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Output  current  controller  for  fluorescent  lamp  ballast. 

@  One  (46)  of  the  low  voltage  output  windings  (42,  44,  46)  of 
a  standard  ballast  circuit  (16)  is  coupled  to  one  filament  (60)  of 
a  pair  of  series  connected  fluorescent  lamps  (10  and  12) 
through  a  regulating  capacitor  (62)  and  a  current  rectifying  di- 
ode  (64)  which  are  connected  in  series  across  such  output 
winding  (46)  and  in  parallel  to  the  one  filament. 
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@ One  (46)  of  the  low  voltage  output  windings  (42,44,46)  of 
a  standard  ballast  circuit  (16)  is  coupled  to  one  filament  (60)  of 
a  pair  of  series  connected  fluorescent  lamps  (10  and  12) 
through  a  regulating  capacitor  (62)  and  a  current  rectifying  di- 
ode  (64)  which  are  connected  in  series  across  such  output 
winding  (46)  and  in  parallel  to  the  one  filament. 



T h i s   i n v e n t i o n   r e l a t e s   to   o p e r a t i o n   o f  

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

l a m p s ,   t h a t   r e q u i r e   t h e   use   of  a  b a l l a s t   c i r c u i t  

f o r   s t a r t i n g   p u r p o s e s .  

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

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

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

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

w i t h   a  c a p a c i t o r   c o n n e c t e d   to   one  of  t h e   o u t p u t  

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

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

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

b e e n   p r o p o s e d   to   p r o t e c t   lamp  f i l a m e n t s   and  f o r  

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

c i r c u i t   m o d i f i c a t i o n s .  

I t   i s   an  i m p o r t a n t   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   a  low  c o s t   c u r r e n t   c o n t r o l  

d e v i c e   c a p a b l e   of  b e i n g   r e a d i l y   i n t e r f a c e d   w i t h  

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

i m p r o v e   b a l l a s t   e f f i c i e n c y   and  p r o l o n g   lamp  l i f e  

e x p e c t a n c y .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,  

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

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

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



s u c h   a  m a n n e r   as  to   r e d u c e   t h e   c u r r e n t   d r a w n   a n d  

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

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

T o w a r d   t h a t   e n d ,   a  c u r r e n t   c o n t r o l l e r   i s   i n s e r t e d  

b e t w e e n   s a i d   one  of   t h e   lamp  f i l a m e n t s   and  a  l o w  

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

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

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

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

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

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

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

m a i n t a i n   i t s   a s s o c i a t e d   lamp  in  a  n o n - f i r i n g   s t a t e  

d u r i n g   s t a r t   u p .  

F i g u r e   1  i s   a  b l o c k   d i a g r a m   i l l u s t r a t i n g  

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

F i g u r e   2  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g  

in   g r e a t e r   d e t a i l   one  e m b o d i m e n t   of  t h e   i n v e n t i o n .  

F i g u r e   3  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g  

a n o t h e r   e m b o d i m e n t .  

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

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

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

R e f e r r i n g   now  to  t h e   d r a w i n g s   in  d e t a i l ,  

F i g u r e   1  d i a g r a m m a t i c a l l y   i l l u s t r a t e s   a  p a i r   o f  

s e r i e s   c o n n e c t e d   e l e c t r o n   d i s c h a r g e   d e v i c e s   10  a n d  

12,   s u c h   as  f l u o r e s c e n t   l a m p s ,   c o n n e c t e d   to   an  AC 

v o l t a g e   s o u r c e   14  t h r o u g h   a  s t a n d a r d   b a l l a s t   c i r c u i t  

16 .   The  p o w e r   l i n e s   18  and  20  f rom  t h e   s o u r c e   a r e  

c o n n e c t e d   to   t h e   h i g h   v o l t a g e   s i d e   of  t h e   b a l l a s t  



c i r c u i t   w h i c h   has   a  low  v o l t a g e   s i d e   f rom  w h i c h  

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

l a m p s   10  and  12  t h r o u g h   o u t p u t   v o l t a g e   l i n e s   22,  2 4  

and  26  u n d e r   s t a r t i n g   and  r u n n i n g   c o n d i t i o n s .   I n  

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

c o n t r o l l e r   c o m p o n e n t   28  i s   p l a c e d   in  one  of  t h e   t h r e e  

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

f o r   t h e   s e r i e s   c o n n e c t e d   f l u o r e s c e n t   l a m p s   10  and  1 2  

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

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

r u n   t h e   l a m p s .  

F i g u r e   4  i l l u s t r a t e s   a  s t a n d a r d   w a v e f o r m  

c u r v e   30  c h a r a c t e r i z i n g   a  t y p i c a l   o u t p u t   s i g n a l   o f  

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

s h a p e .   C u r v e   32  r e p r e s e n t s   t h e   o u t p u t   s i g n a l   m o d i f i e d  

by  t h e   c u r r e n t   c o n t r o l l e r   28,   s h o w i n g   an  i n c r e a s e   i n  

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

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

a  p o t e n t i a l   d i f f e r e n c e   a c r o s s   t h e   lamp  12  l e s s   t h a n  

t h e   f i r i n g   v o l t a g e   a p p l i e d   to   lamp  10  f o r   s t a r t i n g   b o t h  

l a m p s   and  d r a w i n g   a  r e d u c e d   c u r r e n t .   F u r t h e r ,   t h e  

o v e r a l l   o p e r a t i n g   t e m p e r a t u r e   of  t h e   b a l l a s t   16  i s  

t y p i c a l l y   r e d u c e d   f rom  129°  F  to   a p p r o x i m a t e l y   112°  F 

to  e f f e c t i v e l y   p r o l o n g   t h e   l i f e   t h e r e o f .   A l s o ,  

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

t h e i r   l i f e   e x p e c t a n c y .   D e s p i t e   t h e   f a c t   t h a t   lamp  1 2  

i s   m a i n t a i n e d   in  an  " o f f "   f i r i n g   s t a t e ,   i m m e d i a t e  

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

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

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



F i g u r e   2  i l l u s t r a t e s   in  g r e a t e r   d e t a i l   a  

s e r i e s   r e a c t o r   t y p e   of  s t a n d a r d   b a l l a s t   c i r c u i t   1 6  

i n c l u d i n g   a  t r a n s f o r m e r   34  h a v i n g   a  p r i m a r y   w i n d i n g  

36  c o n n e c t e d   a c r o s s   t h e   AC  v o l t a g e   l i n e s   18  and  20  a t  

i t s   o p p o s i t e   t e r m i n a l s   38  and  40.   T h r e e   s e c o n d a r y  

o u t p u t   w i n d i n g s   42,   44  and  46  a r e   a s s o c i a t e d   w i t h   t h e  

t r a n s f o r m e r   34.  S e c o n d a r y   w i n d i n g   42  i s   c o n n e c t e d   a t  

one   end  t o   t h e   t e r m i n a l   38  of   t h e   p r i m a r y   w i n d i n g   a n d  

a t   i t s   o t h e r   end  to   one  c a t h o d e   f i l a m e n t   48  a s s o c i a t e d  

w i t h   lamp  10  t h r o u g h   o u t p u t   l i n e   22.  The  f i l a m e n t   4 8  

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

w i n d i n g   t e r m i n a l   38  i s   a l s o   c o n n e c t e d .   The  o p p o s i t e  

c a t h o d e   f i l a m e n t   50  of   lamp  10  i s   c o n n e c t e d   a c r o s s  

t h e   s e c o n d a r y   w i n d i n g   44  by  o u t p u t   v o l t a g e   l i n e s   2 4  

and  25.   A  c a p a c i t o r   52  i s   c o n n e c t e d   a c r o s s   l i n e s   1 8  

and  24  t o   c o m p l e t e   t h e   b a l l a s t   c i r c u i t .  

The  f i l a m e n t   50  of   lamp  10  i s   i n t e r c o n n e c t e d ,  

in  p a r a l l e l   w i t h   one  f i l a m e n t   54  of   lamp  12,  to   t h e  

s e c o n d a r y   w i n d i n g   44.  The  s e c o n d a r y   w i n d i n g   46  i s  

c o n n e c t e d   a c r o s s   t h e   i n p u t   t e r m i n a l s   56  and  58  o f  

t h e   c u r r e n t   c o n t r o l l e r   28  t h r o u g h   w h i c h   a  low  v o l t a g e  

o u t p u t   of  t h e   b a l l a s t   16  i s   c o n n e c t e d   by  l i n e   2 6  

to   t h e   o t h e r   c a t h o d e   f i l a m e n t   60  of   lamp  12.   I n p u t  

t e r m i n a l   58  i s   d i r e c t l y   c o n n e c t e d   to   t e r m i n a l   40  o f  

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

20  i s   c o n n e c t e d .  

The  c u r r e n t   c o n t r o l l e r   28  i n c l u d e s   a  

r e g u l a t i n g   c a p a c i t o r   62  c o n n e c t e d   to   s e c o n d a r y  

w i n d i n g   46  t h r o u g h   t e r m i n a l   56  f o r   c y c l i c   r e c h a r g i n g .  

A  c u r r e n t   r e c t i f y i n g   d i o d e   64  i s   c o n n e c t e d   in  s e r i e s  



w i t h   c a p a c i t o r   62  a c r o s s   t h e   s e c o n d a r y   w i n d i n g   4 6  

t h r o u g h   j u m p e r   66  and  t e r m i n a l   58  and  t h e r e b y   i n  

p a r a l l e l   w i t h   c a p a c i t o r   62  to   b o t h   s i d e s   of  t h e  

f i l a m e n t   60.  The  c a p a c i t o r d i o d e   n e t w o r k   f o r m e d   b y  

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

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

s e c o n d a r y   w i n d i n g   46  as  r e f l e c t e d   by  t h e   i m p u r e  

s i n u s o i d a l   v o l t a g e   c u r v e   32  shown  in  F i g u r e   4.  A 

p u l s a t i n g   DC  c u r r e n t   i s   t h e r e b y   f ed   to   t h e   f i l a m e n t  

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

a c r o s s   f i l a m e n t s   60  and  54.  F i r i n g   v o l t a g e   i s  

t h e r e f o r e   r e s t r i c t e d   to   lamp  10  w i t h   a  r e d u c t i o n   i n  

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

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

In  t h e   e m b o d i m e n t s   i l l u s t r a t e d ,   t h e   AC 

v o l t a g e   s o u r c e   has   an  o p e r a t i n g   v o l t a g e   of  120  VAC  t o  

347  VAC  a t   a  l i n e   f r e q u e n c y   of  a p p r o x i m a t e l y   50  t o  

60  Hz,  w h i l e   t h e   r e g u l a t i n g   c a p a c i t o r   62  has   a  

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

t h e   l umen   o u t p u t   l e v e l   of  t h e   l a m p s   become  i m p r a c -  

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

t h a t   a  low  AC  o u t p u t   of  5  to   6  v o l t s   a t   t e r m i n a l   5 6  

may  c h a r g e   t h e   c a p a c i t o r   n e g a t i v e   or  p o s i t i v e .  

When  t h e   c a p a c i t o r   c h a r g e   r e a c h e s   f i l a m e n t   60,   b o t h  

c a p a c i t o r s   62  and  52  d i s c h a r g e   to  t h e   o t h e r   f i l a m e n t s .  

C a p a c i t o r   62  t h e n   r e c h a r g e s   t h r o u g h   d i o d e   64.  S u c h  

p u s h   p u l l   a c t i o n   of  t h e   c u r r e n t   c o n t r o l l e r   28  a c c o u n t s  

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

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

F i g u r e   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   o f  



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

s t a n d a r d   lamp  b a l l a s t   c i r c u i t   16'   i s   u t i l i z e d   f o r  

t h e   l a m p s   10  and  12,   w h i c h   a r e   i n t e r c o n n e c t e d   i n  

s e r i e s   and  c o u p l e d   to   t h e   low  s i d e   of  t h e   b a l l a s t  

c i r c u i t   and  to   t h e   c u r r e n t   c o n t r o l l e r   28  as  in  t h e  

c a s e   of  F i g u r e   2.  In  F i g u r e   3,  t h e   i n p u t   v o l t a g e  

l i n e s   18  and  20  f rom  t h e   AC  s o u r c e   a r e   c o n n e c t e d  

a c r o s s   an  i n d u c t i v e   w i n d i n g   68  of   t r a n s f o r m e r   70  i n  

t h e   b a l l a s t   c i r c u i t   1 6 ' .   W i n d i n g   72  of  t r a n s f o r m e r  

70  i s   c o n n e c t e d   a c r o s s   l i n e s   18  and  1 8 ' .   T h e  

t r a n s f o r m e r   34 '   i s   c o n n e c t e d   a c r o s s   l i n e s   1 8 '  

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

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

to   F i g u r e   2 .  



1.  In  c o m b i n a t i o n   w i t h   a t   l e a s t   two  s e r i e s   c o n n e c t e d  

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

an  AC  v o l t a g e   s o u r c e   and  s t a n d a r d   b a l l a s t   m e a n s  

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

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

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

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

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

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

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

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

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

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

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

and  c u r r e n t   c o n t r o l l i n g   means   c o n n e c t e d   in  p a r a l l e l  

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

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

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

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

2.  The  c o m b i n a t i o n   of  c l a i m   1  w h e r e i n   t h e   e l e c t r o n  

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

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

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

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

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

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

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

p a r a l l e l   to   one  of  t h e   f i l a m e n t s   of  e a c h   of  t h e   l a m p s  

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



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

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

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

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

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

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

3.  The  i m p r o v e m e n t   as  d e f i n e d   in  c l a i m   2  w h e r e i n  

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

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

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

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

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

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

4.  The  c o m b i n a t i o n   of   c l a i m   3  w h e r e i n   t h e   p r i m a r y  

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

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

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

w i n d i n g s   b e i n g   d i r e c t l y   c o n n e c t e d   to   t h e   o t h e r   of  t h e  

f i l a m e n t s   of  s a i d   one  of   t h e   l a m p s .  

5.  The  i m p r o v e m e n t   as  d e f i n e d   in  c l a i m   4  w h e r e i n  

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

4 . 7   m i c r o f a r a d s .  

6.  The  i m p r o v e m e n t   as  d e f i n e d   in  c l a i m   2  w h e r e i n  

t h e   r e g u l a t i n g   c a p a c i t o r   h a s   a  c a p a c i t a n c e   a b o v e   4 . 7  

m i c r o f a r a d s .  



7.  The  c o m b i n a t i o n   of  c l a i m   2  w h e r e i n   t h e   p r i m a r y  

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

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

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

w i n d i n g s   b e i n g   d i r e c t l y   c o n n e c t e d   to   t h e   o t h e r   of  t h e  

f i l a m e n t s   of  s a i d   one  of  t h e   l a m p s .  

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

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

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

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

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

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

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

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

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

w i n d i n g s   b e i n g   d i r e c t l y   c o n n e c t e d   to   one  of  t h e  

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

s a i d   one  of  t h e   s e c o n d a r y   w i n d i n g s   to   one  of  t h e  

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

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

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

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

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

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

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

f i l a m e n t s   of  t h e   o t h e r   of  t h e   two  l a m p s   l e s s   t h a n  

t h e   f i r i n g   v o l t a g e .  
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