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©  Circuit  and  method  for  controlling  the  output  Illumination  of  one  or  more  gas  discharge  lamps. 

An  integral  ballast  and  control  circuit  (40)  provides 
control  of  the  output  illumination  through  a  timed  interval 
controlled  impedance  (62),  serially  coupled  between  a 
winding  of  a  magnetic  ballast  and  series  connected  gas 
discharge  lamps  (12,14).  When  in  its  non-conducting  state, 
the  controlled  impedance  62  interrupts  the  lamp  discharge 
current.  A  timed  control  signal  is  applied  to  the  impedance 
62  at  a  gate  electrode  62  by  a  control  circuit  60  which 
receives  power  and  timing  signals  from  the  magnetic  ballast. 
The  illumination  level  adjacent the  lamps  (12,14)  is  sensed  by 
photocell  (72)  connected  by  leads  (66)  to  the  control  circuit 
(60),  which  includes  two  control  loops,  one  responding  to  the 
photocell  output  and  the  other  to  the  lamp  discharge  current 
sensed  adjacent  the  controlled  impedance  (62). 



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

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

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

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

t r a n s f o r m e r   p r i m a r y   w i n d i n g   and  t h e   gas  d i s c h a r g e   l a m p s .  

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

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

l a m p s .   One  e x a m p l e   of  a  s y s t e m   p r o v i d i n g   lamp  d i m m i n g   i n  

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

U.S .   P a t e n t   No.  4 , 1 9 7 , 4 8 5 .   D e f i c i e n c i e s ,   h o w e v e r ,  

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

n e t   e f f i c i e n c y   ( l u m e n   o u t p u t   p e r   w a t t a g e   i n p u t )   of   t h e  

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

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

An  a l t e r n a t i v e   commonly   e m p l o y e d   to  i n c r e a s e   o v e r a l l  

e f f i c i e n c y   in   d i m m i n g   s y s t e m s   is   to   c o n v e r t   l i n e   r e q u e n c y  

to   h i g h e r   f r e q u e n c i e s .   U .S .   P a t e n t s   Nos.  4 , 2 0 7 , 4 9 7   a n d  

4 , 2 0 7 , 4 9 8   a r e   i l l u s t r a t i v e   of  t h i s   t e c h n i q u e .  

I t   i s   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   p r o v i d e  

e f f i c i e n t   and  e f f e c t i v e   d i m m i n g   or  c o n t r o l l i n g   of  t h e  

l i g h t i n g   o u t p u t   of  f l u o r e s c e n t   l i g h t i n g   f i x t u r e s   or  o t h e r  

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

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

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

e n c o u n t e r e d .  

E u r o p e a n   p a t e n t   a p p l i c a t i o n s   Nos.  82  3 0 3 4 5 2 . 5   a n d  

82  3 0 5 2 8 3 . 2   a r e   c o n c e r n e d   w i t h   c o n t r o l   c i r c u i t s  

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

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

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

f o r   use  in  p r e v i o u s l y   d e s i g n e d   l i g h t i n g   u n i t s ,   e i t h e r  

b e f o r e   m a r k e t   or  a f t e r   m a r k e t ,   w h e r e i n   t he   s t a n d a r d  



m a g n e t i c   b a l l a s t   i s   u t i l i z e d   in  a  t w o - l a m p   or  f o u r - l a m p  

l i g h t i n g   s y s t e m ,   r e s p e c t i v e l y .   In  o r d e r   to   be  c a p a b l e   o f  

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

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

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

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

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

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

to   t h e   o p e r a t i o n   of  t h e   c o n t r o l   c i r c u i t r y .  

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

Nos .   82  3 0 3 4 5 2 . 5   and  82  3 0 5 2 8 3 . 2   p r o v i d e   d e t a i l e d  

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

s y s t e m s   s i m i l a r   to  t h a t   of  t h e   p r e s e n t   i n v e n t i o n .   W h i l e  

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

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

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

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

and  m a g n e t i c   b a l l a s t   to  be  u s e d   i n s t e a d   of  a  s t a n d a r d  

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

The  p r e s e n t   i n v e n t i o n   c o n c e r n s   an  a p p a r a t u s   a n d  

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

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

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

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

l i n e   f r e q u e n c y .   E x c e l l e n t   p o w e r   f a c t o r   i s   m a i n t a i n e d  

w h i l e   p r o v i d i n g   i l l u m i n a t i o n   c o n t r o l   f rom  10  t o   1  d i m m i n g ,  

and  e x c e l l e n t   c u r r e n t   c r e s t   f a c t o r   in   a d d i t i o n   to   r e d u c e d  

l amp  c u r r e n t   and  r e d u c e d   b a l l a s t   l o s s e s   a r e   o b t a i n e d .  

C o n t r o l   of   i l l u m i n a t i o n   i s   p r o v i d e d   by  a  t i m e d   i n t e r v a l  

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

w i n d i n g   of   a  m a g n e t i c   b a l l a s t   and  t h e   l a m p s .   A  c u r r e n t  

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

p o w e r   s o u r c e   and  t h e   l amps   d u r i n g   t h e   p o r t i o n   of  t he   AC 

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

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

p r o v i d e s   f o r   s u b s t a n t i a l l y   no  r e d u c t i o n   in  t h e   c a t h o d e  



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

i s   c o n n e c t e d   to  a  p o w e r   s o u r c e .   I l l u m i n a t i o n   c o n t r o l   i s  

p o s s i b l e   in  t h e   r a n g e   of  10%  to   100%  of  f u l l   i n t e n s i t y  

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

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

As  n o t e d   a b o v e ,   a  c i r c u l a t i n g   i n d u c t o r   was  f o u n d   t o  

be  n e c e s s a r y   in  o r d e r   to  a d e q u a t e l y   and  e f f i c i e n t l y  

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

m a g n e t i c   b a l l a s t   of  one  of  a  n u m b e r   of  m a n u f a c t u r e r s   w a s  

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

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

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

i n t e g r a l   b a l l a s t   and  c o n t r o l   c i r c u i t   a r r a n g e m e n t   i s  

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

e n t i r e   b a l l a s t   of  e x i s t i n g   l i g h t i n g   s t r u c t u r e s .   As  a  

r e s u l t ,   t h e   c i r c u l a t i n g   i n d u c t o r   can   be  e l i m i n a t e d .   M o r e  

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

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

m a g n e t i c   b a l l a s t   a r r a n g e m e n t   can   be  u t i l i z e d   fo r   b o t h  

f u n c t i o n s .   A d d i t i o n a l l y ,   no  l i m i t a t i o n s   a r e   i m p o s e d   u p o n  

t h e   c o n n e c t i o n   of  t he   i l l u m i n a t i o n   c o n t r o l   c i r c u i t r y   t o  

t h e   m a g n e t i c s   as  in  t he   c a s e   of  a  s t a n d a r d   m a g n e t i c  

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

i l l u m i n a t i o n   c o n t r o l   a t   any  p o i n t   i n t e r n a l   to   t h e  

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

u n i t .  

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

h e r e i n a f t e r .   The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  m o r e  

d e t a i l ,   s o l e l y   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e  

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

F i g .   1  i l l u s t r a t e s   a  c o n v e n t i o n a l   m a g n e t i c   b a l l a s t ,  

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

F i g .   2  i l l u s t r a t e s   one  e m b o d i m e n t   of  t h e  

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

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

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



F i g .   4  i l l u s t r a t e s ,   in  b l o c k   d i a g r a m   f o r m a t ,   a  

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

F i g .   5  i l l u s t r a t e s   a  s p e c i f i c   e m b o d i m e n t   of  t h e  

i n v e n t i o n .  

In  t h e   d r a w i n g s ,   F i g .   1  i l l u s t r a t e s   a  c o n v e n t i o n a l  

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

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

i n v e n t i o n .   A  s t a n d a r d   m a g n e t i c   b a l l a s t   10,  w h i c h   i s  

e s s e n t i a l l y   a  c o m p l e x   t r a n s f o r m e r   wound  on  an  i r o n   c o r e ,  

d r i v e s   two  s e r i a l l y   c o n n e c t e d   gas   d i s c h a r g e   ( f l u o r e s c e n t  

t y p e )   l a m p s   12  and  14.  As  u s e d   in   F i g .   1,  t h e   b a l l a s t   1 0  

i n c l u d e s   t h r e e   l e a d   p a i r s   20 ,   22  and  24,   e ach   of  w h i c h   i s  

d r i v e n   f rom  a  w i n d i n g   in   t h e   b a l l a s t   10.   The  b a l l a s t   a l s o  

i n c l u d e s   a  s t a r t i n g   c a p a c i t o r   26  and  a  s e r i e s   c a p a c i t o r  

28,  t h e   l a s t   of   w h i c h   s e r v e s   t o   c o r r e c t   f o r   p o w e r   f a c t o r .  

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

f o r   c a t h o d e s   of   t h e   l amps   12  and   14,  w h i l e   p o w e r   f o r  

d r i v i n g   t h e   l amps   in  s e r i e s   i s   p r o v i d e d   b e t w e e n   t h e   l e a d  

p a i r s   20  and   24 .   The  b a l l a s t   10  i s   c o n n e c t e d   to  an  AC 

p o w e r   s o u r c e   t h r o u g h   two  l e a d s   30  and  3 2 .  

F i g .   2  i l l u s t r a t e s   one   e m b o d i m e n t   of  t h e   g a s  

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

i n v e n t i o n .   To  f a c i l i t a t e   i l l u s t r a t i o n ,   c o n v e n t i o n a l  

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

gas   d i s c h a r g e   l a m p s .   H o w e v e r ,   t h e   a p p l i c a b i l i t y   of  t h e  

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

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

u n d e r s t o o d .   W h i l e   o n l y   f l u o r e s c e n t   l amps   a r e   shown  in  t h e  

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

e x p a n d a b l e   to   more  t h a n   two  l a m p s .  

In  F i g .   2,  a  f i r s t   e m b o d i m e n t   of  an  i n t e g r a l   b a l l a s t -  

c o n t r o l   a p a r a t u s   40  a c c o r d i n g   to   t h e   i n v e n t i o n   is   s h o w n  

c o n n e c t e d   to   two  f l u o r e s c e n t   l a m p s   12  and  14  t h r o u g h   t h r e e  

l e a d   p a i r s   20,   22  and  24.   The  i n t e g r a l   b a l l a s t - c o n t r o l  

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

b a l l a s t   10  in   F i g .   1,  w i t h   t h e   e x c e p t i o n   of  an  a d d i t i o n a l  



w i n d i n g   42  p r o v i d i n g   a  low  v o l t a g e   s o u r c e   f o r   c o n t r o l   o f  

t h e   l i g h t i n g   s y s t e m .   A  p r i m a r y   w i n d i n g   44  of   t h e  

m a g n e t i c s   or  t r a n s f o r m e r   i s   c o n n e c t e d   to  an  AC  p o w e r  

s o u r c e   a t   a  p a i r   of  l e a d s   30  and  32  as  in  t h e   c a s e   of  t h e  

b a l l a s t   10  in   F i g .   1.  The  i n t e g r a l   b a l l a s t - c o n t r o l  

a p p a r a t u s   40  f u r t h e r   i n c l u d e s   a  s t a r t i n g   c a p a c i t o r   26  a n d  

a  s e r i e s   c a p a c i t o r   28  as  e x p l a i n e d   a b o v e .   T h r e e   s e c o n d a r y  

w i n d i n g s   46 ,   48  and  50  a r e   c o n n e c t e d   t h r o u g h   t h e   l e a d  

p a i r s   20 ,   22  and  24,   r e s p e c t i v e l y ,   to   t h e   f l u o r e s c e n t  

l a m p s   12  and   14.   E n e r g y   to   h e a t   c a t h o d e s   of  t h e   two  l a m p s  

12  a n d   14  i s   c o u p l e d   f rom  t h e   l e a d   p a i r   22  t h r o u g h   t h e  

w i n d i n g   48 .   The  v o l t a g e   a c r o s s   t he   l e a d   p a i r   22  i s  

t y p i c a l l y   a b o u t   3 . 6   v o l t s   as  a  r e s u l t   of  t h e   r a t i o   o f  

w i n d i n g s   on  p r i m a r y   44  o p p o s e d   to  t he   w i n d i n g   48.   T h e  

m u l t i - w i n d i n g   t r a n s f o r m e r   i s   p r e f e r a b l y   wound  on  a  

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

l o w e r   m a g n e t i z a t i o n   c u r r e n t .  

C o n t r o l   of  t he   p o w e r   d e l i v e r e d   to  t he   gas   d i s c h a r g e  

l a m p s   12  and   14  i s   o b t a i n e d   t h r o u g h   t h e   use  of  a  c o n t r o l  

c i r c u i t   60  and  a  c o n t r o l l e d   i m p e d a n c e   62.   The  w i n d i n g   4 2  

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

w i n d i n g   44  in   o r d e r   to  a c h i e v e   a  s t e p - d o w n   of  v o l t a g e .   I n  

a  c o n v e n t i o n a l   120  v o l t   s y s t e m ,   t h e   w i n d i n g   42  p r e f e r a b l y  

p r o v i d e s   a b o u t   18  v o l t s   AC  b e t w e e n   t h e   o u t p u t   l e a d s .   T h i s  

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

c i r c u i t   6 0 .  

The  c o n t r o l l e d   i m p e d a n c e   62  h a s   i t s   ma in   c u r r e n t  

c o n d u c t i o n   p a t h   c o u p l e d   f rom  t h e   p r i m a r y   w i n d i n g   44  t o   o n e  

of  t h e   s e c o n d a r y   w i n d i n g s .   The  c o n t r o l   c i r c u i t   6 0  

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

c o n t r o l   e l e c t r o d e   of  t h e   i m p e d a n c e   62.  In  p r a c t i c e ,   t h e  

c o n t r o l   c i r c u i t   60  i s   e f f e c t i v e   to  d r i v e   t he   i m p e d a n c e   6 2  

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

p o r t i o n   of  e ach   h a l f   c y c l e   of  t he   AC  l i n e   v o l t a g e .  

The  c o n t r o l l e d   i m p e d a n c e   62  i s   p r e f e r a b l y   a  

c o n t r o l l e d   s w i t c h   w h i c h   can  p r o v i d e   e i t h e r   an  open  c i r c u i t  



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

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

e l e c t r o d e   of  t h e   i m p e d a n c e .   I t   w i l l   be  a p p r e c i a t e d   t h a t  

t h e   s t a t e   of  t h e   c o n t r o l l e d   i m p e d a n c e   62  ( c o n d u c t i v e   o r  

n o n c o n d u c t i v e )   w i l l   d e t e r m i n e   w h e t h e r   t h e   lamp  c u r r e n t  

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

c o n t r o l l e d   i m p e d a n c e   62  i s   in   i t s   c o n d u c t i v e   s t a t e ,   t h e r e  

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

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

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

o n l y   i s   s u p p l i e d   to   t h e   c a t h o d e s   of  t h e   l amps   as  d e t a i l e d  

h e r e i n a f t e r .  

The  g a t e   e l e c t r o d e   64  o f   t h e   c o n t r o l l e d   i m p e d a n c e   6 2 ,  

w h i c h   is  a  TRIAC  in  t h i s   e x a m p l e ,   i s   c o u p l e d   to   t h e   o u t p u t  

of   t h e   c o n t r o l l e d   c i r c u i t   60 .   In  t h e   a b s e n c e   of  a n  

a c t i v a t i n g   s i g n a l   a t   t h e   g a t e ,   t h e   TRIAC  62  p r e s e n t s   a  

v e r y   h i g h   i m p e d a n c e   b e t w e e n   t h e   p r i m a r y   44  and  t h e   l a m p s .  

When  an  a c t i v a t i n g   s i g n a l   i s   a p p l i e d   a t   t h e  g a t e ,   t h e  

TRIAC  t u r n s   on,   t h e r e b y   p r e s e n t i n g   a  low  i m p e d a n c e   ( i . e .  

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

T h e r e a f t e r ,   t h e   TRIAC  62  r e m a i n s   c o n d u c t i v e   u n t i l   t h e  

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

p r e d e t e r m i n e d   e x t i n g u i s h i n g   c u r r e n t .   The  TRIAC  62  

c o n d u c t s   in   b o t h   d i r e c t i o n s   u p o n   b e i n g   t r i g g e r e d ;   h o w e v e r ,  

t h e   TRIAC  w i l l   t u r n   o f f   d u r i n g   e a c h   c y c l e   of  an  AC  s i g n a l  

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

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

p r e f e r r e d   e m b o d i m e n t s ,   t h e   TRIAC  62  i s   r e t r i g g e r 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   p o w e r   s i g n a l .   By  v a r y i n g   t h e   d e l a y  

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

p r o p o r t i o n   of   e a c h   h a l f - c y c l e   o v e r   w h i c h   TRIAC  62  c o n d u c t s  

and  t h e r e b y   t h e   o v e r a l l   p o w e r   d e l i v e r e d   to  t h e   l a m p s .  

F i g .   3  i l l u s t r a t e s   an  a l t e r n a t i v e   i n t e g r a l   b a l l a s t -  

c o n t r o l   a p p a r a t u s   40 '   c o n n e c t e d   to   two  f l u o r e s c e n t   l a m p s  

12  and  14  t h r o u g h   t h r e e   l e a d   p a i r s   20,  22  and  24.   T h e  

c i r c u i t   i s   s i m i l a r   to   t h a t   shown  in  F i g .   2  w i t h   t h e  



e x c e p t i o n   t h a t   t h e   c o n t r o l   c i r c u i t   60  and  t h e   c o n t r o l l e d  

i m p e d a n c e   62  a r e   l o c a t e d   b e t w e e n   the   p r i m a r y   w i n d i n g   4 4  

and  one  of  t h e   l e a d   p a i r   20  t o   t he   lamp  12.   O p e r a t i o n   o f  

t h e   i n t e g r a l   b a l l a s t - c o n t r o l   a p p a r a t u s e s   40  and   40 '   i s  

i d e n t i c a l   and  w i l l   be  e x p l a i n e d   h e r e i n a f t e r   in   d e t a i l .   I n  

t h e   c a s e   of  e i t h e r   i n t e g r a l   b a l l a s t - c o n t r o l   a p p a r a t u s   4 0  

or   4 0 ' ,   when  t h e   c o n t r o l l e d   i m p e d a n c e   62  i s   in  a  

c o n d u c t i v e   s t a t e ,   p o w e r   i s   p r o v i d e d   to   t h e   l a m p s   12  and  1 4  

by  t h e   c o n d u c t i o n   t h r o u g h   t h e   c o n t r o l l e d   i m p e d a n c e .   P o w e r  

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

c o n t r o l l e d   i m p e d a n c e   62  b u t   in  an  a m o u n t   c o n s i d e r a b l y   l e s s  

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

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

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

c o n t r o l l e d   i m p e d a n c e   62.   The  c o n t r o l   c i r c u i t   60  of  F i g s .  

2  and  3  f u r t h e r   i n c l u d e s   a  l e a d   p a i r   66  i n t e n d e d   to  b e  

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

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

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

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

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

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

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

R e f e r r i n g   to   F i g .   4,  t h e r e   i s   shown  in  b l o c k   d i a g r a m  

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

c i r c u i t   60 .   B r o a d l y   s t a t e d ,   t h e   c o n t r o l   s c h e m e   c o n s i s t s  

of   two  f e e d b a c k   l o o p s ,   a  f i r s t   l oop   c o n t r o l l i n g   l a m p  

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

l o o p   c o n t r o l l i n g   l i g h t i n g   i n t e n s i t y .   The  f i r s t   l oop   s e t s  

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

i n d i c a t e d   in  F i g .   4  by  d a s h e d   l i n e   c o n n e c t i o n s   a n d  

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

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

i m p e d a n c e   62.   The  lamp  c u r r e n t   is   c o n v e r t e d   i n t o   a  

v o l t a g e   by  a  c u r r e n t - t o - v o l t a g e   t r a n s d u c e r   70  r e s u l t i n g   i n  

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



c a t h o d e   of   t h e   i m p e d a n c e   62.   T h i s   s i g n a l   i s   a  d i r e c t  

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

c u r r e n t   r e g u l a t i o n   by  t h e   c i r c u i t r y .   The  s e c o n d   f e e d - b a c k  

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

s i g n a l .   As  i l l u s t r a t e d   in  F i g .   4,  t h e   p h o t o c e l l   72  i s  

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

t h e   gas   d i s c h a r g e   l amps   12  and  14  and   t h u s   p r o d u c e   a  

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

l e v e l   of  t h e   l amps   and  t h e   a m b i e n t   l i g h t   l e v e l   in  t h e  

i m m e d i a t e   v i c i n i t y .  

A  c o m p a r a t o r   means   74  c o m p a r e s   t h e   o u t p u t   of  t h e  

p h o t o c e l l   72  w i t h   a  r e f e r e n c e   s i g n a l ,   VREF,  w h i c h   may  b e  

e s t a b l i s h e d   e i t h e r   i n t e r n a l l y   or   e x t e r n a l l y   ( n o t   s h o w n ) .  

The   o u t p u t   s i g n a l   of  t h e   c o m p a r a t o r   74  i s   s u p p l i e d   to  a n  

i n t e g r a t o r   76,   w h i c h   f u n c t i o n s   to   a t t e n u a t e   r e s p o n s e s  
c a u s e d   by  a m b i e n t   l i g h t i n g   p e r t u r b a t i o n s   or  t h e   l i k e .   I n  

o r d e r   to   r e s t r i c t   t h e   o u t p u t   s i g n a l   of   i n t e g r a t o r   76  t o  

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

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

t o   a  s i g n a l   l i m i t e r   78.   The  f i r s t   and  s e c o n d   c o n t r o l  

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

r e s p e c t i v e l y ,   a r e   s u p p l i e d   to   a  summing   means   80,  w h i c h  

p r o d u c e s   a  d i f f e r e n t i a l   s i g n a l ,   VERROR.  C l e a r l y ,   i f   n o  

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

s i g n a l s   w o u l d   be  i d e n t i c a l   and  VERROR  w o u l d   be  e q u i v a l e n t  

t o   z e r o .   The  d i f f e r e n t i a l   s i g n a l   f rom  t h e   summing  m e a n s  

80  i s   s u p p l i e d   to   an  i n t e g r a t o r   means   82  i n   o r d e r   t o  

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

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

v o l t a g e - c o n t r o l l e d   o n e - s h o t   means   84  w h i c h   c o n t r o l s   t h e  

f i r i n g   o f   t h e   c o n t r o l l e d   i m p e d a n c e   62 .   The  o u t p u t   of  t h e  

i n t e g r a t o r   82  a d v a n c e s   t h e   t i m i n g   of  t h e   v o l t a g e -  

c o n t r o l l e d   o n e - s h o t   means   84 ,   w h i c h   in   t u r n   a d v a n c e s   t h e  

f i r i n g   of  t h e   c o n t r o l l e d   i m p e d a n c e   6 2 .  

The  o p e r a t i o n   of  t h e   c o n t r o l   c i r c u i t r y   can  be  b e s t  

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



+VERROR,  b e t w e e n   t h e   s e t   p o i n t   and  the   lamp  c u r r e n t .   T h i s  

p o s i t i v e   e r r o r   c a u s e s   t h e   o u t p u t   of  the   i n t e g r a t o r   82  t o  

i n c r e a s e   w i t h   t i m e   and  t h u s   a d v a n c e   the   t i m i n g   of  t h e  

v o l t a g e - c o n t r o l l e d   o n e - s h o t   84 .   T h i s   in  t u r n   c a u s e s   t h e  

c o n t r o l l e d   i m p e d a n c e   62  t o   t r i g g e r   e a r l i e r   in  t h e   v o l t a g e  

c y c l e ,   i n c r e a s i n g   t h e   c u r r e n t   f ed   to   t he   l amps   12  and   1 4 .  

When  t h e   d i f f e r e n t i a l   s i g n a l   f rom  t h e   summing  means   8 0  

a p p r o a c h e s   z e r o ,   i . e .   VERROR  e q u a l s   z e r o ,   t he   o u t p u t   f r o m  

t h e   i n t e g r a t o r   means   82  c e a s e s   to   i n c r e a s e   and  t h e   t i m i n g  

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

c y c l e   r e m a i n s   u n c h a n g e d .  

To  a s s i s t   one  s k i l l e d   in  t h e   a r t   in  t he   p r a c t i c e   o f  

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

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

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

c o n t r o l   40 .   T h i s   d e s c r i p t i o n   t r e a t s   t h e   e m b o d i m e n t   of  t h e  

i n v e n t i o n   as  d e p i c t e d   in  F i g .   2.  For   s i m p l i c i t y ,   t h e  

w i n d i n g s   42  and   44  of   F i g .   2  a r e   shown  as  s e p a r a t e  

w i n d i n g s   in  F i g .   5.  I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e  

e m b o d i m e n t   of  F i g .   3  i s   e a s i l y   a c c o m m o d a t e d   w i t h   a  f e w  

c h a n g e s   in  e l e c t r i c a l   c o n n e c t i o n s .   The  c o n t r o l l e d  

i m p e d a n c e   62  c o m p r i s e s   a  TRIAC  w i t h   i t s   main  c u r r e n t  

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

l e a d   p a i r   24  and   a  c u r r e n t   s e n s i n g   r e s i s t o r   8 6 .  

The  w i n d i n g   42  i s   c o n n e c t e d   to   a  d i o d e   b r i d g e   9 0  

i n c l u d i n g   f o u r   d i o d e s   D1  t o   D4,  w h i c h   p r o v i d e   r e c t i f i e d  

p o w e r   f o r   t h e   c o n t r o l   c i r c u i t   60  and  60  h e r t z  

s y n c h r o n i z a t i o n   f o r   t h e   o n e - s h o t s   d i s c u s s e d   a b o v e .   A 

t r a n s i s t o r   92  and  a  r e s i s t o r   94  c o m p r i s e   a  s e r i e s  

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

c i r c u i t   s u p p l y ,   t y p i c a l l y   a b o u t   10  v o l t s .   A  p h o t o c e l l  

( n o t   shown)   i s   p l a c e d   in  a  b r i d g e   c o n n e c t i o n   w i t h   t h r e e  

r e s i s t o r s   96,   98  and  100  by  c o n n e c t i o n   to  t he   l e a d   p a i r  

66.  The  r e f e r e n c e   f o r   t h e   b r i d g e   c o n f i g u r a t i o n   of  t h e  

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

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



e l e c t r o n i c a l l y   by  a d j u s t i n g   t he   b r i d g e   r e s i s t o r s  

t h e m s e l v e s .  

The  i n t e g r a t o r   76  u s e d   in  t h e   s e c o n d   c o n t r o l   loop  i s  

f o r m e d   by  a  r e s i s t o r   102 ,   a  c a p a c i t o r   104  and   a n  

o p e r a t i o n a l   a m p l i f i e r   106 .   The  o u t p u t   s i g n a l   f rom  t h e  

i n t e g r a t o r   76  i s   a p p l i e d   to  a  r e s i s t i v e   n e t w o r k   i n c l u d i n g  

t h r e e   r e s i s t o r s   108 ,   110  and  112 .   T h i s   r e s i s t o r   n e t w o r k  

c o m p r i s e s   t h e   s i g n a l   l i m i t e r   78,  t h e   u p p e r   and  l o w e r  

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

108  a n d   1 1 0 ,   r e s p e c t i v e l y .  

The   o u t p u t   f rom  t h e   l i m i t e r   78  i s   c o m p a r e d   w i t h   t h e  

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

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

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

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

p a t h   o f   t h e   TRIAC  62  and  c o n v e r t i n g   t h i s   c u r r e n t   s i g n a l   t o  

a  v o l t a g e   t h r o u g h   t h e   c u r r e n t - t o - v o l t a g e   t r a n s d u c e r   7 0 .  

The   t r a n s d u c e r   70  i n c l u d e s   a  t r a n s i s t o r   1 1 4 .   I n  

o p e r a t i o n ,   a  v o l t a g e   a p p e a r s   a c r o s s   t h e   r e s i s t o r   86  w h i c h  

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

t h r o u g h   t h e   main   c o n d u c t i o n   p a t h   fo  t h e   c o n t r o l l e d  

i m p e d a n c e   62.   The  t r a n s i s t o r   114  i s   s u p p l i e d   f rom  a  p o i n t  

b e t w e e n   t h e   r e s i s t o r   86  and  t he   c o n t r o l l e d   i m p e d a n c e   6 2 .  

C o n s e q u e n t l y   t h e   v o l t a g e   s e e n   by  t h e   t r a n s d u c e r   70  i s  

p r o p o r t i o n a l   to   t h e   c u r r e n t   c o n d u c t e d   by  t h e   c o n t r o l l e d  

i m p e d a n c e   62 .   The  d i f f e r e n c e   b e t w e e n   t h e   l i m i t e r   78  a n d  

t h e   c u r r e n t - t o - v o l t a g e   t r a n s d u c e r   70  i s   o b t a i n e d   as  a  

r e s u l t   of   t h e   summing   means  80  as  n o t e d   a b o v e .   T h i s  

d i f f e r e n c e   i s   a p p l i e d   to  t he   i n t e g r a t o r   82  w h i c h   i n c l u d e s  

a  r e s i s t o r   116,   a  c a p a c i t o r   118  and  an  o p e r a t i o n a l  

a m p l i f i e r   1 2 0 .  

An  i n t e g r a t e d   c i r c u i t   122  c o m p r i s e s   a  d u a l   t i m e r  

a r r a n g e d   in  two  o n e - s h o t   c o n f i g u r a t i o n s .   The  v o l t a g e   VT 
i s   a p p l i e d   a t   a  t e r m i n a l   125  c o u p l e d   by  a  r e s i s t o r   to  a n  

i n p u t   p i n   of   t h e   i n t e g r a t e d   c i r c u i t   122 .   The  f i r s t   o n e -  

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



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

s u p p l i e d   to   t h e   c o m p l e t e   l i g h t i n g   s y s t e m   a t ,   e . g .  
110  v o l t s ,   and  is  c o n t r o l l e d   by  t h e   o u t p u t   from  t h e  

i n t e g r a t o r   82 .   The  s e c o n d   o n e - s h o t   is  in  t u r n   t r i g g e r e d  

by  t h e   t r a i l i n g   edge   of  t h e   o u t p u t   from  t h e   f i r s t  

o n e - s h o t .   The  o u t p u t   f rom  t h e   s e c o n d   o n e - s h o t   is   s u p p l i e d  

to   t h e   b a s e   of  a  t r a n s i s t o r   124  w h i c h   i s   in  t u r n   u s e d   t o  

t r i g g e r   t h e   g a t e   64  of   t h e   TRIAC  6 2 .  

W h i l e   e m p h a s i s   h a s   b e e n   p l a c e d   h e r e i n   on  p r e f e r r e d  

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

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

t h e r e o f ,   i t   w i l l   be  r e a d i l y   a p p a r e n t   t h a t   many  d i f f e r e n t  

e m b o d i m e n t s   o f   t h e   i n v e n t i o n   can   be  made  and  t h a t   m a n y  

c h a n g e s   can  be  made  in   t h e   e m b o d i m e n t s   h e r e i n   i l l u s t r a t e d  

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

i n v e n t i o n .   A c c o r d i n g l y ,   i t   i s   to   be  u n d e r s t o o d   t h a t   t h e  

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

m e r e l y   i l l u s t r a t i v e   of  t h e   i n v e n t i o n   and  not   as  a  

l i m i t a t i o n .  



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

one   or   more   gas   d i s c h a r g e   l a m p s ,   t h e   c i r c u i t   c o m p r i s i n g  

m a g n e t i c   b a l l a s t   means   f o r   p r o v i d i n g   p o w e r   to  t he   o n e  

or   more   gas   d i s c h a r g e   l a m p s ,   and  c h a r a c t e r i s e d   b y  

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

m a g n e t i c   b a l l a s t   means   and  t h e   one  or  more   gas  d i s c h a r g e  

l a m p s   as  to   c o n t r o l   t h e   f l o w   of  lamp  d i s c h a r g e   c u r r e n t ;  

a n d  

c i r c u i t   means   f o r   c o n t r o l l i n g   c o n d u c t i o n   of  t h e  

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

more   gas   d i s c h a r g e   l a m p s ,   t h e   c i r c u i t   means   b e i n g  

r e s p o n s i v e   to   d e v i a t i o n   of  lamp  c u r r e n t   f rom  a  

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

s i g n a l s   f rom  t h e   m a g n e t i c   b a l l a s t   m e a n s .  

2.  A  c i r c u i t   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   i n  

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

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

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

i s   a d j u s t a b l e   to   i n d i c a t e   a  s e l e c t e d   d e l a y   b e y o n d   t h e  

s t a r t   of  e a c h   s a i d   h a l f - c y c l e .  

3.  A  c i r c u i t   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 s e d   in  t h a t  

t h e   c o n t r o l l e d   i m p e d a n c e   c o m p r i s e s   a  T R I A C .  

4.  A  c i r c u i t   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  

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

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

5.  A  c i r c u i t   a c c o r d i n g   to   c l a i m   4,  c h a r a c t e r i s e d   in  t h a t  

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

w i n d i n g s   a d a p t e d   to   be  c o n n e c t e d   to  c a t h o d e s   of  each   o f  

t h e   one  or  more   l a m p s ,   t h e   w i n d i n g s   p r o v i d i n g   h e a t i n g  

p o w e r   to  t h e   or   e a c h   lamp,   and  t h e   or  e a c h   lamp  b e i n g   a  

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



6.  A  c i r c u i t   a c c o r d i n g   to  c l a i m   4,  c h a r a c t e r i s e d   in  t h a t  

b a l l a s t   means   i n c l u d e s   a  m u l t i - w i n d i n g   t r a n s f o r m e r   w o u n d  

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

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

m e a n s .  

7.  A  c i r c u i t   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  

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

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

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

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

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

f u r t h e r   to   p r o v i d e   or  deny  a  d r i v e   s i g n a l   f o r   t h e  

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

8.  A  c i r c u i t   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 s e d   in  t h a t  

t h e   TRIAC  h a s   i t s   main   c u r r e n t   c o n d u c t i o n   p a t h   c o u p l e d  

b e t w e e n   an  o u t p u t   of  t he   m a g n e t i c   b a l l a s t   means   and  t h e  

gas   d i s c h a r g e   l amp,   t he   TRIAC  b e i n g   r e s p o n s i v e   to   t h e   s a i d  

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

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

of   e ach   AC  v o l t a g e   h a l f - c y c l e .  

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

one  or  more  gas   d i s c h a r g e   l a m p s   in   a  l i g h t i n g   s y s t e m ,   t h e  

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

s u p p l y i n g   AC  power   to  a  p r i m a r y   w i n d i n g   of  a  

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

one  or  more  gas   d i s c h a r g e   l a m p s ;   and  c o n t r o l l i n g  

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

b e t w e e n   t h e   t r a n s f o r m e r   means   and  a  f i r s t   c o n n e c t i o n   o f  

t h e   one  gas   d i s c h a r g e   l a m p s ,   t h e   t r a n s f o r m e r   means   b e i n g  

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

l amp ,   and  t h e   c o n t r o l l e d   c o n d u c t i o n   of  t h e   c o n t r o l l e d  

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

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



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

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

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

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

v i a   t h e   t r a n s f o r m e r   m e a n s .  

10.   A  m e t h o d   a c c o r d i n g   to   c l a i m   9,  c h a r a c t e r i s e d   in  t h a t  

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

i l l u m i n a t i o n   in   an  a r e a   l i g h t e d   by  t h e   lamp  or   l amps   a n d  

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

to   m a i n t a i n   t h e   o v e r a l l   i l l u m i n a t i o n   a t   a  c o n s t a n t   l e v e l .  

11.  A  m e t h o d   a c c o r d i n g   to   c l a i m   9  or   10 ,   c h a r a c t e r i s e d   i n  

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

i m p e d a n c e   i s   a d j u s t 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 

p o w e r   s i g n a l .  

12.   A  m e t h o d   a c c o r d i n g   to   c l a i m   9,  10  o r   11,   f u r t h e r  

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

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

13.  A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   9  to   1 2 ,  

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

p r e d e f i n e d   c o n d u c t i v e   and  n o n e c o n d u c t i v e   s t a t e s .  

14.  A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   9  t o   1 3 ,  

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

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

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

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

p o w e r   s i g n a l .  

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

one   or  more  gas   d i s c h a r g e   l a m p s ,   t h e   c i r c u i t   c o m p r i s i n g  

t r a n s f o r m e r   means   f o r   p r o v i d i n g   p o w e r   to   t he   one  o r  

more   gas   d i s c h a r g e   l amps   and  h a v i n g   a  p r i m a r y   w i n d i n g   t o  



be  c o n n e c t e d   to  a  s o u r c e   of  AC  p o w e r   and  a  p l u r a l i t y   o f  

s e c o n d a r y   w i n d i n g s ;  

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

t r a n s f o r m e r   means  and  t h e   one  or  more  gas  d i s c h a r g e   l a m p s ;  

a n d  

c o n t r o l   means  f o r   c o n t r o l l i n g   c o n d u c t i o n   of  t h e  

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

t o   a  c h a n g e   in  lamp  c u r r e n t ;  

t h e   s a i d   one  gas  d i s c h a r g e   lamp  b e i n g   c o n n e c t e d   i n  

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

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

p o w e r   and  s y n c h r o n i z i n g   s i g n a l s   from  t h e   t r a n s f o r m e r  

m e a n s .  

16.  A  c i r c u i t   a c c o r d i n g   to   c l a i m   15,  c h a r a c t e r i s e d   i n  

t h a t   t h e   c o n t r o l l e d   i m p e d a n c e   c o m p r i s e s   a  T R I A C .  

17.  A  c i r c u i t   a c c o r d i n g   to   c l a i m   16,  c h a r a c t e r i s e d   i n  

t h a t   a  c u r r e n t   d e t e c t i o n   means   is   c o u p l e d   to  a  c a t h o d e   o f  

t h e   T R I A C .  

18.   A  c i r c u i t   a c c o r d i n g   to   c l a i m   17,  c h a r a c t e r i s e d   i n  

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

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

s i g n a l   u s e d   to  r e g u l a t e   lamp  c u r r e n t .  

19.  A  c i r c u i t   a c c o r d i n g   to   c l a i m   18,  c h a r a c t e r i s e d   i n  

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

l a m i n a t i o n s   to  r e d u c e   m a g n e t i z a t i o n   c u r r e n t .  

20.  A  c i r c u i t   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   15  to   1 9 ,  
c h a r a c t e r i s e d   in  t h a t   t h e   means   f o r   c o n t r o l l i n g   c o n d u c t i o n  

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

f i r s t   c o n t r o l   loop  f u n c t i o n i n g   to  c o n t r o l   lamp  c u r r e n t  

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

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



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

p r o v i d e   or   deny   a  d r i v e   s i g n a l .  

21.  A  c i r c u i t   a c c o r d i n g   to   c l a i m   20  when  d e p e n d e n t   o n  

c l a i m   16,  c h a r a c t e r i s e d   in  t h a t   t h e   TRIAC  has   i t s   m a i n  

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

of   t h e   t r a n s f o r m e r   means  and  t h e   gas   d i s c h a r g e   lamp,   a n d  

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

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

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

v o l t a g e   h a l f - c y c l e .  
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