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@  LOW  PRESSURE  MERCURY  VAPOR  DISCHARGE  LAMP 

Low  pressure  mercury  vapor  discharge  lamp  unit 
which  is  constructed  to  employ  a  high  frequency  inverter, 
have  a  quiescent time  To  in  the  range  of  0.5  x  10-6  to  10  x 
10,  generate  a  rectangular  high  frequency  AC  voltage 
having  a  frequency  of  more  than  1kHz,  and  supply  a  high 
frequency  voltage  to  a  low  pressure  vapor  discharge  lamp 
sealed  with  mercury  and  a  rare  gas  selected  so  that the  ratio 
X/Y  of the  molar  number  Y  of the  mercury  vapor to  the  molar 
number  X  of  the  rare  gas  is  in  the  range  of  0.5  x  102  to  1.0 
x  104.  The  moving  moire  of  the  lamp  is  suppressed  so  as 
to  be  reduced  or  eliminated,  thereby  largely  improving  the 
resonant  radiation  energy  efficiency  of  the  mercury. 



This   i n v e n t i o n   r e l a t e s   to  a  low  p r e s s u r e   m e r c u r y  

v a p o r   d i s c h a r g e   lamp  d e v i c e   i n c l u d i n g   a  low  p r e s s u r e  

m e r c u r y   v a p o r   d i s c h a r g e   l amp,   for   e x a m p l e   a  f l u o r e s -  

c e n t   l amp ,   c o m b i n e d   w i t h   a  f i r i n g   d e v i c e   fo r   f i r i n g  

the   d i s c h a r g e   lamp  at  a  h i g h   f r e q u e n c y .  

It   has  l ong   been   known  t h a t ,   i f   f l u o r e s c e n t  

l amps   a re   f i r e d   w i t h   h i g h   f r e q u e n c y   o s c i l l a t i o n s ,  

the   lamp  e f f i c i e n c y   i s   i m p r o v e d .   The  demand  f o r  

h i g h   e f f i c i e n c y   due  to  the   l a t e s t   e n e r g y   s i t u a t i o n  

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

t r a n s i s t o r s   have   l ed   to  the   s p r e a d   of  h i g h   f r e q u e n c y  

f i r i n g   d e v i c e s   w i t h   a  f i r i n g   f r e q u e n c y   of  the   o r d e r  

of  from  15  to  50  KHz.  T a k i n g   the   c a s e   of  40  W  l a m p s ,  

an  i m p r o v e m e n t   in  e f f i c i e n c y   of  the   lamp  a l o n e   o f  

the   o r d e r   of  12  to  13%  and  an  i m p r o v e m e n t   in  e f f i c i e n c y  

of  the   d e v i c e   as  a  who le   of  t he   o r d e r   of  20  to  25% 

can  be  a c h i e v e d .  

On  the   o t h e r   h a n d ,   a c c o r d i n g   to  the   l a t e s t  

l i t e r a t u r e ,   i t   is   r e p o r t e d ,   for   e x a m p l e ,   in  P o l m a n  

et  al  J.  Phys  D;  A p p l .   P h y s  5   p a g e s   2 7 4  -   276  ( a  

p a r t   of  the   p a p e r )   ( 1 9 7 2 )   t h a t ,   when  a  p u l s e  

d i s c h a r g e   is  a p p l i e d   w i t h   a  d u t y   r a t i o   of  50°0,  a 

Hg  -Ne  d i s c h a r g e   lamp  ( N e  :   10  T o r r s )   has  a  m e a n  
0 

r a d i a n t   o u t p u t   < 1 2 5 3 7 >   s t a n d a r d i z e d   at  2537  A  of  Hg 

which   e x h i b i t s   a  maximum  v a l u e   at  a  minimum  v a l u e  



of  t he   s t a n d a r d i z e d   mean  e l e c t r o n   t e m p e r a t u r e   f T e >   a n d  

f u r t h e r   i n c r e a s e s   by  10%  n e a r   to  32  KHz  and  a t  

c u r r e n t   of  0 . 4   A  ( I D C ) .   A l so   i t   i s   r e p o r t e d   i n  

B .M.MπEHNH  et  a l :   S o v e t o t e p ,  4   p a g e s   6  -   8  ( ' 8 1 )  

t h a t ,   w i t h   an  Hg-Ar  mixed   gas  s u b j e c t e d   to  a  p u l s e  

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

e f f i c i e n c y   i n c r e a s e s   b y  2 0  -   30%  u n d e r   t he   c o n d i t i o n s  

t h a t   Ar  i s   u n d e r   a  p r e s s u r e   of  from  133  to  470  P a ,  

th-e  p u l s e   d u r a t i o n   i s   2 5  -   150  µS,   and  t he   p u l s e  

f r e q u e n c y   i s   of  5  to  20  Khz,  fo r .   a  20W  d a y l i g h t  

f l u o r e s c e n t   l amp ,   c o m p a r e d   w i t h   DC  f i r i n g .  

I t   i s   a l s o   r e p o r t e d   in  J a p a n e s e   U t i l i t y   M o d e l  

No.  1 , 4 0 0 , 3 8 2   t h a t ,   when  a  low  p r e s s u r e   r a r e   g a s -  

m e r c u r y   v a p o r   d i s c h a r g e   lamp  i n c l u d i n g   an  N e - A r  

m i x t u r e   as  t he   r a r e   gas  i s   f i r e d   w i t h   r e c t a n g u l a r -  

wave  A . C . ,   a  p u l s e   d i s c h a r g e   w i t h   a  d u t y   c y c l e   o f  

35  to  65%  c a u s e s   t he   lamp  e f f i c i e n c y   to  i n c r e a s e  

by  a b o u t   11%  as  c o m p a r e d   w i t h   c o m m e r c i a l   f i r i n g .  

The  p r e s e n t   i n v e n t i o n   a r i s e s   from  t he   p r e v i o u s l y  

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

63PI  to  64So  of  m e r c u r y   a toms   i s   a t t e n d e d   w i t h   a  s h a r p  

i n c r e a s e   in  e n e r g y   e f f i c i e n c y   of  r a d i a t i o n   at  2 3 5 . 7 n m  

by  p r o v i d i n g   a  p a u s e   t i m e   p e r i o d   of  no t   l e s s   t h a n  

0 .5   x  10-6   s e c o n d   and  no t   l a r g e r   t h a n   15  x  1 0 - 6  

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



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

c o n t a i n i n g   a  r a r e   gas  c o m p o s e d   of  at  l e a s t   one  of  t h e  

e l e m e n t s   Kr  and  Xe  or  at  l e a s t   one  of  r a r e   g a s e s  

low  in  i o n i z a t i o n   v o l t a g e s   such   as  Kr  and  Xe  d u r i n g  

the  AC  f i r i n g   t h e r e o f   at  a  f r e q u e n c y   no t   l e s s   t h a n   1 

KHz,  the   i n s i d e   d i a m e t e r   0  in  mm  of  the   d i s c h a r g e  

lamp  to  b e i n g   2 3  <   D  ≤  3 5   and  the   r a t i o   X/Y  of  t h e  

t o t a l   m o l a r   number   X  of  t he   r a r e   gas  or  g a s e s   to  t h e  

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

lamp  10  b e i n g   k e p t   in  the   r a n g e   0 .5   x  1 0 2  <   X / Y  <   1 .0   x 

104.   Th i s   s h a r p   i n c r e a s e   in  e n e r g y   e f f i c i e n c y   r e s u l t s  

from  the   c o l l e c t i v e   e f f e c t   t h a t ,   due  to  t he   f i r i n g  

c o n d i t i o n s   as  d e s c r i b e d   a b o v e ,   t he   e l e c t r o d e   l o s s  

a t t e n d e n t   on  the   d i s c h a r g e   d e c r e a s e s ,   t he   r a d i a l  

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

b e c o m e s   o p t i m u m ,   the   a t o m i c   d e n s i t y   at  the   63Pl   l e v e l  

i n c r e a s e s   and  the   m o l a r   r a t i o   of  the   m o l a r   number   X  o f  

t h e  r a r e   gas  to  the   m o l a r   number   Y  of  t he   m e r c u r y  

v a p o r   b e c o m e s   op t imum  by  means  of  the   t h e r m a l  

e q u i l i b r i u m   due  to  the   d i s c h a r g e .   Thus  the   p r e s e n t  

i n v e n t i o n   a ims  at  a  s h a r p   i n c r e a s e   in  r a d i a t i o n  

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

Ar -Hg ,   A r - N e - H g   s y s t e m s .  

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



F i g u r e   1  i s   a  s e c t i o n a l   v i e w   of  a  d i s c h a r g e   l a m p  

u s e d   w i t h   e x p e r i m e n t s   r e s u l t i n g   i n   t h e   p r e s e n t  

i n v e n t i o n ;   F i g u r e   2  i s   a  v i ew  i l l u s t r a t i n g   a n  

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

in  F i g u r e   1;  F i g u r e   3  i s   a  w a v e f o r m   d i a g r a m   of  a n  

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

p r e s e n t   i n v e n t i o n ;   F i g u r e   4  i s   a  c h a r a c t e r i s t i c   d i a g r a m  

i l l u s t r a 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   p a u s e   t i m e  

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

in  one  e m b o d i m e n t   o f .  t h e   p r e s e n t   i n v e n t i o n ;   F i g u r e   5  i s  

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

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

i n v e n t i o n ;   F i g u r e   6  i s   a  d i a g r a m   i l l u s t r a t i n g   o n e  

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

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

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

a p p l i e d   v o l t a g e   in  t h e   p r e s e n t   i n v e n t i o n ;   F i g u r e   8  i s   a  

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

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

p r e s e n t   i n v e n t i o n ;   and  F i g u r e  9   i s   a  c h a r a c t e r i s t i c  

d i a g r a m   i l l u s t r a 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   f i r i n g  

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

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



B e f o r e   an  e m b o d i m e n t   of  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 ,   a  f u n d a m e n t a l   e x p e r i m e n t   r e s u l t i n g   in  t h e  

d i s c o v e r y   of  s a i d   p h e n o m e n o n   w i l l   be  d e s c r i b e d   on  t h e  

b a s i s   of  F i g u r e s   1  to  3.  In  F i g u r e s   1  to  3  i d e n t i c a l  

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

c o m p o n e n t s .  

F i g u r e   1  i s   a  s e c t i o n a l   v i ew  i l l u s t r a t i n g   a n  

e l e c t r i c   d i s c h a r g e   l amp  4  u s e d   in  t h i s   f u n d a m e n t a l  

e x p e r i m e n t   w h e r e i n   1  i s   a  b u l b   made  of  q u a r t z   g l a s s  

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

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

p r e h e a t e d   t y p e   e l e c t r o d e   2  i s   s e a l e d   t h r o u g h   e a c h   end  o f  

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

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

b u l b   1  i s   30  mm,  and  t h e   t u b e   l e n g t h   L  is   1187  mm  a s  

d e f i n e d   by  t h e   o u t e r   e n d s   of  t h e   b u l b .   The  low  p r e s s u r e  

m e r c u r y   v a p o r   d i s c h a r g e   l a m p s   u s e d   we re   a  40  W  r a p i d  

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

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

made  of  q u a r t z   g l a s s   and  no t   c o a t e d   w i t h   p h o s p h o r s .  

F i g u r e   2  i s   a  v i e w   i l l u s t r a t i n g   an  e x p e r i m e n t a l  

d e v i c e   c o m p r i s i n g   a  c o m m e r c i a l   100  V  AC  e l e c t r i c   s o u r c e  

5,  a  f i l a m e n t   t r a n s f o r m e r   6  e n e r g i z e d   by  t h e   e l e c t r i c  

s o u r c e   5,  an  e l e c t r i c   s o u r c e   7  of  r e c t a n g u l a r   w a v e s   f o r  

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

T  and  a  p a u s e   t i m e   p e r i o d   T O  a s   w i l l   be  d e s c r i b e d  



l a t e r ,   a  s w i t c h   8  p r o v i d e d   in  a  p r e h e a t i n g   c i r c u i t   f o r  

t h e   e l e c t r o d e s   2,  and  a  v a r i a b l e   r e s i s t a n c e   b a l l a s t   9 

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

d i s c h a r g e   l a m p .  

In  t h e  c o n s t r u c t i o n   shown  in  F i g u r e s   1  and  2 

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

h a v i n g   t h e   v o l t a g e   a p p l i c a t i o n   t i m e   p e r i o d   T1  and  t h e  

p a u s e   t i m e   p e r i o d   T 0  a s  s h o w n   in  F i g u r e   3,  v a r i a b l e   i n  

f r e q u e n c y   and  d u t y   c y c l e   of  t h e   p e r i o d s   T1  and  T 0 .  

In  a  c i r c u i t   s u c h   as  d e s c r i b e d   a b o v e   a  d i s c h a r g e  

lamp  w i t h o u t   p h o s p h o r s   has   b e e n   f i r s t   f i r e d   and  t h e  

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

t h e r e i n   h a v e   b e e n   done   in  c o n j u n c t i o n   w i t h   t h e   t i m e  

p e r i o d   T0  of   z e r o   or  p r e s e n t   and  u n d e r   v a r i o u s  

c o n d i t i o n s .   The  s w i t c h   8  i s   c l o s e d   o n l y   upon  t h e   s t a r t  

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

m e a s u r e m e n t s .  

F l u o r e s c e n t   l a m p s   4  w i t h   a  t u b e   l e n g t h   L  of  118  mm 

and  an  i n s i d e   t u b e   d i a m e t e r   D  of  30  mm  w e r e   u s e d  

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

d i a m e t e r   was  u s e d   in  t h e   r a n g e   22  to   36  mm.  The  r a r e  

gas   f i l l i n g   was  of   v a r i o u s   s i n g l e   e l e m e n t a r y   g a s e s   a n d  

m i x t u r e s   t h e r e o f   and  t h e i r   f i l l i n g   a m o u n t s   h a v e   b e e n  

c h a n g e d   t o   l a r g e   e x t e n t s .   The  m e r c u r y   (b)  was  f i l l e d  i n  

a  s u b s t a n t i a l l y   c o n s t a n t   a m o u n t   of   25  mg .  



T h e s e   s a m p l e s   we re   p u t   in  r u n n i n g   w a t e r   of  a b o u t  

6 i l m i n u t e   and  f i r e d   by  a  h i g h   f r e q u e n c y   i n v e r t e r   h a v i n g  

a  r e c t a n g u l a r   wave  o u t p u t   v o l t a g e   s u c h   as  shown  i n  

F i g u r e   2,  w i t h   a  r e s i s t a n c e   b a l l a s t .  

By  c h a n g i n g   t h e   d i s c h a r g e   c u r r e n t   and  t h e   f i r i n g  

f r e q u e n c y   t h e r e o f   and  t h e   t e m p e r a t u r e   of  t h e   r u n n i n g  

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

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

f rom  t h e   r a r e   g a s   and  m e r c u r y   h a v e   b e e n   m e a s u r e d .   As  a  

r e s u l t ,   i t   h a s   b e e n   s e e n   w i t h   a  m u l t i t u d e   of  t h e   s a m p l e s  

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

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

b e c o m e s   n o t i c e a b l e   in  t h e   p o s i t i v e   c o l u m n   and  on  t h e  

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

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

2 5 3 . 7   mm,  i s   much  l o w e r e d .   The  o c c u r r e n c e   a n d  

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

t h e   d i s c h a r g e   c u r r e n t ,   t h e   f i r i n g   f r e q u e n c y ,   t h e  

t e m p e r a t u r e   of  t h e   r u n n i n g   w a t e r   e t c . ,   bu t   i t   ha s   b e e n  

f o u n d   t h a t ,   f o r   f i r i n g   f r e q u e n c i e s   of  no t   l e s s   t h a n   1 

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

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

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

f o r   an  i n p u t   p o w e r   to  t h e   d i s c h a r g e   lamp  ( t h e   p r o d u c t   o f  

t h e   e f f e c t i v e   v a l u e   of  c u r r e n t   and  v o l t a g e )   can   no t   b e  

s a i d   a l w a y s   to   be  i m p r o v e d   a t t e n d a n t   on  a  r i s e   of  t h e  

f r e q u e n c y .  



Thus   i t   h a s   b e e n   c o n s i d e r e d   w h e t h e r   t h e   m o v i n g  

s t r i a t i o n s   may  be  s u p p r e s s e d ,   as  in  t h e   c a s e   of  a  r i s e  

of  t h e   f r e q u e n c y ,   and  a l s o   w h e t h e r   t h e   e f f i c i e n c y   o f  

r e s o n a n c e   r a d i a t i o n   e n e r g y   may  be  more  i m p r o v e d   t h a n   b y  

t h e   m e r e   i n c r e a s e   of   t h e   f r e q u e n c y ,   by  s h o r t e n i n g   t h e  

a p p l i c a t i o n   t i m e   p e r i o d   T1  t h r o u g h   t h e   p r o v i s i o n   o f  

t h e   p a u s e   t i m e   p e r i o d   T0  in  t h e   v o l t a g e   a p p l i e d   a c r o s s  

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

as  shown  in  F i g u r e   3 .  

F u r t h e r m o r e , -   a c c o r d i n g   to   t h e   l i t e r a t u r e   ( C a r l  

K e n t y :   J o u r n a l   of   A p p l i e d   P h y s i c s ,   21  (Dec)   p a g e   1 3 0 9  -  

1318  ( 1 9 5 0 ) ) ,   when  t h e   f i r i n g   has   b e e n   e f f e c t e d   w i t h   t h e  

e f f e c t i v e   v a l u e   of  0 . 4 2   A  a t   a  c o m m e r c i a l   f r e q u e n c y  

u n d e r   t h e   c o n d i t i o n s   t h a t   t he   i n s i d e   t u b e   d i a m e t e r   D  i s  

36  mm  and   t h e   f i l l e d   a r g o n   i s  u n d e r   a  p r e s s u r e   of   3 . 5  

T o r r s ,   l i g h t   q u a n t a   a t   2 5 3 . 7   mm  of  m e r c u r y   h a v e   t h e  

e f f e c t i v e   l i f e t i m e   of  7 . 6   to   7 .2   µ s .   T h u s  

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

c o n d u c t e d   a t   a  f i r i n g   f r e q u e n c y   of   20  KHz  by  s e t t i n g   t h e  

p a u s e   t i m e   p e r i o d   T0  of  t h e   v o l t a g e   to   a b o u t   7  µ s .  

As  a  r e s u l t   of  t h e   e x p e r i m e n t s   as  d e s c r i b e d   a b o v e ,  

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

s u p p r e s s e d   by  p r o v i d i n g   a  s h o r t   p a u s e   t i m e   TO  and  t h a t  

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

t h e   i n t e n s i t y   of   t h e   r e s o n a n c e   r a d i a t i o n   of  t h e   m e r c u r y  

a t   2 5 3 . 7   mm  i s   i n c r e a s e d .  



A c c o r d i n g l y ,   a  40  W  r a p i d   s t a r t   t y p e   f l u o r e s c e n t  

lamp  has   t h e n   b e e n   u s e d   as  t h e   d i s c h a r g e   lamp  and  t h e  

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

m e a s u r e d ,   f o r   c h a n g e s   of  t he   t i m e   p e r i o d   T0  at  a  

c o n s t a n t   f r e q u e n c y   of  17  KHz  w i t h   a  c o n s t a n t   c u r r e n t  

h a v i n g   t he   e f f e c t i v e   v a l u e   of  0 . 4 2   A.  F i g .   4  shows   t h e  

r e s u l t   t h e r e o f .   In  F i g u r e   4  t h e   s o l i d   l i n e   A . i s   d a t a  

f o r   t h e   d i s c h a r g e   l a m p  4   f i l l e d   w i t h   a r g o n   u n d e r   a b o u t  

2 .6   T o r r s   and  t h e   c h a i n   l i n e   B  w i t h   s i n g l e   d o t s   i s   d a t a  

f o r   t h e   d i s c h a r g e   l amp  4  f i l l e d   w i t h   a  m i x e d   gas   o r  

a r g o n   ( 35%) ,   k r y p t o n   ( 4 5 % )  a n d   neon   (20%)  u n d e r   a b o u t  

2 .2   T o r r s .   As  s e e n   in  F i g u r e   4  a  maximum  i n c r e a s e   i n  

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

TO  of  f rom  7  to  8  µs   and  t h e   i n c r e a s e   i s   a b o u t   7%  w i t h  

t h e   lamp  4  f i l l e d   w i t h   a r g o n  a n d   a b o u t   13%  w i t h   t h e   l a m p  

4  f i l l e d   w i t h   t h e   m i x e d   g a s ,   as  c o m p a r e d   w i t h   a  t i m e  

p e r i o d   T0  of  z e r o .  

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

i n v e s t i g a t i n g   how  s a i d   i n c r e a s e   in  l u m i n o u s . f l u x   w i l l   b e  

c h a n g e d   w i t h   t h e   f i r i n g   f r e q u e n c y .   In  t h e s e   e x p e r i m e n t s  

s a i d   m i x e d   gas   has   b e e n   u s e d   in   t h e   d i s c h a r g e   l amp  a n d  

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

an  e f f e c t i v e   c u r r e n t   v a l u e   of  0 . 4 2   A,  t h e   p a u s e   t i m e  

p e r i o d   T0  b e i n g   c o n s t a n t   at  a b o u t   7  µs   at   f r e q u e n c i e s  

n o t   h i g h e r   t h a n   36  KHz  and  the   r a t i o   of  t he   t i m e   p e r i o d  

T1  to   t h e   t i m e   p e r i o d   T0  b e i n g   s e t   t o  



a b o u t   1 : 1   a t   f r e q u e n c i e s   in  e x c e s s   of  36  KHz.  T h e  

r e s u l t   t h e r e o f   i s  s h o w n   by  a  s o l i d   l i n e   in  F i g u r e   5,  a n d  

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

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

v a l u e   b e i n g   s i m i l a r l y   of   0 . 4 2   A  bu t   in  t h e   a b s e n c e   o f  

t h e   p a u s e   t i m e   p e r i o d   T0.  The  m a g n i t u d e   of  t h e  

l u m i n o u s   f l u x   in  F i g u r e   5  i s   r e l a t i v e   to   t h e   m a g n i t u d e  

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

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

b a l l a s t   p r e s c r i b e d   by  J I S ,   c o n s i d e r e d   a t   100%.  As  s e e n  

in  F i g u r e   5,  t h e   e f f e c t   of  p r o v i d i n g   t h e   p a u s e   t i m e  

p e r i o d   T0  can   a l w a y s   be  o b s e r v e d   a t   f i r i n g   f r e q u e n c i e s  

of   n o t   l e s s   t h a n   1  KHz  and  i t   i s   f o u n d   t h a t   i t s   e f f e c t  

i s   maximum  at   a  f i r i n g   f r e q u e n c y   l y i n g   in  t h e   v i c i n i t y  

of  20  K H z .  

The  maximum  v a l u e   of   t h e   r e l a t i v e   m a g n i t u d e   of  t h e  

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

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

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

in  any  e v e n t   t h a t ,   i f   t h e   p a u s e   t i m e   p e r i o d   i s   0 .5   t o  

1 . 5   µs  and  t h e   f i r i n g   f r e q u e n c y   i s   no t   l e s s   t h a n   1  K H z ,  

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

as  c o m p a r e d   w i t h   f i r i n g   a t   a  c o n v e n t i o n a l   f r e q u e n c y .  

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

t h e   p r e s e n t   i n v e n t i o n   i s   shown  in  F i g u r e   6,  w h i c h   s h o w s  

an  AC  100  V  e l e c t r i c   s o u r c e   5,  a  s w i t c h   10  f o r   t h e  



e l e c t r i c   s o u r c e ,   a  f u l l - w a v e   r e c t i f i e r   11,   a  s m o o t h i n g  

c a p a c i t o r   12,   a  v o l t a g e   d i v i d i n g   r e s i s t a n c e   13,  a  

c o n s t a n t   v o l t a g e   d i o d e   14,   an  IC  15  f o r   r e g u l a t i n g   t h e  

s w i t c h i n g ,   a  p a i r   of  o u t p u t   t r a n s i s t o r s   15a  f o r   t h e   I C ,  

and  a  p a i r   of  t r a n s i s t o r s   16  f o r   a m p l i f y i n g   t h e   o u t p u t  

w h i c h   t r a n s i s t o r s   f o rm  a  p u s h - p u l l   c i r c u i t   w i t h   t h e  

o u t p u t   t r a n s f o r m e r s   17.  18  i s   a  v o l t a g e   d i v i d i n g  

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

b a s e s   of  t h e   r e s p e c t i v e   t r a n s i s t o r s   t h r o u g h   t h e  

t r a n s i s t o r s   1 5 a ,   17S  is   t h e   s e c o n d a r y   w i n d i n g   of  t h e  

t r a n s f o r m e r   17,   17F  a r e   a  p a i r   of  f i l a m e n t   w i n d i n g s ,   a n d  

19  i s  a   c a p a c i t o r   b a l l a s t .  

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

s e t t i n g   t h e   p e r i o d s   w i t h   w h i c h   t h e   t r a n s i s t o r s   15a  a n d  

15b  in   t h e   IC  15  s w i t c h   r e s p e c t i v e l y   and  t h e   t i m e  

i n t e r v a l   f r o m   t h e   b l o c k i n g   of  t h e   one  t r a n s i s t o r   15a  t o  

t h e  f i r i n g   of  t h e   o t h e r   t r a n s i t o r   15b  to   8  µ s ,   a  v o l t a g e  

w a v e f o r m   s u c h   as  s u b s t a n t i a l l y   shown  in  F i g u r e   3  h a s  

b e e n   o b t a i n e d   on  t h e   s e c o n d a r y   w i n d i n g   17S  of   t h e  

t r a n s f o r m e r   17,   w i t h   a  f r e q u e n c y   of  a b o u t   20  KHz,  a  

p a u s e   t i m e   p e r i o d   T0  of  8  µ s   and  an  ON  t i m e   p e r i o d  

T1  of  1 7  µ s .   When  t h e   d i s c h a r g e   lamp  has   b e e n   f i r e d  

w i t h   s u c h   a  v o l t a g e   and  t h e   b a l l a s t   19  has   b e e n   a d j u s t e d  

to  make  t h e   e f f e c t i v e   v a l u e   of  t h e   d i s c h a r g e   c u r r e n t  

0 . 4 2   A,  t h e   v o l t a g e   w a v e f o r m   a p p l i e d   a c r o s s   t h e  

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

s u b s t a n t i a l l y   a  t r i a n g u l a r   wave  and  i t s   p a u s e   t i m e  

p e r i o d   T0  h a s  



b e e n   a b o u t   7 .5   us .   When  t h e   m a g n i t u d e   of  t h e   l u m i n o u s  

f l u x   of  and  t h e   i n p u t   p o w e r   to   t h e   d i s c h a r g e   lamp  h a v e  

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

p r e v i o u s l y   e x i s t i n g   h a v e   been   o b t a i n e d   so  t h a t ,   when  t h e  

s a i d   d i s c h a r g e   l amp  4  i s   f i l l e d   w i t h   a r g o n ,   t h e   i n c r e a s e  

in  e f f i c i e n c y   of  t h e   lamp  a l o n e   i s   a b o u t   16%  and  t h e  

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

30%  as   c o m p a r e d   w i t h   he  c a s e   of  c o m m e r c i a l   f r e q u e n c y  

a . c .   f i r i n g ,   and  when  s a i d   d i s c h a r g e   l amp  4  i s   f i l l e d  

w i t h   t h e   m i x e d   g a s ,   t h e   i n c r e a s e   in  e f f i c i e n c y   of  t h e  

lamp  a l o n e   i s   a b o u t   20%  and  t h e   i n c r e a s e   in  e f f i c i e n c y  

of  t h e   d e v i c e   as  a  w h o l e   i s   a b o u t   33%.  

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

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

t h e   e l e c t r o d e s   o t h e r   t h a n   wha t   i s   shown  in  F i g u r e   6 ,  

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

t h e   e f f i c i e n c y   of  t h e   d i s c h a r g e   lamp  in  v i e w   of  t h e  

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

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

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

lamp  4  and  c o n t r o l l i n g   t h e   c i r c u i t   w i t h   a  v o l t a g e   a c r o s s  

t h e   low  r e s i s t a n c e   f o r   d e t e c t i n g   t h e   c u r r e n t ,   i t   i s  

p o s s i b l e   to   m a k e  t h e   v o l t a g e   a c r o s s   t h e   d i s c h a r g e   lamp  4 

a  r e c t a n g u l a r   w a v e .   Thus  a  h i g h   e f f i c i e n c y   can  b e  

e x p e c t e d .   H o w e v e r   t h e   e f f e c t   of  i m p r o v i n g   t h e  

e f f i c i e n c y   i s   low  w i t h   t h e   p a u s e   t i m e   p e r i o d   TO  o f  

l e s s   t h a n   0 . 5  µ s .  



W h i l e   t h e   p a u s e   t i m e   p e r i o d   TO may  be  i n d e f i n i t e  

as  shown  in  F i g u r e   7,  t h e   p r e s e n t   i n v e n t i o n   d e f i n e s   i t  

as  d e s c r i b e d   b e l o w .   When  t h e   r e l a t i o n s h i p   5 ( t 1   + 

t 2 )  @   t0  h o l d s   b e t w e e n   t h e   sum  ( t 1   +  t2 )   of  t h e  

d e c a y   t i m e   ( t l )   f r o m   a  v a l u e   of  10%  of  t h e   p e a k   v a l u e  

V p  o f   t h e   v o l t a g e   a p p l i e d   a c r o s s   t h e   e l e c t r o d e s   2  a n d  

t h e   r i s e   t i m e   t2  up  to   a  v a l u e   of  10%  of  V p  a n d   t h e  

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

p e r i o d   T0  i s   d e f i n e d   as  ( t 0  +   t l  +   t 2 ) ;   t h e  

p a u s e   t i m e   p e r i o d   T0  i s   t a k e n   to   b e  e q u a l   to   t0  w h e n  

t h e   t i m e   i n t e r v a l   t0  f o r   z e r o   v o l t a g e   i s   l o n g e r   t h a n  

5 ( t 1  +   t 2 ) .  

I t   has   now  b e e n   c o n f i r m e d   t h a t ,   as  t h e   a p p l i e d  

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

is   a  t e n d e n c y   to  d e c r e a s e   t h e   c o n s u m e d   p o w e r ,   in  o t h e r  

w o r d s ,   to  i n c r e a s e   t h e   e f f i c i e n c y   f o r   a  c o n s t a n t  

b r i g h t n e s s ,   bu t   t h e   f i r i n g   f r e q u e n c y   i s   s e l e c t e d   i n  

c o n s i d e r a t i o n   of  t h e   s w i t c h i n g   c h a r a c t e r i s t i c s   and  o t h e r  

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

t h a t   in  t h e   e x i s t i n g   h i g h   f r e q u e n c y   f i r i n g   t e c h n i q u e  

f rom  10  to  60  KHz  a r e   d e s i r a b l e   b u t   i f   t h e   h i g h  

f r e q u e n c y   f i r i n g   t e c h n i q u e   a d v a n c e s   in   t h e   f u t u r e   t h e n  

i t   w i l l   be  s u f f i c i e n t l y   p o s s i b l e   in  v i ew   of  p r a c t i c a l  

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

s e v e r a l   h u n d r e d   K H z .  



When  f i r i n g   i s   e f f e c t e d   w i t h   h i g h   f r e q u e n c y   p u l s e s  

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

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

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

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

when  f i r i n g   i s   e f f e c t e d   w i t h   an  a l t e r n a t i n g   c u r r e n t ,  

t h e r e   i s   n o t   q u i t e   s u c h   a  r i s k .  

A n o t h e r   e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n   w i l l   now 

b e   d e s c r i b e d   in  c o n j u n c t i o n   w i t h   t h e   r e s u l t   o f  

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

g a s   f i l l i n g ,   a  m i x t u r e   w i t h   a  m o l a r   r a t i o   of   Kr  to   A r  o f  

1 . 0   to   0 .2   and  w i t h   t h e   m o l a r   r a t i o   X/Y  of  t h e   m o l a r  

n u m b e r   X  of  t h e   r a r e   g a s   to   t h e   m o l a r   n u m b e r   Y  of   t h e  

m e r c u r y   v a p o r   e q u a l   to   3 .3   x  102  a t   a  t e m p e r a t u r e   T  

of   40°C  of   t h e   r u n n i n g   w a t e r ,   w h i c h   i s   t h e   a p p a r e n t   a t o m  

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

The  s a i d   m o l a r   r a t i o   X/Y  i s   a  q u a n t i t y   a p p r o x i m a t e l y  

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

f i l l i n g   a t   40°  to   t h e   v a p o r   p r e s s u r e   of  t h e   m e r c u r y   a t  

4 0 ° C .  

F i g u r e   8  shows   t h e   v a r i a t i o n   in  r e l a t i v e   i n t e n s i t y  

of  r e s o n a n c e   r a d i a t i o n   of  m e r c u r y   at   2 5 3 . 7   mm  f o r   s a i d  

d i s c h a r g e   l amp  f i r e d   w i t h   a  p e a k   c u r r e n t   v a l u e   o f  0 . 4 2   A 

(of   s u b s t a n t i a l l y   a  r e c t a n g u l a r   wave)   a t   20-KHz  in  a  



s t r e a m   of  w a t e r   a t   4 0 ° C ,   w i t h   t h e   p a u s e   t i m e   p e r i o d   T0 

c h a n g e d .   W h i l e   in  t h i s   F i g u r e   t h e   i n t e n s i t y   i s   m a d e  

100%  w i t h   a  p a u s e   t i m e   p e r i o d   TO  of  z e r o ,   t h i s   v a l u e  

is   a b o u t   17%  h i g h e r   t h a n   t h a t   in  t h e   f i r i n g   w i t h   a  

c o m m e r c i a l   e l e c t r i c   s o u r c e .   As  s e e n   in  F i g u r e   8,  t h e  

i n t e n s i t y   b e c o m e s   maximum  w i t h   t h e   t i m e   p e r i o d   T0  of  7 

to  8  x  10-6   s e c o n d   and  t h e   i n c r e a s e   in  r e l a t i v e  

i n t e n s i t y   r e a c h e s   35%.  A l s o   f o r   t i m e   p e r i o d s   T O  o f  

more  t h a n   15  x  10 -6   s e c o n d s   t he   i n t e n s i t y   i s   l e s s   t h a n  

t h a t   in  t h e   a b s e n c e   of  t h e   p a u s e   t i m e   p e r i o d   T 0 .  

S t i l l   c o n s i d e r a b l y   s t r o n g   m o v i n g   s t r i a t i o n s   e x i s t   in  t h e  

p o s i t i v e   c o l u m n   w i t h   a  t i m e   p e r i o d   T0  of  z e r o ,   b u t  

w i t h   t h e   t i m e   l i m i t   p e r i o d   T0  r a n g i n g   f r o m   0 .5   to   15  x 

1 0 - 6   s e c o n d s   t h e   p e a k   c u r r e n t   v a l u e   i s   i n c r e a s e d   a n d  

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

o w i n g   to  t h e   z e r o - v o l t a g e   t i m e   p e r i o d   T0  a s s u m i n g   t h a t  

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

Even  i f   t h e   p e a k   c u r r e n t   v a l u e   i s   f u r t h e r   l o w e r e d   to  a  

c o n s t a n t   v a l u e   of  0 . 4 2   A  t h e n   t h e   m o v i n g   s t r i a t i o n s   d o  

no t   i n c r e a s e   as  much  as  when  t h e   t i m e   p e r i o d   T0  i s  

z e r o .  

F i g u r e   9  s h o w s   t h e   v a r i a t i o n   in  r e l a t i v e   i n t e n s i t y  

of  t h e   r a d i a t i o n   a t   2 5 3 . 7   mm  when  t h e   same  d i s c h a r g e  

lamp  as  t h a t   u s e d   in  t h e   m e a s u r e m e n t s   of  F i g u r e   8  i s  

u s e d   and  t h e   f i r i n g   f r e q u e n c y   i s   c h a n g e d .   The  s o l i d  

l i n e   in  F i g u r e   9  i l l u s t r a t e s   t h e   c a s e   w h e r e   t h e   p a u s e  

t i m e   p e r i o d   T0  i s   a  c o n s t a n t   of  a b o u t   7  x  10 -6   a t  



f r e q u e n c i e s   of   n o t   h i g h e r   t h a n   36  KHz  and  w h e r e   t h e  

r a t i o   of  t h e   t i m e   p e r i o d   T1  to   T0  i s   s e t   to  a b o u t   1 

a t   f r e q u e n c i e s   in  e x c e s s   of   36  KHz.  The  c h a i n   l i n e   w i t h  

s i n g l e   d o t s   i s   t h e   c a s e   w h e r e   t h e   t i m e   p e r i o d   T0  i s  

z e r o .   For   b o t h   c a s e s   t h e   t e m p e r a t u r e   of   r u n n i n g   w a t e r  

was  40°C  and  t h e   p e a k   c u r r e n t   v a l u e   was  0 . 4 2 A .   F i g u r e   9 

s h o w s   t h e   i n t e n s i t y   of  r a d i a t i o n   w i t h   t h e   f i r i n g  

e f f e c t e d   by  a  c o m m e r c i a l   e l e c t r i c   s o u r c e   as  100%.  A s  

s e e n   in   F i g u r e   9,  t h e   e f f e c t   of  p r o v i d i n g   t h e   p a u s e   t i m e  

p e r i o d   T0  i s  a l w a y s   o b s e r v e d   a t   f i r i n g   f r e q u e n c i e s - n o t  

l e s s   t h a n   1  KHz  and  t h a t   e f f e c t   i s   maximum  when  t h e  

f i r i n g   f r e q u e n c y   i s   n e a r   to   20  KHz .  

I t   i s   c o n s i d e r e d   t h a t   t h e   t e m p e r a t u r e   of  40°C  of  t h e  

r u n n i n g   w a t e r   c o r r e s p o n d s   to   25°C  f o r   w i n d l e s s   a i r  

The  e f f e c t   of  p r o v i d i n g   t h e   t i m e   p e r i o d   T0  h a s  

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

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

Xe  as   t h e   r a r e   g a s ,   t h e   p e a k   c u r r e n t   v a l u e   of   f r o m   0 . 2  

to  2  A,  t h e   r u n n i n g   w a t e r   e m p e r a t u r e   o f  f r o m   5  to   6 0 ° C  

and  t h e   m o l a r   r a t i o   X/Y  d u r i n g   t h e   f i r i n g   r a n g i n g   f r o m  

0 .5   x  102  to  1 . 0   x  104  as  in  s a i d   d i s c h a r g e   l a m p .  

The  l i m i t a t i o n   of  t h e   m o l a r   r a t i o   X/Y  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   r e s u l t s   f r o m   t h e   f a c t   t h a t ,   w h e n  

t h e   s o r t   of  r a r e   g a s e s ,   t h e   f i r i n g   f r e q u e n c y   and  t h e  

p a u s e   t i m e   p e r i o d   T0  a r e   d e t e r m i n e d ,   t h e   g e n e r a t i o n  



and  e x t i n c t i o n   of  t h e   m o v i n g   s t r i a t i o n s   i s   e f f e c t e d   on  a  

b o u n d a r y   made  of  a  b o r d e r   l i n e   as  d e t e r m i n e d   by  t h e  

m o l a r   r a t i o   X/Y  and  t h e   a p p a r e n t   a tom  t e m p e r a t u r e   T  

of  t h e   r a r e   g a s .   A l s o   in  t h i s   e m b o d i m e n t   t h e   lamp  w a s  

f i r e d   by  means   of  t h e   c i r c u i t   of  t h e   c o n f i g u r a t i o n   s h o w n  

in  F i g u r e   6  and  b r o u g h t   i n t o   t h e   s t e a d y   s t a t e   w i t h   s a i d  

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

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

w e r e   e f f e c t e d .  

When  s a i d   40  W  d i s c h a r g e   lamp  4  f i l l e d   w i t h   Ar  a n d  

h a v i n g   t h e   i n s i d e   t u b e   d i a m e t e r   D  of   30 mm  was  f i r e d  

w i t h   a  p e a k   c u r r e n t   v a l u e   of  0 . 4 2   A  u n d e r   s a i d  

c o n d i t i o n s ,   t h e   m o l a r   r a t i o   X/Y  ( w h i c h   was  o b t a i n e d  

a s s u m i n g   t h a t   t h e   a tom  t e m p e r a t u r e   of  t h e   r a r e   g a s  

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

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

to  t h e   t e m p e r a t u r e   on  t h e   c o l d e s t   p o r t i o n )   has   a m o u n t e d  

to  0 . 6 4   x  10 8  and  h i g h   v a l u e s   no t   p r e v i o u s l y   e x i s t i n g  

w e r e   p r o v i d e d   so  t h a t ,   as   c o m p a r e d   w i t h   t h e   f i r i n g   w i t h  

t h e   c o m m e r c i a l   f r e q u e n c y ,   t he   i n c r e a s e   in  e f f i c i e n c y   o f  

t h e   l amp  a l o n e   was  a b o u t   16%  and  t h e   i n c r e a s e   i n  

e f f i c i e n c y   of  t h e   d e v i c e   as  a  w h o l e   was  a b o u t   3 0 % .  

S u b s e q u e n t l y   when  an  e l e c t r i c   d i s h c a r g e   l amp  s i m i l a r  

in  s i z e   of  t h e   b u l b   to   s a i d   e m b o d i m e n t   and  h a v i n g   a  

m o l a r   m i x t u r e   r a t i o   of  Kr  to  Ar  of  1 . 0   to   0 . 2   was  f i r e d  

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



m o l a r   r a t i o   X/Y  of   t h e   m i x e d   r a r e   gas   to   t h e   m e r c u r y  

v a p o r   a m o u n t e d   to  0 .4   x  103  w h i l e   t h e   i n c r e a s e   i n  

e f f i c i e n c y   of  t h e   lamp  a l o n e   was  a b o u t   19%  and  t h e  

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

a b o u t   3 2 % .  

When  a  d i s c h a r g e   lamp  h a v i n g   an  i n s i d e   t u b e   d i a m e t e r  

D  of   23  mm  and  a  t u b e   l e n g t h   o f  1 1 8 7   mm  and  f i l l e d   w i t h  

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

s i m i l a r   to   t h o s e   f o r   s a i d   e m b o d i m e n t ,   t h e   m o l a r   r a t i o  

X/Y  a m o u n t e d   to   0 .7   x  102  w h i l e  t h e   i n c r e a s e   i n  

e f f i c i e n c y   of   t h e   lamp  a l o n e   was  a b o u t   20%  and  t h e  

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

a b o u t   3 3 % .  

A l s o   when  t h i s   d i s c h a r g e   l amp  4  f i l l e d  w i t h   Kr  w a s  

f i r e d   w i t h   t h e   p e a k   c u r r e n t   v a l u e   of   0 . 2 3   A,  t h e   m o l a r  

r a t i o   X/Y  a m o u n t e d   to  0 . 1 7   x  1 0 3  w h i l e   t h e   i n c r e a s e   i n  

e f f i c i e n c y   of   t h e   lamp  a l o n e   was  a b o u t   22%  and  t h e  

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

a b o u t   34%.  

When  a  b u l b   h a v i n g   an  i n s i d e   t u b e   d i a m e t e r   D  of  3 6  

mm  and  a  t u b e   l e n g t h   L  of   2354  mm  was  f i l l e d   w i t h   a  r a r e  

gas   m i x t u r e   h a v i n g   a  m o l a r   m i x t u r e   r a t i o   of  Ar  to   Kr  t o  

Ne  o f   7  t o   9  to   4  and  f i r e d   w i t h   a  p e a k   c u r r e n t   v a l u e   o f  

0 . 8   A ,  t h e   m o l a r   r a t i o   X/Y  a m o u n t e d   to   0 . 2 5   x  1 0 3  

w h i l e   t h e   i n c r e a s e   in  e f f i c i e n c y   of  a  lamp  a l o n e   w a s  



a b o u t   15%  and  t h e   i n c r e a s e   in  e f f i c i e n c y   of  t h e   d e v i c e  

as  a  w h o l e   was  a b o u t   3 4 % .  

A l s o   a  d i s c h a r g e   l amp  was  f i r e d   w i t h   a  peak   c u r r e n t  

v a l u e   of  2  A,  w i t h   an  I n  -   Hg  a m a l g a m   or  a m a l g a m s  

d i s p o s e d   in  t h e   v i c i n i t y   of  t h e   e l e c t r o d e s   2  in  p l a c e   o f  

t h e   l i q u i d   p h a s e   m e r c u r y   b,  w i t h   a  b u l b   36  mm  in  i n s i d e  

t u b e   d i a m e t e r   and  2354  mm  in  t u b e   l e n g t h   L  f i l l e d   w i t h   a  

r a r e   gas   m i x t u r e   h a v i n g   a  m o l a r   m i x t u r e   r a t i o   of  Ne  t o  

Ar  of  7  to  3.  At  t h a t   t i m e   t h e   v a p o r   p r e s s u r e   of  t h e  

m e r c u r y   was  4 . 5   x  1 0 - 3   T o r r s   and  t h e   m o l a r   r a t i o   X / Y  

a m o u n t e d   to   0 . 5 6   x  103 ,   w h i l e   t h e   i n c r e a s e   i n  

e f f i c i e n c y   of  t h e   lamp  a l o n e   was  14%  and  t h e   i n c r e a s e   i n  

e f f i c i e n c y   of  t h e   d e v i c e   as  a  w h o l e   was  a b o u t   3 6 % .  

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

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

s e v e r a l   e x a m p l e s   of   t h e   e f f e c t   of  t h e   p r e s e n t  

i n v e n t i o n .   H o w e v e r   when  s a i d   e x p e r i m e n t s   a r e  

c o n s i d e r e d ,   t h e   f a c t   t h a t   t h e   l amp  e f f i c i e n c y   i s   d e v i s e d  

to  i n c r e a s e   by  t h e   p r o v i s i o n   of  t h e   p r o p e r   p a u s e   t i m e  

p e r i o d   T O  c a n   be  s a i d   to  be  e f f e c t i v e   f o r   a  v e r y   w i d e  

v a r i e t y   of  d i s c h a r g e   l a m p s .   The  maximum  v a l u e   of  t h e  

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

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

c o m p o s i t i o n   of  g a s e s   f i l l e d   in  t h e   l amp  e t c . ,   bu t   i t   h a s  

b e e n   c o n f i r m e d   t h a t ,   when  t h e   f i r i n g   i s   e f f e c t e d   at   n o t  

l e s s   t h a n   1  KHz  and  t h e   p a u s e   t i m e   p e r i o d   i s   0 . 5   to  1 5  



µ s ,   t h e  r e l a t i v e   m a g n i t u d e   of  t h e   l u m i n o u s   f l u x   i s  

i n c r e a s e d   as   c o m p a r e d   w i t h   t he   c o n v e n t i o n a l   f i r i n g   at   a  
c o m m e r c i a l   f r e q u e n c y   w i t h o u t   t h e   p r o v i s i o n   of  t h e   p a u s e  
t i m e   p e r i o d .  



1.  A  low  p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e  

lamp  d e v i c e   c o m p r i s i n g   a  low  p r e s s u r e   m e r c u r y   v a p o r  

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

e l e c t r o d e s ,   and  a  f i r i n g   d e v i c e   f o r   AC  f i r i n g   s a i d  

d i s c h a r g e   lamp  a t   a  f r e q u e n c y   of   n o t   l e s s   t h a n   1  K H z ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   f i r i n g   d e v i c e   i s   c o n s t r u c t e d  

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

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

p e r i o d   of   n o t   l e s s   t h a n   0 .5   x  1 0 - 6   s e c o n d   and  n o t  

l a r g e r   t h a n   15  x  1 0 - 6   s e c o n d s .  

2.  A  low  p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e  

lamp  d e v i c e   a c c o r d i n g   to   c l a i m   1  c h a r a c t e r i z e d   in   t h a t  

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

d i s c h a r g e   l amp  i s   a  r e c t a n g u l a r   w a v e .  

3.  A  low  p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e  

lamp  d e v i c e   a c c o r d i n g   to   c l a i m   2  c h a r a c t e r i z e d   in   t h a t  

t h e   f i r i n g   d e v i c e   f i r e s   t h e   d i s c h a r g e   lamp  a t   a  f r e q u e n c y  

of   n o t   l e s s   t h a n   10  KHz  and  n o t   h i g h e r   t h a n   100  K H z .  

4.  A  low  p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e  

lamp  d e v i c e   a c c o r d i n g   to  c l a i m   3  c h a r a c t e r i z e d   in   t h a t  

t h e   f i r i n g   d e v i c e   f i r e s   t h e   d i s c h a r g e   l amp  a t   a  f r e q u e n c y  

of   15  KHz  and  n o t   h i g h e r   t h a n   50  K H z .  



5.  A  l o w   p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e  

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

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

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

f i r i n g   d e v i c e   f o r   AC  f i r i n g   s a i d   d i s c h a r g e   l amp  a t   a  

f r e q u e n c y   o f   n o t   l e s s   t h a n   1  KHz,  c h a r a c t e r i z e d   in   t h a t  

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

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

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

0 .5   x  1 0 - 6  s e c o n d   and   n o t   l a r g e r   t h a n   15  x  1 0 - 6   s e c o n d s  

w h i l e   s a i d   d i s c h a r g e   l amp  and   s a i d   f i r i n g   d e v i c e   a r e  

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

i n t o   t h e   s t e a d y   s t a t e ,   a  m o l a r   r a t i o   X/Y  of   a  m o l a r  

n u m b e r   X  o f   m e r c u r y   v a p o r   to   m o l a r   n u m b e r   Y  of   s a i d  

r a r e   gas   w i t h i n   s a i d   d i s c h a r g e   l amp  i s   o f   n o t   l e s s   t h a n  

0 .5   x  10  and   n o t   l a r g e r   t h a n   1 . 0   x  1 0 .  

6.  A  low  p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e   l a m p  

d e v i c e   a c c o r d i n g   to   c l a i m   5  c h a r a c t e r i z e d   in   t h a t   t h e  

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

w a v e .  

7.  A  low  p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e  

lamp  d e v i c e   a c c o r d i n g   to   c l a i m   6,  c h a r a c t e r i z e d   i n   t h a t  

t h e   f i r i n g   d e v i c e   f i r e s   t h e   d i s c h a r g e   l amp  a t   a  f r e q u e n c y  

of   n o t   l e s s   t h a n   10  KHz  and   n o t   h i g h e r   t h a n   100  K H z .  



8.  A  low  p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e   l a m p  

d e v i c e   a c c o r d i n g   to   c l a i m   7,  c h a r a c t e r i z e d   in   t h a t   t h e  

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

n o t   l e s s   t h a n   15  KHz  and   n o t   h i g h e r   t h a n   50  K H z .  

9.  A  low  p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e   l a m p  

d e v i c e   a c c o r d i n g   to  any   of   c l a i m s   5  to   8,  c h a r a c t e r i z e d  

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

Ne,  Ar ,   Kr  and   X e .  

10.   A  low  p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e   l a m p  

d e v i c e   a c c o r d i n g   to   any  of   c l a i m s   5  to   8,  c h a r a c t e r i z e d  

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

two  s o r t s   o f   r a r e   g a s e s .  

11.   A  low  p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e   l a m p  

d e v i c e   a c c o r d i n g   to   c l a i m   10,   c h a r a c t e r i z e d   in   t h a t   t h e  

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

12.   A  low  p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e   l a m p  

d e v i c e   a c c o r d i n g   to  c l a i m   10,   c h a r a c t e r i z e d   in   t h a t   t h e  

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

m e r c u r y   v a p o r   d i s c h a r g e   l amp   i s   o f   n o t   l e s s   t h a n   0 .2   A 

and   n o t   h i g h e r   t h a n   2  A .  



1.  A  low  p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e   l a m p  

d e v i c e   c o m p r i s i n g   a  low  p r e s s u r e   m e r c u r y   v a p o r   d i s -  

c h a r g e   lamp  (1)  f i l l e d   w i t h   a  r a r e   gas  and  a  m e r c u r y  

v a p o r   g e n e r a t o r   (b)  to  form  a  d i s c h a r g e   p a t h   b e t w e e n  

e l e c t r o d e s   ( 2 ) ,   and  a  f i r i n g   d e v i c e   ( 5 - 9 )   fo r   f i r i n g  

s a i d   d i s c h a r g e   lamp  at  a  f r e q u e n c y   of  not   l e s s   t h a n  

1  KHz,  c h a r a c t e r i s e d   in  t h a t   s a i d   r a r e   gas  i s   a 

mixed   r a r e   gas  i n c l u d i n g   at  l e a s t   a n y  o n e   of  a  s i m p l e  

s u b s t a n c e   Kr  and  a  s i m p l e   s u b s t a n c e   Xe  or  a n y  o n e   o f  

Kr  and  Xe,  the   f i r i n g   d e v i c e   i s   so  c o n s t r u c t e d   t h a t ,  

upon  the   f i r i n g   of  s a i d   d i s c h a r g e   l amp ,   the   v o l t a g e  

a p p l i e d   a c r o s s   s a i d   e l e c t r o d e s   (2)  has  a  p a u s e   t i m e  

not   l e s s   t h a n   0 .5   x  10-6   s e c o n d   and  no t   l a r g e r   t h a n  

15  x  10-6   s e c o n d s   and  the   peak   v a l u e   o f .  t h e   d i s c h a r g e  

c u r r e n t   i s   no t   l e s s   t h a n   0 .2   A  and  n o t   h i g h e r   t h a n   2  A, 

the   i n s i d e   t u b e   d i a m e t e r   D  in  mm  of  s a i d   d i s c h a r g e  

lamp  i s   in  t he   r a n g e   23  <   D  @  3 5 ,   and  the   r a t i o   X/Y 

b e t w e e n   the   m o l a r   number   Y  of  the   m e c u r y   v a p o r   a n d  

t he   m o l a r   number   X  of  s a i d   r a r e   gas  d u r i n g   the   s t e a d y  

s t a t e   f i r i n g   of  s a i d   d i s c h a r g e   lamp  i s   s e t   to  a 

r a n g e   of  0 .5   x  1 0 2 @ X / : Y @   1 .0   x  1 0 4 .  

2.  A  low  p r e s s u r e   m e r c u r y   v a p o r   d i s c h a r g e   l a m p  

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

the   m e r c u r y   v a p o r   g e n e r a t o r   c o m p r i s e s   an  a m a l g a m .  
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