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(m)  Energy-saving  apparatus  for  dimming  discharge  lamps. 
©  An  apparatus  for  dimming  discharge  lamps  with  mini- 
mized  power  consumption  comprises  a  phase  control  circuit 
connected  to  control  the  transfer  of  an  A.C.  power  supply 
voltage  to  a  combination  of  a  discharge  lamp  such  as  a 
fluorescent  lamp  and  ballast  means,  acting  to  transfer  the 
power  supply  voltage  to  the  lamp  only  during  a  portion  of 
each  half-cycle  of  that  voltage  in  the  region  of  the  peak  value 
thereof,  and  to  block  transfer  of  this  voltage  during  the 
remainder  of  each  half-cycle,  together  with  a  series  reso- 
nance  circuit  which  is  connected  such  as  to  supply  a  constant 
low-level  current  to  the  lamp  circuit  during  the  half-cycle 
portions  which  are  blocked  by  the  phase  circuit.  A  sufficiently 
high  electrode  temperature  is  thereby  maintained  to  ensure 
reliable  flicker-free  operation  over  a  wide  range  of  control 
phase  angles,  without  wasteful  dissipation  of  energy  in 
heating  the  lamp. 
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BACKGROUND  OF  THE  INVENTION 

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  an  a p p a r a t u s   f o r  

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

p e r f o r m i n g   p h a s e   c o n t r o l   of  an  A.C.  power  s u p p l y  

v o l t a g e ,   and  in  p a r t i c u l a r   to  such   an  a p p a r a t u s  

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

e n s u r e d ,   w i th   f r e e d o m   from  f l i c k e r i n g   or  u n r e l i a b l e  

l i g h t i n g   of  the   lamp,   t o g e t h e r   w i t h   s u b s t a n t i a l l y  

r e d u c e d   e n e r g y   c o n s u m p t i o n   by  c o m p a r i s o n   w i th   p r i o r  

a r t   t y p e s   of  a p p a r a t u s   fo r   d imming   d i s c h a r g e   l a m p s .  

In  t he   p r i o r   a r t ,   v a r i o u s   means  have  b e e n  

p r o p o s e d   fo r   p e r f o r m i n g   d imming   of  d i s c h a r g e   l a m p s  

which   are   powered   from  an  A.C.  power  s u p p l y   v o l t a g e .  

In  g e n e r a l ,   such  p r i o r   m e t h o d s   employ   p h a s e   c o n t r o l ,  

w h e r e b y   the   A.C.  power  s u p p l y   v o l t a g e   is  b l o c k e d   f r o m  

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

p r o p o r t i o n   of  each  h a l f - c y c l e   of  t h a t   v o l t a g e .  

G e n e r a l l y   w i th   such  p r i o r   a r t   m e t h o d s ,   the   p o w e r  

s u p p l y   v o l t a g e   is   b l o c k e d   d u r i n g   an  i n i t i a l   p o r t i o n   6  

of  each   h a l f - c y c l e   and  is   t r a n s f e r r e d   to  the   d i s c h a r g e  

lamp  d u r i n g   the   r e m a i n i n g   p o r t i o n ,   from  e  to  1 8 9 °  ,  

of  t he   h a l f - c y c l e .   However   i t   has  been  found  t h a t  

w i t h   such  p r i o r   a r t   t y p e s   of  a p p a r a t u s ,   i f   t h e  

m a g n i t u d e   of  the   b l o c k i n g   a n g l e   6  is   90°  or  m o r e ,  

i . e .   i f   the   c o n d u c t i o n   a n g l e   of  the   s w i t c h i n g   e l e m e n t  



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

i s   made  0 .5π   r a d i a n s   or  m o r e ,   t h e n   i g n i t i o n   is   n o t  

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

f a i l u r e   of  t h e   l amp  to   t u r n   o n .  

T h i s   p r o b l e m   is   e s s e n t i a l l y   due   to   t h e   f a c t   t h a t  

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

m a i n t a i n e d   w i t h   s u c h   a  m e t h o d ,   due   to   t h e   c o m p l e t e   b l o c k i n g  

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

c y c l e   of  t h e   p o w e r   s u p p l y   v o l t a g e .   T h i s   p r o b l e m   i s  

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

i f   t h i s   a n g l e   e x c e e d s   0 .5n   r a d i a n s ,   t h e n   t h e   p e a k   v a l u e  

of  t h e   v o l t a g e   w a v e f o r m   w i l l   no t   be  a p p l i e d   a c r o s s   t h e  

l a m p .   As  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 ,   t h e   s t a r t i n g  

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

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

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

w i l l   be  e x c e s s i v e l y   h i g h ,   r e s u l t i n g   in   t h e   p r o b l e m s   o f  

f l i c k e r i n g   and  f a i l u r e   of  t h e   d i s c h a r g e   lamp  to  l i g h t .  

To  o v e r c o m e   t h i s   p r o b l e m ,   i t   has   b e e n   p r o p o s e d   t o  

p r o v i d e   an  a u x i l i a r y   power   s u p p l y   c i r c u i t   to   p a s s   a  

p r e h e a t i n g   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   lamp  d u r i n g  

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

v o l t a g e   i s   b l o c k e d   by  t h e   p h a s e   c o n t r o l   c i r c u i t .   T h e  

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

be  s e t   to   a p p r o x i m a t e l y   o n e - h a l f   of  t h e   power   s u p p l y  



v o l t a g e .   T h u s ,   an  a d d i t i o n a l   t r a n s f o r m e r ,   w i th   t h e  

n e c e s s a r y   w i r i n g   e tc   would  be  r e q u i r e d ,   in  a d d i t i o n   t o  

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

for   o p e r a t i o n   of  such  a  d i s c h a r g e   l amp .   Such  a n  

a r r a n g e m e n t   would   add  s u b s t a n t i a l l y   to  the   o v e r a l l  

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

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

A n o t h e r   method   which  has  been  p r o p o s e d   t o  

o v e r c o m e   t h e   p r o b l e m   d e s c r i b e d   above   is  to  p r o v i d e  

means  f o r   p r o d u c i n g   v o l t a g e   p u l s e s ,   to  be  a p p l i e d  

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

power  s u p p l y   v o l t a g e   h a l f - c y c l e   wh ich   i s  b l o c k e d   by  

the   p h a s e   c o n t r o l   c i r c u i t .   Such  p u l s e s   would  be  t i m e d  

such  as  to  e f f e c t i v e l y   m a i n t a i n   a  c o n t i n u o u s   f l o w   o f  

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

t i m e s .   H o w e v e r ,   such  a  s y s t e m   would  n e c e s s i t a t e  

s e p a r a t e   c o m p l e x   c i r c u i t   means  fo r   p r o d u c i n g   t h e  

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

p u l s e s ,   i . e .   w i th   each  p u l s e   b e i n g   g e n e r a t e d   at  a 

p o i n t   in  t i m e   c l o s e   to  the   s t a r t   of  each   b l o c k i n g  

p o r t i o n   of  a  h a l f - c y c l e .  

T h e r e   i s   t h e r e f o r e   a  r e q u i r e m e n t   for   an  a p p a r a t u s  

for   d imming   d i s c h a r g e   l amps   w h e r e b y   the   d i s a d v a n t a g e s  

of  p r i o r   a r t   m e t h o d s   d e s c r i b e d   above   would  b e  

e l i m i n a t e d ,   and  whereby   r e l i a b l e   f l i c k e r - f r e e  



o p e r a t i o n   of  t h e   lamp  w o u l d   be  e n s u r e d   w i t h   a  m i n i m u m  

of  a d d i t i o n a l   c i r c u i t r y   b e i n g   r e q u i r e d .   Such  a n  

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

has   t h e   a d d i t i o n a l   a d v a n t a g e   of  e n a b l i n g   a  s u b s t a n t i a l  

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

SUMMARY  OF  THE  INVENTION 

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 ,   t h e r e   i s  

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

a d a p t e d   to   be  c o u p l e d   b e t w e e n   a  s o u r c e   of  an  A.C.   p o w e r  

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

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

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

v o l t a g e   to   s a i d   d i s c h a r g e   l amp  and  b a l l a s t   means   d u r i n g  

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

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

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

v o l t a g e   to   s a i d   d i s c h a r g e   lamp  and  b a l l a s t   means   d u r i n g  

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

and  s u c c e e d   s a i d   c e n t r a l   p o r t i o n ,   and;   a  s e r i e s   r e s o n a n c e  

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

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

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

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

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

as  to   p a s s   a  s u b s t a n t i a l l y   c o n s t a n t   p r e h e a t i n g   c u r r e n t  



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

each   h a l f - c y c l e   of  s a i d   power   s u p p l y   v o l t a g e   i n c l u d i n g  

s a i d   p o r t i o n s   t h e r e o f   in   w h i c h   b l o c k i n g   by  s a i d   p h a s e  

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

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 



F i g .   1  is  a  d i a g r a m   s h o w i n g   the   r e l a t i o n s h i p s  

b e t w e e n   s u p p l y   v o l t a g e   l e v e l   and  t he   lamp  v o l t a g e ,  

l u m i n o u s   f l u x ,   lamp  c u r r e n t   and  lamp  p o w e r  

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

F i g .   2  i s   a  g r a p h   to  i l l u s t r a t e   t he   r e l a t i o n s h i p  

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

s t a r t i n g   v o l t a g e   of  a  40W  100V  f l u o r e s c e n t   l a m p ;  

F i g .   3  i s   a  s e t   of  g r a p h s   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   i g n i t i o n   p h a s e   a n g l e   and  l u m i n o u s  

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

d i s c h a r g e   lamp  and  fo r   the   m e t h o d   of  t he   p r e s e n t  

i n v e n t i o n ;  

F i g .  4   i s   a  g e n e r a l   b l o c k   d i a g r a m   to  i l l u s t r a t e  

t he   b a s i c   e l e m e n t s   of  an  a p p a r a t u s   for   d i m m i n g  

d i s c h a r g e   l amps   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   5  is   a  wave fo rm  d i a g r a m   to  i l l u s t r a t e   t h e  

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

a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n ;  

F i g .   6  is  a  g e n e r a l   c i r c u i t   d i a g r a m   of  a n  

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

a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n ;  

F i g .   7  and  F i g .   8  are   c i r c u i t   d i a g r a m s   of  a  f u l l -  

wave  r e c t i f i e r   c i r c u i t   and  a  S c h m i t t   t r i g g e r   c i r c u i t  

used  in  t he   e m b o d i m e n t   of  F i g .   6 ;  

F i g .   9  is  a  w a v e f o r m   d i a g r a m   fo r   i l l u s t r a t i n g   t h e  



o p e r a t i o n   of  the   e m b o d i m e n t   of  F i g .   6 ; a n d ,  

F i g .   10  is   a  s e t   of  g r a p h s   s h o w 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   i g n i t i o n   p h a s e   a n g l e   and  p o w e r  

c o n s u m p t i o n   for   an  a p p a r a t u s   f o r   d imming   d i s c h a r g e  

l amps   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   and  fo r   t w o  

p r i o r   a r t   t y p e s   of  lamp  d i m m i n g   a p p a r a t u s .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   f i r s t   to  F i g .   1,  t h e   r e l a t i o n s h i p s   a r e  

shown  b e t w e e n   the   s u p p l y   v o l t a g e   a p p l i e d   to  a 

f l u o r e s c e n t   lamp  c i r c u i t   ( c o m p r i s i n g   s t a b i l i z e r   m e a n s  

c o n n e c t e d   in  s e r i e s   w i th   a  f l u o r e s c e n t   lamp)   and  t h e  

c h a r a c t e r i s t i c   c u r v e s   for   l amp  v o l t a g e   ( i . e .   t h e  

v o l t a g e   w h i c h   a p p e a r s   a c r o s s   t he   lamp  i t s e l f ) ,   t h e  

lamp  c u r r e n t ,   the   lamp  power   ( i . e .   the   power   c o n s u m e d  

to  o p e r a t e   t h e   lamp)  and  t he   l u m i n o u s   f l u x   p r o d u c e d .  

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

from  an  i n c r e a s e   in  the   s u p p l y   v o l t a g e ,   w i l l   c a u s e   a 

r e d u c t i o n   in  the   lamp  v o l t a g e ,   t h a t   is  to  say  such  a 

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

c h a r a c t e r i s t i c   w h i l e   in  o p e r a t i o n .   For  t h i s   r e a s o n ,  

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

such  as  an  i n d u c t o r   c o n n e c t e d   in  s e r i e s   w i t h   the   l a m p ,  

in  o r d e r   to  e n s u r e   s t a b l e   o p e r a t i o n .  

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

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



t h r o u g h   lamp  f i l a m e n t s ,   w h i l e   a  s u i t a b l y   h i g h   v o l t a g e  

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

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

d e v e l o p s   a c r o s s   t h e   f l u o r e s c e n t   lamp  a f t e r   i g n i t i o n , '  

i . e .   a f t e r   t h e   Imap  a t t a i n s   a  l o w - i m p e d a n c e   s t a t e .  

A f t e r   t h e   r e q u i r e d   t e m p e r a t u r e   has   i n i t i a l l y   b e e n  

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

r e q u i r e d   to   s t a r t   i g n i t i o n   of  t h e   lamp  ( r e f e r r e d   to   i n  

t h e   f o l l o w i n g   as  t h e   s t a r t i n g   v o l t a g e )   b e c o m e s  

s u f f i c i e n t l y   low  t h a t   t h e   l amp  b e g i n s   o p e r a t i o n .   T h a t  

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

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

w h i c h   t h e   i n s t a n t a n e o u s   v a l u e   of  t h e   AC  v o l t a g e  

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

g e n e r a t e   i l l u m i n a t i o n .   S u b s e q u e n t l y   d u r i n g   t h a t   h a l f -  

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

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

t u r n s   o f f .   Wi th   a  c o n v e n t i o n a l   t y p e   of  f l u o r e s c e n t  

lamp  i n s t a l l a t i o n   ( i . e .   one   w h i c h   does;  n o t   i n c o r p o r a t e  

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

lamp  t e m p e r a t u r e   to   e n s u r e   a  s u i t a b l y   low  s t a r t i n g  

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

t h e   lamp  d u r i n g   o p e r a t i o n   t h e r e o f .   As  d e s c r i b e d  

a b o v e ,   t h e   lamp  i s   in   e f f e c t   e x t i n g u i s h e d   a t  a   p o i n t  

t o w a r d s   t h e   end  of  e a c h   h a l f - c y c l e   of  t h e   p o w e r   s u p p l y  



v o l t a g e   w a v e f o r m ,   and  is  r e s t a r t e d   at  some  p o i n t   i n  

t he   n e x t   h a l f - c y c l e   of  t h a t   w a v e f o r m ,   when  t h e  

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

r e q u i s i t e   s t a r t i n g   v o l t a g e   l e v e l .   So  l ong   as  a 

s u i t a b l y   h igh   lamp  t e m p e r a t u r e   is   m a i n t a i n e d ,   t h e n  

t h i s   p r o c e s s   w i l l   be  r e p e t i t i v e l y   p e r f o r m e d   at  a 

s u f f i c i e n t l y   h igh   r a t e   ( e . g .   100  t i m e s   per  s e c o n d  

w i t h   a  50  Hz  s u p p l y   v o l t a g e )   t h a t   no  v i s i b l e   f l i c k e r  

w i l l   a p p e a r .   However  i f   t he   lamp  t e m p e r a t u r e   s h o u l d  

not   be  m a i n t a i n e d   at  the   r e q u i s i t e   l e v e l ,   t h e n   t h e  

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

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

p r o c e d u r e ,   r e s u l t i n g   in  lamp  f l i c k e r   or  t e m p o r a r y  

f a i l u r e   of  i l l u m i n a t i o n .  

T a b l e   1  be low  shows  t he   r e l a t i o n s h i p   b e t w e e n   t h e  

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

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

t he   form  100  s i n w t   ( V ) .  





T a k i n g   t h e   e x a m p l e   of  a  t y p i c a l   100  V  40  W 

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

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

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

r e q u i r e d   i s   a p p r o x i m a t e l y   170  V.  Wi th   t h e   g e n e r a l l y  

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

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

( i . e .   s u p p l y   v o l t a g e )   v a l u e   i s   a p p r o x i m a t e l y   126  V .  

T h a t   i s   to   s a y ,   t h e   lamp  w i l l   t u r n   on  when  a n  

i n s t a n t a n e o u s   s u p p l y   v o l t a g e   l e v e l o f   126  V  i s   r e a c h e d  

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



a  p h a s e   a n g l e   of  0 . 3 5 π   r a d i a n s   as  shown  in  T a b l e   1 

a b o v e ,   and  w i l l   t u r n   o f f   when  t he   i n s t a n t a n e o u s   s u p p l y  

v o l t a g e   f a l l s   be low  126  V  at  a  l a t e r   p o i n t   in  t h e  

h a l f - c y c l e ,   i . e .   at  a  p h a s e   a n g l e   of  0 . 6 5 ,   r a d i a n s .  

I f   h o w e v e r   the   e l e c t r o d e   t e m p e r a t u r e   of  t h e   l a m p  

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

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

e . g .   t y p i c a l l y   to  270  V  fo r   t h i s   100  V  40  W  e x a m p l e .  

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

s u p p l y   v o l t a g e   l e v e l   of  a b o u t   169  V.  S i n c e   t h i s   v a l u e  

i s   no t   a t t a i n e d   by  the   power  s u p p l y   v o l t a g e ,   t he   l a m p  

would   go  o u t ,   and  the   f i l a m e n t   h e a t i n g   s t a r t - u p  

p r o c e d u r e   would  have  to  be  i n i t i a t e d .   I t   can  t h u s   b e  

u n d e r s t o o d   t h a t   for   r e l i a b l e   and  f l i c k e r - f r e e  

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

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

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

and  s t a r t i n g   v o l t a g e   fo r   t h e   100  V  40  W  f l u o r e s c e n t  

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

p r e h e a t i n g   c u r r e n t ,   are  shown  in  t he   g r a p h   of  F i g .   2 .  

As  can  be  s e e n ,   the  n e c e s s a r y   s t a r t i n g   v o l t a g e  

i n c r e a s e s   v e r y   r a p i d l y ,   f rom  a b o u t   170  V  to  270  V,  a s  

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

7000  C,  c o r r e s p o n d i n g   to  a  p r e h e a t i n g   c u r r e n t   which   i s  

s l i g h t l y   h i g h e r   t han   0 .3  A.  An  i n c r e a s e   in  e l e c t r o d e  



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

c h a n g e   in  t he   s t a r t i n g   v o l t a g e .   With  a  c o n v e n t i o n a l  

t y p e   of  a p p a r a t u s   for   d r i v i n g   a  f l u o r e s c e n t   lamp,   i . e .  

one  which   d o e s   not   employ   p h a s e   c o n t r o l ,   a 

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

a f t e r   i n i t i a l   s t a r t - u p ,   so  t h a t   c o n t i n u o u s   f l i c k e r -  

f r e e   o p e r a t i o n   of  the   lamp  is   o b t a i n e d .   However  i n  

p r a c t i c e ,   more  power  is   e x p e n d e d   in  h e a t i n g   the   l a m p  

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

m a i n t a i n   t he   minimum  n e c e s s a r y   e l e c t r o d e   t e m p e r a t u r e  

fo r   r e l i a b l e   f l i c k e r - f r e e   o p e r a t i o n .   That   is  to  s a y ,  

i f   the   s t a r t i n g   v o l t a g e   of  t he   40  W  100 V  f l u o r e s c e n t  

lamp  of  t he   above   e x a m p l e   is   170  V  a f t e r   the   r e q u i r e d  

t e m p e r a t u r e   has  been  e s t a b l i s h e d ,   t hen   the   i n i t i a l  

p a r t   of  each   h a l f - c y c l e   of  t he   d r i v e   v o l t a g e ,   u n t i l  

the  170  V  l e v e l   i s   r e a c h e d ,   w i l l   r e p r e s e n t   a 

s u b s t a n t i a l   amount   of  w a s t e d   e n e r g y ,   which  p r o d u c e s  

e x c e s s i v e   h e a t i n g   of  the   lamp  and  no  i l l u m i n a t i o n  

o u t p u t .   S i m i l a r l y ,   e n e r g y   i s   w a s t e d   d u r i n g   the   l a t t e r  

p o r t i o n   of  each   h a l f - c y c l e ,   i . e .   a f t e r   t h e  

i n s t a n t a n e o u s   v o l t a g e   a p p l i e d   to  t he   lamp  f a l l s   b e l o w  

170  V.  Thus ,   i l l u m i n a t i o n   is   o n l y   p r o d u c e d   by  t h e  

p a r t   of  each   h a l f - c y c l e   l y i n g   b e t w e e n   t h e s e   t w o  

p o i n t s .   For  t h i s   110V  40  W  lamp  e x a m p l e ,   t h i s  

s t a r t i n g   v o l t a g e   of  170  V  a p p r o x i m a t e l y   c o r r e s p o n d s   t o  



an  a v e r a g e   p r i m a r y   v o l t a g e   ( i . e .   power  s u p p l y   v o l t a g e )  

v a l u e   of  90V.  As  shown  in  T a b l e   1,  t h i s   c o r r e s p o n d s  

to  p h a s e   a n g l e s   of  0 .35   and  0 . 6 5 π   r a d i a n s  

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

126V.  Thus ,   power   i s   w a s t e d   d u r i n g   t h e   p o r t i o n   o f  

e a c h   h a l f - c y c l e   of  t he   power  s u p p l y   v o l t a g e   which   i s  

o u t s i d e   the   r a n g e   f rom  0 . 3 5 π   to  0 . 6 5 π   r a d i a n s ,   t h a t  

i s   to  say  t h e   lamp  is   o n l y   i l l u m i n a t e d   w h i l e   the   p o w e r  

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

In  the   p r i o r   a r t ,   p r o p o s a l s   have  been   made  t o  

e l i m i n a t e   t h i s   w a s t e   of  e n e r g y ,   by  u t i l i z i n g   p h a s e  

c o n t r o l   c i r c u i t   means   to  b l o c k   t he   a p p l i c a t i o n   of  t h e  

power   s u p p l y   v o l t a g e   to  t he   f l u o r e s c e n t   lamp  d u r i n g  

t h o s e   i n i t i a l   and  f i n a l   p o r t i o n s   of  e a c h   h a l f - c y c l e  

which   do  not   c o n t r i b u t e   to  i l l u m i n a t i o n   o u t p u t .  

However   i t   has  been   found   t h a t   s e r i o u s   p r o b l e m s   a r i s e  

w i t h   such  p r i o r   a r t   a r r a n g e m e n t s ,   w i t h   r e g a r d   t o  

f l i c k e r i n g   of  t he   lamp  and  u n r e l i a b i l i t y   of  l i g h t i n g  

o p e r a t i o n .   T h i s   i s   b a s i c a l l y   due  to  t h e   f a c t   t h a t ,  

as  e x p l a i n e d   a b o v e ,   i t   is   n e c e s s a r y   to  m a i n t a i n   a 

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

is   in  o p e r a t i o n ,   in  o r d e r   to  e n s u r e   t h a t   the   s t a r t i n g  

v o l t a g e   is  he ld   at   a  s u i t a b l y   low  v a l u e .   However  w i t h  

such   p r i o r   a r t   d r i v e   s y s t e m s ,   s i n c e   no  c u r r e n t   f l o w s  

t h r o u g h   the   f l u o r e s c e n t   lamp  d u r i n g   each   of  t h e  



b l o c k i n g   i n t e r v a l s ,   a  s u f f i c i e n t l y   h igh   e l e c t r o d e  

t e m p e r a t u r e   c a n n o t   be  m a i n t a i n e d .   A  r i s e   in  s t a r t i n g  

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

v o l t a g e   b e i n g   o n l y   m a r g i n a l l y   s u f f i c i e n t ,   or  too   l o w .  

Th i s   p r o d u c e s   f l i c k e r i n g ,   or  c a u s e s   t he   lamp  to  b e  

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

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

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

m a n n e r .  

With  t h e   p r e s e n t   i n v e n t i o n ,   t h e s e   p r o b l e m s   a r e  

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

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

of  t he   i n t e r v a l s   in  which  a p p l i c a t i o n   of  the   s u p p l y  

v o l t a g e   i s   b l o c k e d ,   i . e .   d u r i n g   the   i n i t i a l   and  l a t t e r  

p o r t i o n s   of  each   h a l f - c y c l e   of  the   power  s u p p l y  

v o l t a g e .   The  c u r r e n t   t h u s   c a u s e d   to  f low  is  h e l d   at  a 

p r e d e t e r m i n e d   low  l e v e l ,   wh ich   is   s u f f i c i e n t   to  e n s u r e  

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

d u r i n g   o p e r a t i o n   of  the   l amp .   I t   is   found  t h a t   a 

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

a c h i e v e d   in  t h i s   way,  w h i l e   r e l i a b l e   f l i c k e r - f r e e  

o p e r a t i o n   of  the   lamp  is  a t t a i n e d .   I t   is  an  i m p o r t a n t  

f e a t u r e   of  t he   p r e s e n t   i n v e n t i o n   t h a t   the   means  f o r  

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

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



fo rmed   of  an  i n d u c t o r   and  a  c a p a c i t o r .  

F i g .   3  shows  t he   r e l a t i o n s h i p   b e t w e e n   r e l a t i v e  

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

a r t   m e t h o d s   of  p h a s e   c o n t r o l   and  fo r   t he   me thod   of  t h e  

p r e s e n t   i n v e n t i o n .   In  t he   f o l l o w i n g ,   t h e  t e r m  

" i g n i t i o n   p h a s e   a n g l e "   w i l l   be  used   to  d e s i g n a t e   t h e  

p o r t i o n   of  e a c h   h a l f - c y c l e   of  t h e   power  s u p p l y   v o l t a g e  

( e x p r e s s e d   in  r a d i a n s )   w h i c h  i s   b l o c k e d   f rom  t r a n s f e r  

to  t he   f l u o r e s c e n t   lamp  by  the   p h a s e   c o n t r o l   c i r c u i t .  

Numera l   10  d e n o t e s   t he   c h a r a c t e r i s t i c   f o r   a  f i r s t  

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

s u p p l y   v o l t a g e   i s   c o m p l e t e l y   b l o c k e d   f rom  t r a n s f e r   t o  

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

in  the   i n i t i a l   p a r t   of  each   h a l f - c y c l e ,   as  i l l u s t r a t e d  

by  h a l f - c y c l e   11.  As  d e s c r i b e d   h e r e i n a b o v e ,   such  a 

method   has  t he   d i s a d v a n t a g e   of  f a i l u r e   to  m a i n t a i n   a 

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

f l u o r e s c e n t   lamp  d u r i n g   o p e r a t i o n .   In  a d d i t i o n ,   a s  

the   i g n i t i o n   p h a s e   a n g l e   i s   i n c r e a s e d   above   a b o u t   0 . 4 π  

r a d i a n s ,   a  s u d d e n   d rop   in  i l l u m i n a t i o n   o u t p u t   o c c u r s ,  

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

lamp  w i l l   c e a s e   o p e r a t i o n .   T h i s   is   due  to  the   f a c t  

t h a t   at  such   l a r g e   p h a s e   a n g l e s ,   t he   i n i t i a l  

i n s t a n t a n e o u s   v o l t a g e   l e v e l   a p p l i e d   to  the   lamp  d u r i n g  

each   h a l f - c y c l e   is   c l o s e   to  t he   peak  v a l u e   of  t h e  



v o l t a g e   w a v e f o r m ,   which   may  f l u c t u a t e   due  to  r i p p l e   o r  

i n t e r f e r e n c e   in  the  power  s u p p l y   v o l t a g e .   Th i s   f a c t ,  

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

the   low  e l e c t r o d e   t e m p e r a t u r e   of  the   lamp  w i l l   r e s u l t  

in  r e d u c e d   l i g h t   o u t p u t   and  f l i c k e r i n g .   Any  i n c r e a s e  

in  t he   i g n i t i o n   phase   a n g l e   beyond   0 .5 τ   r a d i a n s   w i l l  

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

a p p l i e d   to  t he   lamp  be low  t he   peak  v a l u e   of  t h e  

w a v e f o r m ,   r e s u l t i n g   in  f a i l u r e   of  the   lamp  to  o p e r a t e .  

N u m e r a l   12  d e n o t e s   t he   i l l u m i n a t i o n / i g n i t i o n  

p h a s e   a n g l e   c h a r a c t e r i s t i c   fo r   a  s econd   p r i o r   a r t  

m e t h o d   of  p h a s e   a n g l e   c o n t r o l   fo r   dimming  a 

f l u o r e s c e n t   l amp,   wi th   t he   c o r r e s p o n d i n g   h a l f - c y c l e  

w a v e f o r m   13.  In  t h i s   m e t h o d ,   the   power  s u p p l y   v o l t a g e  

is   b l o c k e d   from  t r a n s f e r   to  the   f l u o r e s c e n t   l a m p  

d u r i n g   a  f i r s t   p o r t i o n   P1  and  a l s o   d u r i n g   a  s e c o n d  

p o r t i o n   P2  of  the   power  s u p p l y   v o l t a g e   h a l f - c y c l e .  

Thus ,   v o l t a g e   is   on ly   a p p l i e d   to  the  lamp  d u r i n g   t h e  

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

the   p o r t i o n   in  which  the   a p p l i e d   v o l t a g e   w i l l   r e s u l t  

in  an  i l l u m i n a t i o n   o u t p u t .   As  shown  by  c h a r a c t e r i s t i c  

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

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

a n g l e s   t h a n   is  p o s s i b l e   w i t h   the   f i r s t   m e t h o d  

d e s c r i b e d   a b o v e .   H o w e v e r ,   s i n c e   no  c u r r e n t   is  p a s s e d  



t h r o u g h   the   lamp  d u r i n g   t he   b l o c k i n g   p o r t i o n s   P1  a n d  

P2  of  e a c h   h a l f - c y c l e ,   a  s u f f i c i e n t l y   h i g h   e l e c t r o d e  

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

i g n i t i o n   p h a s e   a n g l e ,   w h i l e   t he   lamp  is   in  o p e r a t i o n .  

T h i s   w i l l   l e a d   to  u n r e l i a b i l i t y   of  o p e r a t i o n   a n d  

f l i c k e r i n g   due  to  i n c r e a s e s   in  the   s t a r t i n g   v o l t a g e  

r e q u i r e d ,   fo r   the   r e a s o n s   d e s c r i b e d   a b o v e ,   so  t h a t  

s u c h   a  f l u o r e s c e n t   lamp  d imming  method   has  no t   b e e n  

pu t   i n t o   p r a c t i c a l   a p p l i c a t i o n .  

Curve   14  shows  t he   i l l u m i n a t i o n / i g n i t i o n   p h a s e  

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

m e t h o d   used   w i t h   t he   p r e s e n t   i n v e n t i o n ,   and  n u m e r a l   15 

d e n o t e s   t he   c o r r e s p o n d i n g   h a l f - c y c l e   w a v e f o r m .   As 

i n d i c a t e d ,   t he   power  s u p p l y   v o l t a g e   is   b l o c k e d   f r o m  

a p p l i c a t i o n   to  t he   lamp  d u r i n g   an  i n i t i a l   p o r t i o n   P1 

and  a  l a t t e r   p o r t i o n   P2  of  each   h a l f - c y c l e ,   as  fo r   t h e  

s e c o n d   p r i o r   a r t   m e t h o d   d e s c r i b e d   a b o v e .   However   a 

l o w - l e v e l   c u r r e n t   of  f i x e d   v a l u e ,   which   w i l l   b e  

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

p a s s e d   t h r o u g h   the   lamp  d u r i n g   each   of  t h e s e   b l o c k i n g  

i n t e r v a l s   P1  and  P2,  as  i n d i c a t e d   by  t he   h a t c h e d  

p o r t i o n s   for   each   of  t h e s e   i n t e r v a l s   in  w a v e f o r m   1 5 .  

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

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

e n s u r e   no  i n c r e a s e   in  t h e   s t a r t i n g   v o l t a g e   l e v e l ,   a s  



d i s c u s s e d   above   wi th   r e f e r e n c e   to  F i g .   2.  Th i s   f a c t  

e n a b l e s   r e l i a b l e ,   f l i c k e r - f r e e   o p e r a t i o n ,   w i th   s m o o t h  

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

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

by  c u r v e   1 4 .  

A l t h o u g h   an  a p p a r a t u s   a c c o r d i n g   to  t he   p r e s e n t  

i n v e n t i o n   has  been  r e f e r r e d   to  in  the   above   as  a 

d imming   a p p a r a t u s ,   i t   w i l l   be  a p p a r e n t   f r o m  

c h a r a c t e r i s t i c   14  in  F i g .   3  t h a t   i t   can  a l s o   b e  

c o n s i d e r e d   as  a  p o w e r - s a v i n g   a p p a r a t u s .   Tha t   is  t o  

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

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

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

o r d e r   of  0 .6n  r a d i a n s .   Thus ,   even  i f   the   i g n i t i o n  

p h a s e   a n g l e   is  he ld   f i x e d   at  such  a  v a l u e ,   or  an  e v e n  

g r e a t e r   v a l u e ,   w i t h   no  v a r i a b l e   d imming  f u n c t i o n   b e i n g  

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

consumed   by  the   lamp  o p e r a t i o n   w i l l   be  a t t a i n e d .   As 

d e s c r i b e d   a b o v e ,   t h i s   is  due  to  the   f a c t   t h a t   n o  

e n e r g y   is   e x p e n d e d   in  u n n e c e s s a r y   h e a t i n g   of  the   l a m p  

above   the   op t imum  t e m p e r a t u r e   r e q u i r e d   to  m i n i m i z e   t h e  

s t a r t i n g   v o l t a g e   v a l u e .  

The  amount   of  e n e r g y   w a s t e d   in  a  c o n v e n t i o n a l  

f l u o r e s c e n t   lamp  which  does  not  u t i l i z e   a  p h a s e  

c o n t r o l   a p p a r a t u s   can  be  e s t i m a t e d   as  f o l l o w s .  



Assuming   t h a t   t he   lamp  does   no t   l i g h t   d u r i n g   e a c h  

h a l f - c y c l e   of  t h e   power  s u p p l y   v o l t a g e   u n t i l   a  p h a s e  

a n g l e   of  0 . 3 5 π   r a d i a n s ,   t h e n   t h e   p r o p o r t i o n   of  p o w e r  

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

c y c l e   is  g i v e n   a s :  

That   i s   to  s a y ,   a p p r o x i m a t e l y   27%  of  the   t o t a l  

power  c o n s u m e d   by  the   lamp  i s   d i s s i p a t e d   in  t h i s  

i n i t i a l   p o r t i o n   of  each   h a l f - c y c l e .   F u r t h e r m o r e ,  

a s s u m i n g   t h a t   t h e   lamp  is   e x t i n g u i s h e d   d u r i n g   e a c h  

h a l f - c y c l e   when  a  p h a s e   a n g l e   of  0 . 8 π   r a d i a n s   i s  

r e a c h e d ,   t h e n   t h e   p r o p o r t i o n   of  t he   t o t a l   p o w e r  

consumed  f rom  t h a t   p o i n t   u n t i l   t he   end  of  the   h a l f -  

c y c l e   is  g i v e n   a s :  

This   means   t h a t   a p p r o x i m a t e l y   10%  of  the   t o t a l  

power  is  d i s s i p a t e d   in  t h i s  . l a t t e r   p o r t i o n   of  e a c h  

h a l f - c y c l e ,   so  t h a t   the   amount   of  power  c o n s u m e d  

d u r i n g   the   t i m e s   in  wh ich   the   lamp  is   p r o d u c i n g   n o  

i l l u m i n a t i o n   i s   a p p r o x i m a t e l y   37%  of  t he   t o t a l   p o w e r  

s u p p l i e d   to  t he   la ;np .   T h i s   is   much  more  t han   i s  

a c t u a l l y   r e q u i r e d   ( i n   c o n j u n c t i o n   w i th   the   p o w e r  

d i s s i p a t e d   as  h e a t   d u r i n g   each   p o r t i o n   of  a  h a l f - c y c l e  

in  which  the   lamp  is   p r o d u c i n g   i l l u m i n a t i o n )   t o  

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



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

e f f e c t i v e l y   s aved   by  an  a p p a r a t u s   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 .  

F i g .   4  i s   a  g e n e r a l   b l o c k   d i a g r a m   to  i l l u s t r a t e  

the   e s s e n t i a l   f e a t u r e s   of  an  a p p a r a t u s   fo r   d i m m i n g  

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

which   c o m p r i s e s   t he   c o m p o n e n t s   shown  w i t h i n   b r o k e n -  

l i n e   o u t l i n e   16.  Numeral   17  d e n o t e s   a  s o u r c e   of  A . C .  

power  s u p p l y   v o l t a g e ,   w h i l e   n u m e r a l   18a  d e n o t e s   a 

d i s c h a r g e   l amp ,   which  is   c o n n e c t e d   in  s e r i e s   w i t h  

b a l l a s t   and  t r a n s f o r m e r   means  19a  c o m p r i s i n g   means  f o r  

s t e p p i n g   up  the   power  s u p p l y   v o l t a g e   from  s o u r c e   17  t o  

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

18a  i f   n e c e s s a r y ,   t o g e t h e r   w i t h   b a l l a s t   means  t o  

s t a b i l i z e   the   lamp  o p e r a t i o n .   A  p l u r a l i t y   of  o t h e r  

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

means  may  be  c o n n e c t e d   in  p a r a l l e l   w i th   the  f i r s t  

s e t ,   i . e .   as  d e s i g n a t e d   18b,  19b  and  18c,   19c  in  F i g .  

4.  For  b r e v i t y   of  d e s c r i p t i o n ,   t he   d i s c h a r g e   l a m p s  

w i l l   be  c o l l e c t i v e l y   r e f e r r e d   to  by  n u m e r a l   17,  a n d  

t h e i r   b a l l a s t   and  t r a n s f o r m e r   means   by  n u m e r a l   1 9 .  

Numera l   22  d e n o t e s   a  phase   c o n t r o l   c i r c u i t   which   i s  

c o n n e c t e d   b e t w e e n   power  s u p p l y   v o l t a g e   s o u r c e   17  a n d  

d i s c h a r g e   lamp  18,  and  which   i n c l u d e s   e l e c t r o n i c  

s w i t c h   means  for   s e l e c t i v e l y   b l o c k i n g   and  t r a n s f e r r i n g  



t h e   power  s u p p l y   v o l t a g e   to  d i s c h a r g e   lamp  19.  T h i s  

s e l e c t i v e   b l o c k i n g   is   p e r f o r m e d   as  i l l u s t r a t e d   by  

w a v e f o r m   15  in  F i g .   3,  i . e .   so  t h a t   t h e   power   s u p p l y  

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

d u r i n g   a  c e n t r a l   p o r t i o n   P3  of  each   h a l f - c y c l e   w h i c h   i s  

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

t h e   peak  v o l t a g e   of  t he   power   s u p p l y   v o l t a g e .  

Numera l   21  d e n o t e s   a  s e r i e s   r e s o n a n c e   c i r c u i t  

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

l e v e l   p r e h e a t i n g   c u r r e n t   w h i c h   is   s u b s t a n t i a l l y  

c o n s t a n t   at  a  p r e d e t e r m i n e d   v a l u e ,   and  wh ich   f l o w s  

b o t h   d u r i n g   the   b l o c k i n g   i n t e r v a l s   P1  and  P 2 ' i n  

w a v e f o r m   15  of  F i g .   3  and  a l s o   d u r i n g   t h e   c o n d u c t i n g  

i n t e r v a l   P3,  of  each   h a l f - c y c l e   of  t he   power  s u p p l y  

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

c u r r e n t   f low  t h r o u g h   the   d i s c h a r g e   lamp  and  t h e r e b y  

m a i n t a i n   t he   r e q u i s i t e   e l e c t r o d e   t e m p e r a t u r e  a s  

d e s c r i b e d   a b o v e .   Th i s   s e r i e s   r e s o n a n c e   c i r c u i t   21  i s  

a r r a n g e d   such   t h a t   the   o u t p u t   ( n o - l o a d )   v o l t a g e  

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

v o l t a g e ,   and  t h a t   the   o u t p u t   v o l t a g e   and  c u r r e n t   a r e  

s u b s t a n t i a l l y   in  p h a s e   w i t h   one  a n o t h e r .  

The  o p e r a t i o n   of  p h a s e   c o n t r o l   c i r c u i t  2 2   i s  

c o n t r o l l e d   by  s i g n a l s   a p p l i e d   from  a  p u l s e   g e n e r a t i n g  

c i r c u i t   20,  which   p r e f e r a b l y   i n c l u d e s   e x t e r n a l l y  



o p e r a b l e   means   for   v a r y i n g   the   i g n i t i o n   p h a s e   a n g l e  

s e t   by  p h a s e   c o n t r o l   c i r c u i t   22,  to  t h e r e b y   v a r y   t h e  

l e v e l   of  i l l u m i n a t i o n   of  d i s c h a r g e   lamp  19  a s  

r e q u i r e d .  

The  o p e r a t i o n   of  such  an  a p p a r a t u s   i s ,  

i l l l u s t r a t e d   by  the   wave fo rm  d i a g r a m s   of  F i g .   5 ( a )   t o  

( e ) .   F i g .   4 ( a )   shows  the   w a v e f o r m   of  t he   power  s u p p l y  

v o l t a g e   f rom  s o u r c e   17.  In  r e s p o n s e   to  s i g n a l s   f r o m  

p u l s e   g e n e r a t i n g   c i r c u i t   20,  p h a s e   c o n t r o l   c i r c u i t   22 

t r a n s f e r s   t he   power  s u p p l y   v o l t a g e   to  d i s c h a r g e   l a m p  

18  ( v i a   b a l l a s t   and  t r a n s f o r m e r   means  19)  d u r i n g   a 

p o r t i o n   of  each   h a l f - c y c l e   of  t he   power  s u p p l y   v o l t a g e  

w a v e f o r m   from  T1  to  T2,  as  shown  in  F i g .   5 ( b ) .   The  

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

18  is  shown  in  F i g .   5 ( d ) .   At  t he   same  t i m e ,   a 

p r e h e a t i n g   c u r r e n t   h a v i n g   the   w a v e f o r m   shown  in  F i g .  

5 ( c )   f l o w s   t h r o u g h   d i s c h a r g e   lamp  18,  r e s u l t i n g   f r o m  

the   o u t p u t   v o l t a g e   from  s e r i e s   r e s o n a n c e   c i r c u i t   2 1 ,  

t h i s   c u r r e n t   h a v i n g   a  f i x e d   maximum  l e v e l   and  b e i n g   i n  

p h a s e   w i t h   the   power  s u p p l y   v o l t a g e   as  shown.   As  a 

r e s u l t ,   t he   t o t a l   c u r r e n t   f low  in  d i s c h a r g e   lamp  18 

has  the   c o m p o s i t e   wave fo rm  shown  in  F i g .   4 ( e ) .  

R e f e r r i n g   now  to  F i g .   6 , a   more  d e t a i l e d   c i r c u i t  

d i a g r a m   of  an  e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n   i s  

shown,   h a v i n g   the   b a s i c   c o n f i g u r a t i o n   shown  in  F i g .   4 .  



The  s e r i e s   r e s o n a n c e   c i r c u i t   21  c o m p r i s e s   a  c a p a c i t o r  

52  and  i n d u c t o r   54,  w i t h   t he   v a l u e s   of  t h e s e  

c o m p o n e n t s   b e i n g   s e l e c t e d   (and  w i t h   t he   i n d u c t a n c e   o f  

i n d u c t o r   54  b e i n g   a d j u s t a b l e ,   i f   n e c e s s a r y )   such  as  t o  

p r o v i d e   the   r e q u i r e d   l e v e l   of  p r e h e a t i n g   c u r r e n t   f l o w .  

I n d u c t o r   54  may  c o m p r i s e   a  s a t u r a b l e   r e a c t o r ,   h o w e v e r  

t h i s   i s   not   an  e s s e n t i a l   r e q u i r e m e n t .   The  p h a s e  

c o n t r o l   c i r c u i t   22  c o m p r i s e s   an  e l e c t r o n i c   s w i t c h  

c o m p r i s i n g   a  d i o d e   b r i d g e   c i r c u i t   made  up  of  d i o d e s  

22  to  30,  c o m b i n e d   w i t h   a  t r a n s i s t o r   34.  A  c a p a c i t o r  

40  and  r e s i s t o r   42  p r o v i d e   p r o t e c t i o n   fo r   t r a n s i s t o r  

34.  Numera l   32  d e n o t e s   a  s a t u r a b l e   r e a c t o r   which   i s  

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

which   may  e n t e r   froln  t he   power  s o u r c e   17  or  a r e  

g e n e r a t e d   by  t he   s w i t c h i n g   a c t i o n   of  t r a n s i s t o r   3 4 .  

Such  m e a n s  f o r   e l i m i n a t i n g   or  a t t e n u a t i n g   v o l t a g e  

t r a n s i e n t s   have  been  found   to  g r e a t l y   e n h a n c e   t h e  

r e l i a b i l i t y   of  o p e r a t i o n   of  such  an  a p p a r a t u s ,   and  may 

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

e . g .   an  i n d u c t a n c e - c a p a c i t a n c e   f i l t e r .  

The  p u l s e   g e n e r a t i n g   c i r c u i t   18  c o m p r i s e s   a  f u l l -  

wave  r e c t i f i e r   c i r c u i t   44,  for   r e c t i f y i n g   the   p o w e r  

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

w a v e f o r m   shown  in  F i g .   9 ( a ) ,   is   a p p l i e d   to  a  l e v e l  

d e t e c t i o n   c i r c u i t   46  h a v i n g   a  low  d e g r e e   of  l e v e l  



s e n s i n g   h y s t e r e s i s ,   such  as  a  s u i t a b l y   a d j u s t e d  

S c h m i t t   t r i g g e r   c i r c u i t .   Such  a  S c h m i t t   c i r c u i t  i s  

i l l u s t r a t e d   in  F ig .   8,  w h i l e   a  s u i t a b l e   f u l l - w a v e  

r e c t i f i e r   c i r c u i t   is   shown  in  F ig .   7.  C o n t r o l   p u l s e s  

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

shown  in  F i g .   9 ( b ) ,   are   i n p u t   to  a  p u l s e   a m p l i f i e r  

c i r c u i t   48.  As  shown ,   each  of  t h e s e   p u l s e s   i s  

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

the   peak  v a l u e   of  t he   power   s u p p l y   v o l t a g e ,   i . e .  

c o r r e s p o n d s   to  p o r t i o n   P3  of  each  h a l f - c y c l e   a s  

d e s c r i b e d   h e r e i n a b o v e   w i t h   r e f e r e n c e   to  F i g .   3.  The  

w i d t h   cf  t h e s e   p u l s e s ,   which   d e t e r m i n e s   t h e   m a g n i t u d e  

of  the   i g n i t i o n   p h a s e   a n g l e   and  hence   the   i l l u m i n a t i o n  

l e v e l   p r o v i d e d   by  d i s c h a r g e   lamp  18,  can  be  c o n t r o l l e d  

by  a c t u a t i o n   of  an  e x t e r n a l   o p e r a t i n g   member   c o u p l e d  

to  a  p o t e n t i o m e t e r   47  p r o v i d e d   in  l e v e l   d e t e c t i o n  

c i r c u i t   46  to  va ry   the  d e t e c t i o n   t h r e s h o l d   l e v e l .  

The  c o n t r o l   p u l s e s   from  a m p l i f i e r   48  a r e  

a p p l i e d   to  t h e   base   of  t r a n s i s t o r   34,  so  t h a t   t h e  

power   s u p p l y   v o l t a g e   is  t r a n s f e r r e d   to  d i s c h a r g e   l a m p  

19  o n l y   d u r i n g   each   p o r t i o n   P3  of  a  h a l f - c y c l e   in   w h i c h  

a  c o n t r o l   p u l s e   is   a p p l i e d   from  p u l s e  

g e n e r a t i n g   c i r c u i t   20  to  the   base   of  t r a n s i s t o r   3 4 ,  

t h e r e b y   r e n d e r i n g   t r a n s i s t o r   34  c o n d u c t i v e .  

It  w i l l   be  a p p a r e n t   t h a t   t h i s   e m b o d i m e n t   may  be  



m o d i f i e d   in  v a r i o u s   ways,   e . g   o t h e r   t y p e s   o f  

e l e c t r o n i c   s w i t c h   may  be  u t i l i z e d ,   o t h e r   t y p e s   o f  

l e v e l   d e t e c t i o n   c i r c u i t ,   e t c .  

F i g .   10  i l l u s t r a t e s   t h e   r e l a t i o n s h i p   b e t w e e n   p o w e r  

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

a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n ,   as  i l l u s t r a t e d   b y  

c u r v e   58,  and  for   the   f i r s t   and  s e c o n d   p r i o r   a r t   p h a s e  

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

by  c u r v e s   60  and  62  r e s p e c t i v e l y .   I t   can  be  seen  f r o m  

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

c o n s u m p t i o n   can  be  a t t a i n e d   by  an  a p p a r a t u s   a c c o r d i n g  

to  t he   p r e s e n t   i n v e n t i o n ,   and  t h a t   t h i s   r e d u c t i o n   i s  

i n c r e a s i n g l y   s i g n i f i c a n t   as  t h e   i g n i t i o n   phase   a n g l e  

is   i n c r e a s e d .  

I t   can  be  u n d e r s t o o d   from  the   above   d e s c r i p t i o n  

t h a t   an  a p p a r a t u s   for  d imming   d i s c h a r g e   l a m p s  

a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   can  have  a  s i m p l e  

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

be  c o n n e c t e d   d i r e c t l y   to  an  e x i s t i n g   d i s c h a r g e   l a m p  

i n s t a l l a t i o n   w i t h o u t   m o d i f i c a t i o n   to  any  e x i s t i n g  

b a l l a s t   or  t r a n s f o r m e r   means  in  t h a t   i n s t a l l a t i o n .  

In  a d d i t i o n   to  e n a b l i n g   a  g r e a t e r   r a n g e   of  c o n t r o l   o f  

lamp  i l l u m i n a t i o n   w i th   r e l i a b l e   f l i c k e r - f r e e   o p e r a t i o n  

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

a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s   a 



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

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

A l t h o u g h   the   p r e s e n t   i n v e n t i o n   has  b e e n  

d e s c r i b e d   in  t he   above   wi th   r e f e r e n c e   to  s p e c i f i c  

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

and  m o d i f i c a t i o n s   to  the   e m b o d i m e n t s   may  be  e n v i s a g e d ,  

wh ich   f a l l   w i t h i n   the   s c o p e   c l a i m e d   for   t he   i n v e n t i o n  

as  s e t   out   in  the   a p p e n d e d   c l a i m s .   The  a b o v e  

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

d e s c r i p t i v e   and  not   in  a  l i m i t i n g   s e n s e .  

A l t h o u g h   i n   t h e   a b o v e   e m b o d i m e n t   t h e   power   s u p p l y  

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

d u r i n g   i n t e r v a l   P3,  i t   i s   e q u a l l y   p o s s i b l e   to   p e r f o r m  

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

t h e   power   s u p p l y   v o l t a g e   d u r i n g   each   i n t e r v a l   P3,  as  i s  

known  in  t h e   p r i o r   a r t .   T h i s   w i l l   no t   a l t e r   t h e   i m p o r t a n t  

c o n c e p t s   of  t h e   p r e s e n t   i n v e n t i o n .  



1.  An  a p p a r a t u s   for   d imming   a  d i s c h a r g e   l a m p ,  

a d a p t e d   to  be  c o u p l e d   b e t w e e n   a  s o u r c e   of  an  A . C .  

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

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

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

s u p p l y   v o l t a g e   to  s ,- id  d i s c h a r g e   lamp  and  b a l l a s t  

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

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

a  h a l f - c y c l e   of  s a i d   power   s u p p l y   v o l t a g e ,   and  f o r  

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

s a i d   d i s c h a r g e   lamp  and  b a l l a s t   means  d u r i n g   t h e  

r e m a i n i n g   p o r t i o n s   of  s a i d   h a l f - c y c l e   wh ich   p r e c e d e  

and  s u c c e e d   s a i d   c e n t r a l   p o r t i o n ,   a n d ;  

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

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

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

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

c a p a c i t o r ,   wi th   t he   v a l u e s   of  i n d u c t a n c e   a n d  

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

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

s a i d   d i s c h a r g e   lamp  and  b a l l a s t   means   d u r i n g   e a c h  

h a l f - c y c l e   of  s a i d   power  s u p p l y   v o l t a g e   i n c l u d i n g  

s a i d   p o r t i o n s   t h e r e o f   in  wh ich   b l o c k i n g   by  s a i d  

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



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

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

and  b a l l a s t   means  d u r i n g   s a i d   c o n d u c t i o n   i n t e r v a l s .  

2.  An  a p p a r a t u s   fo r   d imming  a  d i s c h a r g e   l a m p  

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

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

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

the   a p p l i c a t i o n   of  s a i d   power  s u p p l y   v o l t a g e   to  s a i d  

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

g e n e r a t i n g   c o n t r o l   p u l s e s   to  e n a b l e   c o n d u c t i o n   by  s a i d  

e l e c t r o n i c   s w i t c h   m e a n s ,   t he   w i d t h   of  s a i d   c o n t r o l  

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

c o n d u c t i o n   i n t e r v a l s .  

3.  An  a p p a r a t u s   for   d imming  a  d i s c h a r g e   l a m p  

a c c o r d i n g   to  c l a i m   2,  in  which  s a i d   p u l s e   g e n e r a t i n g  

c i r c u i t   c o m p r i s e s   a  f u l l - w a v e   r e c t i f i e r   c i r c u i t  

c o u p l e d   to  s a i d   power  s u p p l y   v o l t a g e   s o u r c e   f o r  

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

a  l e v e l   d e t e c t i o n   c i r c u i t  " f o r   i n i t i a t i n g   a n d  

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

wave  v o l t a g e   w a v e f o r m   e x c e e d s   and  f a l l s   be low  a 

p r e d e t e r m i n e d   l e v e l ,   r e s p e c t i v e l y .  

4.  An  a p p a r a t u s   for   d imming  a  d i s c h a r g e   l a m p  

a c c o r d i n g   to  c l a i m   3,  and  f u r t h e r   c o m p r i s i n g  

e x t e r n a l l y   o p e r a b l e   means  c o u p l e d   to  s a i d   l e v e l  



d e t e c t i o n   c i r c u i t   fo r   c o n t r o l l i n g   the   d e t e c t i o n   l e v e l  

t h e r e o f ,   to  t h e r e b y   c o n t r o l   t he   d u r a t i o n   of  each   o f  

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

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

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