s .   T h a t   i s ,  

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

l i g h t - o u t p u t   in   t h e   n e a r   u l t r a v i o l e t   r a n g e , - e s p e c i a l l y  i n  

t h e   r a n g e   o f   350  to   450  nm  l e n g t h .   Such   c o n v e n t i o n a l   f i l l  

m a t e r i a l s   a r e   d i s c l o s e d ,   f o r   e x a m p l e ,   in   U .S .   p a t e n t   4 , 0 0 1 , 6 3 2  

i s s u e d   to   H a u g s j a a   e t   a l .   on  J a n .   4,  1977  as  e x a m p l e s   I  

t h r o u g h   I I I   in   c o l u m n   5  t h e r e o f .  

The  m e c h a n i s m   of   l i g h t   e m i s s i o n ,   h o w e v e r ,   i s  

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

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

e l e c t r o d e s .   N a m e l y ,   t h e   l i g h t   e m i t t i n g   m e t a l   c o n t a i n e d   i n  

t h e   f i l l   m a t e r i a l   s e a l e d   in  t h e   e n v e l o p e   o f   t h e   lamp  i s  

v a p o u r i z e d   and  e x c i t e d   by  t he   h i g h   f r e q u e n c y   w a v e s   to   e m i t  

l i g h t .   T h u s ,   when  h i g h e r   l i g h t   e m i s s i o n   i s   r e q u i r e d   in   a  

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

s u b s t a n t i a l l y   t h e   same  k i n d   of  l i g h t   e m i t t i n g   m e t a l s   m u s t   b e  

s e a l e d   in  t h e   e n v e l o p e   in  t he   e l e c t r o d e l e s s   l a m p s   as  in   t h e  

c o n v e n t i o n a l   l a m p s   h a v i n g   d i s c h a r g e   e l e c t r o d e s .   The  l i g h t  

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

h a v i n g   d i s c h a r g e   e l e c t r o d e s ,   h o w e v e r ,   c o n c e n t r a t e s   n e a r   t h e  

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

t h e   two  end  p o r t i o n s   of  t h e   e n v e l o p e ,   in  c o n t r a s t   to  t h e  

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

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

of   t h e   e n v e l o p e   e v e n   when  t he   v a p o u r   p r e s s u r e   w i t h i n   t h e  

e n v e l o p e   of   t h e   lamp  is   h i g h .  



T h u s ,   t h e   a m o u n t s   of   f i l l   m a t e r i a l s   w h i c h   a r e  

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

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

when  f i l l   m a t e r i a l s   i n c l u d i n g   t h e   same  k i n d   o f   m e t a l s   a r e  

u s e d .  

SUMMARY  OF  THE  INVENTION 

T h u s ,   t h e   o b j e c t   of   t h e   i n v e n t i o n   i s   to   p r o v i d e   a n  

i m p r o v e d   h i g h   f r e q u e n c y   e x c i t e d   e l e c t r o d e l e s s   l amp  w h i c h  

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

r a n g e ,   e s p e c i a l l y   in   t h e   r a n g e   o f   350  to  450  nm  w a v e l e n g t h .  

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

p r o v i d i n g   f i l l   m a t e r i a l s   f o r   t h e   h i g h   f r e q u e n c y   e x c i t e d  

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

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

350  to   450  nm  wave   l e n g t h   r a n g e .  

T h u s ,   a c c o r d i n g   to   o n e . a s p e c t   o f   t h e   p r e s e n t  

i n v e n t i o n ,   t h e   f i l l   m a t e r i a l   s e a l e d   w i t h i n   t h e   l i g h t  

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

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

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

m i x t u r e s   t h e r e o f .   The  f i l l   m a t e r i a l   c o m p r i s e s ,   p e r   o n e  

c u b i c   c e n t i m e t e r   of   t h e   v o l u m e t r i c   c o n t e n t   o f   t h e   e n v e l o p e  

of   t h e   l a m p ,   m e r c u r y   in   an  a m o u n t   f rom  7  to   55  p r e f e r a b l y  

f rom  1 7 . 6   to   4 1 . 3   and  more   p r e f e r a b l y   a r o u n d   25,   m i c r o m o l e s ,  

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

0.1   to   2 . 3 ,   p r e f e r a b l y   f rom  0 .38   to  1 . 9 1   and   more   p r e f e r a b l y  

f rom  0 .5   to   1,  m i c r o m o l e s ,   and  t h e   h a l o g e n   in   a  t o t a l   a m o u n t  

r a n g i n g   f r o m   0 .2   to   6 .2   m i c r o m o l e s   in  t e r m s   o f   a t o m s   o r  



i r o n s   t h e r e o f .   P r e f e r a b l y ,   t h e   a m o u n t   of   h a l o g e n   a t o m s  

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

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

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

by  an  a m o u n t   r a n g i n g   f r o m   0 . 0 2   to   2 .0   m i c r o m o l e s .   T h a t   i s ,  

i t   i s   p r e f e r a b l e   t h a t   t h e r e   i s   e n o u g h   h a l o g e n   f o r   c h a n g i n g  

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

I t   is   f u r t h e r   p r e f e r r e d   t h a t   t h e   r a r e g a s   i s   p r e s e n t   in   t h e  

e n v e l o p e   a t   a  p r e s s u r e  r a n g i n g   f r o m   10  to  200 ,   p r e f e r a b l y  

f rom  20  to   150  and  more   p r e f e r a b l y   f rom  30  to   130 ,   t o r r .  

The  m i c r o m o l e   u n i t   u s e d   in   t h e   a b o v e   m e a s u r e m e n t s  

is   e q u a l   to   1 0 - 6   m o l e s .   The  m o l e   u n i t   i s   t h e   SI  u n i t   w h i c h   i s  

e q u i v a l e n t   to   t h e   f o r m e r   c o r r e s p o n d i n g   u n i t s   s u c h   as  g r a m - a t o m  

or  g r a m - m o l e c u l e .  

A c c o r d i n g   to   a n o t h e r   a s p e c t   of   t h e   p r e s e n t   i n v e n t i o n ,  

t h e   f i l l   m a t e r i a l   s e a l e d   w i t h i n   t h e   e n v e l o p e   o f   t h e   l a m p  

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

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

h o l m i u m ,   t h u l i u m ,   s c a n d i u m ,   and  t h e   m i x t u r e s   t h e r e o f .   I t   i s  

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

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

amoun t   r a n g i n g   f r o m   5  to   55  p r e f e r a b l y   f rom  1 7 . 6   to   5 3 ,  

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

f rom  0 .05   to   0 .6   p r e f e r a b l y   f r o m   0 . 1 3   to  0 . 3 9   and  m o r e  

p r e f e r a b l y   a r o u n d   0 . 2 5 ,   m i c r o m o l e s ,   and  h a l o g e n   in   a  t o t a l  

amoun t   r a n g i n g   f r o m   0 . 1 5   to   0 . 6 2   m i c r o m o l e s   in  t e r m s   of   a t o m s  

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

a toms   m e a s u r e d   in   t e r m s   of   m i c r o m o l e s   pe r   one  c u b i c   c e n t i m e t e r  

of  t h e   v o l u m e t r i c   c o n t e n t   of   t h e   e n v e l o p e   e x c e e d   t h r e e   t i m e s  



t h e   a m o u n t   o f   r a r e   e a r t h   m e t a l   m e a s u r e d   i n   t h e   same  t e r m s .  

T h a t   i s ,   i t   i s   p r e f e r r e d   t h a t   t h e r e   be  e n o u g h   h a l o g e n   to   - 

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

to   f o rm  t h e   h a l i d e   t h e r e o f .  

In  b o t h   a s p e c t s   of   t h e   i n v e n t i o n ,   t h e   h a l o g e n   m a y  

be  i o d i n e ,   b r o m i n e ,   or   a  m i x t u r e   t h e r e o f ,  a n d   t h e   r a r e   g a s  

may  be  a r g o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F u r t h e r   d e t a i l s   of   t h e   p r e s e n t   i n v e n t i o n   w i l l  

b e c o m e   more   a p p a r e n t   f rom  t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n  

of   t h e   p r e f e r r e d   e m b o d i m e n t s ,   t a k e n   in   c o n j u n c t i o n   w i t h   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h :  

F i g .   1  i s   a  s c h e m a t i c   c r o s s - s e c t i o n a l   v i e w   of   t h e  

m i c r o w a v e   g e n e r a t i n g   d e v i c e   in   w h i c h   t h e   e l e c t r o d e l e s s  

d i s c h a r g e   l amp  a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   may  b e  

d i s p o s e d ;  

F i g .   2  i s   a  c r o s s - s e c t i o n a l   v i e w   of   an  e l e c t r o d e l e s s  

lamp  a c c o r i n g   to   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   3  shows  t h e   c u r v e   r e p r e s e n t i n g   t h e   r e l a t i o n s h i p  

b e t w e e n   t h e   n e a r   u l t r a v i o l e t   o u t p u t   of   an  e l e c t r o d e l e s s   l a m p  

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

w h e r e i n   t h e   f i l l   m a t e r i a l   s e a l e d   in   t h e   e n v e l o p e   of   t h e   l a m p  

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

w h e r e i n   t h e   m e r c u r y   and  a r g o n   c o n t e n t s   a r e   f i x e d ;  

F i g .   4  shows  t h e   c u r v e   r e p r e s e n t i n g   t h e   r e l a t i o n s h i p  

b e t w e e n   t h e   n e a r   u l t r a v i o l e t   o u t p u t   of   an  e l e c t r o d e l s s s   l a m p  

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

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



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

t h e   i r o n ,   i o d i n e ,   and  a r g o n   c o n t e n t s   a r e   f i x e d ;  

F i g .   5  shows   t h e   c u r v e   r e p r e s e n t i n g   t h e   r e l a t i o n s h i p  

b e t w e e n   t h e   n e a r   u l t r a v i o l e t   o u t p u t   of   an  e l e c t r o d e l e s s   l a m p  

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

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

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

a r g o n ,   and  w h e r e i n   t h e   m e r c u r y   and  a r g o n   c o n t e n t s   a r e  

s u b s t a n t i a l l y   f i x e d ;  

F i g .   6  shows   t h e   c u r v e   r e p r e s e n t i n g   t h e   r e l a t i o n s h i p  

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

lamp  and   t h e   m e r c u r y   c o n t e n t   s e a l e d   in  t h e   e n v e l o p e   t h e r e o f ,  

w h e r e i n   t h e   f i l l   m a t e r i a l   t h e r e o f   c o m p r i s e s   t h e   e l e m e n t s  

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

i o d i n e ,   and  a r g o n   c o n t e n t s   a r e   f i x e d .  

F i g .   7  shows   t h e   c u r v e s   r e p r e s e n t i n g   t h e   v a r i a t i o n s  

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

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

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

f i l l   m a t e r i a l   o f   an  e l e c t r o d e l e s s   l a m p .  

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

l i k e   c o m p o n e n t s .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   now  to  F i g .   1  and  2  of  t h e   d r a w i n g s ,   a  

c o n s t r u c t i o n   of   an  e l e c t r o d e l e s s   d i s c h a r g e   lamp  a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   i s   d e s c r i b e d ,   t o g e t h e r   w i t h   t h a t   of  a  

m i c r o w a v e   g e n e r a t i n g   d e v i c e   in   w h i c h   t h e   lamp  a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   may  be  d i s p o s e d .  



The  m i c r o w a v e   g e n e r a t i n g   d e v i c e   of  F i g .   1  c o m p r i s e s  

a  m a g n e t r o n   1  g e n e r a t i n g   a  m i c r o w a v e   of  2450  MHz  and  h a v i n g  

an  o u t p u t   p o w e r   of   700  W.  The  m a g n e t r o n   1  i s   d i s p o s e d   a t   a n  

end  p o r t i o n   of   a  wave   g u i d e   3,  and  has   a  m a g n e t r o n   a n t e n n a   2 

f r o m   w h i c h   t h e   m i c r o w a v e   i s   r a d i a t e d   i n t o   t h e   wave  g u i d e   3 .  

The  wave  g u i d e   3  o p e n s   i n t o   a  c a v i t y   4  e n c l o s e d   by  c a v i t y  

w a l l  5   and  a  m e t a l l i c   mesh   p l a t e   11  a t   a  m i c r o w a v e   f e e d e r  

o p e n i n g   6.  The  c a v i t y   w a l l   5  i s   f o r m e d   of  a  s u b s t a n t i a l l y  

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

f o r m s   a  l i g h t   r e f l e c t i n g   s u r f a c e .   The  m e t a l l i c   mesh  p l a t e  

11  i s   a  s t a i n l e s s   s t e e l   mesh   p l a t e   m a n u f a c t u r e d   by  t h e  

e t c h i n g   m e t h o d ,   and  t r a n s m i t s   a b o u t   85  p e r c e n t   of   l i g h t  

t h e r e t h r o u g h   b u t   n o t   t h e   m i c r o w a v e   g e n e r a t e d   by  t h e   m a g n e t r o n  

11.   And  e l e c t r o d e l e s s   lamp  7  c o m p r i e s e s   a  s p h e r i c a l   e n v e l o p e  

7a  f o r m e d   of   l i g h t   t r a n s m i t t i n g   q u a r t z   and  a  p a i r   of   r o d -  

s h a p e d   p r o j e c t i o n s   7b  and  7c  f o r m e d  o f  t h e   same  m a t e r i a l   a n d  

i n t e g r a l   t h e r e w i t h .   The  s p h e r i c a l   e n v e l o p e   7a  has   a  t h i c k n e s s  

of   0 .5   mm  and  an  i n n e r   d i a m e t e r   of   30  mm,  t h u s   e n c l o s i n g   a  

s p h e r i c a l   s p a c e   of   a b o u t   1 4 . 1   c m 3 " i n   w h i c h   an  i n e r t   g a s ,  

m e t a l s ,   e t c . ,   a r e   s e a l e d   in  a  c e r t a i n   c o m p o s i t i o n   a c c o r d i n g  

to  t h e   p r e s e n t   i n v e n t i o n ,   as  w i l l   be  d e s c r i b e d   in   d e t a i l  

h e r e i n a f t e r .   The  p r o j e c t i o n s   7b  and  7c  have   a  l e n g t h   of  1 0  

mm  and  a  d i a m e t e r   o f   3  mm,  and  t h e   e l e c t r o d e l e s s   lamp  7  i s  

s u p p o r t e d   a t   t h e s e   p r o j e c t i o n s   7b  and  7c  by  s u p p o r t i n g  

m e m b e r s   ( n o t   shown)  f o r m e d   on  t h e   c a v i t y   w a l l   5.  A  v e n t i l a t o r  

f a n   8  d i s p o s e d   a t   an  end  of   a  v e n t i l a t i n g   d u c t   9  i n t r o d u c e s  

c o o l i n g   a i r   i n t o   t h e   d u c t   9  f rom  o u t s i d e   t h e   h o u s i n g   1 2  

w h i c h   a c c o m o d a t e s   t h e   m a g n e t r o n   1,  t h e   wave  g u i d e   3,  e t c . ,  

and  t h u s   c o o l s   t h e   m a g n e t r o n   1  and   t h e   e l e c t r o d e l e s s   l amp  7 .  



The  o p e r a t i o n   of  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e  

of   F i g .   1  w i l l   be  d e s c r i b e d ,   t o g e t h e r   w i t h   t h a t   of   a n  

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

m i c r o w a v e   g e n e r a t e d   by  t h e   m a g n e t r o n   1  i s   r a d i a t e d   i n t o   t h e  

wave  g u i d e   3  f rom  t h e   m a g n e t r o n   a n t e n n a   2,  and  t h e n   i s  

p r o p a g a t e d   t h r o u g h   t h e   wave  g u i d e   3  and  r a d i a t e d   i n t o   t h e  

c a v i t y   4  f r o m   t h e   f e e d e r   o p e n i n g   6,  t h e r e b y   f o r m i n g   a  m i c r o w a v e  

e l e c t r o m a g n e t i c   f i e l d   in   t he   c a v i t y   4.  T h u s ,   t h e   e l e c t r o d e l e s s  

l a m p  7   i s   p l a c e d   in  t h e   m i c r o w a v e   e l e c t r o m a g n e t i c   f i e l d  

e s t a b l i s h e d   in  t h e   c a b i t y   4,  and  t h e   i n e r t   g a s ,   w h i c h   i s  

s e a l e d   in  t h e   lamp  7,  f o r   s t a r t i n g   t h e   e l e c t r i c   d i s c h a r g e  

w i t h i n   t h e   lamp  7,  b e g i n s   to  d i s c h a r g e ,   t h e r e b y   b e a t i n g   t h e  

i n n e r   s u r f a c e   of  t h e   e n v e l o p e   7a  of   t h e   e l e c t r o d e l e s s   l a m p  

7.  T h u s ,   t h e   m e t a l s   d e p o s i t e d   on  t h e   i n n e r   s u r f a c e   of   t h e  

e n v e l o p e   7a  of   t h e   lamp  7  b e g i n   to  e v a p o r a t e ,   f i l l i n g   t h e  

s p a c e   w i t h i n   t h e   e n v e l o p e   7a  w i t h   m e t a l   v a p o r .   T h u s ,   t h e  

e l e c t r i c   d i s c h a r g e   w i t h i n   t h e   e n v e l o p e   7a  i s   now  c a r r i e d   o u t ,  

f o r   t h e   ma in   p a r t   t h e r e o f ,   by  t h e   m e t a l   v a p o r ,   and  i s   s t a b i l i z e d  

when  t h e   m e t a l   v a p o r   d i s c h a r g e   t a k e s   p l a c e ,   t h e   m e t a l   v a p o r   e m i t s  

l i g h t   h a v i n g   t h e   e m i s s i o n   s p e c t r a   c h a r a c t e r i s t i c   of   t h e   m e t a l s .  

T h i s   l i g h t   e m i t t e d   f rom  t h e   m e t a l   v a p o r s   i s   u t i l i z e d   as  a  

l i g h t   s o u r c e .   F u r t h e r ,   in  o r d e r   to  e f f e c t i v e l y   u t i l i z e   t h e  

l i g h t   e m i t t e d   f rom  t h e   e l e c t r o d e l e s s   lamp  7,  t h e   i n n e r   s u r f a c e  

of  t h e   c a v i t y   w a l l  5   i s   made  l i g h t   r e f l e c t i n g ,   and  t h e   f r o n t  

of   t h e   c a v i t y   4  i s   c o v e r e d   by  t h e   m e t a l l i c   mesh  p l a t e   11  w h i c h  

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

a l l   t h e   l i g h t   e m i t t e d   f rom  t he   e l e c t r o d e s   l amp  7  i s   r a d i a t e d  



f o r w a r d   t h r o u g h   t h e   mesh  p l a t e   11.  F u r t h e r ,   as  i t   i s  

n e c e s s a r y   to   r e m o v e   h e a t   g e n e r a t e d   in   t h e   m a g n e t r o n   1  a n d  

t h e   lamp  7,  t h e   v e n t i l a t i n g   f an   8  t a k e s   in   t h e   o u t s i d e   a i r ,  

w h i c h   t h e n   b l o w s   t h r o u g h   t h e   d u c t   9,  t h e   o p e n i n g   10,   t h e  

wave  g u i d e   3,  t h e   f e e d e r   o p e n i n g   6,  and  t h e   c a v i t y   7,  and  i s  

e x h a u s t e d   f rom  t h e   c a v i t y   7  t h r o u g h   t h e   mesh  p l a t e   1 1 .  

We  h a v e   c o n d u c t e d   a  s e r i e s   of   e x p e r i m e n t s   t o  

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

an  e l e c t r o d e l e s s   d i s c h a r g e   lamp  w h i c h   can   be  u s e d   as  n e a r   a n  

u l t r a v i o l e t   l i g h t   s o u r c e .   In  a l l   t h e   e x p e r i m e n t s   d e s c r i b e d  

h e r e i n b e l o w ,   t h e   e l e c t r o d e l e s s   d i s c h a r g e   lamp  7  of   F i g .   2 

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

h e r e i n a b o v e   was  u s e d   and  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g  

d e v i c e   of   F i g .   1.  T h u s ,   t h e   v o l u m e t r i c   c o n t e n t   of   t h e  

e n v e l o p e   7a  i s   1 4 . 1   c u b i c   c e n t i m e t e r s ,   and  i t   s h o u l d   b e  

u n d e r s t o o d   t h a t   when  t h e   a m o u n t s   o f   s u b s t a n c e s   c o n t a i n e d   i n  

t h e   f i l l   m a t e r i a l   of  t h e   lamp  7  a r e   e x p r e s s e d   in   t e r m s   o f  

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

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

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

p e r   c u b i c   c e n t i m e t e r  b y   t h e   f a c t o r   of   1 4 . 1   c u b i c   c e n t i m e t e r s .  

F u r t h e r ,   i t   s h o u l d   be  o b v i o u s   t h a t   when  e l e c t r o d e l e s s  

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

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

m a t e r i a l   s h o u l d   be  i n c r e a s e d   or   d e c r e a s e d   in  p r o p o r t i o n   t o  

t h e   v o l u m e t r i c   c o n t e n t   of   t he   e n v e l o p e .   The  p h y s i c a l  

c o n s t r u c t i o n   and  t h e   d i m e n s i o n s   of   t h e   e l e c t r o d e l e s s   lamp  7 

of  F i g .   2  we re   d e s c r i b e d   h e r e i n a b o v e   o n l y   f o r   e x e m p l a r y  



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

t h e   p a r t i c u l a r   fo rm  or   d i m e n s i o n s   of   t h e   l a m p s   of   F i g .   2 .  

In  a l l   t h e   e x p e r i m e n t s   d e s c r i b e d   h e r e i n b e l o w , f  

e x c e p t   f o r   t h e   l a s t   one  of  F i g .   7,  t h e   l i g h t   o u t p u t   of   t h e  

lamp  7  in   t h e   n e a r   u l t r a v i o l e t   r a n g e   of   355  to   425  nm  h a s  

been   m e a s u r e d   on  an  a r b i t a r y   s c a l e ,   in  w h i c h   t h e   e l e c t r o d e l e s s  

d i s c h a r g e   lamp  f o r m e r l y   d e v e l o p e d   in  ou r   l a b o r a t o r y   a n d  

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

6 5 .  

R e f e r r i n g   now  to   F i g s .   3  and  4  of   t h e   d r a w i n g s ,  

t h e   f i r s t   s e r i e s   of  e x p e r i m e n t s   in   w h i c h   t h e   f i l l   m a t e r i a l  

of  t h e   l amp  7  c o m p r i s i n g   t h e   e l e m e n t s   i r o n ,   i o d i n e ,   m e r c u r y ,  

and  a r g o n ,   i s   d e s c r i b e d .  

F i g .   3  shows  t h e   d e p e n d e n c e   of  t h e   l i g h t   o u t p u t   o n  

t h e   i r o n   i o d i d e   c o n t e n t   of  t h e   f i l l   m a t e r i a l .   N a m e l y ,   f i x e d  

a m o u n t s   of   a r g o n   and  m e r c u r y ,   i . e . ,   a r g o n   a t   p r e s s u r e   of  1 0 0  

t o r r   as  t h e   s t a r t e r   r a r e   gas   and  m e r c u r y   in  an  a m o u n t   of  1 2 0  

mg  (or   42  m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   of   t h e   c o n t e n t   o f  

t h e   e n v e l o p e   7a)  as  t h e   b u f f e r   gas   were   s e a l e d   in   t h e   e n v e l o p e  

7a  of  t h e   lamp  7.  F u r t h e r ,   a  v a r i a b l e   a m o u n t   of   i r o n   i o d i d e  

(Fe I2 )   was  s e a l e d   in  and  t h e   d e p e n d a n c e   of  t h e   l i g h t   o u t p u t  

of  t h e   l amp  7  on  t h e   a m o u n t   of   i r o n   i o d i d e   was  m e a s u r e d .  

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

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

a m o u n t s   of   t h e   e l e m e n t s   i r o n   and  i o d i n e .   The  a m o u n t   o f  

i o d i n e   in   t e r m s   of  m o l e s   was  two  t i m e s   t h a t   of  i r o n .   T h e  

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

form  of   m e t a l l i c   i r o n   and  m e r c u r y   i o d i d e   ( H g I 2 ) ,   k e e p i n g   t h e  



r a t i o   of  t h e   a m o u n t   of   t h e s e   e l e m e n t s   in  t e r m s   of  m o l e s   a t  

1 : 2 .  

As  shown  in  F i g .   3,  t h e   l i g h t   o u t p u t   in  t h e   n e a r  

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

in   t h e   a m o u n t   of   i r o n   i o d i d e   s e a l e d   in   t h e   e n v e l o p e   7a,   a n d  

r e a c h e s   a  maximum  when  t h e   a m o u n t   of   i r o n   i o d i d e   i s   b e t w e e n  

0 .5   and  1 . 0   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   An  a m o u n t   o f  

i r o n   i o d i d e   b e t w e e n   0 .1   and  2 .3   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r   i s   p r a c t i c a l l y   f e a s i b l e .   When  t h e   a m o u n t   of   i r o n  

i o d i d e   s e a l e d   in  t h e   e n v e l o p e   7a  i s   l e s s   t h a n   0 .1   m i c r o m o l e s ,  

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

of   i r o n   i o d i d e   due   to   m e a s u r e m e n t   e r r o r s   and  f l u c t u a t i o n s   i n  

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

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

c o n s i d e r a b l y   f rom  e a c h   o t h e r .   F u r t h e r   when  t h e   a m o u n t   o f  

i r o n   i o d i d e   s e a l e d   in  t h e   e n v e l o p e   7a  e x c e e d s   2 .3   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r ,   t h e   d i s c h a r g e   w i t h i n   t h e   e n v e l o p e   7 a  

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

t h e r e i n .  

F i g .   4  shows   t h e   d e p e n d a n c e   o f   t h e   n e a r   u l t r a v i o l e t  

l i g h t   o u t p u t   of   t h e   e l e c t r o d e l e s s   l amp  7  upon   t h e   m e r c u r y  

c o n t e n t   of   t h e   f i l l   m a t e r i a l   t h e r e o f .   The  a r g o n   gas   w a s  

s p a l e d   a t   f i x e d   p r e s s u r e   of   100  t o r r   as  t h e   s t a r t e r   g a s ,   a n d  

i r o n   in  t h e   f i x e d   a m o u n t   of  0 .63   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r   was  s e a l e d   in  t h e   e n v e l o p e   7a  as   t h e   l i g h t   e m i t t i n g  

m e t a l ,   t o g e t h e r   w i t h   m e r c u r y   i o d i d e   in  t h e   f i x e d   a m o u n t   o f  

0 . 6 2   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t s   of   t h e s e  

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



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

of   t h e   l i g h t   o u t p u t   of   t h e   l a m p  7   on  t h e   a m o u n t   of   m e r c u r y  

was  m e a s u r e d .   T h u s ,   in   t h i s   e x p e r i m e n t   of  F i g .   4,  t h e   f i l l  

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

a m o u n t s   of   0 . 6 3   and  1 . 2 4   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,  

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

of   100  t o r r   in   t h e   e n v e l o p e   7 a .  

As  shown  in  F i g .   4,  t h e   l i g h t   o u t p u t   of   t h e   l a m p  7  

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

m e r c u r y   s e a l e d   in  t h e   e n v e l o p e   7a,   and  r e a c h e s   a  m a x i m u m  

when  t h e   a m o u n t   of  m e r c u r y   i s   a t   a b o u t   25  m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r .   The  l i g h t   o u t p u t   d e c r e a s e s   g r a d u a l l y   w h e n  

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

The  a m o u n t   of  m e r c u r y   in  t h e   r a n g e   of   f r o m  7   to  55  m i c r o m o l e s  

i s   p r a c t i c a l l y   f e a s i b l e .   The  r e a s o n   i s   t h a t   when  t h e   a m o u n t  

of   m e r c u r y   i s   l e s s   t h a n   7  m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,  

t h e   l i g h t   o u t p u t   i s   n o t   s u f f i c i e n t ,   and ,   on  t h e   o t h e r   h a n d ,  

when  i t   e x c e e d s   55  m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   t h e  

l i g h t   e m i s s i o n   in  t h e   e n v e l o p e   7a  p r e s e n t s   a  s t r i p e d   p a t t e r n  

and  b e c o m e s   u n s t a b l e   w i t h   f l u c t u a t i o n .  

F u r t h e r   e x p e r i m e n t s   w e r e   c o n d u c t e d   c h a n g i n g   t h e  

p r e s s u r e   of   a r g o n   gas   in  t h e   e n v e l o p e   7a  of   t h e   l amp  7,  t h e  

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

t h e   c a s e   of  t h e   e x p e r i m e n t s   of  F i g s .   3  and  4.  N a m e l y ,   i r o n  

in  t h e   f i x e d   a m o u n t   of   0 . 6 3   m i c r o m o l e s   pe r   c u b i c   c e n t i m e t e r  

and  m e r c u r y   i o d i d e   in  t h e   f i x e d   a m o u n t   of  0 . 62   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r   w e r e   s e a l e d   in  t h e   e n v e l o p e   7a ,   and  t h e  

p r e s s u r e   of  a r g o n   gas   in  t h e   e n v e l o p e   7a  was  c h a n g e d   f rom  1 ,  

t h r o u g h   5,  10,  40,  100,   and  200,   to  300  t o r r .  



When  t h e   p r e s s u r e   of   a r g o n   gas   i s   a t   1  t o r r ,   t h e  

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

t h e   s t a b l e   s t a t e ,   and  when  t h e   p r e s s u r e   of   a r g o n   gas   i s   a t  

300  t o r r ,   t he   lamp  7  d i d   n o t   s t a r t   l i g h t   e m i s s i o n .   T h u s ,   i t  

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

e n v e l o p e   7a  w i t h i n   t h e   r a n g e   of  f r o m   10  to   200  t o r r .   As  t h e  

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

p r e f e r a l b e   r a n g e   of  t h e   p r e s s u r e   of   a r g o n   in  t h e   e n v e l o p e   7 a  

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

m e r c u r y   and  a r g o n   i s   b e t w e e n   20  and  150  t o r r ,   and  a  s t i l l  

more   p r e f e r a b l e   r a n g e   t h e r e o f   i s   b e t w e e n   30  and  130  t o r r .  

Wi th   r e g a r d   to   t h e   i o d i n e   c o n t e n t   in  t h e   f i l l  

m a t e r i a l ,   an  a m o u n t   t h e r e o f   n e c e s s a r y   to   fo rm  t h e   s u f f i c i e n t  

a m o u n t   of  i r o n   i o d i d e   s h o u l d   be  s e a l e d   in  t h e   e n v e l o p e   7 a .  

When  t h e   i o d i n e   i s   s e a l e d   in  t h e   e n v e l o p e   7a  in  t h e   f o rm  o f  

m e r c u r y   i o d i d e ,   t h e   maximum  a m o u n t   of   i o d i n e   w h i c h   can  b e  

s e a l e d   in  i s   1 . 2 5   mg,  or   6 .2   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .  

The  r e a s o n   of  t h i s   i s   t h a t   when  t h e   a m o u n t   of  i o d i n e   in   t h e  

f i l l   m a t e r i a l   e x c e e d s   t h i s   maximum  of   6 .2   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r   t h e   l i g h t   e m i s s i o n   in   t h e   e n v e l o p e   7 a  

b e c o m e s   u n e v e n ,   and  t h e   d i s c h a r g e   w i t h i n   t h e   e n v e l o p e   7 a  

u n s t a b l e   w i t h   f l u c t u a t i o n s .   T h u s ,   t h e   a m o u n t   of  i o d i n e   i n  

t h e   f i l l   m a t e r i a l   s h o u l d   n o t   be  l e s s   t h a n   0 .2   m i c r o m o l e s   p e r  

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

p e r m i s s i b l e   a m o u n t   of   i r o n   i o d i d e   of   0 . 1   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r ,   and  n o t   more   t h a n   6 . 2   m i c r o m o l e s   p e r   c u b i c  

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

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



e x c e e d s   2  t i m e s   t h e   a m o u n t   of  i r o n   m e a s u r e d   in  t h e   s a m e  

t e r m s .   N a m e l y ,   i t   i s   p r e f e r a b l e   t h a t   t h e   a m o u n t   of  i o d i n e  

e x c e e d s   t h e   amoun t   t h e r e o f   w h i c h   i s   n e c e s s a r y   to  c o m b i n e  

w i t h   a l l   t h e   i r o n   p r e s e n t   in  t h e   f i l l   m a t e r i a l .   The  p r e f e r a b l e  

e x c e s s   a m o u n t   of   i o d i n e   i s   f r om  0 . 0 2   to  0 .2   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r .  

T h u s ,   in  v i e w   of   t h e   e x p e r i m e n t s   d e s c r i b e d   a b o v e  

and  a l s o   in  v i e w   of  f u r t h e r   e x p e r i m e n t s ,   we  c o n c l u d e   a s  

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

d i s c h a r g e   lamp  w h i c h   c o m p r i s e s   a  r a r e   g a s ,   m e r c u r y ,   a  h a l o g e n ,  

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

n i c k e l ,   c o b a l t ,   p a l l a d i u m ,   and  t h e   m i x t u r e   t h e r e o f .  

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

c e n t i m e t e r   of  t he   c o n t e n t   of  t h e   e n v e l o p e   of   t h e   lamp  m e r c u r y  

in  an  a m o u n t   f rom  7  to   55  p r e f e r a b l y   f rom  1 7 . 6   to   4 1 . 3   a n d  

more  p r e f e r a b l y   a r o u n d   25,  m i c r o m o l e s ,   t h e   m e t a l   s e l e c t e d  

f rom  t h e   g r o u p   in  o v e r a l l   a m o u n t  f r o m   0 .1   to   2 . 3 ,   p r e f e r a b l y  

f rom  0 . 3 8   to  1 .91   and  more   p r e f e r a b l y   f rom  0 .5   to  1,  m i c r o m o l e s ,  

and  t h e   h a l o g e n   in  an  o v e r a l l   a m o u n t   r a n g i n g   f rom  0 .2   to   6 . 2  

m i c r o m o l e s .   P r e f e r a b l y ,   t h e   a m o u n t   of  h a l o g e n   m e a s u r e d   i n  

t e r m s   of   m i c r o m o l e s   p e r   one  c u b i c   c e n t i m e t e r   of   t h e   c o n t e n t  

of  t h e  e n v e l o p e   e x c e e d s   t w i c e   t h e   a m o u n t   of   t h e   m e t a l   s e l e c t e d  

f rom  t h e   g r o u p   m e a s u r e d   in  t h e   same  t e r m   by  an  a m o u n t   r a n g i n g  

f rom  0 . 0 2   to   2 .0   m i c r o m o l e s .   T h a t   i s ,   i t   i s   p r e f e r a b l e   t h a t  

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

f rom  t h e   g r o u p   i n t o   t h e   h a l i d e   t h e r e o f .   I t   i s   f u r t h e r  

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

p r e s s u r e   r a n g i n g   f rom  10  to   200  p r e f e r a b l y   f rom  20  to   1 5 0  

and  more  p r e f e r a b l y   f rom  30  to   130,   t o r r .  



The  m i c r o m o l e   u n i t   u s e d   in  t h e   a b o v e   m e a s u r e m e n t s  

of  t h e   s u b s t a n c e s   i n v o l v e d   i s   e q u a l   to  1 0   m o l e s .   The  m o l e  

u n i t   i s   t h e   SI  u n i t   w h i c h   i s   e q u i v a l e n t   to   t h e   f o r m e r  

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

u n i t s .  

R e f e r r i n g   now  to   F i g s .   5  and  6  of   t h e   d r a w i n g s ,  

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

of  t h e   l amp  7  c o m p r i s e d   t h e   e l e m e n t s   d y s p r o s i u m ,   i o d i n e ,  

m e r c u r y ,   and  a r g o n ,   i s   d e s c r i b e d .  

F i g .   5  shows  t h e   d e p e n d e n c e   o f   t h e   l i g h t   o u t p u t   o n  

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

f i x e d   a m o u n t s   of  a r g o n   and  m e r c u r y ,   i . e . ,   a r g o n   a t   a  p r e s s u r e  

of  100  t o r r   as  t h e   s t a r t e r   r a r e   gas   and  m e r c u r y   in   t h e  

a m o u n t   of   100  mg  as  t h e   b u f f e r   gas   we re   s e a l e d   in   t h e   e n v e l o p e  

7a  of  t h e   l amp  7.  F u r t h e r ,   v a r i a b l e   a m o u n t s   of  d y s p r o s i u m  

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

l i g h t   o u t p u t   of   t h e   lamp  7  on  t h e   a m o u n t   of  d y s p r o s i u m  

i o d i d e   (DyI3)   was  m e a s u r e d .   N a m e l y ,   v a r i a b l e   a m o u n t s   o f  

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

7a,   w h i l e   k e e p i n g   t h e   r a t i o   t h e r e o f   in  t e r m s   of   m o l e s   a t  

1 : 1 . 5 .   T h u s ,   t h e   r a t i o   o f   t h e   a m o u n t s   of   d y s p r o s i u m   a n d  

i o d i n e   in   t e r m s   of   m o l e s   was  k e p t   a t   1 : 3 ,   i . e . ,   t h e r e   w a s  

j u s t   e n o u g h   i o d i n e   to   c o n b i n e   w i t h   a l l   t h e   d y s p r o s i u m   t o  

fo rm  d y s p r o s i u m   i o d i d e .   T h u s ,   t h e   f i l l   m a t e r i a l   u s e d   i n  

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

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

e l e m e n t s   i r o n   and  i o d i n e .  



As  shown  in  F i g .   5,  t h e   l i g h t   o u t p u t   in  t h e   n e a r  

u l t r a v i o l e t   r a n g e   i n c r e a s e s   r a p i d l y   a t   f i r s t   w i t h   an  i n c r e a s e  

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

7a,   and  r e a c h e s   a  maximum  when  t h e   a m o u n t   of   d y s p r o s i u m  

i o d i d e   i s   a b o u t   0 . 2 5 . m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   An 

a m o u n t   of  d y s p r o s i u m   i o d i d e   b e t w e e n   0 . 0 5   and  0 .6   m i c r o m o l e s  

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

d y s p r o s i u m   i o d i d e   s e a l e d   in  t h e   e n v e l o p e   7a  i s   o u t s i d e   t h i s  

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

F i g .   6  shows  t h e   d e p e n d e n c e   of  t h e   n e a r   u l t r a v i o l e t  

l i g h t   o u t p u t   of   t h e   e l e c t r o d e l e s s   l amp  7  upon  t h e   m e r c u r y  

c o n t e n t   of  t h e   f i l l   m a t e r i a l   t h e r e o f .   The  a r g o n   gas   w a s  

s e a l e d   a t   f i x e d   p r e s s u r e   of  100  t o r r   as  t h e   s t a r t e r   g a s ,   a n d  

d y s p r o s i u m   in  t h e   f i x e d   a m o u n t   of   0 . 2 6   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r   was  s e a l e d   in  t h e   e n v e l o p e   7a  as  t he   l i g h t   e m i t t i n g  

m e t a l ,   t o g e t h e r   w i t h   m e r c u r y   i o d i d e   in  t h e   f i x e d   a m o u n t   o f  

0 . 3 9   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t s   of   t h e s e  

s u b s t a n c e s   we re   f i x e d   a t   t h e s e   v a l u e s ,   w h i l e   t h e   a m o u n t   o f  

m e r c u r y   s e a l e d   in  t h e   e n v e l o p e   was  c h a n g e d   and  t he   d e p e n d e n c e  

of  t h e   l i g h t   o u t p u t   of   t h e   lamp  7  on  t h e   amoun t   of  m e r c u r y  

was  m e a s u r e d .   T h u s ,   in  t h i s   e x p e r i m e n t   of  F i g .   6,  t h e   f i l l  

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

f i x e d   a m o u n t s   of   0 . 2 6   and  0 .78   m i c r o m o l e s   pe r   c u b i c   c e n t i m e t e r ,  

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

of  100  t o r r   in   t h e   e n v e l o p e   7 a .  

As  shown  in  F i g .   6,  t h e   l i g h t   o u t p u t   of  t h e   lamp  7 

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

m e r c u r y   s e a l e d   in  t h e   e n v e l o p e   7a,   and  s a t u r a t e d   when  t h e  



a m o u n t   of   m e r c u r y   i s   a t   a b o u t   50  m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .  

The  l i g h t   o u t p u t   i s   s u b s t a n t i a l l y   c o n s t a n t   when  t h e   a m o u n t  

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

of  m e r c u r y   in   t h e   r a n g e   of   f rom  5  to  55  m i c r o m o l e s   i s  

p r a c t i c a l l y   f e a s i b l e .   The  r e a s o n   i s   t h a t   when  t h e   a m o u n t   o f  

m e r c u r y   i s   l e s s   t h a n   5  m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   t h e  

l i g h t   o u t p u t   i s   n o t   i m p r o v e d   s u f f i c i e n t l y ,   and ,   on  t h e   o t h e r  

h a n d ,   when  i t   e x c e e d s   55  m i c r o m o l e s   p e r   c u b i c  c e n t i m e t e r ,  

t h e   l i g h t   e m i s s i o n   in  t h e   e n v e l o p e   7a  p r e s e n t s   a  s t r i p e d  

p a t t e r n   and  b e c o m e s   u n s t a b l e   w i t h   f l u c t u a t i o n .  

Wi th   r e g a r d   to  t h e   i o d i n e   c o n t e n t   in  t h e   f i l l  

m a t e r i a l ,   an  a m o u n t   t h e r e o f   n e c e s s a r y   to  fo rm  s u f f i c i e n t  

a m o u n t   of  d y s p r o s i u m   i o d i d e   DyI3  s h o u l d   be  s e a l e d   in   t h e  

e n v e l o p e   7a.  When  t h e   i o d i n e   i s   s e a l e d   in   t h e   e n v e l o p e   7 a  

in  t h e   fo rm  of  m e r c u r y   i o d i d e ,   t h e   maximum  a m o u n t   of   i o d i n e  

w h i c h   can  be  s e a l e d   in  i s   1 . 2 5   mg,  or  6 .2   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r .   The  r e a s o n   of  t h i s   i s   t h a t   when  t h e  

a m o u n t   of   i o d i n e   in   t h e   f i l l   m a t e r i a l   e x c e e d s   t h i s   m a x i m u m  

of  6 .2   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   t h e   l i g h t   e m i s s i o n  

in  t h e   e n v e l o p e   7a  b e c o m e s   u n e v e n   and  t h e   d i s c h a r g e   w i t h i n  

t h e   e n v e l o p e   7a  b e c o m e s   u n s t a b l e   w i t h   f l u c t u a t i o n s .   T h u s ,  

t h e   a m o u n t   of  i o d i n e   in  t h e   f i l l   m a t e r i a l   s h o u l d   n o t   be  l e s s  

t h a n   0 . 1 5   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   w h i c h   i s   n e c e s s a r y  

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

of  0 . 0 5   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   and  n o t   more  t h a n  

6 .2   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   F u r t h e r ,   i t   i s   p r e f e r r e d  

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

c u b i c   c e n t i m e t e r   e x c e e d s   3  t i m e s   t h e   a m o u n t   of  d y s p r o s i u m  



m e a s u r e d   in   t h e   same  t e r m s .   N a m e l y ,   i t   i s   p r e f e r a b l e   t h a t  

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

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

f i l l   m a t e r i a l .  

T h u s ,   in  v i e w   of   t h e   e x p e r i m e n t s   d e s c r i b e d   a b o v e  

and  a l s o   in   v i e w   of   f u r t h e r   e x p e r i m e n t s ,   we  c o n c l u d e   a s  

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

d i s c h a r g e   lamp  w h i c h   c o m p r i s e   a  r a r e   g a s ,   m e r c u r y ,   a  h a l o g e n ,  

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

h o l m i u m ,   t h u l i u m ,   s c a n d i u m ,   and  t h e   m i x t u r e s   t h e r e o f .  

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

c u b i c   c e n t i m e t e r   of   t h e   c o n t e n t   of   t h e   e n v e l o p e ,   m e r c u r y   i n  

an  a m o u n t   r a n g i n g   f rom  5  to  55  p r e f e r a b l y   e x c e e d i n g   1 7 . 5 ,  

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

f rom  0 .05   to  0 .6   p r e f e r a b l y   f rom  0 .13   to   0 . 3 9   and  m o r e  

p r e f e r a b l y   a r o u n d   0 . 2 5 ,   m i c r o m o l e s ,   and  h a l o g e n   in  an  o v e r a l l  

a m o u n t   r a n g i n g   f rom  0 . 1 5   to  0 . 6 2   m i c r o m o l e s .   I t   i s   p r e f e r r e d  

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

p e r   one  c u b i c   c e n t i m e t e r   of  t h e   v o l u m e t r i c   c o n t e n t   of  t h e  

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

m e t a l   m e a s u r e d   in  t h e   same  t e r m s .   T h a t   i s ,   i t   i s   p r e f e r r e d  

t h a t   t h e r e   be  e n o u g h   h a l o g e n   to  c o m b i n e   w i t h   a l l   t h e   r a r e  

e a r t h   m e t a l   p r e s e n t   in  t h e   e n v e l o p e   to  fo rm  t h e   h a l i d e  

t h e r e o f .  

R e f e r r i n g   to   F i g .   7  of  t he   d r a w i n g s ,   a  t h i r d  

s e r i e s   of  e x p e r i m e n t s   i s   now  d e s c r i b e d .  

In  t h e   e n v e l o p e   7a  of  t h e   e l e c t r o d e l e s s   d i s c h a r g e  

lamp  7,  a  f i l l   m a t e r i a l   was  s e a l e d   w h i c h   c o m p r i s e s   m e r c u r y  



in  t h e   a m o u n t   of   100  mg,  i r o n   in  t h e   a m o u n t   of  0.3  mg,  a n d  

a r g o n   as  t h e   r a r e   gas  a t   t h e   p r e s s u r e   of   60  t o r r .   The  f i l l  

m a t e r i a l   f u r t h e r   c o m p r i s e d   3  mg  of   m e r c u r y   i o d i d e   in  t h e  

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

e x a m p l e ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d   2  mg  of   m e r c u r y   i o d i d e  

and  1  mg  of  m e r c u r y   b r o m i d e .   In  t h e   t h i r d   e x p e r i m e n t a l  

e x a m p l e ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d   1  mg  of  m e r c u r y   i o d i d e  

and  2  mg  of  m e r c u r y   b r o m i d e .   In  t h e   f o u r t h   e x p e r i m e n t a l  

e x a m p l e ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d   3  mg  of   m e r c u r y   b r o m i d e .  

T h u s ,   in  a d d i t i o n   to  t he   f i x e d   a m o u n t s   of  m e r c u r y ,   i r o n ,   a n d  

a r g o n ,   a l l   f o u r   e x a m p l e s   c o m p r i s e d ,   m e r c u r y   i o d i d e   a n d / o r  

m e r c u r y   b r o m i d e   in  t h e   f i x e d   t o t a l   a m o u n t   of   3  mg,  b u t   i n  

v a r i a b l e   mole   f r a c t i o n s   t h e r e o f .   The  lamp  7  was  p l a c e d   i n  

t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .   1,  and  t h e   l i g h t  

o u t p u t   t h e r e o f   in  t h e   n e a r   u l t r a v i o l e t   wave  l e n g t h   r a n g e   o f  

350  to  450  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   t i m e   r e q u i r e d  

by  t h e   lamp  a f t e r   i t   i s   t u r n e d   on  to  a t t a i n   80  pe r   c e n t   o f  

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

m e a s u r e d .  

The  a b s c i s s a   in  F i g .   7  r e p r e s e n t s   t h e   mole   f r a c t i o n  

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

and  b r o m i n e   in  p e r c e n t ,   i . e . ,  

w h e r e i n   M 1 a n d   M 2  a r e   t h e   a m o u n t s   of  b r o m i n e   and  i o d i n e  

r e s p e c t i v e l y ,   in  t e r m s   of  m o l e s .   The  o r d i n a t e   of  F i g .   7 

r e p r e s e n t s   t h e   l i g h t   o u t p u t   of  t h e   lamp  in  an  a r b i t a r y   s c a l e  

and  t he   s t a r t i n g   t i m e   in  s e c o n d s .   The  s o l i d   l i n e   T  r e p r e s e n t s  

t he   s t a r t i n g   t i m e   and  t h e   d o t t e d   l i n e   P  r e p r e s e n t s   t h e   l i g h t  

o u t p u t .  



As  shown  in  F i g .   7,  t h e   s t a r t i n g   t i m e s   o f   t h e   l a m p  

7  in   t h e   c a s e s   w h e r e   t h e   f i l l   m a t e r i a l   c o m p r i s e s   s o l e l y  

i o d i n e   or   b r o m i n e ,   r e s p e c t i v e l y ,   a r e   1 3 . 5   and  1 6 . 2   s e c o n d s .  

The  s t a r t i n g   t i m e   i s   r e d u c e d   when  b o t h   b r o m i n e   and  i o d i n e  

a r e   i n c l u d e d   in   t h e   f i l l   m a t e r i a l ,   and  when  t h e   m o l e   f r a c t i o n  

of  b r o m i n e   i s   c h o s e n   b e t w e e n   10  and  7 7 . 5   p e r   c e n t ,   t h e  

s t a r t i n g   t i m e   i s   r e d u c e d   u n d e r   10  s e c o n d s .   The  r e a s o n   w h y  

t h e   s t a r t i n g   t i m e   can  be  r e d u c e d   by  u t i l i s i n g   two  h a l o g e n  

e l e m e n t s   i n s t e a d   of  o n l y   one   i s   t h a t   t h e   v a p o u r   p r e s s u r e   o f  

t h e   h a l i d e s   of   t h e   l i g h t   e m i t t i n g   m e t a l   comes   to  be  t h e   s u m  

of  t h e   v a p o u r   p r e s s u r e s   of   two  k i n d s   of   h a l i d e s   of   t h e  

m e t a l ,   and  t h u s   t h e   a p p r o p r i a t e   v a p o u r   p r e s s u r e   of   t h e  

h a l i d e s   of   t h e   m e t a l   i s   r e a c h e d   a t   a  t i m e   when  t h e   t e m p e r a t u r e  

of  t h e   s u r f a c e   of   t h e   e n v e l o p e   7a  of   t h e   lamp  7  i s   l o w e r  

t h a n   t h a t   a t   t h e   s t a b l e   s t a t e   t h e r e o f .  

As  shown  f u r t h e r   in   F i g .   7,  t he   l i g h t   o u t p u t   i n  

t he   wave  l e n g t h   r a n g e   of  350  to   450  nm  is   i n c r e a s e d   w h e n  

b o t h   i o d i n e   and  b r o m i n e   a r e   i n c l u d e d   in  t h e   f i l l   m a t e r i a l ,  

as  c o m p a r e d   to   t h e   c a s e   in  w h i c h   o n l y   i o d i n e   or   b r o m i n e   i s  

i n c l u d e d .   The  l i g h t   o u t p u t   of   t h e   lamp  t h e   f i l l   m a t e r i a l   o f  

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

3 1 . 0   in   t h i s   a r b i t a r y   s c a l e ,   and  t h u s   t h e   maximum  l i g h t  

o u t p u t   of   t h e   lamp  u s e d   in  t h i s   e x p e r i m e n t   s c o r e d   3 .2   t i m e s  

as  much  as  t h a t   c o n v e n t i o n a l   l a m p .  

In  t h e   e x p e r i m e n t s   d e s c r i b e d   a b o v e ,   t h e   l i g h t  

e m i t t i n g   m e t a l   was  i r o n ,   and  t h e   h a l o g e n   i o d i n e   and  b r o m i n e .  

By  f u r t h e r   e x p e r i m e n t s ,   h o w e v e r ,   i t   was  c o n f i r m e d   t h a t   t h e  

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



t h a n   b r o m i n e   and  i o d i n e   a r e   u s e d ,   i . e . ,   when,   f o r   e x a m p l e ,  

t h e   c o m b i n a t i o n   of   i o d i n e   and  c h l o r i n e ,   of  b r o m i n e   a n d  

c h l o r i n e ,   or   of   i o d i n e ,   b r o m i n e ,   and  c h l o r i n e   i s   u s e d .  

F u r t h e r ,   t h e   s t a r t i n g   t i m e   of   t h e   lamp  7  i s   e x p e c t e d   to   b e  

r e d u c e d   when  l i g h t   e m i t t i n g   m e t a l   o t h e r   t h a n   i r o n   i s   u s e d .  



E x a m p l e   I  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of  1 4 . 1   c u b i c   c e n t i m e t e r s   of  t h e   l amp  7  of   F i g .   2,  t h e   f i l l  

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

0 .5   mg  or   0 . 6 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   (HgI2)   in   t h e   a m o u n t   of   4  mg,  or   0 . 6 2   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r ,   m e r c u r y   in  t h e   a m o u n t   of   118  mg,  and  a r g o n  

a t   t h e   p r e s s u r e   of   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of   120  mg,  or   4 2 . 4   m i c r o m o l e s  

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

a t o m s   was  1 . 2 4   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   w h i c h   w a s  

l e s s   t h a n   two  t i m e s   t h e   a m o u n t   of  i r o n   m e a s u r e d   in  t h e   s a m e  

t e r m s ,   by  an  a m o u n t   of   0 . 0 2   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .  

N a m e l y ,   t h e r e   was  a  s h o r t a g e   of   0 . 02   m i c r o m o l e s   p e r   c u b i c  

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

t h e   f i l l   m a t e r i a l .  

The  l amp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of  F i g .  

1,  and  t h e   l i g h t   o u t p u t   in  t h e   wave  l e n g t h   r a n g e   of  350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t h e   s t a b l e   s t a t e   l i g h t   e m i s s i o n ,   we re   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   206  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   4 . 1 2   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of  w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 7 . 0   s e c o n d s .  



E x a m p l e   I I  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   lamp  7  of   F i g .   2,  t h e   f i l l  

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

of   1 . 0   mg,  i o d i n e   in  t h e   a m o u n t   of   4  mg,  m e r c u r y   in  t h e  

a m o u n t   o f   118  mg,  and  a r g o n   a t   t h e   p r e s s u r e   of   100  t o r r .  

The  l amp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in  t h e   wave  l e n g t h   r a n g e   of  350  t o  

425  nm  and   t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of  t i m e   t h a t  

t h e   l amp  7  r e q u i r e d   to   a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   103  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   2 . 1   t i m e s   as  much  as  t h a t   o f   t h e  

lamp  7  t h e   f i l l  m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 9 . 0   s e c o n d s .  



E x a m p l e   I I I  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of  t h e   l amp  7  of   F i g .   2,  t h e   f i l l  

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

0 . 3   mg  or   0 . 3 8   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of  2 .5   mg,  or   0 . 3 9   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   99  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   of   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of  100  mg,  o r   3 5 . 3   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   of   i o d i n e   a t o m s   was  0 . 7 8  

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

a m o u n t   of   i r o n   m e a s u r e d   in  t h e   same  t e r m s ,   by  an  a m o u n t   o f  

0 . 0 1   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,   t h e r e   was  a n  

e x c e s s   of   0 . 0 1   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   of   i o d i n e   t o  

c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in  t h e   f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of  F i g .  

1,  and  t h e   l i g h t   o u t p u t   in  t h e   wave  l e n g t h   r a n g e   of  350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   l amp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t h e   s t a b l e   s t a t e   l i g h t   e m i s s i o n ,   we re   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   196  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   3 . 92   t i m e s   as  much  as  t h a t   o f  

t h e   l amp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand  was  1 6 . 5   s e c o n d s .  



E x a m p l e   I V  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   lamp  7  of  F i g .   2,  t h e   f i l l  

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

0 . 6 5   mg  or   0 .83   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t he   a m o u n t   of   5 . 5   mg,  or   0 . 86   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e r ,   m e r c u r y   in  t h e   a m o u n t   of   98  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   of   100  mg,  or   3 5 . 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e r .  

The  a m o u n t   of  i o d i n e   a t o m s   was  1 . 7 2   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e r   w h i c h   e x c e e d e d   two  t i m e s   t h e   a m o u n t   of  i r o n   m e a s u r e d  

in  t h e   same  t e r m s ,   by  an  a m o u n t   of   0 .06   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r .   N a m e l y ,   t h e r e   was  an  e x c e s s   of  0 . 0 6   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r   of   i o d i n e   to   c o m b i n e   w i t h   a l l   t h e   i r o n  

p r e s e n t   in  t h e   f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   of   350  t o  

425  nm  and  t he   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to   a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t h e   s t a b l e   s t a t e   l i g h t   e m i s s i o n ,   were   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   216  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   4 . 3 2   t i m e s   as  much  as  t h a t   o f  

t h e   l amp  7  t he   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 7 . 5   s e c o n d s .  



E x a m p l e   V 

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of  1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   l amp  7  of   F i g .   2,  t h e   f i l l  

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

1 .0   mg  or   1 . 2 9   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t  o f   8 . 0   mg,  or   1 . 2 4   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   i n   t h e   a m o u n t   o f   97  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   o f   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of   100  mg,  or  3 5 . 3   m i c r o m o l e s  

pe r   c u b i c   c e n t i m e t e r .   The  a m o u n t   of   i o d i n e   a t o m s   was  2 . 4 8  

m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   w h i c h   was  l e s s   t h a n   t w o  

t i m e s   t h e   a m o u n t   of   i r o n   m e a s u r e d   in  t h e   same  t e r m s ,   by  a n  

a m o u n t   of   0 . 0 8   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,  

t h e r e   was  a  s h o r t a g e   of  0 . 0 8   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r  

of  i o d i n e   to   c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in  t h e   f i l l  

m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   of   350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t h e   s t a b l e   s t a t e   l i g h t   e m i s s i o n ,   we re   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   210  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   4 . 2 0   t i m e s   as  much  as  t h a t   o f  

t he   lamp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand  was  1 8 . 0   s e c o n d s .  



E x a m p l e   V I  

In   t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of  1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   l amp  7  of  F i g .   2,  t h e   f i l l  

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

1 .5   mg  o r   1 . 9 1   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of  1 2 . 0   mg,  o r   1 . 8 7   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   95  mg,  and  a r g o n  

a t   t h e   p r e s s u r e   of  100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in   t h e   t o t a l   a m o u n t   of   100  mg,  or  3 5 . 3   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   o f   i o d i n e   a t o m s   was  3 . 7 4  

m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   w h i c h   was  l e s s   t h a n   t w o  

t i m e s   t h e   a m o u n t   of  i r o n   m e a s u r e d   in   t h e   same  t e r m s ,   by  a n  

a m o u n t   of   0 . 0 8   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,  

t h e r e   was  a  s h o r t a g e   of   0 . 0 8   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r  

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

m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in  t h e   wave   l e n g t h   r a n g e   of   350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of  t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   196  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   3 . 9 2   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   h a n d   was  1 8 . 0   s e c o n d s .  



E x a m p l e   V I I  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of  t h e   l amp   7  of   F i g .   2,  t h e   f i l l  

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

0 . 6 5   mg  or   0 . 8 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in  t h e   a m o u n t   of   4 . 0   mg,  or   0 . 6 2   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in  t h e   a m o u n t   o f   98  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   of   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in   t h e   t o t a l   a m o u n t   of   100  mg,  or  3 5 . 3   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   of   i o d i n e   a t o m s   was  1 . 2 4  

m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   w h i c h   was  l e s s   t h a n   t w o  

t i m e s   t h e   a m o u n t   of   i r o n   m e a s u r e d   in   t h e   same  t e r m s ,   by  a n  

a m o u n t   of  0 . 4 2   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,  

t h e r e   was  a  s h o r t a g e   of  0 .42   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r  

of  i o d i n e   to  c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in  t h e   f i l l  

m a t e r i a l .  

The  l amp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of  F i g .  

1,  and  t h e   l i g h t   o u t p u t   in  t h e   wave  l e n g t h   r a n g e   of   350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of  t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   206  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   4 . 1 2   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of  w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 7 . 0   s e c o n d s .  



E x a m p l e   V I I I  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   lamp  7  of   F i g .   2,  t h e   f i l l  

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

0 . 6 5   mg  o r   0 . 8 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of   7 . 0   mg,  o r   1 . 1 0   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in  t h e   a m o u n t   of   97  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   of   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in   t h e   t o t a l   a m o u n t   of   100  mg,  3 5 . 3   or   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   of  i o d i n e   a t o m s   was  2 . 2 0  

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

a m o u n t   of   i r o n   m e a s u r e d   in  t h e   same  t e r m s ,   by  an  a m o u n t   o f  

0 .54   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,   t h e r e   was  a n  

e x c e s s   of   0 . 54   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   of   i o d i n e   t o  

c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in  t h e   f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   of   350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of  t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t h e   s t a b l e   s t a t e   l i g h t   e m i s s i o n ,   we re   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   210  i n  

a n  a r b i t a r y   s c a l e ,   w h i c h   i s   4 . 2   t i m e s   as  much  as  t h a t   of   t h e  

lamp  7  t h e   f i l l   m a t e r i a l   of  w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 6 . 5   s e c o n d s .  



E x a m p l e   IX  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of  t h e   lamp  7  of   F i g .   2,  t h e   f i l l  

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

0 . 6 5   mg  or   0 . 83   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in  t h e   a m o u n t   of   1 0 . 0   mg,  or  1 . 5 6   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r ,   m e r c u r y   in  t h e   a m o u n t   o f   96  mg,  and  a r g o n  

a t   t h e   p r e s s u r e   of   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of  100  mg,  or   3 5 . 3   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   of  i o d i n e   a t o m s   was  3 . 1 2  

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

a m o u n t   of  i r o n   m e a s u r e d   in  t h e   same  t e r m s ,   by  an  a m o u n t   o f  

0 . 7 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,   t h e r e   was  a n  

e x c e s s   of  0 .73   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   of  i o d i n e   t o  

c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in  t h e   f i l l   m a t e r i a l .  

The  l amp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of  F i g .  

1,  and  t he   l i g h t   o u t p u t   in  t h e   wave  l e n g t h   r a n g e   of   350  t o  

425  nm  and  t he   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of  t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to   a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t h e   s t a b l e   s t a t e   l i g h t   e m i s s i o n ,   were   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   206  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   4 . 1 2   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of  w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand  was  1 5 . 0   s e c o n d s .  



E x a m p l e   X 

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of  1 4 . 1   c u b i c   c e n t i m e t e r s   of  t h e   lamp  7  of  F i g .   2,  t h e   f i l l  

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

0 . 6 5   mg  or  0 . 8 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in  t h e   a m o u n t   of  1 5 . 0   mg,  or   2 . 34   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   93  mg,  and  a r g o n  

a t   t h e   p r e s s u r e   of   1 0 0 t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of  100  mg,  or   3 5 . 3   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   of   i o d i n e   a t o m s   was  4 . 6 8  

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

a m o u n t   of  i r o n   m e a s u r e d   in  t h e   same  t e r m s ,   by  an  a m o u n t   o f  

3 . 0 1   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,   t h e r e   was  a n  

e x c e s s   of  3 . 0 1   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   of   i o d i n e   t o  

c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in   t h e   f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t he   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of  F i g .  

1,  and  t h e   l i g h t   o u t p u t   in  t h e   wave  l e n g t h   r a n g e   of  350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of  t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   190  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   3 . 8 0   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 5 . 0   s e c o n d s .  



E x a m p l e   XI  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s  o f   t h e   l amp  7  of   F i g .   2 , t h e   f i l l  

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

0 . 6 5   mg  or   0 . 8 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of  5 .5   mg,  o r   0 . 8 6   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in  t h e   a m o u n t   of   48  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   of   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of  50  mg,  or  1 7 . 6   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r .   The  a m o u n t   of  i o d i n e   a t o m s   was  1 . 7 2  

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

a m o u n t   of   i r o n   m e a s u r e d   in  t h e   same  t e r m s ,   by  an  a m o u n t   o f  

0 . 0 6  m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,   t h e r e   was  a n  

e x c e s s   0 . 0 6   of  m i c r o m o l e s   pe r   c u b i c   c e n t i m e t e r   of  i o d i n e   t o  

c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in  t h e   f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of  F i g .  

1,  and  t h e   l i g h t   o u t p u t   in  t h e   wave  l e n g t h   r a n g e   of  350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of  t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to   a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t h e   s t a b l e   s t a t e   l i g h t   e m i s s i o n ,   we re   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   203  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   4 . 0 6   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of  w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 3 . 0   s e c o n d s .  



E x a m p l e   X I I  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   l amp   7  of   F i g .   2,  t h e   f i l l  

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

0 . 6 5   mg  or  0 . 8 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in  t h e   a m o u n t   of   5 .5   mg,  o r   0 . 8 6   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   o f   68  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   of  100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of   70  mg,  or   2 4 . 7   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r .   The  a m o u n t   of   i o d i n e   a t o m s   was  1 . 7 2  

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

a m o u n t   of   i r o n   m e a s u r e d   in   t h e   same  t e r m s ,   by  an  a m o u n t   o f  

0 . 0 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,   t h e r e   was  a n  

e x c e s s   of  0 .06   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   of   i o d i n e   t o  

c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in   t h e   f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in  t h e   wave  l e n g t h   r a n g e   of  350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   212  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   4 . 2 4   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 6 . 0   s e c o n d s .  



E x a m p l e   X I I I  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of  t h e   l amp  7  of  F i g .   2,  t h e   f i l l  

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

0 . 6 5   mg  or   0 . 8 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in  t h e   a m o u n t   of   5 .5   mg,  o r   0 . 8 6   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   88  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   of   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of  90  mg,  or   31 .8   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r .   The  a m o u n t   of  i o d i n e   a t oms   was  1 . 7 2  

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

a m o u n t   of   i r o n   m e a s u r e d   in   t h e   same  t e r m s ,   by  an  a m o u n t   o f  

0 . 0 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,   t h e r e   was  a n  

e x c e s s   of   0 . 06   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   of  i o d i n e   t o  

c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in   t h e   f i l l   m a t e r i a l .  

The  l amp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in  t h e   wave  l e n g t h   r a n g e   of  350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of  t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   215  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   4 . 3 0   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of  w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 7 . 5   s e c o n d s .  



E x a m p l e   XIV 

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

o f   1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   l amp   7  of   F i g .   2,  t h e   f i l l  

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

0 . 6 5   mg  or  0 . 8 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   o f   5 . 5   mg,  or   0 . 8 6   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   o f   98  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   of  20  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   o f   100  mg,  o r   3 5 . 3   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   o f   i o d i n e   a t o m s   was  1 . 7 2  

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

a m o u n t   of   i r o n   m e a s u r e d   in   t h e   same  t e r m s ,   by  an  a m o u n t   o f  

0 . 0 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,   t h e r e   was  a n  

e x c e s s   of   0 . 06   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   of   i o d i n e   t o  

c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in   t h e   f i l l   m a t e r i a l .  

The  l amp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   of   350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to   a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   220  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   4 .4   t i m e s   as  much  as  t h a t   of   t h e  

lamp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  2 2 . 0   s e c o n d s .  



E x a m p l e   XV 

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of  1 4 . 1   c u b i c   c e n t i m e t e r s   o f   t h e   l amp  7  of   F i g .   2,  t h e   f i l l  

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

0 . 6 5   mg  or   0 . 8 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of   5 .5   mg,  o r   0 . 8 6   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in  t h e   a m o u n t   o f   98  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   of   40  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in   t h e   t o t a l   a m o u n t   of  100  mg,  or   3 5 . 3   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   o f   i o d i n e   a t o m s   was  1 . 7 2  

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

a m o u n t   of  i r o n   m e a s u r e d   in   t h e   same  t e r m s ,   by  an  a m o u n t   o f  

0 . 0 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,   t h e r e   was  a n  

e x c e s s   of   0 . 0 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   of  i o d i n e   t o  

c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in   t h e   f i l l   m a t e r i a l .  

The  l amp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in  t h e   wave  l e n g t h   r a n g e   of  350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   218  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   4 . 3 6   t i m e s   as  much  as  t h a t   of   t h e  

lamp  7  t h e   f i l l   m a t e r i a l   of  w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 9 . 5   s e c o n d s .  



E x a m p l e   XVI 

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   lamp  7  o f   F i g .   2,  t h e   f i l l  

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

0 . 6 5   mg  or   0 . 8 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of   5 . 5   mg,  o r   0 . 8 6   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   98  mg,  and  a r g o n   a t   t h e  

p r e s s u r e  o f   80  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in   t h e   t o t a l   a m o u n t   of   100  mg,  or   3 5 . 3   p e r - c u b i c  

c e n t i m e t e r .   The  a m o u n t   of   i o d i n e   a t o m s   was  1 . 7 2   m i c r o m o l e s  

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

i r o n   m e a s u r e d   in   t h e   same  t e r m s ,   by  an  a m o u n t   o f   0 . 0 6   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,   t h e r e   was  an  e x c e s s   of   0 . 0 6  

m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   of   i o d i n e   to   c o m b i n e   w i t h  

a l l   t h e   i r o n   p r e s e n t   in   t h e   f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   o f   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   o f   350  t o  

425  nm  and   t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   o f  t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to   a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t h e   s t a b l e   s t a t e  l i g h t   e m i s s i o n ,   we re   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   216  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   4 . 3 2   as  much  as  t h a t   of   t h e   l a m p  

7  t h e   f i l l   m a t e r i a l   o f   w h i c h   i n c l u d e s   o n l y   m e r c u r y .   T h e  

s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 8 . 0   s e c o n d s .  



E x a m p l e   X V I I  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   lamp  7  of   F i g .   2,  t h e   f i l l  

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

0 . 6 5   mg  or   0 . 8 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of   5 . 5   mg,  or  0 . 8 6   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   98  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   of   120  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in   t h e   t o t a l   a m o u n t   of   100  mg,  or   3 5 . 3   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   of   i o d i n e   a t o m s   was  1 . 7 2  

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

a m o u n t   of   i r o n   m e a s u r e d   in   t h e   same  t e r m s ,   by  an  a m o u n t   o f  

0 . 0 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,   t h e r e   was  a n  

e x c e s s   of   0 . 0 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   of   i o d i n e   t o  

c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in  t h e   f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   o f   350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   l amp  7  r e q u i r e d   to   a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t h e   s t a b l e   s t a t e   l i g h t   e m i s s i o n ,   we re   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   214  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   4 . 2 8   t i m e s   as  much  as  t h a t   o f  

t h e   l amp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 6 . 0   s e c o n d s .  



E x a m p l e   X V I I I  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

o f   1 4 . 1  c u b i c   c e n t i m e t e r s   of   t h e   l amp   7  of   F i g .   2,  t h e   f i l l  

m a t e r i a l   was  s e a ; e d   w h i c h   c o m p r i s e d   i r o n   in   t h e   a m o u n t   o f  

0 . 6 5   mg  or   0 . 8 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of   5 . 5   mg,  o r   0 . 8 6   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   o f   98  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   of  150  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in   t h e   t o t a l   a m o u n t   of  100  mg,  o r   3 5 . 3   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   o f   i o d i n e   a t o m s   was  1 . 7 2  

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

a m o u n t   of   i r o n   m e a s u r e d   in   t h e   same  t e r m s ,   by  an  a m o u n t   o f  

0 . 0 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,   t h e r e   was  a n  

e x c e s s   of   0 . 06   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   of   i o d i n e   t o  

c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in   t h e   f i l l   m a t e r i a l .  

The  l amp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   of   350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to   a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   213  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   4 . 2 6   t i m e s   as   much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of  w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 6 . 0   s e c o n d s .  



E x a m p l e   XIX 

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   l a m p - 7   of   F i g .   2,  t h e   f i l l  

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

of   0 .6   mg  or   0 . 2 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of   4 . 0   mg,  or   0 .62   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   118  mg,  and   a r g o n   a t  

t h e   p r e s s u r e   of   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in   t h e   t o t a l   a m o u n t   of   120  mg,  or   4 2 . 4   m i c r o m o l e s  

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

a t o m s   was  1 . 2 4   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   w h i c h   e x c e e d e d  

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

t e r m s ,   by  an  a m o u n t   of   0 . 4 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .  

N a m e l y ,   t h e r e   was  an  e x c e s s   of   0 . 46   m i c r o m o l e s   p e r   c u b i c  

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

p r e s e n t   in   t h e   f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

l ,   and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   of   350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   o f   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t h e   s t a b l e   s t a t e   l i g h t   e m i s s i o n ,   were   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   186  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   3 . 7 2   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand  was  2 2 . 0   s e c o n d s .  



E x a m p l e   XX 

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   o f   t h e   lamp  7  of   F i g .   2,  t h e   f i l l  

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

0 .3   mg,  m e r c u r y   i o d i d e   in   t h e   a m o u n t   of   4  mg,  m e r c u r y   in   t h e  

a m o u n t   o f   118  mg,  and  a r g o n   a t   t h e   p r e s s u r e   o f   100  t o r r .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   of  350  t o  

425  nm  and   t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of  t i m e   t h a t  

t h e   l amp  7  r e q u i r e d   to   a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   152  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   3 . 0 4   t i m e s   as  much  as  t h a t   o f  

t h e   l amp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   h a n d   was  2 0 . 0   s e c o n d s .  



E x a m p l e   XXI 

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   l amp  7  o f   F i g .   2,  t h e   f i l l  

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

of   0 .3   mg  or   0 . 13   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of   2 . 0   mg,  or   0 . 3 1   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   119  mg,  and  a r g o n   a t  

t h e   p r e s s u r e   of  100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of   120  mg,  or   4 2 . 4   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   of   i o d i n e   a t o m s   was  0 . 6 2  

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

t h e   a m o u n t   of   d y s p r o s i u m   m e a s u r e d   in   t h e   same  t e r m s ,   by  a n  

a m o u n t   of   0 . 2 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,  

t h e r e   was  an  e x c e s s   o f   0 . 2 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r  

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

f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of  F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   of  350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   l amp  7  r e q u i r e d   to   a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   162  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   3 . 2 4   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand  was  2 2 . 0   s e c o n d s .  



E x a m p l e   X X I I  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   o f   t h e   lamp  7  o f   F i g .   2,  t h e   f i l l  

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

of   0 .9   mg  or   0 . 3 9   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   o f   4 . 0   mg,  or  0 . 6 2   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   l18   mg,  and  a r g o n   a t  

t h e   p r e s s u r e   of   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of   120  mg,  or   4 2 . 4   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   of   i o d i n e   a t o m s   was  1 . 2 4  

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

t h e   a m o u n t   of   d y s p r o s i u m   m e s a s u r e d   in   t h e   same  t e r m s ,   by  a n  

a m o u n t   of  0 .07   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,  

t h e r e   was  an  e x c e s s   o f   0 . 0 7   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r  

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

f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   o f   350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to   a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t h e   s t a b l e   s t a t e   l i g h t   e m i s s i o n ,   we re   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   144  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   2 . 8 8   t i m e s   as  much  as   t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 7 . 0   s e c o n d s .  



E x a m p l e   X X I I I  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of  1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   l amp  7  of   F i g .   2,  t h e   f i l l  

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

of   1 .2   mg  or   0 . 5 2   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of   6 . 5   mg,  or   1 . 0 1 5   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   l17  mg,  and  a r g o n  

a t   t h e   p r e s s u r e   of   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in   t h e   t o t a l   a m o u n t   of   120  mg,  o r   4 2 . 4   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   o f   i o d i n e   a t o m s   was  2 . 0 3  

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

t h e   a m o u n t   of   d y s p r o s i u m   m e a s u r e d   in   t h e   same  t e r m s ,   by  a n  

a m o u n t   of   0 . 4 7   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,  

t h e r e   was  an  e x c e s s   of  0 . 4 7   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r  

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

f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   of  350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of  t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   96  in   a n  

a r b i t a r y   s c a l e ,   w h i c h   i s   1 . 9 2   t i m e s   as  much  as  t h a t   of   t h e  

lamp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 5 . 5   s e c o n d s .  



E x a m p l e   XXIV 

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

o f   1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   l amp   7  of   F i g .   2,  t h e   f i l l  

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

of   0 .6   mg  or   0 . 2 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of   4 . 0   mg,  or   0 . 6 2   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   48  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   of   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in   t h e   t o t a l   a m o u n t   of   50  mg,  or   1 7 . 6   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r .   The  a m o u n t   of   i o d i n e   a t o m s   was  1 . 2 4  

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

t h e   a m o u n t   o f   d y s p r o s i u m   m e a s u r e d   in   t h e   same  t e r m s ,   by  a n  

a m o u n t   of   0 . 4 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,  

t h e r e   was  an  e x c e s s   of   0 . 4 6   m i c r o m o l e s   p e r   c u b i c - c e n t i m e t e r  

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

f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   of  350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to   a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f   . 

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   162  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   3 . 2 4   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  1 5 . 0   s e c o n d s .  



E x a m p l e   XXV 

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   lamp  7  of   F i g .   2,  t h e   f i l l  

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

of   0 .6   mg  or  0 . 2 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of   4 . 0   mg,  or  0 . 62   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   73  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   of   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in   t h e   t o t a l   a m o u n t   of   75  mg,  or   2 6 . 5   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r .   The  a m o u n t   of  i o d i n e   a t o m s   was  1 . 2 4  

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

t h e   a m o u n t   of   d y s p r o s i u m   m e a s u r e d   in  t h e   same  t e r m s ,   by  a n  

a m o u n t   of   0 . 4 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,  

t h e r e   was  an  e x c e s s   of   0 . 4 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r  

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

f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of  F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   of  350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   l amp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t h e   s t a b l e   s t a t e   l i g h t   e m i s s i o n ,   were   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   170  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   3 .4   t i m e s   as  much  as  t h a t   of  t h e  

lamp  7  t h e   f i l l   m a t e r i a l   of  w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand  was  1 8 . 0   s e c o n d s .  



E x a m p l e   XXVI 

In   t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of  1 4 . 1   c u b i c   c e n t i m e t e r s   o f   t h e   l amp  7  of   F i g .   2,  t h e   f i l l  

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

of   0 .6   mg  o r   0 . 2 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   i n   t h e   a m o u n t   of   4 . 0   mg,  o r   0 . 6 2   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   o f   98  mg,  and  a r g o n   a t   t h e  

p r e s s u r e   o f   100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in   t h e   t o t a l   a m o u n t   o f   100  mg,  o r   3 5 . 3   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   o f   i o d i n e   a t o m s   was  1 . 2 4  

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

t h e   a m o u n t   o f   d y s p r o s i u m   m e a s u r e d   in   t h e   same  t e r m s ,   by  a n  

a m o u n t   o f   0 . 4 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,  

t h e r e   was  an  e x c e s s   of  0 . 4 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r  

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

f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as   d e s c r i b e d  

a b o v e   was  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave   l e n g t h   r a n g e   of   350  t o  

425  nm  and   t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   l amp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   182  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   3 . 6 4   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   o f   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   h a n d   was  2 2 . 0   s e c o n d s .  



E x a m p l e   X X V I I  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of  1 4 . 1   c u b i c   c e n t i m e t e r s   of  t h e   lamp  7  of   F i g .   2,  t h e   f i l l  

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

of  0 .6   mg  or   0 . 26   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in  t h e   amoun t   of   4 .0   mg,  or   0 .62   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in  t h e   a m o u n t   of  148  mg,  and  a r g o n   a t  

t h e   p r e s s u r e   of  100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of  150  mg,  or   5 3 . 0   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   of  i o d i n e   a t o m s   was  1 . 2 4  

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

t he   a m o u n t   of   d y s p r o s i u m   m e a s u r e d   in   t h e   same  t e r m s ,   by  a n  

amoun t   of  0 . 4 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,  

t h e r e   was  an  e x c e s s   of  0 .46   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r  

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

f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

above   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of  F i g .  

1,  and  t h e   l i g h t   o u t p u t   in  t h e   wave  l e n g t h   r a n g e   of   350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t he   s t a b l e   s t a t e   l i g h t   e m i s s i o n ,   were   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   194  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   3 .88   t i m e s   as  much  as  t h a t   o f  

t he   lamp  7  t h e   f i l l   m a t e r i a l   of  w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand  was  2 3 . 0   s e c o n d s .  



E x a m p l e   X X V I I I  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   lamp  7  o f   F i g .   2,  t h e   f i l l  

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

of   0 .6   mg  or  0 . 2 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in  t h e   a m o u n t   of   2 .0   mg,  or   0 . 3 1   m i c r o m o l e s   p e r   c u b i c  

c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   119  mg,  and  a r g o n   a t  

t h e   p r e s s u r e   of  100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of  120  mg,  or   4 2 . 4   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   of   i o d i n e   a t o m s   was  0 . 6 2  

m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   w h i c h   was  l e s s   t h a n   t h r e e  

t i m e s   t h e   a m o u n t   of   d y s p r o s i u m   m e a s u r e d   in   t h e   same  t e r m s ,  

by  an  a m o u n t   of  0 . 1 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .  

N a m e l y ,   t h e r e   was  a  s h o r t a g e   of   0 . 1 6   m i c r o m o l e s   p e r   c u b i c  

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

p r e s e n t   in  t he   f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in   t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  the   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   of   350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   1 8 3  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   3 . 6 6   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of  w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand   was  2 2 . 0   s e c o n d s .  



E x a m p l e   XXIX 

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of  1 4 . 1   c u b i c   c e n t i m e t e r s   of   t h e   lamp  7  of   F i g .   2,  t h e   f i l l  

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

of   0 .6   mg  or   0 . 26   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of   6 . 0   mg,  or   0 . 9 3 5   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of   117  mg,  and  a r g o n  

a t   t h e   p r e s s u r e   of  100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of   120  mg,  or   4 2 . 4   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   of  i o d i n e   a t o m s   was  1 . 8 7  

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

t h e   a m o u n t   of   d y s p r o s i u m   m e a s u r e d   in   t h e   same  t e r m s ,   by  a n  

a m o u n t   of  1 . 3 5   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,  

t h e r e   was  an  e x c e s s   of   1 . 3 5   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r  

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

f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t he   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of  F i g .  

1,  and  t h e   l i g h t   o u t p u t   in   t h e   wave  l e n g t h   r a n g e   of   350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d  t o   a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

t h e   s t a b l e   s t a t e   l i g h t   e m i s s i o n ,   were   m e a s u r e d .   The  l i g h t  

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   186  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   3 . 7 2   t i m e s   as  much  as  t h a t   o f  

t h e   lamp  7  t h e   f i l l   m a t e r i a l   of  w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   hand  was  2 2 . 0   s e c o n d s .  



E x a m p l e   x x x  

In  t h e   e n v e l o p e   7a  h a v i n g   t h e   v o l u m e t r i c   c o n t e n t  

of   1 4 . 1   c u b i c   c e n t i m e t e r s   o f   t h e   l amp  7  of   F i g .   2,  t h e   f i l l  

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

of   0 .6   mg  or   0 . 2 6   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   m e r c u r y  

i o d i d e   in   t h e   a m o u n t   of  1 2 . 0   mg,  o r   1 . 8 7 5   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r ,   m e r c u r y   in   t h e   a m o u n t   of  115  mg,  and  a r g o n  

a t   t h e   p r e s s u r e   of  100  t o r r .   T h u s ,   t h e   f i l l   m a t e r i a l   c o m p r i s e d  

m e r c u r y   in  t h e   t o t a l   a m o u n t   of   120  mg,  or   4 2 . 4   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r .   The  a m o u n t   of   i o d i n e   a t o m s   was  3 . 7 5  

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

t h e   a m o u n t   of  d y s p r o s i u m   m e a s u r e d   in   t h e   same  t e r m s ,   by  a n  

a m o u n t   of   2 . 9 7   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r .   N a m e l y ,  

t h e r e   was  an  e x c e s s   of  2 . 9 7   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r  

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

f i l l   m a t e r i a l .  

The  lamp  7  i n c l u d i n g   t h e   f i l l   m a t e r i a l   as  d e s c r i b e d  

a b o v e   was  p l a c e d   in  t h e   m i c r o w a v e   g e n e r a t i n g   d e v i c e   of   F i g .  

1,  and  t h e   l i g h t   o u t p u t   in  t h e   wave  l e n g t h   r a n g e   of   350  t o  

425  nm  and  t h e   s t a r t i n g   t i m e ,   i . e . ,   t h e   l e n g t h   of   t i m e   t h a t  

t h e   lamp  7  r e q u i r e d   to  a t t a i n   80  p e r c e n t   l i g h t   e m i s s i o n   o f  

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

o u t p u t   t h u s   m e a s u r e d   d u r i n g   t h e   s t a b l e   s t a t e   s c o r e d   160  i n  

an  a r b i t a r y   s c a l e ,   w h i c h   i s   3 . 2   t i m e s   as  much  as  t h a t   of  t h e  

lamp  7  t h e   f i l l   m a t e r i a l   of   w h i c h   i n c l u d e s   o n l y   m e r c u r y .  

The  s t a r t i n g   t i m e   on  t h e   o t h e r   h a n d   was  2 2 . 0   s e c o n d s .  



In  t h e   e x a m p l e s   d e s c r i b e d   a b o v e ,   e x a m p l e s   I  a n d  

I I I   t h r o u g h   XVI I I   r e l a t e s   to  t h e   c a s e   in  w h i c h   t h e   f i l l  

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

e x a m p l e s   XIX  and  XXI  t h r o u g h   XXX  to  t h e   c a s e   in  w h i c h   t h e  

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

m e t a l .  

In  t h e   e x a m p l e s   I  and  I I I   t h r o u g h   VI,   t h e   i r o n  

c o n t e n t   of   t h e   f i l l   m a t e r i a l   was  c h a n g e d ,   and  i o d i n e   w a s  

i n c l u d e d   in   t h e   f i l l   m a t e r i a l   in   t h e   f o rm  of   m e r c u r y   i o d i d e  

( H g I 2 ) ,   in   t h e   a m o u n t   s u b s t a n t i a l l y   s u f f i c i e n t   to   c o m b i n e  

w i t h   a l l   t h e   i r o n   p r e s e n t   in   t h e   f i l l   m a t e r i a l   to   f o r m   i r o n  

i o d i d e   ( F e I 2 ) .   N a m e l y ,   when  t h e   lamp  i s   e x c i t e d   by  t h e  

m i c r o w a v e   and  t u r n e d   on ,   t h e   i o d i n e   c o n t a i n e d   in   t h e   m e r c u r y  

i o d i d e   r e a c t s   w i t h   i r o n   and  f o r m s   i r o n   i o d i d e .   When  t h e  

i r o n   i o d i d e   t h u s   f o r m e d   r a n g e s   f r o m   0 . 3 8   to  1 . 9 1   m i c r o m o l e s  

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

90  p e r c e n t   of   t h e   maximum  l i g h t   o u t p u t   a t t a i n a b l e   ( e x a m p l e  

XIV)  in   t h e   c a s e   in  w h i c h   t h e   f i l l   m a t e r i a l   c o m t a i n s   i r o n   a s  

t h e   l i g h t   e m i t t i n g   m e t a l .  

In  t h e   e x a m p l e s   I  and  VI I   t h r o u g h   X,  t h e   c o n t e n t  

of  i r o n   was  f i x e d ,   w h i l e   t h a t   of   m e r c u r y   i o d i d e   was  v a r i e d  

so  t h a t   t h e   a m o u n t   of   i o d i n e   v a r i e d   f rom  t h e   c a s e s   in   w h i c h  

t h e r e   was  a  s h o r t a g e   of  i o d i n e   to   c o m b i n e   w i t h   a l l   t h e   i r o n  

p r e s e n t ,   to   t h e   c a s e s   in   w h i c h   t h e r e   was  an  a x c e s s   of   i o d i n e  

to  c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t .   When  t h e   e x c e s s  

a m o u n t   of   i o d i n e   in  t e r m s   of   a t o m s   i s   n o t   more   t h a n   2 . 0  

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

t h a n   90  p e r c e n t   of  t h e   maximum  l i g h t   o u t p u t   w e r e   s c o r e d .  



When  t h e   a m o u n t   of   i o d i n e   i s   l e s s   t h a n   t h e   a m o u n t   t h e r e o f  

s u f f i c i e n t   to   c o m b i n e   w i t h   a l l   t h e   i r o n   p r e s e n t   in  t h e   f i l l  

m a t e r i a l ,   t h e r e   r e m a i n s   t h e   m e t a l l i c   i r o n ,   as   t h e   a m o u n t   o f  

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

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

p r o p o r t i o n a l   to   t h e   a m o u n t   of   i r o n   i o d i d e   f o r m e d   in   t h e  

e n v e l o p e   7a ,   and  t h e   i n n e r   s u r f a c e   of   t h e   e n v e l o p e   7a  f o r m e d  

of  q u a r t z   of   t h e   l amp  7  t e n d s   to   l o s e   t r a n s p a r e n c y   in   l e s s  

o p e r a t i o n   t i m e   t h e r e o f   t h a n   in   t h e   c a s e   in   w h i c h   an  e x c e s s  

i o d i n e   i s   p r e s e n t .   T h u s ,   t h e   p r e f e r r e d   a m o u n t   of  i o d i n e   i n  

e x c e s s   of   t h e   a m o u n t   n e c e s s a r y   to   c o m b i n e   w i t h   a l l   t h e   i r o n  

p r e s e n t   in   t h e   f i l l   m a t e r i a l   i s   f rom  0 . 0 2   to   0 .2   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r   of   t h e   v o l u m e t r i c   c o n t e n t   of  t h e   e n v e l o p e  

7 a .  

In  t h e   e x a m p l e s   XI  t h r o u g h   X I I I ,   t h e   c o n t e n t s   o f  

i r o n   and  m e r c u r y   i o d i d e   in   t h e   f i l l   m a t e r i a l   we re   f i x e d ,  

w h i l e   t h a t   of   m e r c u r y   was  c h a n g e d .   When  t h e   a m o u n t   o f  

m e r c u r y   in   t h e   f i l l   m a t e r i a l   was  f rom  1 7 . 6   to   4 1 . 3   m i c r o m o l e s  

p e r   c u b i c   c e n t i m e t e r ,   t h e   l i g h t   o u t p u t   of   t h e   lamp  7  s c o r e d  

n o t   l e s s   t h a n   90  p e r c e n t   of  t h e   maximum  l i g h t   o u t p u t   a t t a i n a b l e  

in  t h e   c a s e   in  w h i c h   t h e   f i l l   m a t e r i a l   i n c l u d e s   i r o n   as  t h e  

l i g h t   e m i t t i n g   m e t a l .  

In  t h e   e x a m p l e s   I  and  XIV  t h r o u g h   X V I I I ,   t h e  

c o n t e n t s   of   i r o n ,   m e r c u r y   i o d i d e ,   and  m e r c u r y   in  t h e   f i l l  

m a t e r i a l   were   f i x e d ,   w h i l e   t h e   p r e s s u r e   of   a r g o n   was  c h a n g e d .  

When  t h e   p r e s s u r e   of  a r g o n   was  f rom  20  to   150  t o r r ,   t h e  

l i g h t   o u t p u t   of  t h e   lamp  7  was  n o t   l e s s   t h a n   95  p e r c e n t   o f  

t h e   maximum  l i g h t   o u t p u t   a t t a i n a b l e   in   t h e   c a s e   in  w h i c h   t h e  



l i g h t   e m i t t i n g   m e t a l   i s   i r o n ,   w h i c h   maximum  i s   a t t a i n e d   i n  

e x a m p l e   XIV.  In  e x a m p l e   XIV,  h o w e v e r ,   t h e   d i s c h a r g e   in   t h e  

e n v e l o p e   7a  t e n d e d   to  be  e x t i n g u i s h e d   b e f o r e   i t   r e a c h e s   t h e  

s t a b l e   s t a t e   of   l i g h t   e m i s s i o n .   I t   was  f o u n d   t h a t   t h e  

p r e f e r r e d   p r e s s u r e   of  a r g o n   in   t h e   e n v e l o p e   7a  was  f r o m   30  

to  130  t o r r .  

In  t h e   e x a m p l e s   XIX  and  XXI  to  X X I I I ;   d y s p r o s i u m  

c o n t e n t   was  v a r i e d ,   w h i l e   i o d i n e   in   t h e   f o rm  of  m e r c u r y  

i o d i d e   was  s e a l e d   in  t h e   e n v e l o p e   7a  in   an  a m o u n t   s u f f i c i e n t  

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

m a t e r i a l .   When  t h e   a m o u n t   of   d y s p r o s i u m   was  n o t   l e s s   t h a n  

0 . 1 3   m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r   and  n o t   more   t h a n   0 . 3 9  

m i c r o m o l e s   p e r   c u b i c   c e n t i m e t e r ,   t h e   lamp  7  s c o r e d   n o t   l e s s  

t h a n   a b o u t   70  p e r c e n t   of  t h e   maximum  l i g h t   o u t p u t   a t t a i n a b l e  

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

as  t h e   l i g h t   e m i t t i n g   m e t a l .  

In  t h e   e x a m p l e s   XIX,  and  XXIV  t h r o u g h   XXVII ,   t h e  

d y s p r o s i u m   and  t h e   m e r c u r y   i o d i d e   c o n t e n t s   were   f i x e d ,   w h i l e  

t h e   m e r c u r y   c o n t e n t   was  v a r i e d .   When  t h e   a m o u n t   of   m e r c u r y  

in  t h e   f i l l   m a t e r i a l   i s   f rom  1 7 . 6   to   5 3 . 0   m i c r o m o l e s   p e r  

c u b i c   c e n t i m e t e r ,   t h e n   t h e   lamp  7  s c o r e d   n o t   l e s s   t h a n   a b o u t  

80  p e r c e n t   of   t h e   maximum  l i g h t   o u t p u t   a t t a i n a b l e   in   t h e  

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

l i g h t   e m i t t i n g   m e t a l .  

In  t h e   e x a m p l e s   XIX  and  XXVIII   t h r o u g h  X X X ,   t h e  

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

f i x e d ,   w h i l e   t h e   e x c e s s   a m o u n t   of   i o d i n e   was  v a r i e d .   T h e s e  

e x a m p l e s   a l s o   s c o r e d   no t   l e s s   t h a n   80  p e r c e n t   of   t h e   m a x i m u m  



l i g h t   o u t p u t   a t t a i n a b l e   in   t h e s e   c a s e s .   When  t h e   m e r c u r y  

i o d i d e   c o n t e n t   was  l e s s   t h a n   t h e   a m o u n t   w h i c h   c o n t a i n s  

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

p r e s e n t   in   t h e   f i l l   m a t e r i a l ,   i . e . ,   when  an  e x c e s s   a m o u n t   o f  

d y s p r o s i u m   i s   p r e s e n t   w i t h   r e s p e c t   to   t h e   a m o u n t   of   i o d i n e ,  

t h e   e n v e l o p e   7a  f o r m e d   of   q u a r t z   l o s t   t r a n s p a r e n c y   t h e r e o f  

in  a  s h o r t e r   o p e r a t i o n a l   t i m e   t h a n   in   t h e   c a s e   in   w h i c h  

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

d y s p r o s i u m .   T h u s ,   i t   i s   p r e f e r r e d   t h a t   i o d i n e   i s   s e a l e d   i n  

e x c e s s   of   t h e   a m o u n t   n e c e s s a r y   to   c o m b i n e   w i t h   a l l   t h e  

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



1.  An  e l e c t r o d e l e s s   d i s cha rge   lamp  (7)  for   use  in  a  high  f r e q u e n c y  

e l e c t r o m a g n e t i c   f i e l d   for  emi t t ing   l i gh t   r ich  in  the  n e a r - u l t r a v i o l e t   r a n g e ,  

compris ing  an  envelope  (7a)  formed  of  a  l i g h t - t r a n s m i t t i n g   m a t e r i a l ,   and 

a  f i l l   ma te r ia l   sea led  in  said  envelope  i nc lud ing   a  rare  gas,  mercury,  h a l o g e n ,  

and  a  metal ,   c h a r a c t e r i s e d   in  tha t   the  metal  is  s e l e c t e d   from  the  group 

c o n s i s t i n g   of  i ron,   n i c k e l ,   c o b a l t ,   pa l l ad ium,   and  mixtures   t h e r e o f ,   t h e  

amount  of  mercury  per  cubic  c e n t i m e t e r   of  the  space  enc losed   by  the  e n v e l o p e  

is  not  less  than  7  micromoles  and  not  more  than  55  micromoles,   the  amount 

of  halogen  in  terms  of  atoms  per  cubic  c e n t i m e t e r   of  said  space  e n c l o s e d  

by  said  envelope  is  not  less  than  0.2  micromoles  and  not  more  than  6.2  m i c r o m o l e s ,  

and  the  t o t a l   amount  of  said  metal  per  cubic  c e n t i m e t e r   of  said  space  e n c l o s e d  

by  said  envelope  is  not  less  than  0.1  micromoles  and  not  more  than  2.3  m i c r o m o l e s .  

2.  An  e l e c t r o d e l e s s   d i scha rge   lamp  as  claimed  in  claim  1,  c h a r a c t e r i s e d  

in  t h a t   the  amount  of  mercury  per  cubic  c e n t i m e t e r   of  said  space  e n c l o s e d  

by  the  envelope  is  not  less  than  17.6  micromoles  and  not  more  than  4 1 . 3  

micromoles ,   and  the  t o t a l   amount  of  said  metal  per  cubic  cen t ime te r   of  s a i d  

space  enclosed  by  said  envelope  is  not  less  than  0.38  micromoles  and  n o t  

more  than  1.91  mic romoles .  

3.  An  e l e c t r o d e l e s s   d i scharge   lamp  as  claimed  in  claim  1,  c h a r a c t e r i s e d  

in  tha t   the  amount  of  mercury  per  cubic  c e n t i m e t e r   of  said  space  e n c l o s e d  

by  the  envelope  is  s u b s t a n t i a l l y   25  micromoles,   the  amount  of  halogei  i n  

terms  of  atoms  per  cubic  c e n t i m e t e r   of  said  space  enclosed  by  said  enve lope  

is  not  less  than  0.2  micromoles  and  not  more  than  6.2  micromoles,  ard  t h e  

t o t a l   amount  of  said  metal  per  cubic  cen t ime te r   of  said  space  enclosed  by 

said  envelope  is  not  less  than  0.5  micromoles  and  not  more  than  1  micromoles .  



4.  An  e l e c t r o d e l e s s   d i s cha rge   lamp  as  claimed  in  claim  1,  2 ,  

or  3,  wherein  said  rare  gas  is  p r e sen t   in  sa id   space  enclosed  by  said  e n v e l o p e  

at  a  p r e s s u r e   not  less  than  10  t o r r   and  not  more  than  200  t o r r .  

5.  An  e l e c t r o d e l e s s   d i s c h a r g e   lamp  as  claimed  in  claim  1,  2 ,  

or  3,  wherein  the  rare  gas  is  p resen t   in  sa id   space  enclosed  by  said  e n v e l o p e  

at  a  p re s su re   not  less  than  20  t o r r   and  not  more  than  150  t o r r .  

6.  An  e l e c t r o d e l e s s   d i s c h a r g e   lamp  as  c l a i m e d  i n   claim  1,  2 ,  

or  3,  wherein  said  rare  gas  is  p r e sen t   in  sa id   space  enclosed  by  said  e n v e l o p e  

at  a  p re s su re   not  less  than  30  t o r r   and  not  more  than  130  t o r r .  

7.  An  e l e c t r o d e l e s s   d i s cha rge   lamp  as  claimed  in  claim  1,  w h e r e i n  

the  amount  of  halogen  atoms  measured  in  terms  of  micromoles  per  cubic  c e n t i m e t e r  

is  not  less  than  two  times  the  amount  of  said  metal  measured  in  terms  o f  

micromoles  per  cubic  c e n t i m e t e r .  

8.  An  e l e c t r o d e l e s s   d i s cha rge   lamp  as  claimed  in  claim  7,  w h e r e i n  

the  amount  of  halogen  atoms  measured  in  terms  of  micromoles  per  cubic  c e n t i m e t e r  

exceeds  two  times  of  said  metal  measured  in  terms  of  micromoles  per  c u b i c  

c e n t i m e t e r ,   by  an  amount  not  less  than  0.02  micromoles  per  cubic  c e n t i m e t e r  

and  not  more  than  2.0  micromoles  per  cubic  c e n t i m e t e r .  

9.  An  e l e c t r o d e l e s s   d i s cha rge   lamp  for  use  in  a  high  f r e q u e n c y  

e l e c t r o m a g n e t i c   f i e l d   for   emi t t i ng   l i g h t   r ich  in  n e a r - u l t r a v i o l e t   r a n g e ,  

compris ing  an  envelope  formed  of  a  l i g h t - t r a n s m i t t i n g   m a t e r i a l ,   and  a  f i l l  

mate r ia l   sea led   in  said  envelope  i nc lud ing   a  rare  gas,  mercury,  a  h a l o g e n ,  

and  a  meta l ,   c h a r a c t e r i s e d   in  tha t   the  metal  is  s e l e c t e d   from  the  group 

c o n s i s t i n g   of  dysprosium,  holmium,  thu l ium,   scandium,  and  mixtures  t h e r e o f ,  

the  amount  of  mercury  per  cubic  c e n t i m e t e r   of  the  space  enclosed  by  t h e  



envelope  is  not  less  than  5  micromoles  and  not  more  than  55  m i c r o m o l e s ,  

the  amount  of  halogen  in  terms  of  atoms  per  cubic  c e n t i m e t e r   of  said  s p a c e  

enclosed  by  said  envelope  is  not  less  than  0.15  micromoles  and  not  more 

than  6.2  micromoles,   and  the  t o t a l   amount  of  said  metal  per  cubic  c e n t i m e t e r  

of  said  space  enc losed   by  said  envelope  is  not  less  than  0.05  micromoles  

and  not  more  than  0.6  m ic romole s .  

10.  An  e l e c t r o d e l e s s   d i scha rge   lamp  as  claimed  in  claim  9,  w h e r e i n  

the  amount  of  mercury  per  cubic  c e n t i m e t e r   of  said  space  enclosed  by  t h e  

envelope  is  not  less  than  17.6  micromoles  and  not  more  than  53  m i c r o m o l e s ,  

and  the  to ta l   amount  of  said  metal  per  cubic  c e n t i m e t e r   of  said  space  e n c l o s e d  

by  said  envelope  is  not  less  than  0.13  micromoles  and  not  more  than  0 . 3 9  

micromoles .  

11.  An  e l e c t r o d e l e s s   d i scha rge   lamp  as  claimed  in  claim  9,  w h e r e i n  

the  amount  of  mercury  per  cubic  c en t ime te r   of  said  space  enclosed  by  t h e  

envelope  is  not  less  than  17.6  micromoles  and  not  more  than  53  m i c r o m o l e s ,  

and  the  to ta l   amount  of  said  metal  per  cubic  cen t ime te r   of  said  space  e n c l o s e d  

by  said  envelope  is  s u b s t a n t i a l l y   0.25  mic romoles .  

12.  An  e l e c t r o d e l e s s   d i scharge   lamp  as  claimed  in  claim  11,  whe re in  

the  amount  of  halogen  atoms  measured  in  terms  of  micromoles  per  cubic  c e n t i m e t e r  

is  not  less  than  t h r e e   times  the  amount  of  said  metal  measured  in  t e rms  

of  micromoles  per  cubic  c e n t i m e t e r .  

13.  An  e l e c t r o d e l e s s   d i scharge   lamp  as  claimed  in  claim  11,  w h e r e i n  

the  amount  of  halogen  atoms  measured  in  terms  of  micromoles  per  cubic  c e n t i m e t e r  

exceeds  the  amount  of  said  metal  measured  in  terms  of  micromoles  per  c u b i c  

c e n t i m e t e r .  



14.  An  e l e c t r o d e l e s s   d i scharge   lamp  as  claimed  in  any  p r e c e d i n g  

cla im,   wherein  halogen  is  i o d i n e .  

15.  An  e l e c t r o d e l e s s   d i scharge   lamp  as  claimed  in  any  p r e c e d i n g  

cla im,   wherein  said  rare  gas  is  a rgon .  

16.  An  e l e c t r o d e l e s s   d i scha rge   lamp  as  claimed  in  any  p r e c e d i n g  

cla im,   whrein  said  envelope  is  formed  of  l i g h t - t r a n s m i t t i n g   q u a r t z .  
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