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(S)  Control  circuit  for  gas  discharge  lamps. 

A  ballast  circuit  for  a  gas  discharge  lamp  (L)  which  com- 
prises  a  series  resistance  (R1)  and  a  series  capacitor  (C1  t h e  
capacitor  serving  to  store  a  charge  provided  by  a  starter  cir- 
cuit  (D1,  R1)  to  attain  a  starting  voltage  for  the  lamp,  the 
capacitor  also  being  assigned  to  determine  the  mean  operat- 
ing  current  for  the  lamp  and  its  capacitance  being  selected  to 
barely  supply  adequate  operating  current  for  predetermined 
lamp  illumination,  and  the  resistor  being  assigned  to  limit 
peak  currents  through  said  lamp  and  being  of  a  resistance 
barely  adequate  to  avoid  excessive  peak  current  through 
said  lamp. 



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  i m p r o v e d   c o n t r o l  

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

In  t h e   p r i o r   a r t   t h e   mos t   common  t y p e   of  gas  d i s -  

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

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

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

s w i t c h   o r   c i r c u i t .   T h e s e   c o m p o n e n t s   in   c o m b i n a t i o n   b e i n g  

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

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

a c t i n g ,   a f t e r   s t r i k i n g   of  t h e   lamp  as  a  c h o k e   to   l i m i t   o r  

s t a b i l i z e   t h e   c u r r e n t .  

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

d i s a d v a n t a g e s : -  

1.  'A  n e e d   f o r   power   f a c t o r   c o r r e c t i o n  

2.  Humming  of  b a l l a s t  

3.  The  w e i g h t   of  f i t t i n g s  

4.  The  s i z e   of  t h e   b a s e   to  h o u s e   t h e   c o n t r o l  

e q u i p m e n t  

5.  H e a t   g e n e r a t e d   in  t h e   b a l l a s t  

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

The  p r e s e n t   i n v e n t i o n   s e e k s   to  e l i m i n a t e   t h e   c o n -  

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

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

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

a v o i d   t h e   a b o v e   d i s a d v a n t a g e s .  

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

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

k i n g   t u b e .   In  t h i s   c a s e   t h e   peak   s u p p l y   v o l t a g e   i s   s u f -  

f i c i e n t   to  s t r i k e   t h e   l amp .   I f   t h e   lamp  is   of  20w  t y p e  

o p e r a t i n g   a t ,   say  100v  r u n n i n g   v o l t a g e   on  a  250v  s u p p l y   c i r -  

c u i t ,   t h e   r e s i s t o r   has   to  d rop   150v  a f t e r   lamp  s t r i k i n g .  

T h i s   w i l l   d i s s i p a t e   a p p r o x i m a t e l y   20w  a t   t h e   lamp  and  30w 

in  t he   r e s i s t o r ,   so  t h a t   t h e   a r r a n g e m e n t   i s   c o n s u m i n g   a p p r o x -  

i m a t e l y   50w  f o r   t h e   20w  of  i l l u m i n a t i n g   p o w e r .   T h i s   e x c e s -  

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

N u m e r o u s   a t t e m p t s   have   been   made  to  m i n i m i s e   t h e  

w a s t e   of  p o w e r   in  t h e   b a l l a s t   and  to  a v o i d   a t   l e a s t   some  o f  



t h e   d i s a d v a n t a g e s   l i s t e d   a b o v e .   The  u se   of   a  r e s i s t o r   a s  

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

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

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

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

and  i n c r e a s i n g   c o s t .   H e n c e ,   t h e   b a l l a s t   c i r c u i t   f o r   a  g a s  

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

t h e   fo rm  of   t h e   c i r c u i t s   d i s c l o s e d   in  U.S .   P a t e n t  

S p e c i f i c a t i o n   Nos .   2 , 5 7 5 , 0 0 1   ( B i r d )   and  3 , 8 5 7 , 0 6 3   ( M a j o r   e t  

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

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

power   t h r o u g h   an  i n d u c t o r   and  a  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   of   a b o u t   1 3 p f   and  a  r e a c t a n c e   a t   t h e   l i n e   f r e q u e n c y  

o f   a b o u t   t w i c e   t h a t   of   t h e   i n d u c t o r .   The  p r i n c i p a l   f u n c -  

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

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

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

o p e r a t i n g   c u r r e n t .  

I t   has   b e e n   g e n e r a l l y   a c c e p t e d   in   t h e   i n d u s t r y   t h a t  

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

n e n t   f o r   b a l l a s t i n g   in  t he   o p e r a t i n g   c i r c u i t   of  a  gas   d i s -  

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

i ng   i s   t h e   l a r g e   p e a k   c u r r e n t s   r e a d i l y   p a s s e d   by  a  c a p a c i -  

t o r   r e l a t i v e   to  t h o s e   p a s s e d   by  a n  ' i n d u c t o r .   The  p r e s e n t  

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

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

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

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

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

on  t h e   c r i t e r i o n   of  p r o v i d i n g   a d e q u a t e   o p e r a t i n g   c u r r e n t   f o r  

t h e   l a m p .  

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

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

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

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

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

a t o r   c o n n e c t e d   in   s e r i e s   w i t h   e a c h   o t h e r   and  in  s e r i e s   b e t -  



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

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   n o  l e s s   t h a n   and  n o t   s u b s t a n -  

t i a l l y   more  t h a n   t h e   minimum  v a l u e   of  c a p a c i t a n c e   n e c e s s a r y  
to  p a s s   a d e q u a t e   o p e r a t i n g   mean  c u r r e n t   f o r   s a i d   lamp  f r o m  

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

no  l e s s   t h a n   and  n o t   s u b s t a n t i a l l y   more   t h a n   t h e   m i n i m u m  

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

c u r r e n t   f l o w   t h r o u g h   s a i d   lamp  f rom  s a i d   power   s u p p l y .  

T h i s   i n v e n t i o n ,   t h e r e f o r e ,   l i e s   in  t h e   s u i t a b l e  

s e l e c t i o n   of   a  c a p a c i t o r ,   i . e .   one  w i t h   a  c a p a c i t a n c e   b a r e -  

ly  s u f f i c i e n t   to  e n s u r e   a d e q u a t e   t u b e   o p e r a t i n g   p o w e r ,   t o g e t -  

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

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

l amp .   T h i s   a t t e n u a t o r   i s   r e q u i r e d   to  have   as  l o w  a   v a l u e  

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

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

i m p e d a n c e   v a l u e   i s   t o o   low,   p e r m i t t i n g   e x c e s s   p e a k   c u r r e n t  

in  o p e r a t i o n ,   a  f a l l   in  t h e   l i g h t   o u t p u t   and  damage   to  t h e  

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

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

l amp .   To  h a v e   min imum  l o s s e s ,   t he   c a p a c i t o r   r e a c t a n c e   h a s  

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

i m p e d a n c e   as  p o s s i b l e .  

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

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

a p p r o a c h .   I t   has   h i t h e r t o   been   c o n s i d e r e d   n e c e s s a r y   t o  

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

t h e   a t t e n u a t o r   has   been   in  t h e   fo rm  of  an  i n d u c t o r   d e s i g n  

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

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

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

p r a c t i c e   o c c u r s   in  t h e   s p e c i f i c a t i o n   of  U .S .   P a t e n t   2 , 1 3 4 , 4 3 9  

( D o r g e l o )   w h e r e   a  s e r i e s   c a p a c i t o r   of  30pf   and  a  s e r i e s  

c h o k e   of   2  to  3  H  f u n c t i o n   as  a  f i l t e r ,   w i t h   t h e   v a l u e s   o f  

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

v a r i a t i o n   in  l i g h t   i n t e n s i t y   f rom  t h e   lamp  i s   to   be  a v o i d e d .  

By  a p p r o a c h i n g   t h e   d e s i g n   in  t he   f a s h i o n   of  t h i s   i n v e n t i o n  

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

a c h i e v e d .  



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   more  d e t a i l  

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 s   a  s c h e m a t i c   d i a g r a m   of  an  e x e m p l a r y   e m b o -  

d i m e n t   of  t h e   c o n t r o l   c i r c u i t   of  t h e   i n v e n t i o n ;  

F i g .   2  i s   a  g r a p h   s h o w i n g   t y p i c a l   o p e r a t i n g   c o n d i -  

t i o n s   of  an  8  W  gas   d i s c h a r g e   lamp  p l o t t e d   a g a i n s t   c h a n g e s  

in  c a p a c i t i v e   and  r e s i s t i v e   v a l u e s ;  

F i g .   3  i s   a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   of  a n  

a r r a n g e m e n t   to   e n h a n c e   s t a r t i n g   in  l a r g e r   l amps   i n c o r p o -  

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

F i g .   4  shows   t h e   a s s e m b l y   in  a c t u a l   s i z e   of  t h e  

c o m p o n e n t s   of  t h e   c i r c u i t   of  F i g .   1,  e x c e p t i n g   r e s i s t o r  

R1,  a c c o m m o d a t e d   w i t h i n   a  h o u s i n g .  

W i t h   r e f e r e n c e   to  F i g .   1  t h e   c i r c u i t   shown  i s  

d e s i g n e d   f o r   a  low  w a t t a g e   f l u o r e s c e n t   lamp  and  has   i t s  

i n p u t   t e r m i n a l s   A  and  B  c o n n e c t a b l e   to   a  p o w e r   s u p p l y  

S  w h i c h   in  t h i s   c a s e   i s   2 2 0 / 2 6 0   AC  v o l t s   a t   50  Hz.  O u t p u t  

t e r m i n a l s   C  and  D  a r e   c o n n e c t e d   to   t h e   f i l a m e n t s   of  a  f l u o -  

r e s c e n t   lamp  L  and  in   s e r i e s   t h e r e w i t h   i s   a  c a p a c i t o r   C1 
w h i c h ,   as  w i l l   be  e x p l a i n e d   h e r e a f t e r ,   i s   d e s i g n e d   to   d e t e r -  

mine  t h e   mean  o p e r a t i n g   c u r r e n t   s u p p l i e d   f rom  t h e   s o u r c e   S 

to  t h e   lamp  L  to  e n s u r e   a d e q u a t e   lamp  i l l u m i n a t i o n ,   and  i s  

a s s i g n e d   a  v a l u e   c o m m e n s u r a t e   w i t h   t h a t   t a s k .   An  a t t e n u a t o r ,  

in  t h i s   i n s t a n c e   a  r e s i s t o r   R1,  i s   a l s o   s e r i a l l y   c o n n e c t e d  

b e t w e e n   t h e   i n p u t   and  o u t p u t   t e r m i n a l s   A-B  and  C-D  d e s i g n e d  

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

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

a c c o r d i n g   to   t h i s   t a s k .   The  r e s i s t o r   R1  may  be  p o s i t i o n e d  

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

b e t w e e n   t h e   lamp  L  and  i t s   s u p p l y   S.  A l t h o u g h   many  d i f -  

f e r e n t   f o r m s   of  i g n i t i o n ,   or  s t a r t i n g ,   c i r c u i t s   may  b e  

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

as  an  o s c i l l a t i n g   c i r c u i t ,   f o r   t he   s a k e   of  c i r c u i t   s i m p l i -  

f i c a t i o n   a  c o n v e n t i o n a l   s e r i e s   n e t w o r k   of  a  d i o d e   Dl  a n d  

r e s i s t o r   R2  i s   p r e f e r a b l y   u s e d .   By  a p p r o p r i a t e   s e l e c t i o n  

of  t he   r e s i s t a n c e   of   r e s i s t o r   R2  t h e   p o s i t i v e   c h a r g e   s t o r e d  

in  c a p a c i t o r   C1  d u r i n g   t h e   p o s i t i v e   h a l f   c y c l e s   of  t h e  

a p p l i e d   AC  p o w e r   f rom  s u p p l y   S  i s   a d d i t i v e   to  t h e   v o l t a g e  

at   t h e   s u p p l y   S  on  a p p r o p r i a t e   h a l f   c y c l e s ,   t h u s   e f f e c t i v e l y  



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

r e s i s t o r   R2'  t h e   v o l t a g e   s u p p l i e d   to   t h e   lamp  L.  The  v a l u e  

of  r e s i s t o r   R2  may  be  b e t w e e n   8 , 0 0 0   ohms  and  3 0 , 0 0 0   ohms  a n d  

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

f l i c k e r   f r o m   t h e   lamp  L,  due  to  t h e   s h u n t   c o n n e c t i o n   o f  

d i o d e   D1,  by  e f f e c t i v e l y   d i s c o n n e c t i n g   t h e   s h u n t   c i r c u i t   o f  

n e t w o r k   D 1  a n d   C2  when  t h e   lamp  L  f i r e s .   Upon  f i r i n g   a  

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

c a p a c i t o r   C1  in  t h e   a b s e n c e   of  t he   c u r r e n t   l i m i t e r  

r e s i s t o r   R 1 .  
In  t h o s e   i n s t a n c e s   w h e r e   a  l a r g e   w a t t a g e   f l u o r e s -  

c e n t   l a m p ,   say  40w  l amp,   i s   in  use   t h e   s e r i e s   a t t e n u a t o r  

may  be  c o m p o s e d   e n t i r e l y   of  an  i n d u c t o r   X  i n s t e a d   of  r e s i s -  

t o r   R1  or  a d d i t i o n a l l y   t h e r e t o .   H o w e v e r ,   due  to  t h e   v a l u e  

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

and  p h y s i c a l   s i z e ,   of  t he   i n d u c t o r   i s   c o n s i d e r a b l y   l e s s  

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

A  t y p i c a l   c a p a c i t a n c e   f o r   c a p a c i t o r   C1  f o r   t h e  

o p e r a t i o n   of  4w,  6w,  8w  and  13w  c o n v e n t i o n a l   f l u o r e s c e n t  

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

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

c u r r e n t   l i m i t i n g   r e s i s t o r   R1  has   to   be  v a r i e d   and  t h e r e f o r e  

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

c u r r e n t   l i m i t e r   r e s i s t o r   R1  when  a s s o c i a t e d   w i t h   t h e   1 . 0 µ f  
c a p a c i t o r   C1  f o r   a  4w  and  6w  l a m p  i s   in   t h e   o r d e r   of  3 0 0  

ohms,   2  w a t t s .   For   an  8w  lamp  t h e   c u r r e n t   l i m i t i n g   r e s i s t o r  

R1  i s   a p p r o x i m a t e l y   500  ohms,   3  w a t t s   and  in  t h e   c a s e   of  t h e  

13w  t u b e   i s   500  o h m s ,  5   w a t t s .   I f   t h e   c a p a c i t o r  C 1   i s  

r e d u c e d   to   0 . 8 p f   t h e   c u r r e n t   l i m i t i n g   r e s i s t o r   R1  can  b e  

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

a v e r a g e   p o w e r   t h r o u g h   t h e   lamp  is   r e d u c e d .   H o w e v e r ,   t h e   8w 

lamp  w o u l d   n o t   have   s u f f i c i e n t   o p e r a t i n g   mean  c u r r e n t   a p p l i e d  

to  i t   i f   an  0 . 8 µ f   c a p a c i t o r   was  in  s e r i e s   w i t h   t h e   s u p p l y   S .  

T h e r e f o r e ,   a  1 . 0 µ f   c a p a c i t o r   h a v i n g   a  r e a c t a n c e   of  a b o u t  

3 , 0 0 0   ohms  a t   50  Hz  w o u l d   be  u s e d   in  s e r i e s   w i t h   a  300  ohm 

p e a k   c u r r e n t   l i m i t e r   t h e r e f o r e   t h e   p e a k   c u r r e n t   l i m i t e r   R1 
has   a  v a l u e   10%  of  t h e   v a l u e   of  t h e   c a p a c i t o r   C 1  r e a c t a n c e  
a t   50  H z .  

In  t h e   c a s e   of   a  20w  l amp ,   4 . 0 µ f   c a p a c i t o r   C1 



r e p r e s e n t s   a  r e a c t a n c e   of  a p p r o x i m a t e l y   800  ohms  and  t h i s   i s  

u s e d   in   a s s o c i a t i o n   w i t h   an  80  ohm  c u r r e n t   l i m i t i n g   r e s i s -  

t o r   R1  o n c e   a g a i n   to  p r o d u c e   a  10  to  1  r a t i o .   H o w e v e r ,   i t  

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

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

o p t i m u m   v a l u e s :  

Assume  a  s u p p l y   of   250v  a t   50  Hz,  a  d r o p   o f  

100v  a c r o s s   t he   t u b e   a f t e r   f i r i n g ,   a  d r o p   of  1 5 0 v  

a c r o s s   a  s e r i e s   r e s i s t o r ,   20w  d i s s i p a t e d   a t  t h e  

l amp ,   and  30w  d i s s i p a t e d   in  t h e   r e s i s t o r  

I f   t h i s   r e s i s t o r   R1  be  r e p l a c e d   by  a  c a p a c i t o r   C1 
and  a  c u r r e n t   l i m i t i n g   r e s i s t o r   R1  h a v i n g   a  10  to   1 

r e a c t a n c e   r a t i o ,   a p p r o x i m a t e l y   10  p a r t s   of  t h e   v o l t a g e   w i l l  

be  d r o p p e d   a c r o s s   t h e   c a p a c i t o r   C1  and  one  p a r t   a c r o s s   t h e  

r e s i s t o r   R1  f o r   e v e r y   11  v o l t s ,   so  t h a t   t h e   30w  l o s s   by  t h i s  

m e t h o d   of   c a l c u l a t i o n   w o u l d   g i v e   a b o u t   3w  l o s s   in  t h e  

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

t h e   c u r r e n t   l i m i t e r   R1  i s   r e q u i r e d   to   h a n d l e   e x c e s s i v e   p e a k  

c u r r e n t   and  in  f a c t   i t   has   b e e n   f o u n d   to  d i s s i p a t e   5  to   6 

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

a n o t h e r .  

On  t h e   o t h e r   hand   i t   has   been   f o u n d   t h a t   t h e r e  

a p p e a r s   to   be  c o n s i s t e n c y   when  s e l e c t i n g   t h e   v a l u e   of  c a p a -  
c i t o r   C l  i n   t h e   m i n i a t u r e   15  mm  d i a m e t e r   l a m p s   (4w,  6w,  8w 

and  13w  w i t h   v a r y i n g   l e n g t h s )   as  t h e y   a l l   o p e r a t e   s a t i s -  

f a c t o r i l y   w i t h   a  c a p a c i t o r   b e t w e e n   0 .8  MFD  and  1 . 2 5   MFD. 

T h i s   i s   shown  by  t h e   g r a p h s   of   F i g .   2  w h e r e   c a p a c i t i v e  

v a l u e s   of   1 . 2 5 p f ,   1 . 1 µ f   and  1µf  a r e   p l o t t e d   a g a i n s t   v a l u e s  

of  r e s i s t o r   R1  and  w a t t a g e   l o s s   in  t h a t   r e s i s t o r .   I t   w i l l  

be  s e e n   t h a t   t h e   v a l u e   of  r e s i s t o r   R1  w i l l   be  c h o s e n   to   b e  

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

h i g h   w a t t a g e   l o s s   and  l i g h t   f l i c k e r .   The  s p e c i f i c   p a r t   o f  

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

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

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

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

c u r r e n t   f l o w   be  c h o s e n   a t   or  n e a r   t h e   l o w e r   end  of  t h a t  

p l a t e a u   ( i . e .   w i t h   d e c r e a s e d   c u r r e n t )   s i m p l i f i c a t i o n   of  c i r -  

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



a c h i e v e d .   The  l i g h t   p l a t e a u   of   an  8w  lamp  may  be  p l o t t e d   o n  

t h e   same  c o o r d i n a t e   as  t h e   w a t t a g e   on  the   g r a p h   of  F i g .   2 .  

T h e r e f o r e ,   by  r e f e r e n c e   to   F i g .   2  i t   w i l l   be  s e e n   t h a t   t h e  

o p t i m u m   v a l u e s   f o r   an  8w  lamp  w o u l d   be  1µf  f o r   c a p a c i t o r   C1 
and  280  to  300  ohms,   2  w a t t s   f o r   r e s i s t o r   R 1 .  

C o n s i d e r a t i o n   has   b e e n   g i v e n   to  t h e   d e v e l o p m e n t   o f  

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

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

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

no t   a p p e a r   p o s s i b l e   to  d e r i v e   as  a  g e n e r a l   r u l e   t h e s e   v a l u e s  

by  c a l c u l a t i o n .   H o w e v e r ,   i t   has   been   found   t h a t   v e r y   l i t t l e  

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

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

m a n u f a c t u r e r s .   T h e r e f o r e ,   c o m p o n e n t   v a l u e s   may  be  a d v i s e d  

f o r   s p e c i f i c   l amps   i n d e p e n d e n t l y   of  m a n u f a c t u r i n g   s o u r c e .  
The  m e t h o d   p r e s e n t l y   a d o p t e d ,   w h i c h   has  p r o v e d   t o  

be  t h e   m o s t   r e l i a b l e ,   i s   by  e m p i r i c a l   s e l e c t i o n .   A f t e r   a l l ,  

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

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

and  r a t i n g   of  lamp  w i l l   n o t   r e q u i r e   s u b s e q u e n t   c h a n g e .   T h e  

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

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

a m m e t e r s ,   v a r i a b l e   c a p a c i t a n c e   box  f o r   C1  v a l u e s ,   v a r i a b l e  

a t t e n u a t o r   ( b e i n g   i n d u c t i v e   a n d / o r   r e s i s t i v e )   f o r   R1 
v a l u e s ,   v a r i a b l e ' r e s i s t o r   f o r   R 2  v a l u e s ,   a  d i o d e ,   v a r i a b l e  

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

m a n n e r   of   F i g .   1  w i t h   m o n i t o r i n g   f a c i l i t y :  

1.  What  i s   known  to  be  e x c e s s i v e   v a l u e s   f o r   R1 
and  C1  a r e   i n t r o d u c e d   and  power   a p p l i e d   to  s t a r t   t h e   l a m p .  

2.  As  a  c o a r s e   a d j u s t m e n t   p r o g r e s s i v e l y   r e d u c e  

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

a n c e   and  r e d u c i n g   t h e   o p e r a t i n g   mean  c u r r e n t   to   t h e   l a m p ,  
u n t i l   t h e   o u t p u t   of  l i g h t   f a l l s   b e l o w   t he   end  of  t h e   l a m p ' s  

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

v a l u e   a b o v e   t h e   p l a t e a u   end .   N o t e :   t h i s   p l a t e a u   i s   r e a d i l y  

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

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

p l a t e a u .  

3.  As  a  c o a r s e   a d j u s t m e n t   p r o g r e s s i v e l y   r e d u c e  



t h e   v a l u e   of  r e s i s t a n c e   in  R1,  i f   i t   be  a s s u m e d   to  be  a  

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

f rom  t h e   lamp  i l l u m i n a t i o n   o c c u r s   and  t h e n   m a r g i n a l l y   i n -  

c r e a s e   s a i d   r e s i s t a n c e   v a l u e .   A  p e a k   c u r r e n t   m e t e r   w i l l   p r o -  
v i d e   an  a c c u r a t e   i n d i c a t i o n   of  t h e   d e g r e e   of  f l i c k e r   and  w i t h  

e x p e r i e n c e d   u se   w i l l   e n s u r e   t h a t   e x c e s s i v e   p e a k   c u r r e n t s  

a r e   n o t   a p p l i e d   to  t h e   lamp  u n d e r   t e s t .  

4.  R e p e a t   s t e p s   2  and  3  as  o f t e n   as  n e c e s s a r y   w i t h  

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

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

5.  S w i t c h   o f f   p o w e r   and  t h e n   r e s t o r e   to   c h e c k  

w h e t h e r   t h e   lamp  r e a d i l y   r e s t a r t s .   I f   i t   d o e s   n o t   s t a r t  

r e d u c e   t h e   r e s i s t a n c e   of  R2  u n t i l   t h e   D.C.  v o l t a g e   a c r o s s   C1 
r i s e s   to   e f f e c t   lamp  s t a r t i n g .   A  c o m p r o m i s e   in   v a l u e   c a n  

be  s t r u c k   b e t w e e n   r e a d y   s t a r t i n g   of  t h e   lamp  and  c o m m e n c e -  

m e n t   of  f l i c k e r   in  t h e   l amp  i l l u m i n a t i o n .   O c c u r r e n c e   o f  

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

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

c i r c u i t .  

6.  Vary  t h e   s u p p l y   v o l t a g e   b e t w e e n   p r e - s e t   l i m i t s  

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

s e r v i c e .   I f   t he   l i g h t   o u t p u t   f l i c k e r s   a t   any  of  t h e s e  

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

f l i c k e r   to   t o l e r a b l e   l i m i t s   and  t h e n   r e p e a t   s t e p s   4  and  5 

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

c o r r e c t   c o n s e q u e n t i a l   a d j u s t m e n t   of  t h e   v a l u e   of  R 2 .  
The  a b o v e   p r o c e d u r e   w i l l   a l s o   be  f o l l o w e d   in  t h o s e  

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

l a m p s   a r e   to  be  u s e d .  

The  c o n t r o l   c i r c u i t   of   t he   i n v e n t i o n   e n a b l e s  

m i n i a t u r i s a t i o n   of  c o m p o n e n t s   so  t h a t   t h e   c o m p o n e n t s   can  b e  

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

t i o n   in  t h e   c o s t   of  c o m p o n e n t s .   Lamps  c o n t r o l l e d   by  t h i s  

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

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

r e d u c e d ,   b u t   no t   to  any  m a r k e d   e x t e n t ,   t h e y ,   and  e s p e c i a l l y  

l amps   up  to   20w  r a t i n g ,   o p e r a t e   much  more  e f f i c i e n t l y .  

The  w a t t s   l o s s   p e r   l umen   o u t p u t   i s   b e t t e r   t h a n   t h a t   of  t h e  

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



in  l i g h t   o u t p u t   r e f e r r e d   to   a b o v e .   The  h e a t   g e n e r a t e d   b y  
t he   c o n t r o l   c i r c u i t   i s   so  low  as  to   p e r m i t   m i n i a t u r i s a t i o n  

and  f i t t i n g s   do  n o t   r e q u i r e   t h e   c o n t e m p o r a r y   l a r g e   s p a c e  
f o r   a  b a l l a s t .   I f   t h e   c o m p o n e n t s   of  t h e   c i r c u i t   a r e   in  t h e  
b a s e   of  t he   f i t t i n g   and  n o t   in  t h e   h o l d e r   a  r e d u c t i o n   in  t h e  

b a s e   to  a b o u t   13  mm  t h i c k ,   i s   p o s s i b l e   c o m p a r e d   w i t h   t h e  

c o n v e n t i o n a l   50  mm  f o r   t h e   b a l l a s t .   E x p e r i m e n t a l   u n i t s   h a v e  

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

c o n t r o l   c i r c u i t   w i t h o u t   d e t e r i o r a t i o n .  

T h i s   i n v e n t i o n   p e r m i t s   t h e   m a j o r i t y   of  t he   c o m p o -  
n e n t s   to  be  p l a c e d   in  t h e   lamp  h o l d e r   i . e . ,   c a p a c i t o r   a n d  

c h a r g i n g   c i r c u i t .   In  an  i n t e g r a l   c o n f i g u r a t i o n   t he   c o m p o -  
n e n t s   may  be  f o r m e d   in  an  end  cap   of  t he   l amp,   or  a l t e r -  

n a t i v e l y   be  a  p l u g - i n   a t t a c h m e n t ,   or  i f   a  lamp  m a n u f a c t u r e r  

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

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

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

i f   t he   r e s i s t o r   RI  i s   i n t e r n a l l y   c o n n e c t e d   to  t h e   o p p o s i t e  

end  of  t h e   l amp,   t h e   f l u o r e s c e n t   lamp  c o u l d   have   a l l   i t s  

t e r m i n a l s   a t   one  e n d ,   t h e   o t h e r   end  of  t he   lamp  m e r e l y  

h a v i n g   a  g l a s s   dome,   or  b e i n g   o t h e r w i s e   s e a l e d   o f f .  

F i g .   4  shows  t h e   a c t u a l   s i z e   of  a  t h e r m o p l a s t i c  

h o u s i n g   H  and  c o m p o n e n t s   C1,  R2  and  D1  h o u s e d   t h e r e i n   w h i c h  

a r e   u s e d   f o r   f l u o r e s c e n t   l a m p s   of  4w,  6w,  8w  and  13w  r a t i n g .  
The  c o n n e c t i n g   l e a d s   Y  w i l l   be  c o n n e c t e d   to  t e r m i n a l s   in  t h e  

lamp  f i t t i n g .   The  r e s i s t o r   Rl  w i l l   be  c o n n e c t e d   e x t e r n a l  

of  t h e   h o u s i n g   H  f o r   b e t t e r   h e a t   d i s s i p a t i o n   and  w i l l   be  i n  

t h i s   i n s t a n c e   300  ohms,   2  w a t t .  

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

a r e   more  d i f f i c u l t   to  s t a r t   t h a n   o t h e r s   and  a l s o   as  t h e y  

age  some  t e n d   to   become  h a r d e r   to   s t a r t .   F u r t h e r m o r e   s t a r t -  

i ng   i s   more  d i f f i c u l t   w i t h   l a m p s   of  h i g h e r   r a t i n g   t h a n   1 3 w .  

The  h i g h e r   v o l t a g e s   t h a t   w o u l d   be  n e e d e d   f o r   s t a r t i n g   i n  

t h e s e   c a s e s   i m p o s e s   f u r t h e r   r e q u i r e m e n t s   on  t h e   v a l u e   of   C 1 .  
So  a s n o t t o  d e t r a c t   f r om  i t s   p r i n c i p a l   f u n c t i o n   of  c o n t r o l l i n g  

mean  o p e r a t i n g   c u r r e n t   to  t h e   lamp  an  e x c i t i n g   a r r a n g e m e n t  
has  been   d e v i s e d   f o r   t h e   lamp  to  a v o i d   t h e   r e q u i r e m e n t   o f  

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

F i g .   3  shows  t h e   e x c i t i n g   a r r a n g e m e n t   c o m p r i s i n g   a  



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

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

a t   a  p o s i t i o n   a p p r o x i m a t e l y   80%  of   t h e   way  a l o n g   t h e   l e n g t h  

of   t h e   lamp  and  i s   e l e c t r i c a l l y   c o n n e c t e d   to   t h e   more  r e m o t e  

lamp  t e r m i n a l   s o c k e t   D.  T h i s   a r r a n g e m e n t   may  be  d u p l i c a t e d  

by  h a v i n g   a  s e c o n d   c o n t a c t   lA  a l s o   p o s i t i o n e d   80%  of  t h e  

way  a l o n g   t h e   lamp  L  in  r e l a t i o n   to   t h e   o t h e r   lamp  t e r m i n a l  

s o c k e t   C  and  e l e c t r i c a l l y   c o n n e c t e d   t h e r e t o .   As  t he   c o n -  

d u c t i n g   c o n t a c t s   1  and  1A  a r e   a c c e s s i b l e ,   t h a t   i s   n o t   e n c l o s e d ,  

i t   i s   n e c e s s a r y   to   mee t   l o c a l   a n d / o r   I n t e r n a t i o n a l   s t a n d a r d s  

by  i n s e r t i n g   one  or  more   r e s i s t o r s   2,  in  t h e   c o n n e c t i o n s   b e t -  

ween  t h e   c o n t a c t s   1  and  1A  and  t h e   end  t e r m i n a l s   D  and  C.  

T h i s   a r r a n g e m e n t   d o e s   no t   r e q u i r e   an  e a r t h   and  i t s   s t a r t i n g  

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

m e n t s   i s   n o t   n e c e s s a r y .  
An  a l t e r n a t i v e   a r r a n g e m e n t   ( n o t   shown)  i s   a p p l i c a -  

b l e   w h e r e   t h e   b a s e   s u p p o r t   or   s o c k e t   h o l d e r   of  t h e   gas  d i s -  

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

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

or  t h e   l i k e ,   w h i c h   i s   a t t a c h e d   to   t h e   e a r t h e d   m e t a l   l a m p  

s u p p o r t   w i t h   t h e   t i p   of  t h e   dome  j u s t   t o u c h i n g   t he   o u t e r  

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

n e c e s s a r y   to  p l a c e   a  c o n d u c t i n g   r u b b e r   c o n t a c t   a p p r o x i m a t e l y   20% 

of   t h e   way  from  e a c h   end  of   t h e   lamp  as  t h e r e   i s   a  p o s s i b i -  

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

B o t h   t h e s e   a r r a n g e m e n t   a r e   e f f e c t i v e   f o r   use   w i t h   t h o s e  

l a m p s   t h a t   a r e   known  to  be  more   d i f f i c u l t   to  s t r i k e ,   s u c h  

as  t h e   13  w a t t   l o n g   lamp  and  t h e   40  w a t t   4  f t .   l a m p ,   a n d  

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

S p e c i f i c   r e p r e s e n t a t i v e   e m b o d i m e n t s   and  r e f i n e m e n t s  

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

t h e   p u r p o s e   of  i l l u s t r a t i o n s ,   b u t   i t   w i l l   be  a p p a r e n t   t o  

one  s k i l l e d   in  t h e   a r t   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   may  be  made  t h e r e t o   w i t h o u t   d e p a r t i n g   f rom  t h e   s p i r i t  

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



CONTROL CIRCUIT  FOR  THE  GAS  DISCHARGE  LAMPS 

1.  A  c o n t r o l   c i r c u i t   f o r   a  gas   d i s c h a r g e   lamp  c o m -  

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

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

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

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

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

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

c h a r a c t e r i z e d   in  t h a t   s a i d   c a p a c i t o r   has   a  c a p a c i t a n c e   no  l e s s  

t h a n   and  n o t   s u b s t a n t i a l l y   more   t h a n   t h e   minimum  v a l u e   o f  

c a p a c i t a n c e   n e c e s s a r y   to   p a s s   a d e q u a t e   o p e r a t i n g   mean  c u r r e n t  

f o r   s a i d   lamp  f rom  s a i d   p o w e r   s u p p l y ,   and  s a i d   a t t e n u a t o r   h a s   a n  

i m p e d a n c e   no  l e s s   t h a n   and  n o t   s u b s t a n t i a l l y   more  t h a n   t h e  

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

c u r r e n t   f low  t h r o u g h   s a i d   lamp  f rom  s a i d   power   s u p p l y .  

;  2.  A  c o n t r o l   c i r c u i t   a c c o r d i n g   to   c l a i m   1,  in   w h i c h  
!  t h e   p o w e r   s u p p l y   f r o m   t h e   s o u r c e   i s   AC  and  b e i n g   c h a r a c t e r i s e d  

in  t h a t   a t   t h e   f r e q u e n c y   of   s a i d   power   s u p p l y   t h e   r e a c t a n c e   of  t h e  

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

a t t e n u a t o r .  

3.  A  c o n t r o l   c i r c u i t   a c c o r d i n g   to   c l a i m   1  or   2,  i n  

w h i c h   t he   power   s u p p l y   s o u r c e   i s   AC,  and  t h e   c a p a c i t o r   i s  

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

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

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

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

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

4.  A  c o n t r o l   c i r c u i t   a c c o r d i n g   to  c l a i m   3,  in  w h i c h  

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

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

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

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

5.  A  c o n t r o l   c i r c u i t   a c c o r d i n g   to  a n y  o n e   of  t h e  

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

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

6.  A  c o n t r o l   c i r c u i t   a c c o r d i n g   to   a n y  o n e   of  t h e  

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

r e s i s t o r .  



7.  A  c o n t r o l   c i r c u i t   a c c o r d i n g   to   a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i z e d   in  t h a t   t h e   c a p a c i t a n c e   of  s a i d  

c a p a c i t o r   i s   b e t w e e n   . 8 p f   and  4 . 5 p f   w h i l e   t h e   i m p e d a n c e   of  s a i d  

a t t e n u a t o r   i s   b e t w e e n   80  ohms  and  500  o h m s .  

8.  A  c o n t r o l   c i r c u i t   a c c o r d i n g   to   a n y  o n e   of  t h e  

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

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

9.  A  m e t h o d   f o r   d e t e r m i n i n g   t h e   v a l u e s   of  c o m p o n e n t s  
f o r   c o n s t r u c t i n g   a  c o n t r o l   c i r c u i t   f o r   a  gas   d i s c h a r g e   t u b e   w i t h  

t h e   use   of   l a b o r a t o r y   e q u i p m e n t   f o r   t h e   m o n i t o r i n g   of  v o l t a g e s  

and  c u r r e n t s   and  t h e   use   of  v a r i a b l e   c a p a c i t a n c e   and  a t t e n u a t i o n  

b o x e s   c o n n e c t e d   i n t o   an  o p e r a t i v e   c i r c u i t   as  c l a i m e d   in  c l a i m   1 ,  

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

c a p a c i t o r   and  s a i d   a t t e n u a t o r   a r e  i n t r o d u c e d   by  s a i d   b o x e s ,   t h e  

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

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

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

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

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

r e d u c e d   u n t i l   f l i c k e r   in   t he   l i g h t   o u t p u t   o c c u r s   as  an  i n d i c a t i o n  

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

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

10.  A  gas   d i s c h a r g e   lamp  f i t t i n g   c o m p r i s i n g   a  l a m p  

w i t h   means   f o r   c o n n e c t i o n   to  a  p o w e r   s u p p l y ,   an  e l e c t r i c a l  

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

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

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

s e r i e s   w i t h   e a c h   o t h e r   and  in  s e r i e s   b e t w e e n   s a i d   lamp  and  i t s  

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

has   a  c a p a c i t a n c e   n o t   l e s s   t h a n   or   s u b s t a n t i a l l y   more  t h a n   t h e  

min imum  v a l u e   of   c a p a c i t a n c e   n e c e s s a r y   to   p a s s   a d e q u a t e  

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

l i g h t   o u t p u t   f rom  s a i d   l amp,   and  s a i d   a t t e n u a t o r   has   a n  

i m p e d a n c e   n o t   l e s s   t h a n   or  s u b s t a n t i a l l y   more   t h a n   t he   m i n i m u m  

v a l u e   of  i m p e d a n c e   w h i c h   w i l l   l i m i t   p e a k   c u r r e n t s   f rom  s a i d  

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

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

11.  A  gas  d i s c h a r g e   lamp  f i t t i n g   a c c o r d i n g   to  c l a i m  

10,  c h a r a c t e r i z e d   in  t h a t   s a i d   s t a r t i n g   c i r c u i t   and  s a i d   = 



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

the   lamp  on  s a i d   f i t t i n g .  

12.  A  gas   d i s c h a r g e   lamp  f i t t i n g  a c c o r d i n g   to  c l a i m  

10  c h a r a c t e r i z e d   in  t h a t   s a i d   s t a r t i n g   c i r c u i t   and  s a i d   c a p a -  
c i t o r   a r e   h o u s e d   w i t h i n   t he   g l a s s   e n v e l o p e   of  s a i d   l a m p .  

13.  A  gas  d i s c h a r g e   lamp  f i t t i n g   a c c o r d i n g   to   a n y  

one  of  c l a i m s   10  to  12,  c h a r a c t e r i z e d   in   t h a t   o p p o s i t e   t e r m i -  

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

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

s a i d   lamp  s p a c e d   more  t h a n   h a l f   way  down  t h e   l e n g t h   of   s a i d  

lamp  f rom  t h e i r   c o n n e c t i n g   t e r m i n a l s   e f f e c t i v e l y   to  s h o r t e n  

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

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

s a i d   l a m p .  

14.  A  gas   d i s c h a r g e   lamp  f i t t i n g   a c c o r d i n g   to   c l a i m  

13,  c h a r a c t e r i z e d   in   t h a t   t h e   c o n n e c t i o n s   b e t w e e n   s a i d   c o n t a c t s  

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

15.  A  gas   d i s c h a r g e   lamp  f i t t i n g   a c c o r d i n g   to  c l a i m  

13  or  14,  c h a r a c t e r i z e d   in  t h a t   t h e   s p a c i n g   b e t w e e n   s a i d   c o n -  

t a c t s   and  t h e i r   c o n n e c t i n g   lamp  t e r m i n a l s   i s   a b o u t   80%  of   t h e  

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