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©  Apparatus  for  remote  ballasting  of  gaseous  discharge  lamps. 

©  Remote  ballasting  apparatus  adapted  for  inser- 
tion  between  a  high  frequency  power  source  and 
one  or  more  gaseous  discharge  lamps.  The  bal- 
lasting  apparatus  includes  an  isolation  transformer 
having  a  primary  winding  adapted  for  connection  to 
the  high  frequency  power  source,  a  low  capacitance 
power  transmission  line  having  an  output  end  adapt- 

ed  for  connection  to  the  one  or  more  gaseous  dis- 
charge  lamps,  and  current  limiting  means,  such  as 
an  inductor  or  a  capacitor  or  a  series  resonant  circuit 
connected  between  the  secondaries  of  the  isolation 
transformer  and  the  input  end  of  the  low  capacitance 
power  transmission  line. 
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FIELD  OF  THE  INVENTION 

This  invention  relates  to  the  remote  ballasting 
of  gaseous  discharge  lamps  such  as  fluorescent 
tubes. 

BACKGROUND  OF  THE  INVENTION 

The  operation  of  gaseous  discharge  lamps  at 
high  frequency  is  well  known  and  the  benefits  of 
this  operation  have  been  listed  in  part  in  the  litera- 
ture. 
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However,  the  ballast  equipments  currently 
available  supplied  for  the  high  frequency  operation 
of  the  lamps  have  either  explicit  in  their  instructions 
or  implicit  in  their  use  that  the  ballast  be  located 
within  approximately  10  feet  of  the  lamp.  In  many 
applications,  such  as  drying  of  printing  ink,  outdoor 
lighting,  explosion  proof  environments,  water  treat- 
ment  and  portable  lamps,  it  is  not  convenient  to 
locate  the  ballast  near  to  the  lamp.  In  addition, 
using  present  means  of  connecting,  even  at  shorter 

distances,  large  amounts  of  electrical  noise  interfer- 
ence  are  generated  that  cause  erratic  operation  of 
other  nearby  electronic  equipment.  Finally,  existing 
ballasts  do  not  allow  monitoring  with  ground  fault 

5  interrupter  equipments  to  reduce  the  hazard  of 
electric  shock  to  persons  as  the  capacitive  leakage 
currents  generated  by  the  high  frequencies  trip 
ground  fault  interrupters. 

It  is  therefore  an  object  of  the  invention  to 
io  provide  a  safe,  efficient,  non-interfering  device 

which  obviates  many  of  the  problems  of  exiting 
prior  art  structures. 

Further  and  other  objects  of  this  invention  will 
become  apparent  to  a  man  skilled  in  the  art  when 

75  considering  the  following  summary  of  the  invention 
and  the  more  detailed  description  of  the  preferred 
embodiments  illustrated  herein. 

SUMMARY  OF  THE  INVENTION 
20 

According  to  one  aspect  of  the  invention,  a 
device  is  provided  for  connection  between  a  source 
of  high  frequency  electric  power  and  a  pair  of 
gaseous  discharge  lamps  comprising: 

25  (I)  a  high  frequency  isolation  transformer  having 
a  primary  winding  and  first  and  second  secon- 
dary  windings  arranged  in  a  center  tapped  sec- 
ondary  configuration  and  wound  to  minimize  in- 
terwinding  capacitance  connected  to; 

30  (II)  a  resonant  circuit  to  limit  lamp  current  made 
up  of  a  pair  of  inductors  and  capacitors  having 
the  first  secondary  of  the  transformer  connected 
to  one  side  of  a  first  inductor,  the  other  side  of 
the  first  inductor  connected  to  a  node  compris- 

35  ing  a  first  capacitor  and  the  input  end  of  the  first 
conductor  of  a  low  capacitance  power  transmis- 
sion  cable,  the  other  side  of  the  first  capacitor  is 
connected  to  a  node  comprising  one  side  of  the 
second  capacitor,  the  center  tap  of  the  trans- 

40  former,  a  third  conductor  and  a  sheath  conduc- 
tor  of  a  transmission  cable  and  the  other  side  of 
the  second  capacitor  connected  to  a  node  com- 
prising  the  input  end  of  the  second  conductor  of 
the  transmission  cable  and  one  side  of  a  second 

45  inductor  with  the  other  side  of  the  second  induc- 
tor  that  is  connected  to  the  transformer  second 
secondary; 
(III)  a  low  capacitance  power  transmission  cable 
having  an  input  end  and  an  output  end  compris- 

50  ing  at  least  first,  second  and  third  conductors 
with  insulation  means  and  an  outer  sheathing 
conductor  surrounding  the  first,  second  and  third 
conductors  and  insulated  from  the  conductors; 
(IV)  the  output  end  of  the  power  transmission 

55  cable  being  connected  with  the  first  conductor 
connected  to  one  end  of  a  first  gaseous  dis- 
charge  lamp,  the  second  conductor  connected 
to  one  end  of  a  second  gaseous  discharge 
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lamp,  the  other  ends  of  the  gaseous  discharge 
lamps  are  connected  to  the  output  end  of  the 
third  conductor. 
According  to  another  aspect  of  the  invention, 

there  is  provided  a  ballast  apparatus  for  starting 
and  operating  a  gaseous  discharge  lamp  which 
allows  operation  of  the  lamps  at  frequencies  in 
excess  of  10  kilohertz  and  at  a  predetermined 
distance  wherein  the  predetermined  distance  is  de- 
pendent  on  the  use  of  the  apparatus  and  in  a 
preferred  embodiment,  when  operating  the  lamp 
remotely  of  the  ballast  apparatus,  the  predeter- 
mined  distance  being  distances  greater  than  ten 
feet  from  the  power  supply,  the  apparatus  compris- 
ing  a  high  frequency  power  supply,  and  suitable 
current  limiting  means,  for  example  a  capacitor,  an 
inductor,  a  series  connected  resonant  circuit  or  the 
like,  connected  to  the  primary  winding  of  an  isola- 
tion  transformer  comprising  at  least  a  primary 
winding  and  first  and  second  secondary  windings 
arranged  in  a  center  tapped  secondary  configura- 
tion  and  wound  to  minimize  interwinding  capaci- 
tance,  a  low  capacitance  power  transmission  cable 
having  an  input  end  and  an  output  end  comprising 
a  first  and  second  conductor  with  insulation  means 
and  an  outer  sheathing  conductor  surrounding  the 
first  and  second  conductor  and  insulated  from  both 
the  conductors  connected  with  the  input  end  of  the 
first  and  second  conductors  connected  to  the  first 
and  second  secondary  windings  respectively  of  the 
isolation  transformer  and  the  sheathing  conductor 
connected  to  the  center  tap  of  the  isolation  trans- 
former,  the  output  end  of  the  power  transmission 
cable  is  connected  with  the  first  conductor  con- 
nected  to  one  end  of  a  gaseous  discharge  lamp 
and  the  second  conductor  connected  to  the  other 
end  of  the  gaseous  discharge  lamp. 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  ballast  apparatus  for  starting 
and  operating  a  gaseous  discharge  lamp  which 
allows  operation  of  the  lamps  at  frequencies  in 
excess  of  10  kilohertz  and  at  a  predetermined 
distance  (wherein  the  predetermined  distance  is 
dependent  on  the  use  of  the  apparatus  and  in  a 
preferred  embodiment,  when  operating  the  lamp 
remotely  of  the  ballast  apparatus,  the  predeter- 
mined  distance  being  greater  than  ten  feet)  from 
the  power  supply  comprising  a  high  frequency 
power  supply  connected  to  the  primary  winding  of 
an  isolation  transformer  comprising  at  least  a  pri- 
mary  winding  and  first  and  second  secondary  win- 
dings  arranged  in  a  center  tapped  secondary  con- 
figuration  and  wound  to  minimize  interwinding  ca- 
pacitance,  a  low  capacitance  power  transmission 
cable  having  an  input  end  and  output  end  compris- 
ing  first  and  second  conductors  with  insulation 
means  and  an  outer  sheathing  conductor  surround- 
ing  the  first  and  second  conductors  and  insulated 

from  both  the  conductors  connected  with  the  input 
end  of  the  first  and  second  conductors  connected 
in  series  through  first  and  second  current  limiting 
means  respectively  to  the  first  and  second  secon- 

5  dary  windings  respectively  of  the  isolation  trans- 
former  and  the  sheathing  conductor  connected  to 
the  center  tap  of  the  isolation  transformer,  the 
output  end  of  the  power  transmission  cable  is  con- 
nected  with  the  first  conductor  connected  to  one 

io  end  of  a  gaseous  discharge  lamp  and  the  second 
conductor  connected  to  the  other  end  of  the  gas- 
eous  discharge  lamp. 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  ballast  apparatus  for  starting 

is  and  operating  a  pair  of  gaseous  discharge  lamps 
which  allows  operation  of  the  lamps  at  frequencies 
in  excess  of  10  kilohertz  and  at  a  predetermined 
distance  (wherein  the  predetermined  distance  is 
dependent  on  the  use  of  the  apparatus  and  in  a 

20  preferred  embodiment  when  operating  the  lamp 
remotely  of  the  ballast  apparatus  the  predeter- 
mined  distance  being  greater  than  ten  feet)  from 
the  power  supply  comprising  a  high  frequency 
power  supply  connected  to  the  primary  winding  of 

25  an  isolation  transformer  comprising  at  least  a  pri- 
mary  winding  and  first  and  second  secondary  win- 
dings  arranged  in  a  center  tapped  secondary  con- 
figuration  and  wound  to  minimize  interwinding  ca- 
pacitance,  a  low  capacitance  power  transmission 

30  cable  having  an  input  end  and  an  output  end 
comprising  at  least  first,  second  and  third  conduc- 
tors  with  insulation  means  and  an  outer  sheathing 
conductor  surrounding  the  first,  second  and  third 
conductors  and  insulated  from  the  conductors  con- 

35  nected  with  the  input  end  of  the  first  and  second 
conductors  connected  in  series  through  first  and 
second  current  limiting  means  respectively  to  the 
first  and  second  secondary  windings  respectively 
of  the  isolation  transformer  and  the  sheathing  and 

40  third  conductors  connected  to  the  center  tap  of  the 
isolation  transformer,  the  output  end  of  the  power 
transmission  cable  is  connected  with  the  first  con- 
ductor  connected  to  one  end  of  a  first  gaseous 
discharge  lamp,  the  second  conductor  connected 

45  to  one  end  of  a  second  gaseous  discharge  lamp 
the  other  ends  of  the  gaseous  discharge  lamps  are 
connected  to  the  output  end  of  the  third  conductor. 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  ballast  apparatus  for  starting 

50  and  operating  a  gaseous  discharge  lamp  which 
allows  operation  of  the  lamps  at  frequencies  in 
excess  of  10  kilohertz  and  at  a  predetermined 
distance  (wherein  the  predetermined  distance  is 
dependent  on  the  use  of  the  apparatus  and  in  a 

55  preferred  embodiment  when  operating  the  lamp 
remotely  of  said  ballast  apparatus  the  predeter- 
mined  distance  being  greater  than  ten  feet)  from 
the  power  supply  comprising  a  high  frequency 
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power  supply  and  a  series  resonant  circuit  con- 
nected  with  the  first  side  of  an  inductor  connected 
to  one  terminal  of  the  high  frequency  power  supply 
and  the  second  side  of  the  inductor  to  a  node 
which  is  the  first  side  of  a  capacitor  and  the  first 
side  of  the  primary  winding  of  an  isolation  trans- 
former,  the  second  side  of  capacitor  is  connected 
to  a  node  which  is  the  second  side  of  the  primary 
of  the  isolation  transformer  and  the  other  terminal 
of  the  power  supply,  the  isolation  transformer  com- 
prising  at  least  a  primary  winding  and  first  and 
second  secondary  windings  arranged  in  a  center 
tapped  secondary  configuration  and  wound  to  mini- 
mize  interwinding  capacitance,  a  low  capacitance 
power  transmission  cable  having  an  input  end  and 
an  output  end  comprising  a  first  and  second  con- 
ductor  with  insulation  means  and  an  outer  sheath- 
ing  conductor  surrounding  the  first  and  second 
conductor  and  insulated  from  both  the  conductors 
connected  with  the  input  end  of  the  first  and  sec- 
ond  conductors  connected  to  the  first  and  second 
secondary  windings  respectively  of  the  isolation 
transformer  and  the  sheathing  conductor  connected 
to  the  center  tap  of  the  isolation  transformer,  the 
output  end  of  the  power  transmission  cable  is  con- 
nected  with  the  first  conductor  connected  to  one 
end  of  a  gaseous  discharge  lamp  and  the  second 
conductor  connected  to  the  other  end  of  the  gas- 
eous  discharge  lamp. 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  ballast  apparatus  for  starting 
and  operating  a  gaseous  discharge  lamp  which 
allows  operation  of  the  lamp  at  frequencies  in  ex- 
cess  of  10  kilohertz  and  at  a  predetermined  dis- 
tance  (wherein  the  predetermined  distance  is  de- 
pendent  on  the  use  of  the  apparatus  and  in  a 
preferred  embodiment  when  operating  the  lamp 
remotely  of  the  ballast  apparatus  the  predeter- 
mined  distance  being  greater  than  ten  feet)  from 
the  power  supply  comprising  a  high  frequency 
power  supply  connected  to  the  primary  winding  of 
an  isolation  transformer  comprising  at  least  a  pri- 
mary  winding  and  first  and  second  secondary  win- 
dings  arranged  in  a  center  tapped  secondary  con- 
figuration  and  wound  to  minimize  interwinding  ca- 
pacitance,  a  low  capacitance  power  transmission 
cable  having  an  input  end  and  an  output  end 
comprising  a  first  and  second  conductor  with  in- 
sulation  means  and  an  outer  sheathing  conductor 
surrounding  the  first  and  second  conductor  and 
insulated  from  both  the  conductors  connected  with 
the  input  end  of  the  first  and  second  conductors 
connected  in  series  through  first  and  second  cur- 
rent  limiting  inductors  respectively  to  the  first  and 
second  secondary  windings  respectively  of  the  iso- 
lation  transformer  and  the  sheathing  conductor  con- 
nected  to  the  center  tap  of  the  isolation  trans- 
former,  the  output  end  of  the  power  transmission 

cable  is  connected  with  the  first  conductor  con- 
nected  to  one  end  of  a  gaseous  discharge  lamp 
and  the  second  conductor  connected  to  the  other 
end  of  the  gaseous  discharge  lamp. 

5  According  to  another  aspect  of  the  invention, 
there  is  provided  a  ballast  apparatus  for  starting 
and  operating  a  pair  of  gaseous  discharge  lamps 
which  allows  operation  of  the  lamps  at  frequencies 
in  excess  of  10  kilohertz  and  at  a  predetermined 

io  distance  (wherein  the  predetermined  distance  is 
dependent  on  the  use  of  the  apparatus  and  in  a 
preferred  embodiment  when  operating  the  lamp 
remotely  of  the  ballast  apparatus  the  predeter- 
mined  distance  being  greater  than  ten  feet)  from 

is  the  power  supply  comprising  a  high  frequency 
power  supply  connected  to  the  primary  winding  of 
an  isolation  transformer  comprising  at  least  a  pri- 
mary  winding  and  first  and  second  secondary  win- 
dings  arranged  in  a  center  tapped  secondary  con- 

20  figuration  and  wound  to  minimize  interwinding  ca- 
pacitance,  a  low  capacitance  power  transmission 
cable  having  an  input  end  and  an  output  end 
comprising  at  least  first,  second  and  third  conduc- 
tors  with  insulation  means  and  an  outer  sheathing 

25  conductor  surrounding  the  first,  second  and  third 
conductors  and  insulated  from  the  conductors  con- 
nected  with  the  input  end  of  the  first  and  second 
conductors  connected  in  series  though  first  and 
second  current  limiting  inductors  respectively  to 

30  the  first  and  second  secondary  windings  respec- 
tively  of  the  isolation  transformer  and  the  sheathing 
and  third  conductors  connected  to  the  center  tap  of 
the  isolation  transformer,  the  output  end  of  the 
power  transmission  cable  is  connected  with  the 

35  first  conductor  connected  to  one  end  of  a  first 
gaseous  discharge  lamp,  the  second  conductor 
connected  to  one  end  of  a  second  gaseous  dis- 
charge  lamp  the  other  ends  of  the  gaseous  dis- 
charge  lamps  are  connected  to  the  output  end  of 

40  the  third  conductor. 
According  to  another  aspect  of  the  invention, 

there  is  provided  a  ballast  apparatus  for  starting 
and  operating  a  gaseous  discharge  lamp  which 
allows  operation  of  the  lamp  at  frequencies  in  ex- 

45  cess  of  10  kilohertz  and  at  a  predetermined  dis- 
tance  (wherein  the  predetermined  distance  is  de- 
pendent  on  the  use  of  the  apparatus  and  in  a 
preferred  embodiment  when  operating  the  lamp 
remotely  of  the  ballast  apparatus  the  predeter- 

50  mined  distance  being  greater  than  ten  feet)  from 
the  power  supply  comprising  a  high  frequency 
power  supply  connected  to  the  primary  winding  of 
an  isolation  transformer  comprising  at  least  a  pri- 
mary  winding  and  first  and  second  secondary  win- 

55  dings  arranged  in  a  center  tapped  secondary  con- 
figuration  and  wound  to  minimize  interwinding  ca- 
pacitance,  a  resonant  circuit  to  limit  lamp  current 
made  up  of  one  side  of  a  first  inductor  connected 

4 
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to  the  transformer  first  secondary  the  other  side  of 
the  first  inductor  connected  to  a  node  consisting  of 
a  first  capacitor  and  the  input  end  of  the  first 
conductor  of  a  low  capacitance  power  transmission 
cable  having  an  input  end  and  an  output  end 
comprising  first  and  second  conductors  with  insula- 
tion  means  and  an  outer  sheathing  conductor  sur- 
rounding  first  and  second  conductors  and  insulated 
from  both  the  conductors,  the  other  side  of  the  first 
capacitor  is  connected  to  a  node  consisting  of  a 
side  of  a  second  capacitor,  the  center  tap  of  the 
transformer,  and  the  sheath  conductor  of  the  trans- 
mission  cable,  the  other  side  of  the  second  capaci- 
tor  is  connected  to  a  node  consisting  of  the  input 
end  of  the  second  conductor  of  said  transmission 
cable  and  one  side  of  a  second  inductor  the  other 
side  of  the  second  inductor  is  connected  to  the 
transformer  second  secondary,  the  output  end  of 
the  power  transmission  cable  is  connected  with  the 
first  conductor  connected  to  one  end  of  a  gaseous 
discharge  lamp  and  the  second  conductor  con- 
nected  to  the  other  end  of  the  gaseous  discharge 
lamp. 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  ballast  apparatus  for  starting 
and  operating  a  pair  of  gaseous  discharge  lamps 
which  allows  operation  of  the  lamps  at  frequencies 
in  excess  of  10  kilohertz  and  at  a  predetermined 
distance  (wherein  the  predetermined  distance  is 
dependent  on  the  use  of  the  apparatus  and  in  a 
preferred  embodiment  when  operating  the  lamps 
remotely  of  the  ballast  apparatus  the  predeter- 
mined  distance  being  greater  than  ten  feet)  from 
the  power  supply  comprising  a  high  frequency 
power  supply  connected  to  the  primary  winding  of 
an  isolation  transformer  comprising  at  least  a  pri- 
mary  winding  and  first  and  second  secondary  win- 
dings  arranged  in  a  center  tapped  secondary  con- 
figuration  and  wound  to  minimize  interwinding  ca- 
pacitance,  a  resonant  circuit  to  limit  lamp  current 
made  up  of  one  side  of  a  first  inductor  connected 
to  the  transformer  first  secondary  the  other  side  of 
the  first  inductor  connected  to  a  node  consisting  of 
a  first  capacitor  and  the  input  end  of  the  first 
conductor  of  a  low  capacitance  power  transmission 
cable  having  an  input  end  and  an  output  end 
comprising  at  least  first,  second  and  third  conduc- 
tors  with  insulation  means  and  an  outer  sheathing 
conductor  surrounding  the  first,  second  and  third 
conductors  and  insulated  from  the  conductors,  the 
other  side  of  the  first  capacitor  is  connected  to  a 
node  consisting  of  a  side  of  a  second  capacitor, 
the  center  tap  of  the  transformer,  the  third  conduc- 
tor  and  sheath  conductor  of  the  transmission  cable, 
the  other  side  of  the  second  capacitor  is  connected 
to  a  node  consisting  of  the  input  end  of  the  second 
conductor  of  the  transmission  cable  and  one  side 
of  a  second  inductor,  the  other  side  of  the  second 

inductor  is  connected  to  the  transformer  second 
secondary,  the  output  end  of  the  power  transmis- 
sion  cable  is  connected  with  the  first  conductor 
connected  to  one  end  of  a  first  gaseous  discharge 

5  lamp,  the  second  conductor  connected  to  one  end 
of  a  second  gaseous  discharge  lamp,  the  other 
ends  of  said  gaseous  discharge  lamps  are  con- 
nected  to  the  output  end  of  the  third  conductor. 

According  to  another  aspect  of  the  invention, 
io  the  ballast  apparatus  described  in  any  of  the  pre- 

ceding  paragraphs  may  further  comprise  a  number 
of  transformer  secondaries  with  center  taps  con- 
nected  to  a  common  node  which  are  connected  to 
a  number  of  lamps  via  a  single  transmission  cable 

is  comprising  a  number  of  conductor  pairs  surround- 
ed  by  a  single  outer  sheathing  conductor  which  is 
connected  to  the  center  tap  common  node. 

According  to  another  aspect  of  the  invention, 
the  ballast  apparatus  described  in  any  of  the  pre- 

20  ceding  paragraphs  may  further  comprise  a  number 
of  transformer  secondaries  with  center  taps,  (pref- 
erably  which  may  or  may  not  be  connected  to  a 
common  node),  which  are  connected  to  a  number 
of  lamps  via  a  single  transmission  cable  comprising 

25  a  number  of  conductor  pairs  each  pair  surrounded 
by  a  sheathing  conductor  which  is  connected  to  the 
respective  transformer  center  tap. 

According  to  another  aspect  of  the  invention, 
the  ballast  apparatus  described  in  any  of  the  pre- 

30  ceding  paragraphs  may  further  comprise  a  number 
of  transformer  secondaries  with  center  taps  con- 
nected  to  a  common  node  which  are  connected  to 
a  number  of  lamps  via  a  single  transmission  cable 
consisting  of  a  number  of  three  conductor  groups 

35  surrounded  by  a  single  outer  sheathing  conductor 
which  is  connected  to  the  center  tap  common 
node. 

According  to  another  aspect  of  the  invention, 
the  ballast  apparatus  described  in  any  of  the  pre- 

40  ceding  paragraphs  may  further  comprise  a  number 
of  transformer  secondaries  with  center  taps,  (pref- 
erably  which  may  or  may  not  be  connected  to  a 
common  node,  which  are  connected  to  a  number 
of  lamps  via  a  single  transmission  cable  comprising 

45  a  number  of  conductor  groups  wherein  each  group 
is  surrounded  by  a  sheathing  conductor  which  is 
connected  to  the  respective  transformer  center  tap. 

According  to  another  aspect  of  the  invention, 
the  ballast  apparatus  described  in  any  of  the  pre- 

50  ceding  paragraphs  may  further  comprise  a  single 
transformer  secondary  with  center  tap  which  is 
connected  to  a  plurality  of  lamps  via  a  single 
transmission  cable  comprising  a  number  of  con- 
ductors  surrounded  by  a  sheathing  conductor 

55  which  is  connected  to  the  transformer  center  tap. 
According  to  another  aspect  of  the  invention, 

the  ballast  apparatus  described  in  any  of  the  pre- 
ceding  paragraphs  may  further  comprise  a  single 

5 
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transformer  secondary  with  center  tap  which  is 
connected  to  a  plurality  of  lamps  via  a  single 
transmission  cable  comprising  a  number  of  con- 
ductor  groups  wherein  each  group  is  surrounded 
by  a  sheathing  conductor  which  is  connected  to  the 
transformer  center  tap. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  schematic  view  of  a  preferred 
embodiment  of  the  invention. 

DETAILED  DESCRIPTION  OF  A  PREFERRED  EM- 
BODIMENT  OF  THE  INVENTION 

With  reference  to  Figure  1  there  is  shown  a 
device  schematically  of  one  embodiment  of  the 
invention.  The  device  consists  of  three  principal 
parts:  the  first,  an  isolation  transformer  as  shown  in 
the  box  101;  the  second  a  current  limiting  means, 
for  example  an  inductor  or  a  capacitor  or  a  series 
resonant  circuit  shown  in  box  102;  and  the  third,  a 
low  capacitance  power  transmission  line  shown  in 
box  103.  High  frequency  power,  typically  31.2  Khz, 
at  125  volts  RMS,  is  connected  to  each  of  the  ends 
of  primary  winding  1,  typically  63  turns  #22  AWG, 
of  transformer  101,  built  on  an  RM14  core.  The 
marked  end  of  secondary  winding  3,  typically  56 
turns  #24  AWG,  is  connected  to  inductor  2  which, 
in  turn,  connects  to  node  6  and  capacitor  10. 
Similarly,  the  unmarked  end  of  secondary  5  is 
connected  to  inductor  4  which,  in  turn,  connects  to 
node  7  and  capacitor  1  1  .  The  other  side  of  capaci- 
tors  10  and  11  are  connected,  along  with  the  un- 
marked  end  of  secondary  3,  the  marked  end  of 
secondary  5,  conductor  14  and  sheath  conductor  9, 
to  node  8.  The  input  end  of  transmission  cable  103, 
for  example  40  feet  of  cable  manufactured  by 
Belden  (as  described  in  their  product  catalogue  at 
catalogue  number  9365),  is  connected  with  con- 
ductor  12  to  node  6,  conductor  13  to  node  7, 
conductor  14  to  node  8  and  sheath  conductor  9  to 
node  8.  The  output  end  of  transmission  line  103  is 
connected  with  conductors  12  and  14  to  lamp  18, 
(F96T12  fluorescent  lamp),  and  conductors  13  and 
14  to  lamp  15  (F96T12  fluorescent  lamp). 

Inductors  2  and  4,  typically  2  millihenry,  and 
capacitors  10  and  11,  typically  12000  picofarads, 
along  with  the  distributed  capacitance  of  transmis- 
sion  line  conductors  12  between  nodes  6-16  and 
14  between  nodes  8-11  and  conductors  13  be- 
tween  nodes  7-17  and  14  between  nodes  8-11, 
typically  1000  picofarads,  form  series  resonant  cir- 
cuits  which  resonate  at  approximately  31.2  Khz. 
This  resonance  will  produce  an  adequate  voltage 
(600  to  800  volts)  to  initiate  conduction  in  lamps  18 
and  15  and  then  act  as  near  resonant  current 
limiters  to  maintain  a  voltage  of  approximately  200 

volts  to  keep  the  lamps  running. 
This  configuration  as  shown  in  Figure  1  is  a 

low  noise  generating  balanced  load  with  very  small 
electrical  noise  radiation  inasmuch  as  any  electrical 

5  noise  generated  by  minor  component  imbalances 
are  returned  via  the  shield  conductor  to  the  com- 
mon  node  8.  For  greater  noise  reduction  node  8 
can  also  be  grounded. 

As  many  changes  can  be  made  to  the  pre- 
io  ferred  embodiments  of  the  invention  without  de- 

parting  from  the  scope  or  intent  thereof,  it  is  in- 
tended  that  all  matter  contained  herein  be  consid- 
ered  as  illustrative  of  the  invention  and  not  in  a 
limiting  sense. 

15 
Claims 

1.  A  remote  ballasting  apparatus  for  starting  and 
operating  a  gaseous  discharge  lamp  which  al- 

20  lows  operation  of  the  lamp  at  frequencies  in 
excess  of  10  kilohertz  and  at  a  predetermined 
distance  from  the  power  supply  comprising  a 
high  frequency  power  supply  and  suitable  cur- 
rent  limiting  means  connected  to  the  primary 

25  winding  of  an  isolation  transformer  comprising 
at  least  a  primary  winding  and  first  and  second 
secondary  windings  arranged  in  a  center 
tapped  secondary  configuration  and  wound  to 
minimize  interwinding  capacitance,  a  low  ca- 

30  pacitance  power  transmission  cable  having  an 
input  end  and  an  output  end  comprising  a  first 
and  second  conductor  with  insulation  means 
and  an  outer  sheathing  conductor  surrounding 
said  first  and  second  conductor  and  insulated 

35  from  both  said  conductors  connected  with  the 
input  end  of  said  first  and  second  conductors 
connected  to  the  first  and  second  secondary 
windings  respectively  of  said  isolation  trans- 
former  and  the  sheathing  conductor  connected 

40  to  the  center  tap  of  said  isolation  transformer, 
the  output  end  of  said  power  transmission  ca- 
ble  is  connected  with  the  first  conductor  con- 
nected  to  one  end  of  a  gaseous  discharge 
lamp  and  the  second  conductor  connected  to 

45  the  other  end  of  said  gaseous  discharge  lamp. 

2.  A  remote  ballasting  apparatus  according  to 
claim  1  wherein  said  first  and  second  conduc- 
tors  are  connected  in  series  through  first  and 

50  second  current  limiting  means  respectively  to 
said  first  and  second  secondary  windings  re- 
spectively  of  said  isolation  transformer. 

3.  A  remote  ballasting  apparatus  for  starting  and 
55  operating  a  pair  of  gaseous  discharge  lamps 

which  allows  operation  of  the  lamps  at  fre- 
quencies  in  excess  of  10  kilohertz  and  at  a 
predetermined  distance  from  the  power  supply 

6 
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comprising  a  high  frequency  power  supply 
connected  to  the  primary  winding  of  an  isola- 
tion  transformer  comprising  at  least  a  primary 
winding  and  first  and  second  secondary  win- 
dings  arranged  in  a  center  tapped  secondary  5 
configuration  and  wound  to  minimize  interwin- 
ding  capacitance,  a  low  capacitance  power 
transmission  cable  having  an  input  end  and  an 
output  end  comprising  at  least  first,  second 
and  third  conductors  with  insulation  means  and  10 
an  outer  sheathing  conductor  surrounding  said 
first,  second  and  third  conductors  and  insu- 
lated  from  said  conductors  connected  with  the 
input  end  of  said  first  and  second  conductors 
connected  in  series  through  first  and  second  is 
current  limiting  means  respectively  to  the  first 
and  second  secondary  windings  respectively 
of  said  isolation  transformer  and  the  sheathing 
and  third  conductors  connected  to  the  center 
tap  of  said  isolation  transformer,  the  output  end  20 
of  said  power  transmission  cable  is  connected 
with  the  first  conductor  connected  to  one  end 
of  a  first  gaseous  discharge  lamp,  the  second 
conductor  connected  to  one  end  of  a  second 
gaseous  discharge  lamp,  the  other  ends  of  25 
said  gaseous  discharge  lamps  are  connected 
to  the  output  end  of  said  third  conductor. 

4.  A  remote  ballasting  apparatus  for  starting  and 
operating  a  gaseous  discharge  lamp  which  al-  30 
lows  operation  of  the  lamp  at  frequencies  in 
excess  of  10  kilohertz  and  at  a  predetermined 
distance  from  the  power  supply  comprising  a 
high  frequency  power  supply  and  a  series  res- 
onant  circuit  connected  with  the  first  side  of  an  35 
inductor  connected  to  one  terminal  of  said  high 
frequency  power  supply  and  the  second  side 
of  said  inductor  to  a  node  which  is  the  first 
side  of  a  capacitor  and  the  first  side  of  the 
primary  winding  of  an  isolation  transformer,  the  40 
second  side  of  said  capacitor  is  connected  to  a 
node  which  is  the  second  side  of  the  primary 
of  said  isolation  transformer  and  the  other  ter- 
minal  of  the  power  supply,  said  isolation  trans- 
former  comprising  at  least  a  primary  winding  45 
and  first  and  second  secondary  windings  ar- 
ranged  in  a  center  tapped  secondary  configu- 
ration  and  wound  to  minimize  interwinding  ca- 
pacitance,  a  low  capacitance  power  transmis- 
sion  cable  having  an  input  end  and  an  output  so 
end  comprising  a  first  and  second  conductor 
with  insulation  means  and  an  outer  sheathing 
conductor  surrounding  said  first  and  second 
conductor  and  insulated  from  both  said  con- 
ductors  connected  with  the  input  end  of  said  55 
first  and  second  conductors  connected  to  the 
first  and  second  secondary  windings  respec- 
tively  of  said  isolation  transformer  and  the 

sheathing  conductor  connected  to  the  center 
tap  of  said  isolation  transformer,  the  output  end 
of  said  power  transmission  cable  is  connected 
with  the  first  conductor  connected  to  one  end 
of  a  gaseous  discharge  lamp  and  the  second 
conductor  connected  to  the  other  end  of  said 
gaseous  discharge  lamp. 

5.  A  remote  ballasting  apparatus  according  to 
claim  2  wherein  said  first  and  second  current 
limiting  means  include  first  and  second  current 
limiting  inductors  respectively. 

6.  A  remote  ballasting  apparatus  according  to 
claim  3  wherein  said  first  and  second  current 
limiting  means  include  first  and  second  current 
limiting  inductors  respectively  and  said  third 
conductor  is  connected  between  said  center 
tap  of  said  isolation  transformer  and  the  other 
ends  of  said  gaseous  discharge  lamps. 

7.  A  remote  ballasting  apparatus  for  starting  and 
operating  a  gaseous  discharge  lamp  which  al- 
lows  operation  of  the  lamp  at  frequencies  in 
excess  of  10  kilohertz  and  at  a  predetermined 
distance  from  the  power  supply  comprising  a 
high  frequency  power  supply  connected  to  the 
primary  winding  of  an  isolation  transformer 
comprising  at  least  a  primary  winding  and  first 
and  second  secondary  windings  arranged  in  a 
center  tapped  secondary  configuration  and 
wound  to  minimize  interwinding  capacitance,  a 
resonant  circuit  to  limit  lamp  current  made  up 
of  one  side  of  a  first  inductor  connected  to  the 
transformer  first  secondary  the  other  side  of 
the  first  inductor  connected  to  a  node  consist- 
ing  of  a  first  capacitor  and  the  input  end  of  the 
first  conductor  of  a  low  capacitance  power 
transmission  cable  having  an  input  end  and  an 
output  end  comprising  a  first  and  second  con- 
ductor  with  insulation  means  and  an  outer 
sheathing  conductor  surrounding  said  first  and 
second  conductor  and  insulated  from  both  said 
conductors,  the  other  side  of  said  first  capaci- 
tor  is  connected  to  a  node  consisting  of  a  side 
of  a  second  capacitor,  the  center  tap  of  the 
transformer,  and  the  sheath  conductor  of  said 
transmission  cable,  the  other  side  of  said  sec- 
ond  capacitor  is  connected  to  a  node  consist- 
ing  of  the  input  end  of  the  second  conductor  of 
said  transmission  cable  and  one  side  of  a 
second  inductor  the  other  side  of  the  second 
inductor  is  connected  to  the  transformer  sec- 
ond  secondary,  the  output  end  of  said  power 
transmission  cable  is  connected  with  the  first 
conductor  connected  to  one  end  of  a  gaseous 
discharge  lamp  and  the  second  conductor  con- 
nected  to  the  other  end  of  said  gaseous  dis- 

7 
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charge  lamp. 

A  remote  ballasting  apparatus  for  starting  and 
operating  a  pair  of  gaseous  discharge  lamps 
which  allows  operation  of  the  lamps  at  fre-  5 
quencies  in  excess  of  10  kilohertz  and  at  a 
predetermined  distance  from  the  power  supply 
comprising  a  high  frequency  power  supply 
connected  to  the  primary  winding  of  an  isola- 
tion  transformer  comprising  at  least  a  primary  10 
winding  and  first  and  second  secondary  win- 
dings  arranged  in  a  center  tapped  secondary 
configuration  and  wound  to  minimize  interwin- 
ding  capacitance,  a  resonant  circuit  to  limit 
lamp  current  made  up  of  one  side  of  a  first  is 
inductor  connected  to  the  transformer  first  sec- 
ondary  the  other  side  of  the  first  inductor  con- 
nected  to  a  node  consisting  of  a  first  capacitor 
and  the  input  end  of  the  first  conductor  of  a 
low  capacitance  power  transmission  cable  hav-  20 
ing  an  input  end  and  an  output  end  comprising 
at  least  first  second  and  third  conductors  with 
insulation  means  and  an  outer  sheathing  con- 
ductor  surrounding  said  first  second  and  third 
conductors  and  insulated  from  said  conduc-  25 
tors,  the  other  side  of  said  first  capacitor  is 
connected  to  a  node  consisting  of  a  side  of  a 
second  capacitor,  the  center  tap  of  the  trans- 
former,  the  third  and  sheath  conductor  of  said 
transmission  cable,  the  other  side  of  said  sec-  30 
ond  capacitor  is  connected  to  a  node  consist- 
ing  of  the  input  end  of  the  second  conductor  of 
said  transmission  cable  and  one  side  of  a 
second  inductor,  the  other  side  of  the  second 
inductor  is  connected  to  the  transformer  sec-  35 
ond  secondary,  the  output  end  of  said  power 
transmission  cable  is  connected  with  the  first 
conductor  connected  to  one  end  of  a  first 
gaseous  discharge  lamp,  the  second  conductor 
connected  to  one  end  of  a  second  gaseous  40 
discharge  lamp  the  other  ends  of  said  gaseous 
discharge  lamps  are  connected  to  the  output 
end  of  said  third  conductor. 

A  device  is  provided  for  connection  between  a  45 
source  of  high  frequency  electric  power  and  a 
pair  of  gaseous  discharge  lamps  comprising: 

(I)  a  high  frequency  isolation  transformer 
consisting  of  a  primary  winding  and  first  and 
second  secondary  windings  arranged  in  a  so 
center  tapped  secondary  configuration  and 
wound  to  minimize  interwinding  capacitance 
connected  to; 
(II)  a  resonant  circuit  to  limit  lamp  current 
made  up  of  a  pair  of  inductors  and  capaci-  55 
tors  having:  the  first  secondary  of  said 
transformer  connected  to  one  side  of  a  first 
inductor,  the  other  side  of  said  first  inductor 

connected  to  a  node  consisting  of  a  first 
capacitor  and  the  input  end  of  the  first  con- 
ductor  of  a  low  capacitance  power  transmis- 
sion  cable,  the  other  side  of  said  first  ca- 
pacitor  is  connected  to  a  node  consisting  of 
one  side  of  the  second  capacitor,  the  center 
tap  of  the  transformer,  a  third  conductor  and 
a  sheath  conductor  of  a  transmission  cable 
and  the  other  side  of  said  second  capacitor 
connected  to  a  node  consisting  of  the  input 
end  of  the  second  conductor  of  said  trans- 
mission  cable  and  one  side  of  a  second 
inductor  with  the  other  side  of  said  second 
inductor  that  is  connected  to  the  transformer 
second  secondary; 
(III)  a  low  capacitance  power  transmission 
cable  having  an  input  end  and  an  output 
end  comprising  at  least  first  second  and 
third  conductors  with  insulation  means  and 
an  outer  sheathing  conductor  surrounding 
said  first  second  and  third  conductors  and 
insulated  from  said  conductors; 
(IV)  the  output  end  of  said  power  transmis- 
sion  cable  being  connected  with  the  first 
conductor  connected  to  one  end  of  a  first 
gaseous  discharge  lamp,  the  second  con- 
ductor  connected  to  one  end  of  a  second 
gaseous  discharge  lamp  the  other  ends  of 
said  gaseous  discharge  lamps  are  connect- 
ed  to  the  output  end  of  said  third  conductor. 

10.  A  remote  ballasting  apparatus  according  to 
claim  1  wherein  a  number  of  transformer 
secondaries  with  center  taps  connected  to  a 
common  node  are  connected  to  a  number  of 
lamps  via  a  single  transmission  cable  compris- 
ing  a  number  of  conductor  pairs  surrounded  by 
a  single  outer  sheathing  conductor  which  is 
connected  to  said  center  tap  common  node. 

11.  A  remote  ballasting  apparatus  according  to 
claim  1  wherein  a  number  of  transformer 
secondaries  with  center  taps  are  connected  to 
a  number  of  lamps  via  a  single  transmission 
cable  comprising  a  number  of  conductor  pairs 
each  pair  surrounded  by  a  sheathing  conductor 
which  is  connected  to  the  respective  trans- 
former  center  tap. 

12.  A  remote  ballasting  apparatus  according  to 
claim  3  wherein  a  number  of  transformer 
secondaries  with  center  taps  connected  to  a 
common  node  are  connected  to  a  number  of 
lamps  via  a  single  transmission  cable  consist- 
ing  of  a  number  of  three  conductor  groups 
surrounded  by  a  single  outer  sheathing  con- 
ductor  which  is  connected  to  said  center  tap 
common  node. 
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13.  A  remote  ballasting  apparatus  according  to 
claim  3  wherein  a  number  of  transformer 
secondaries  with  center  taps  are  connected  to 
a  number  of  lamps  via  a  single  transmission 
cable  consisting  of  a  number  of  conductor 
groups  wherein  each  group  is  surrounded  by  a 
sheathing  conductor  which  is  connected  to  the 
respective  transformer  center  tap. 

14.  A  remote  ballasting  apparatus  according  to 
claim  7  wherein  a  single  transformer  secon- 
dary  with  center  tap  is  connected  to  a  plurality 
of  lamps  via  a  single  transmission  cable  con- 
sisting  of  a  number  of  conductors  surrounded 
by  a  sheathing  conductor  which  is  connected 
to  the  transformer  center  tap. 

15.  A  remote  ballasting  apparatus  according  to 
claim  7  wherein  a  single  transformer  secon- 
dary  with  center  tap  is  connected  to  a  plurality 
of  lamps  via  a  single  transmission  cable  con- 
sisting  of  a  number  of  conductor  groups 
wherein  each  group  is  surrounded  by  a  sheath- 
ing  conductor  which  is  connected  to  the  trans- 
former  center  tap. 

16.  A  remote  ballasting  apparatus  comprising: 
an  isolation  transformer  having: 

(a)  a  primary  winding  adapted  for  connec- 
tion  to  a  high  frequency  power  supply,  and 
(b)  first  and  second  secondary  windings  ar- 
ranged  in  a  center  tapped  secondary  con- 
figuration; 

current  limiting  means  connected  to  said 
first  and  second  secondary  windings  of  said 
isolation  transformer; 

and  a  low  capacitance  power  transmission 
cable  having: 

(a)  a  first  conductor  having: 
(1)  an  input  end  connected  to  said  cur- 
rent  limiting  means,  and 
(2)  an  output  end  adapted  for  connection 
to  a  first  end  of  a  gaseous  discharge 
lamp, 

(b)  a  second  conductor  having: 
(1)  an  input  end  connected  to  the  center 
tap  of  said  first  and  second  secondary 
windings  of  said  isolation  transformer, 
and 
(2)  an  output  end  adapted  for  connection 
to  a  second  end  of  the  gaseous  dis- 
charge  lamp, 

(c)  an  outer  sheathing  conductor  surround- 
ing  said  first  conductor  and  said  and  second 
conductor  and  having: 

(1)  an  input  end  connected  to  said  center 
tap  of  said  first  and  second  secondary 
windings  of  said  isolation  transformer, 

and 
(2)  an  output  end  adapted  for  connection 
to  the  gaseous  discharge  lamp,  and 

(d)  means  for  insulating  said  outer  sheath- 
5  ing  conductor  from  said  first  conductor  and 

said  second  conductor. 

17.  A  remote  ballasting  apparatus  according  to 
claim  16  wherein  said  isolation  transformer  is 

io  wound  to  minimize  interwinding  capacitance. 

18.  A  remote  ballasting  apparatus  according  to 
claim  16  wherein  said  current  limiting  means 
includes  a  series  resonant  circuit. 

15 
19.  A  remote  ballasting  apparatus  according  to 

claim  16  wherein  said  current  limiting  means 
includes  a  current  limiting  inductor  through 
which  said  first  conductor  of  said  low  capaci- 

20  tance  power  transmission  line  is  connected  to 
said  first  secondary  winding  of  said  isolation 
transformer. 

20.  A  remote  ballasting  apparatus  comprising: 
25  an  isolation  transformer  having: 

(a)  a  primary  winding  adapted  for  connec- 
tion  to  a  high  frequency  power  supply,  and 
(b)  first  and  second  secondary  windings  ar- 
ranged  in  a  center  tapped  secondary  con- 

30  figuration; 
current  limiting  means  connected  to  said 

first  and  second  secondary  windings  of  said 
isolation  transformer; 

and  a  low  capacitance  power  transmission 
35  cable  having: 

(a)  a  first  conductor  having: 
(1)  an  input  end  connected  to  said  cur- 
rent  limiting  means,  and 
(2)  an  output  end  adapted  for  connection 

40  to  a  first  end  of  a  first  gaseous  discharge 
lamp, 

(b)  a  second  conductor  having: 
(1)  an  input  end  connected  to  said  cur- 
rent  limiting  means,  and 

45  (2)  an  output  end  adapted  for  connection 
to  a  first  end  of  a  second  gaseous  dis- 
charge  lamp, 

(c)  a  third  conductor  having: 
(1)  an  input  end  connected  to  the  center 

50  tap  of  said  first  and  second  secondary 
windings  of  said  isolation  transformer, 
and 
(2)  an  output  end  adapted  for  connection 
to  a  second  end  of  the  first  gaseous 

55  discharge  lamp  and  a  second  end  of  the 
second  gaseous  discharge  lamp, 

(d)  an  outer  sheathing  conductor  surround- 
ing  said  first  conductor,  said  second  con- 

9 



17 EP  0  587  183  A2 18 

ductor  and  said  third  conductor  and  having: 
(1)  an  input  end  connected  to  the  center 
tap  of  said  first  and  second  secondary 
windings  of  said  isolation  transformer, 
and  5 
(2)  an  output  end  adapted  for  connection 
to  the  second  end  of  the  first  gaseous 
discharge  lamp  and  the  second  end  of 
the  second  gaseous  discharge  lamp,  and 

(e)  means  for  insulating  said  outer  sheathing  10 
conductor  from  said  first  conductor,  said 
second  conductor  and  said  third  conductor. 

21.  A  remote  ballasting  apparatus  according  to 
claim  20  wherein  said  current  limiting  means  is 
includes  a  series  resonant  circuit. 

22.  A  remote  ballasting  apparatus  according  to 
claim  20  wherein  said  current  limiting  means 
includes  a  first  current  limiting  inductor  through  20 
which  said  first  conductor  of  said  low  capaci- 
tance  power  transmission  line  is  connected  to 
said  first  secondary  winding  of  said  isolation 
transformer  and  a  second  current  limiting  in- 
ductor  through  which  said  second  conductor  of  25 
said  low  capacitance  power  transmission  line  is 
connected  to  said  second  secondary  winding 
of  said  isolation  transformer. 

23.  A  remote  ballasting  apparatus  comprising:  30 
an  isolation  transformer  having: 

(a)  a  primary  winding  adapted  for  connec- 
tion  to  a  high  frequency  power  source, 
(b)  a  first  secondary  winding  having  a 
marked  end  and  an  unmarked  end,  and  35 
(c)  a  second  secondary  winding  having  a 
marked  end  and  an  unmarked  end; 

current  limiting  means  having: 
(a)  a  first  inductor  having: 

(1)  a  first  end  connected  to  said  marked  40 
end  of  said  first  secondary  winding  of 
said  isolation  transformer,  and 
(2)  a  second  end,  and 

(b)  a  second  inductor  having: 
(1)  a  first  end  connected  to  said  unmar-  45 
ked  end  of  said  second  secondary  wind- 
ing  of  said  isolation  transformer,  and 
(2)  a  second  end, 

(c)  a  first  capacitor  having: 
(1)  a  first  end  connected  to  said  second  so 
end  of  said  first  inductor,  and 
(2)  a  second  end  connected  to  said 
marked  end  of  said  second  secondary 
winding  of  said  isolation  transformer, 

(d)  a  second  capacitor  having:  55 
(1)  a  first  end  connected  to  said  second 
end  of  said  second  inductor,  and 
(2)  a  second  end  connected  to: 

(i)  said  unmarked  end  of  said  first 
secondary  winding  of  said  isolation 
transformer,  and 
(ii)  said  second  end  of  said  first  ca- 
pacitor; 

and  a  low  capacitance  power  transmission 
line  having: 

(a)  a  first  conductor  having: 
(1)  a  first  end  connected  to: 

(i)  said  second  end  of  said  first  induc- 
tor  of  said  current  limiting  means,  and 
(ii)  said  first  end  of  said  first  capacitor 
of  said  current  limiting  means,  and 

(2)  a  second  end  adapted  for  connection 
to  a  first  end  of  a  first  gaseous  discharge 
lamp, 

(b)  a  second  conductor  having: 
(1)  a  first  end  connected  to: 

(i)  said  second  end  of  said  second 
inductor  of  said  current  limiting 
means,  and 
(ii)  said  first  end  of  said  second  ca- 
pacitor  of  said  current  limiting  means, 
and 

(2)  a  second  end  adapted  for  connection 
to  a  first  end  of  a  second  gaseous  dis- 
charge  lamp, 

(c)  a  third  conductor  having: 
(1)  a  first  end  connected  to: 

(i)  said  second  end  of  said  first  ca- 
pacitor, 
(ii)  said  second  end  of  said  second 
capacitor, 
(iii)  said  unmarked  end  of  said  first 
secondary  winding  of  said  isolation 
transformer,  and 
(iv)  said  marked  end  of  said  second 
secondary  winding  of  said  isolation 
transformer,  and 

(2)  a  second  end  adapted  for  connection  to: 
(i)  a  second  end  of  the  first  gaseous 
discharge  lamp,  and 
(ii)  a  second  end  of  the  second  gaseous 
discharge  lamp, 

(d)  a  sheath  conductor  through  which  said 
first  conductor,  said  second  conductor  and 
said  third  conductor  extend  and  having: 

(1)  a  first  end  connected  to: 
(i)  said  second  end  of  said  first  ca- 
pacitor, 
(ii)  said  second  end  of  said  second 
capacitor, 
(iii)  said  unmarked  end  of  said  first 
secondary  winding,  and 
(iv)  said  marked  end  of  said  second 
secondary  winding,  and 

(2)  a  second  end  adapted  for  connection 
to  the  second  end  of  the  first  gaseous 
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discharge  lamp  and  the  second  end  of 
the  second  gaseous  discharge  lamp,  and 

(e)  means  for  insulating  said  sheath  conduc- 
tor  from  said  first  conductor,  said  second 
conductor  and  said  third  conductor.  5 
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