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©  Improvements  in  or  relating  to  an  electrical  arrangement. 

©  An  electrical  arrangement  is  disclosed  com- 
prising  a  circuit  to  supply  current  to  a  discharge 
lamp  (19).  The  circuit  comprises  a  low  voltage 
source  of  alternating  current  in  the  form  of  a 
square  wave  generator  (1).  The  current  is  fed  to 
two  transformers  (12,  13),  the  primary  windings 
(10,  11)  of  which  are  connected  in  series,  the 
transformers  (12,  13)  being  physically  located 
immediately  adjacent  the  electrodes  (17,  18)  of 
a  discharge  tube  (19).  The  secondaries  (15,  16) 
of  the  transformers  (12,  13)  are  also  connected 
in  series,  and  are  connected  to  the  electrodes 
(17,  18)  of  the  discharge  lamp  (19).  Only  ext- 
remely  short  high-tension  leads  are  provided 
extending  between  the  secondaries  (15,  16)  of 
the  transformers  (12,  13)  and  the  electrodes  (17, 
18). 
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THE  PRESENT  INVENTION  relates  to  an  electri- 
cal  arrangement,  and  more  particularly  relates  to  an 
electrical  arrangement  adapted  to  supply  a  discharge 
tube.  The  invention  also  relates  to  a  transformer. 

A  typical  discharge  tube  operates  at  a  high  fre- 
quency  and  at  a  high  voltage.  Typically,  the  power 
supply  available  is  at  a  lower  voltage  than  is  neces- 
sary  for  the  operation  of  the  discharge  tube,  and  con- 
sequently  the  voltage  has  to  be  "stepped-up"  using  an 
appropriate  transformer.  Leads  extend  from  the 
transformer  to  the  ends  of  the  discharge  tube,  these 
leads  carrying  the  high  voltage,  high  frequency  cur- 
rent.  These  leads  are  relatively  expensive,  since  the 
leads  have  to  be  well  insulated,  because  of  high  vol- 
tage  carried  by  the  leads,  but  also  the  leads  may  typ- 
ically  form  a  dipole,  meaning  that  the  leads  radiate 
significant  amounts  of  energy.  This  can  cause  inter- 
ference  in  nearby  electrical  apparatus. 

The  present  invention  seeks  to  provide  an  im- 
proved  electrical  arrangement. 

According  to  this  invention  there  is  provided  an 
electrical  arrangement,  said  arrangement  comprising 
a  circuit  adapted  to  supply  current  to  a  discharge 
tube,  the  arrangement  comprising  a  source  of  rela- 
tively  low  voltage  alternating  current,  two  transfor- 
mers,  each  having  a  coupling  factor  in  excess  of  0.95, 
the  transformers  each  being  located  adjacent  an 
electrode  of  a  discharge  tube  and  being  connected 
thereto,  the  source  of  low  voltage  alternating  current 
being  connected  to  said  transformers  so  that  said 
transformers  provide  an  alternating  high  voltage  cur- 
rent  to  the  discharge  tube,  the  primary  windings  of 
the  two  transformers  being  connected  in  series,  and 
the  secondary  windings  of  the  two  transformers  be- 
ing  connected  together  in  series,  and  being  connect- 
ed  to  the  electrodes  of  the  discharge  tube. 

Preferably  each  transformer  has  a  coupling  factor 
in  excess  of  0.98. 

Conveniently  each  transformer  has  a  coupling 
factor  of  approximately  1  . 

Advantageously  a  single  conductor  is  used  to 
connect  the  primary  and  secondary  windings  of  the 
two  transformers  in  series. 

Preferably  the  low  voltage  source  of  alternating 
current  comprises  a  square  wave  generator  develop- 
ing  anti-phase  square  wave  signals. 

Conveniently  the  anti-phase  square  wave  signals 
are  passed  through  respective  inductors  before  being 
supplied  to  said  two  transformers. 

Preferably  means  are  provided  for  passing  the 
signal  from  the  said  inductors  to  the  said  two  trans- 
formers  which  comprise  a  flexible  substrate  provided 
with  a  layer  of  a  conductor,  forming  the  necessary 
conductive  path,  on  each  of  the  two  opposed  sides  of 
the  flexible  substrate. 

Conveniently  at  least  one  end  region  of  the  flex- 
ible  substrate  is  such  that  a  conductive  layer  is  only 
provided  on  one  side  of  the  flexible  substrate,  that  re- 

gion  being  wound  in  a  spiral  to  form  the  primary  wind- 
ing  of  a  transformer,  the  secondary  winding  being 
wound  on  to  a  core  located  within  the  said  spiral, 
means  being  provided  to  connect  the  conductive  lay- 

5  er  on  the  interior  of  the  spiral  with  a  conductive  layer 
on  the  exterior  of  the  substrate  to  complete  the  appro- 
priate  circuit. 

The  arrangement  may  be  provided  with  means  to 
detect  abnormal  operation  of  the  arrangement  and  to 

10  cut  off  the  power  supplied  to  the  arrangement  in  the 
event  that  abnormal  operation  is  detected. 

Preferably  resonance  capacitor  means  are  pro- 
vided  connected  across  the  conductive  paths  supply- 
ing  the  primary  windings  of  the  transformers,  the  said 

15  capacitor  means  being  connected  across  the  outputs 
of  the  said  inductors. 

Preferably  a  node  connected  to  one  terminal  of 
the  capacitor  is  connected,  through  a  reverse  bias  di- 
ode,  to  one  terminal  of  a  capacitor,  the  other  terminal 

20  of  which  is  earthed,  that  terminal  of  the  capacitor  be- 
ing  connected  through  a  Zener  diode  having  a  prede- 
termined  break-down  voltage  to  a  comparator  provid- 
ed  with  a  reference  voltage,  the  comparator  being 
adapted  to  provide  an  output  to  activate  a  power  cut- 

25  off  device. 
Advantageously  a  node  on  the  conductor  con- 

necting  the  secondary  and/or  primary  windings  of  the 
said  two  transformers  is  connected  to  a  Zener  diode 
having  a  predetermined  break-down  voltage,  and 

30  thence  to  a  comparator  adapted  to  compare  a  signal 
derived  from  the  Zener  diode  with  a  reference  vol- 
tage,  the  comparator  being  adapted  to  generate  an 
output  to  activate  a  power  cut-off  device. 

Preferably  means  are  provided,  between  the 
35  node  and  the  Zener  diode,  to  shift  the  voltage. 

Conveniently  the  means  to  shift  the  voltage  com- 
prise  the  series  connection  of  a  resistance  and  a  ca- 
pacitance,  the  output  terminal  of  the  capacitance  be- 
ing  connected  to  earth  by  means  of  a  further  resis- 

40  tance  or  diode. 
Preferably  the  comparator  is  provided  with  a 

latch. 
In  order  that  the  invention  may  be  more  readily 

understood,  and  so  that  further  features  thereof  may 
45  be  appreciated,  the  invention  will  now  be  described, 

byway  of  example,  with  reference  to  the  accompany- 
ing  drawings  in  which 

FIGURE  1  is  a  part  schematic  circuit  diagram  of 
an  electrical  arrangement  in  accordance  with  the 

so  invention  comprising  a  circuit  supplying  current  to 
a  discharge  tube, 
FIGURE  2  is  a  part  schematic  circuit  diagram  of 
an  alternative  electrical  arrangement  in  accor- 
dance  with  the  invention  comprising  a  circuit  for 

55  supplying  a  current  to  an  electric  discharge  tube, 
the  circuit  incorporating  power  cut-off  means, 
FIGURE  3  is  a  top  view,  with  parts  cut  away  for 
the  sake  of  clarity  of  illustration,  of  a  connecting 
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lead  used  in  a  preferred  embodiment  of  the  in- 
vention, 
FIGURE4  isa  perspective  view  ofthe  component 
parts  of  a  transformer  for  use  with  the  invention, 
and 
FIGURE  5  is  a  diagrammatic  sectional  view  of  a 
transformer  for  use  with  the  invention  made  from 
the  components  illustrated  in  Figure  4. 
Referring  initially  to  Figure  1  ofthe  accompany- 

ing  drawings,  the  underlying  concept  of  the  present 
invention  is  that  two  transformers  are  provided  for  an 
electrical  discharge  tube,  one  located  immediately  ad- 
jacent  each  electrode  ofthe  discharge  tube,  a  low  vol- 
tage  signal  being  supplied  to  the  transformers  and  be- 
ing  stepped-up  to  provide  the  high  voltage  at  the  ends 
ofthe  discharge  tube.  Because  the  transformers  are 
located  at  the  ends  ofthe  discharge  tube,  there  is  no 
need  to  provide  high  tension  leads  extending  from  the 
transformer  to  the  electrodes,  thus  minimising  ex- 
pense  and  reducing  the  risk  of  interference  in  nearby 
electrical  apparatus. 

Considering  the  circuit  illustrated  in  Figure  1,  it  is 
to  be  understood  that  the  circuit  may  be  intended  for 
use  in  a  situation  where  a  twelve-volt  supply  is  avail- 
able,  such  as  in  a  motor  vehicle.  However,  it  is  to  be 
understood  that  the  invention  is  not  limited  to  this  par- 
ticular  application. 

Asquare  wave  generator  1  is  provided  having  two 
outputs  2,3.  The  square  wave  generator  is  such  that 
it  generates  two  square  waves  in  anti-phase,  with  a 
frequency  of  between  20  and  50  KHz.  Each  square 
wave  will  have  a  range  of  0  volts  to  12  volts. 

The  outputs  2,3  ofthe  square  wave  generator  are 
fed  to  input  terminals  of  two  inductors  4,5  with  bal- 
anced  coupled  windings  having  outputs  6,7.  The  in- 
ductors  4,5  are  provided  primarily  as  an  impedance 
which  limits  the  current.  However  the  coupling  be- 
tween  the  windings  also  help  ensure  that  the  voltag- 
es  present  at  the  two  outputs  6,7  ofthe  coupled  wind- 
ings  are  as  similar  as  possible. 

The  outputs  6,7  ofthe  coupled  windings  are  con- 
nected,  by  means  of  flexible  leads  8,9  (which  will  be 
described  hereinafter  in  greater  detail)  to  the  primary 
windings  10,11  of  two  transformers  12,13.  The  other 
ends  ofthe  primary  windings  10,11  are  interconnect- 
ed  by  part  of  the  flexible  leads  8,9  illustrated  as  the 
conductor  14.  The  conductor  14  also  interconnects 
one  end  of  each  ofthe  secondary  windings  15,16  of 
the  transformers  12,13.  The  outputs  ofthe  secondary 
windings  15,16  are  connected  to  electrodes  17,18  in 
a  discharge  tube  19. 

The  primary  windings  ofthe  two  transformers  are 
connected  in  series  and  thus  carry  the  same  current. 
The  secondary  windings  are  also  connected  in  series 
and  thus  carry  the  same  current. 

It  can  be  seen  that  the  windings  of  the  transfor- 
mers  12,13  are  such  that  the  signals  present  on  the 
electrodes  17,18  are  in  anti-phase. 

The  transformers  12,13  are  very  close-coupled 
transformers,  having  a  coupling  factor  of  at  leat  0.95, 
preferably  in  excess  of  0.98  and  advantageously  ap- 
proximately  1  . 

5  It  is  to  be  appreciated  that  the  transformers  12,1  3 
are  located  as  close  as  possible  to  the  ends  ofthe  dis- 
charge  tube  19,  so  that  the  lead  extending  from  the 
secondary  winding  15,16  of  each  transformer  to  the 
associated  electrode  17,18  is  as  short  as  possible. 

10  This  minimises  expense,  since  no  long  high-tension 
leads  have  to  be  provided  and  also  minimises  inter- 
ference  with  nearby  electrical  apparatus. 

It  is  to  be  appreciated  that  the  transformed  must 
be  considered  as  being  of  benefit,  but  is  not  essential. 

15  Figure  2  illustrates  a  modified  electrical  arrange- 
ment  in  accordance  with  the  invention.  The  compo- 
nents  described  with  reference  to  Figure  1  are  pres- 
ent  in  the  embodiment  of  Figure  2,  together  with  ad- 
ditional  components.  The  components  present  in  Fig- 

20  ure  2,  which  are  also  present  in  Figure  1  are  identified 
by  the  same  reference  numerals  and,  for  the  sake  of 
brevity,  will  not  be  re-described. 

Initially  it  is  to  be  observed  that  in  the  embodi- 
ment  of  Figure  2  a  capacitance  21  is  provided  con- 

25  nected  across  the  two  outputs  6,7  of  the  inductors 
4,5.  The  capacitance  21  is  intended  to  be  a  resonance 
capacitance,  which  gives  enhanced  line  regulation. 

Because  of  the  very  close  coupling  of  the  trans- 
formers  12  and  13,  the  voltages  present  at  the  out- 

30  puts  6  and  7  ofthe  inductors  4,5  have  a  precisely  pre- 
determined  relationship  with  the  voltages  present  on 
the  electrodes  17  and  18  of  the  discharge  tube  19. 
The  discharge  tube  19,  when  it  has  been  "struck"  is 
conductive,  with  a  predetermined  characteristic, 

35  which  effectively  limits  the  voltages  present  on  the 
electrodes  17  and  18.  As  a  consequence  ofthe  tight 
coupling  ofthe  transformers  12  and  13  the  voltage 
present  across  the  resonant  capacitance  21  is  also 
limited. 

40  However,  should  the  discharge  tube  1  9  go  "open 
circuit"  for  any  reason,  due  to  a  breakage  or  other  fail- 
ure  of  the  discharge  tube,  the  effect  on  the  voltages 
present  at  the  outputs  6  and  7  of  the  inductors  4,5  will 
no  longer  be  felt.  The  resonating  capacitance  21  will 

45  then  resonate,  leading  to  relatively  high  voltages  be- 
ing  present  at  the  outputs  6  and  7  ofthe  inductors  4,5. 
This  high  voltage  may  be  detected,  and  a  power  cut- 
off  operated  in  response  to  such  detection. 

However,  the  capacitance  21  also  serves  an- 
50  other  purpose  in  that  the  voltage  supplied  from  the 

square  wave  generator  1  may  vary  in  certain  circum- 
stances,  the  range  of  variance  possibly  being  any- 
where  in  the  range  of  8  volts  to  16  volts.  As  the  voltage 
drops,  so  the  voltage  present  at  the  electrodes  17  and 

55  18  will  drop  due  to  the  very  close  coupling  of  the 
transformers  12  and  13.  The  discharge  tube  19,  if  it 
has  a  typical  characteristic,  is  more  conducting  at  a 
higher  voltage  and  less  conducting  at  a  lowervoltage. 

3 
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The  resonance  capacitor  21  assists  in  keeping  the 
voltage  applied  to  the  tube  above  the  minimum  to  en- 
sure  that  the  tube  remains  "struck".  The  resonance 
also  helps  to  minimise  any  RF  interference. 

The  detection  ofthe  high  voltage  and  the  power 
cut-off  will  now  be  described.  In  the  electrical  ar- 
rangement  of  Figure  2  a  lead  22  extends  from  the  out- 
put  7  of  the  transformer  4.  The  lead  effectively  con- 
nects  the  output  7  of  the  inductor  5,  through  a  resis- 
tance  23  and  a  reverse-biased  diode  24  to  a  capaci- 
tance  25,  the  other  terminal  of  which  is  connected  to 
earth.  The  capacitance  25  thus  charges  up  during 
each  cycle  of  voltage  present  at  the  output  7  ofthe  in- 
ductor  5.  In  the  ordinary  course  of  events  the  voltage 
present  at  the  output  7  of  the  inductor  5  does  not  fall 
below  O  volts,  and  consequently  the  minimum  poten- 
tial  present  on  the  capacitance  25  is  O  volts. 

The  node  26  between  the  capacitance  25  and  the 
reverse  diode  24  is  also  connected  to  a  Zener  diode 
27  which  has  a  break-down  voltage  just  in  excess  of 
12  volts.  It  is  thus  to  be  understood  that  if  the  dis- 
charge  tube  19  goes  open-circuit  for  any  reason  and 
the  voltage  at  point  7  thus  falls  to  less  than  -12  volts, 
due  to  the  effect  of  the  resonant  capacitance  21,  a 
voltage  of  less  than  -12  volts  will  be  present  on  the  ca- 
pacitance  25,  and  that  voltage  will  exceed  the  break- 
down  voltage  of  Zener  diode  27,  causing  the  Zener  di- 
ode  to  become  conductive. 

The  Zener  diode  27  is  connected  to  a  rail  28 
which,  in  turn,  is  connected  through  a  further  reverse 
biassed  diode  29  to  one  input  of  a  comparator  30.  A 
reference  voltage  from  a  reference  voltage  source  31 
is  also  connected  to  the  comparator  30,  and  the  com- 
parator  provides  an  output  signal  which  is  dependent 
upon  the  comparison  of  the  reference  voltage  from 
the  source  31  and  the  voltage  present  on  the  rail  28. 
The  arrangement  is  such  that  when  the  Zener  diode 
27  becomes  conductive,  the  comparator  30  provides 
an  output  signal  on  output  32  which  is  connected  to  a 
"power-cut-off  device  33  which  then  acts  to  cut  off 
the  supply  of  power  to  the  electrical  arrangement. 

The  output  32  ofthe  comparator  may  be  fed  back 
through  a  resistance  34  to  the  input  ofthe  comparator 
to  which  the  rail  28  is  connected,  thus  providing  a 
latch  effect.  A  switch  35  may  be  provided  to  connect 
the  said  input  of  the  comparator  to  earth  in  order  to 
de-activate  the  latch,  thus  enabling  the  device  to  be 
re-set  following  a  situation  when  the  "power  cut-off 
device  has  been  activated. 

It  is  thus  to  be  appreciated  that  should  the  dis- 
charge  tube  19  go  open  circuit  for  any  reason,  the  ca- 
pacitance  21  will  resonate  giving  rise  to  high  voltage 
present  at  the  output  7  of  the  inductor  5,  this  high  vol- 
tage  being  in  excess  of  12  volts  in  the  present  exam- 
ple.  This  will  cause  the  capacitance  25  to  charge  up 
to  a  voltage  in  excess  of  12  volts,  in  turn  leading  the 
Zener  diode  27  to  become  conductive,  passing  a  sig- 
nal  to  the  comparator  30  which  then  produces  an  out- 

put  signal  operating  the  power  cut-off  device  33.  The 
comparator  will  remain  "latched"  until  the  switch  35  is 
closed. 

There  is,  inevitably,  a  certain  amount  of  "leakage" 
5  by  capacitative  coupling,  of  current  flowing  in  a  cir- 

cuit.  The  leakage  is  greater  from  a  high  voltage  high 
frequency  circuit,  than  from  a  low  voltage  circuit.  The 
point  X  which  is  on  the  conductor  14  mid-way  be- 
tween  t  he  two  secondary  wind  ings  1  5,  1  6  of  t  he  trans- 

10  formers  12,13  might  be  expected,  because  of  the 
symmetry  ofthe  situation,  to  be  at  a  constant  voltage. 
However,  as  a  consequence  ofthe  leakage  this  vol- 
tage  may  fluctuate  slightly.  Since  the  entire  circuit 
only  includes  a  very  small  part  which  operates  at  a 

15  high  voltage,  the  overall  natural  "leakage"  is  very 
small. 

Should  there  be  any  significant  leakage,  for  ex- 
ample  if  a  person  touches  part  of  the  electrical  ar- 
rangement  illustrated,  the  voltage  at  the  point  X  will 

20  move  significantly. 
In  the  illustrated  embodiment  the  pointX  is  there- 

fore  connected,  by  means  of  a  lead  40  to  a  resistance 
41  connected  in  series  with  a  capacitance  42,  the  out- 
put  ofthe  capacitance  42  being  connected  to  a  node 

25  43  which  is  connected  to  earth  by  means  of  a  further 
resistance  44,  although  the  node  43  may  be  connect- 
ed  to  earth  by  means  of  a  diode  instead  of  the  resis- 
tance  44.  The  combination  ofthe  resistance  41,  the 
capacitance  42,  and  the  further  resistance  44  are  in- 

30  tended  to  "shift"  the  voltage  present  at  the  node  X. 
The  node  43,  which  carries  the  "shifted"  voltage  is 
connected  by  means  of  a  Zener  diode  45,  which  has 
a  break-down  voltage  of  10  volts,  to  the  rail  28. 

Thus,  if  the  voltage  present  at  the  point  X  moves 
35  beyond  a  predetermined  limit,  the  Zener  diode  45  will 

become  conductive,  with  the  same  effect  as  if  the 
Zener  diode  27  becomes  conductive.  In  other  words 
the  voltage  present  on  the  rail  28,  which  is  compared 
with  the  reference  voltage  from  the  reference  voltage 

40  source  31,  is  then  such  that  the  comparator  30  pro- 
vides  an  output  signal  on  output  32  which  activates 
the  power  cut-off  device  33.  Again  the  latch  will  op- 
erate,  until  the  switch  35  is  closed. 

The  elimination  of  high  voltage  leads  makes  this 
45  type  of  safety  power  cut-off  arrangement  viable. 

As  mentioned  above,  the  leads  8  and  9  are  of  a 
preferred  form,  illustrated,  by  way  of  example,  in  Fig- 
ure  3.  The  leads  could,  in  alternative  embodiments  of 
the  invention,  simply  comprise  twisted  pairs  of  wires. 

so  However,  a  twisted  pair  does  define  a  certain  amount 
of  "loop"  between  the  pairs,  in  which  a  field  can  be  de- 
veloped,  giving  rise  to  interference.  In  the  preferred 
embodiment  of  the  invention,  a  flexible  feeder  is  util- 
ised,  one  of  which  is  illustrated,  by  way  of  example 

55  and  in  a  partially  diagrammatic  manner,  in  Figure  3. 
Essentially  the  flexible  feeder  illustrated  in  Figure  3 
comprises  a  flexible  substrate  having  a  thin  film  of 
copper  (or  other  electrically  conductive  material)  ap- 

4 



7 EP  0  597  661  A1 8 

plied  to  each  of  the  two  opposed  sides  of  the  sub- 
strate,  the  copper  forming  the  conductive  paths  illu- 
strated  in  Figures  1  and  2.  The  two  conductors  are 
therefore  extremely  close  together,  being  separated 
only  by  the  flexible  substrate,  thus  minimising  the  ex- 
istence  of  fields,  and  minimising  interference.  Refer- 
ring  to  Figure  3,  a  flexible  feeder  50  is  illustrated.  As 
can  be  seen  towards  the  left-hand  side  of  Figure  3, 
the  feeder  comprises  a  central  insulating  layer  51 
formed  of  a  flexible  non-conductive  material.  A  thin 
layer  of  copper  52  is  applied  to  the  reverse  side  ofthe 
substrate  Figure  1  (not  visible  in  Figure  3  except 
where  cut  away  at  the  left-hand  side)  and  a  further 
layer  of  copper  53  is  applied  to  the  upper  surface  of 
the  insulating  substrate.  At  each  end  ofthe  substrate 
(and  here  reference  may  be  made  to  the  end  of  the 
substrate  illustrated  towards  the  right  of  Figure  3), 
there  is  a  region  of  a  predetermined  length  where  the 
copper  layer  53  is  etched  away  to  reveal  the  insulat- 
ing  substrate  51.  Thus  the  copper  layer  52  extends 
over  the  entire  length  of  the  reverse  face  of  the  sub- 
strate  51  ,  whereas  the  copper  layer  53  only  extends 
over  a  limited  extent  ofthe  substrate  51  ,  with  two  end 
regions  of  the  copper  being  etched  away  so  that  in 
these  regions  the  substrate  51  is  exposed.  In  the  cen- 
tral  region  the  copper  layer  53  is  etched  away  to  form 
a  predetermined  pattern,  resembling  a  printed  circuit 
board.  The  copper  in  this  region  is  to  perform  the 
function  ofthe  conductors  of  a  printed  circuit  board. 
The  various  components  ofthe  square  wave  genera- 
tor  1  and  the  transformed  may  be  connected  directly 
to  the  flexible  lead  50  at  this  point,  the  components 
being  mounted  on  the  "printed  circuit  board"  in  a  con- 
ventional  manner.  The  signal  tracks  for  the  outputs  6 
and  7  of  the  inductors  4,5,  are  illustrated,  by  way  of 
example,  in  Figure  3,  and  it  can  be  seen  that  the  two 
parts  ofthe  copper  layer  53,  8  and  9  are  also  illustrat- 
ed. 

Turning  now  to  Figure  4  the  essential  compo- 
nents  of  a  transformer,  such  as  the  transformer  12  are 
illustrated.  The  transformer  comprises  a  core  60 
formed  of  a  suitable  material.  The  core  60  has  a  typ- 
ical  configuration  which  is  conventionally  known  as 
an  "E"  core.  The  core  thus  comprises  an  outer  periph- 
eral  region  or  "frame"  61  and  a  transversely  extending 
element  62  which  extends  across  the  frame.  A  sec- 
ondary  winding  63  is  tightly  wound  on  this  transverse- 
ly  extending  element  62.  The  winding  63  is  equivalent 
to  the  secondary  winding  15  of  the  transformer  12  as 
illustrated  in  Figures  1  and  2.  An  appropriate  insulat- 
ing  layer  (not  shown)  is  applied  to  the  top  of  the  wind- 
ing  63  if  the  individual  turns  ofthe  winding  are  not  in- 
sulated. 

In  order  to  create  the  primary  winding  of  the 
transformer,  the  end  region  ofthe  flexible  connector 
50  is  introduced  into  the  space  between  the  element 
62  on  one  side  of  the  frame  61  and  then  wound  in  a 
spiral  around  the  element  62,  as  generally  indicated 

by  the  arrow  64. 
The  end  part  of  the  element  50,  where  the  insu- 

lating  substrate  51  is  exposed,  is  formed  into  a  spiral 
coil  around  the  element  62  as  can  be  seen  most  clear- 

5  ly  from  the  diagrammatic  sectional  view  of  Figure  5. 
It  can  be  seen,  from  Figure  5,  that  the  end  part  ofthe 
connector  50,  that  is  to  say  the  part  where  the  copper 
layer  53  has  been  etched  away  to  reveal  the  insulat- 
ing  substrate  51  is  coiled  with  the  remaining  copper 

10  layer  52  on  the  inside  ofthe  coil.  Thus  the  copper  lay- 
er  of  each  of  the  outer  turns  effectively  touches  the 
insulating  layer  exposed  on  the  outer  part  of  the  ad- 
jacent  inner  turn. 

Whilst,  for  purpose  of  illustration,  in  Figure  5  the 
15  turns  of  the  coil  are  shown  spaced  from  each  other, 

in  reality  the  turns  would  be  in  tight  contact  with  each 
other  and  the  turns  would  thus  form  a  very  tight  coil 
around  the  transverse  element  62,  with  the  turns  em- 
bracing  the  secondary  winding  63.  When  the  coil  has 

20  been  formed  a  metallic  clip,  such  as  the  clip  64  illu- 
strated  in  Figure  4  having  two  parallel  limbs  65,66,  is 
located  in  position  to  clip  togetherthe  turns  ofthe  coil 
and  also  establish  electrical  contact  between  the  end 
part  ofthe  inner  copper  layer  52  and  part  ofthe  outer 

25  copper  layer  53.  The  position  occupied  by  the  limbs 
ofthe  clip  is  illustrated  schematically  in  Figure  5. 

The  transformer  of  Figures  4  and  5  is  compact, 
and  has  a  coupling  ratio  approaching  unity. 

In  a  modified  embodiment  the  transformer  may 
30  have  a  pot  core. 

The  features  disclosed  in  the  foregoing  descrip- 
tion,  in  the  following  claims  and/or  in  the  accompany- 
ing  drawings  may,  both  separately  and  in  any  combin- 
ation  thereof,  be  material  for  realising  the  invention  in 

35  diverse  forms  thereof. 

Claims 

40  1.  An  electrical  arrangement,  said  arrangement 
comprising  a  circuit  adapted  to  supply  current  to 
a  discharge  tube,  the  arrangement  comprising  a 
source  of  relatively  low  voltage  alternating  cur- 
rent,  two  transformers,  each  having  a  coupling 

45  factor  in  excess  of  0.95,  the  transformers  each 
being  located  adjacent  an  electrode  of  a  dis- 
charge  tube  and  being  connected  thereto,  the 
source  of  low  voltage  alternating  current  being 
connected  to  said  transformers  so  that  said 

so  transformers  provide  an  alternating  high  voltage 
current  to  the  discharge  tube,  the  primary  wind- 
ings  ofthe  two  transformers  being  connected  in 
series,  and  the  secondary  windings  of  the  two 
transformers  being  connected  together  in  series, 

55  and  being  connected  to  the  electrodes  ofthe  dis- 
charge  tube. 

2.  An  arrangement  according  to  Claim  1  wherein 
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each  transformer  has  a  coupling  factor  in  excess 
of  0.98. 

3.  An  electrical  arrangement  according  to  Claim  1  or 
Claim  2  wherein  a  single  conductor  is  used  to  5 
connect  the  primary  and  secondary  windings  of 
the  two  transformers  in  series. 

having  a  predetermined  break-down  voltage,  and 
thence  to  a  comparator  adapted  to  compare  a 
signal  derived  from  the  Zener  diode  with  a  refer- 
ence  voltage,  the  comparator  being  adapted  to 
generate  an  output  to  activate  a  power  cut-off  de- 
vice. 

4.  An  electrical  arrangement  according  to  any  one 
of  the  preceding  Claims  wherein  the  low  voltage  10 
source  of  alternating  current  comprises  a  square 
wave  generator  developing  anti-phase  square 
wave  signals. 

5.  An  electrical  arrangement  according  to  Claim  4  15 
wherein  the  anti-phase  square  wave  signals  are 
passed  through  respective  inductors  before  be- 
ing  supplied  to  said  two  transformers. 

6.  An  electrical  arrangement  according  to  Claim  5  20 
wherein  means  are  provided  for  passing  the  sig- 
nal  from  the  said  inductors  to  the  said  two  trans- 
formers  which  comprise  a  flexible  substrate  pro- 
vided  with  a  layerof  a  conductor,  forming  the  nec- 
essary  conductive  path,  on  each  of  the  two  op-  25 
posed  sides  ofthe  flexible  substrate. 

7.  An  electrical  arrangement  according  to  any  one 
of  the  preceding  Claims  provided  with  means  to 
detect  abnormal  operation  of  the  arrangement  30 
and  to  cut  off  the  power  supplied  to  the  arrange- 
ment  in  the  event  that  abnormal  operation  is  de- 
tected. 

8.  An  electrical  arrangement  according  to  Claim  3  or  35 
any  claim  dependent  thereof  wherein  resonance 
capacitor  means  are  provided  connected  across 
the  conductive  paths  supplying  the  primary  wind- 
ings  of  the  transformers,  the  said  capacitor 
means  being  connected  across  the  outputs  ofthe  40 
said  inductors. 

9.  An  electrical  arrangement  according  to  Claim  8 
wherein  a  node  connected  to  one  terminal  ofthe 
capacitor  is  connected,  through  a  reverse  bias  di-  45 
ode,  to  one  terminal  of  a  capacitor,  the  other  ter- 
minal  of  which  is  earthed,  that  terminal  ofthe  ca- 
pacitor  being  connected  through  a  Zener  diode 
having  a  predetermined  break-down  voltage  to  a 
comparator  provided  with  a  reference  voltage,  50 
the  comparator  being  adapted  to  provide  an  out- 
put  to  activate  a  power  cut-off  device. 

1  0.  An  electrical  arrangement  according  to  Claim  3  or 
any  one  of  Claims  4  to  9  dependent  thereon  55 
wherein  a  node  on  the  conductor  connecting  the 
secondary  and/or  primary  windings  of  the  said 
two  transformers  is  connected  to  a  Zener  diode 

6 
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