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©  Flash  lamp  circuit 

©  A  circuit  (10,  50)  for  repetitively  firing  a  flash  or 
strobe  lamp  (12)  with  voltage  derived  from  the  AC 
line  (20,  22)  without  large  and  costly  storage  capaci- 
tors  utilizes  a  voltage  doubler  (24,  26,  28,  30)  having 
small  capacitors  (28,  50)  one  microfarad  in  capaci- 
tance  value  or  less.  A  trigger  circuit  (32,  52)  provides 
a  high  potential  pulse  to  the  trigger  electrode  of  the 
lamp  at  or  near  the  peak  of  the  voltage  from  the  AC 
line  to  provide  flashes  at  a  desired  rate,  say  one  per 
second.  The  circuit  may  be  used  as  a  warning  light. 
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FLASH  LAMP  CIRCUIT 

The  present  invention  relates  to  circuits  for 
firing  flash  or  strobe  lamps,  and  particularly  to  a 
circuit  which  is  adapted  to  be  connected  to  the  AC 
lines  for  repetitively  causing  a  flash  lamp  to  fire  at 
a  predetermined  rate.  Circuits  provided  by  the  in- 
vention  are  especially  suitable  for  use  in  warning 
lights  to  provide  high  intensity  flashing. 

Various  circuits  have  been  proposed  for  firing 
flash  lamps.  By  flash  lamps  are  meant  strobe 
lamps  and  other  high  intensity  gas  discharge 
lamps.  By  firing  such  a  lamp  is  meant  ionizing  the 
gas  therein  briefly  so  as  to  produce  an  intense 
flash  of  light.  Most  circuits  for  firing  flash  lamps 
from  the  AC  lines  have  involved  the  use  of  storage 
capacitors  for  storing  high  voltage  energy  which  is 
passed  through  the  lamp  on  firing.  Such  capacitors 
are  expensive  and  unreliable,  especially  under  se- 
vere  environmental  conditions,  such  as  over  wide 
ranges  of  temperature  to  which  warning  lamps  may 
be  exposed.  Attempts  to  avoid  the  use  of  large 
capacitors  have  involved  complex  circuits  for  tim- 
ing  the  firing  of  the  lamps  (See  U.S.  Patent  No. 
4,041,351  issued  August  9,  1977). 

It  is  a  principal  feature  of  this  invention  to 
provide  a  simple,  effective  and  reliable  flash  lamp 
circuit  which  may  be  implemented  without  large 
storage  capacitors  and  complex  timing  circuits  and 
which  may  be  operated  from  the  AC  power  line. 

Briefly  described,  a  circuit  for  firing  a  flash 
lamp  in  accordance  with  the  invention  may  be 
operated  from  the  AC  power  lines  even  though 
such  power  lines  present  peak  voltages  less  than 
the  ionization  voltage  of  the  lamp.  The  circuit  in- 
cludes  means  connected  across  the  lines  and 
across  the  lamp  for  storing  energy  for  less  than  a 
period  of  the  cycle  of  the  AC  voltage.  Such  means 
may  be  small  capacitors,  of  capacitance  value  of 
one  microfarad  or  less.  Also  connected  to  the  AC 
line  and  to  the  lamp  is  a  circuit  for  applying  a 
trigger  pulse  to  fire  the  lamp  at  or  near  the  point 
during  the  cycle  of  the  AC  voltage  when  the  peak 
voltage  is  reached.  The  firing  circuit  may  include  a 
silicon  controlled  rectifier  (SCR)  and  small  capaci- 
tors  for  storing  sufficient  energy  from  the  AC  line 
voltage  to  develop  a  pulse  in  a  pulse  transformer 
which  is  applied  to  the  trigger  electrode  of  the 
lamp  to  cause  triggering  thereof  at  or  near  the  peak 
voltage  presented  by  the  AC  line. 

The  foregoing  and  other  objects,  features  and 
advantages  of  the  invention  and  a  presently  pre- 
ferred  embodiment  thereof  will  become  more  ap- 
parent  from  a  reading  of  the  following  description  in 
connection  with  the  accompanying  drawings  in 
which: 

FIG.  1  is  a  schematic  diagram  of  a  flash 
lamp  circuit  in  accordance  with  a  presently  pre- 
ferred  embodiment  of  the  invention; 

FIG.  2  is  a  schematic  diagram  showing  a 
5  flash  lamp  circuit  in  accordance  with  another  em- 

bodiment  of  the  invention;  and  FIG.  3  shows  wave 
forms  occuring  in  the  circuit  of  the  invention. 

Referring  first  to  FIG.  1  the  circuit  10  shown 
therein  utilizes  a  conventional  xenon  gas  flash  or 

w  strobe  lamp  12  having  main  electrodes  14  and  16 
and  a  trigger  electrode  18  in  the  form  of  a  coil 
wound  around  the  envelope  of  the  lamp  12.  The 
lamp  is  operated  from  the  AC  line;  the  opposite 
sides  of  which  are  connected  to  terminals  20  and 

75  22  by  a  suitable  plug  or  connector  (not  shown). 
The  lamp  has  an  ionization  voltage  which  is  higher 
than  the  peak  voltage  presented  by  the  AC  line. 
This  ionization  voltage  may  be  from  200  to  300 
volts.  The  AC  line  peak  voltage  with  conventional 

20  110  volts  RMS  voltage  is  approximately  160  volts. 
A  voltage  doubler  circuit  stores  and  presents  a 
voltage  across  the  main  electrodes  14  and  16  of 
the  lamp  higher  than  the  ionization  voltage  for  a 
period  of  time  less  than  the  period  of  a  cycle  of  the 

25  AC  voltage.  This  voltage  doubler  circuit  includes  a 
pair  of  diodes  24  and  26  which  are  connected  in 
series  with  the  lamp  12  across  the  AC  line  termi- 
nals  20  and  22.  The  diodes  24  and  26  are  po- 
larized  in  the  same  direction.  They  may  be  conven- 

30  tional  diodes  of  the  type  used  in  industrial  elec- 
tronic  devices.  The  voltage  doubler  circuit  includes 
capacitors  28  and  30.  The  capacitor  28  is  effec- 
tively  connected  across  the  gas  tubes  by  being 
connected  between  the  junction  of  the  diodes  24 

35  and  26  and  the  side  of  the  line  connected  to  the 
terminal  22.  The  other  capacitor  30  is  connected  in 
parallel  with  the  diodes  24  and  26.  During  the 
positive  cycle  of  the  AC  voltage,  with  110  volts 
RMS  AC,  the  lamp  12  will  have  a  peak  voltage  of 

■to  approximately  310  volts  presented  there-across. 
The  capacitors  28  and  30  are  small  in  value. 

Their  capacitance  value  may  be  one  microfarad  or 
less.  They  are  of  equal  capacitance  value.  Because 
of  their  small  value,  they  essentially  follow  the  AC 

45  voltage  and  store  a  voltage  greater  than  the  ioniza- 
tion  voltage  of  the  lamp  12  for  a  very  short  period 
of  time  in  the  region  immediately  adjacent  to  peak 
of  the  AC  voltage. 

It  is  necessary  that  a  trigger  pulse  to  fire  the 
50  lamp  12  be  applied  to  the  trigger  electrode  18  at  or 

near  the  time  that  the  AC  voltage  from  the  power 
line  is  at  or  near  the  peak  value  thereof.  A  trigger 
circuit  32,  including  a  SCR  34,  is  switched  into 
conduction  at  the  proper  time  in  the  AC  cycle  to 
develop  the  trigger  pulse  which  will  cause  the  lamp 
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12  to  flash.  The  lamp  is  flashed  repeatedly  when 
used  as  a  warning  lamp  by  means  of  the  trigger 
circuit  32.  The  repetition  rate  may  suitably  be  one 
flash  per  second.  The  flash  is  very  brief  and  only  a 
few  microseconds  in  duration.  At  the  time  the  trig- 
ger  pulse  is  applied  to  the  trigger  electrodes  18,. 
the  AC  voltage  is  near  its  peak.  Accordingly,  some 
current  is  drawn  through  the  diodes  24  and  26  from 
the  AC  line  to  brighten  and  intensify  the  illumina- 
tion  provided  by  the  lamp  during  firing. 

A  pair  of  capacitors  36  and  38  establish  the 
voltage  between  the  anode  and  cathode  of  the 
SCR  and  also  provide  some  energy  storage  to 
insure  that  trigger  energy  is  available  for  the  high 
energy  trigger  pulse  when  the  SCR  becomes  con- 
ductive  and  fires.  The  anode  to  cathode  path  of  the 
SCR  extends  through  the  primary  winding  of  a 
pulse  transformer  40  through  one  of  the  divider 
capacitors  38  to  the  opposite  side  AC  line  at  the 
terminal  22.  The  pulse  transformer  40  may  be  a 
step  up  transformer  of  conventional  design.  The 
secondary  is  connected  to  the  trigger  electrode  1  8 
and  is  returned  to  one  side  of  the  line;  the  side 
which  is  connected  to  the  terminal  22.  The  timing 
and  repetition  rate  of  the  pulses  is  obtained  by 
means  of  a  capacitor  42  and  diode  44  which  are 
connected  in  series  across  the  AC  line.  A  resistor 
46  is  connected  between  the  junction  of  the  timing 
determining  capacitor  42  and  the  gate  of  the  SCR 
34.  The  resistor  46  may  be  of  approximately  two  to 
four  megohms  in  value  of  resistance  as  to  provide 
for  a  flashing  rate  of  approximately  one  flash  per 
second.  The  value  of  the  resistor  46  and  also  the 
value  of  the  one  of  the  capacitors  38  which  is  in 
the  gate  to  cathode  portion  of  the  SCR  34  may 
also  be  varied  in  order  to  select  the  flash  repetition 
rate  as  well  as  to  insure  that  the  trigger  pulse  is 
produced  and  applied  to  the  trigger  electrode  18  at 
or  near  the  peak  of  the  AC  voltage  presented  by 
the  AC  line. 

Without  limiting  the  invention  to  any  mode  of 
operation  the  following  theory  of  operation  is  pre- 
sented  to  further  elucidate  the  invention. 

Diode  44  and  capacitor  42  form  a  negative 
310V  peak  supply  with  the  clamping  action  pro- 
vided  by  diode  44:  Point  (A),  with  resistor  46  being 
in  the  megohm  region,  essentially  follows  the  volt- 
age  of  the  AC  line,  but  is  clamped  to  -AC  or 
common  by  diode  44.  The  gate  of  the  SCR  34  thus 
"sees"  the  voltage  at  point  (A)  through  resistor  46. 

The  voltage  doubling  network  of  diodes  24  and 
26  and  capacitors  28  and  30  to  provide  a  high 
voltage  source  for  the  initial  arc  conduction  of  the 
lamp  12.  Capacitor  28  charges  to  the  peak  line 
voltage  and  capacitor  30  charges  to  twice  the  peak 
line  voltage. 

Since  capacitors  36  and  38  are  of  the  same 
value,  the  AC  voltage  existing  at  point  (B)  is  essen- 
tially  1/2  the  peak  to  peak  AC  line  voltage  or 
approximately  160V  peak  to  peak. 

5  When  SCR  34  fires  near  the  peak  positive  AC 
line  voltage,  capacitor  38  will  charge  to  the  peak 
line  voltage  and  capacitor  36  will  discharge  through 
the  SCR  34.  The  current  flowing  through  capacitors 
36  and  38  and  the  SCR  produces  a  pulse  in 

w  transformer  40  which  triggers  the  lamp  12  on  at  the 
peak  AC  line  voltage  point.  The  lamp  12  draws 
current  out  of  capacitors  28  and  30  and  directly 
from  the  AC  line  for  approximately  4.1  millisec- 
onds.  The  lamp  12,  diodes  24  and  26  and  the  wire 

75  resistance  of  the  circuit  limit  the  current  drawn  from 
the  AC  line  while  the  lamp  12  conducts. 

After  the  lamp  fires,  Point  (B)  has  a  net  DC 
potential.  This  potential  is  what  provides  the  source 
for  the  delay  time  before  the  SCR  34  fires  again. 

20  Timing  between  flashes  occurs  in  the  following 
manner.  After  the  lamp  12  fires  the  cathode  of  the 
SCR  34,  referred  to  the  gate  thereof  is  back  biased 
by  200-300  volts.  The  gate  to  cathode  junction 
breaks  over  in  the  reverse  direction  and  current 

25  flows  from  the  capacitors  36  and  38  through  the 
large  timing  resistor  46  to  point  (A).  Thus  the  point 
(B)  average  voltage  decreases  and  tends  to  di- 
scharge  towards  the  point  (A).  Since  the  point  (A) 
is  at  a  higher  peak  to  peak  voltage  than  point  (B), 

30  eventually  the  gate  to  cathode  junction  of  the  SCR 
will  become  forward  biased  (near  a  positive  peak 
line  voltage  point)  and  the  SCR  will  fire,  again 
triggering  the  lamp  12.  The  cycle  then  repeats 
itself. 

35  Referring  to  FIG.  2  there  is  shown  another 
circuit  50  which  implements  the  invention.  The 
parts  and  components  of  the  circuit  50  which  are 
similar  to  those  of  the  circuit  10  shown  in  FIG.  1 
are  identified  by  like  reference  numerals.  The  dif- 

40  ference  between  the  circuits  10  and  50  is  in  the 
circuit  52  for  generating  and  applying  the  trigger 
pulse  to  the  trigger  electrode  18.  The  trigger  elec- 
trode  1  8  is  shown  also  connected  to  the  secondary 
of  the  pulse  transformer  40  at  the  lower  end  of  the 

45  winding  which  constitutes  the  electrode  18. 
In  the  trigger  circuit  52,  an  SCR  54  is  used. 

The  anode  of  the  SCR  54  is  connected  to  the 
output  end  of  the  diodes  vfohere  half  wave  rectified 
AC  voltage  appears.  The  cathode  is  connected 

so  through  the  primary  of  the  pulse  transformer  and 
one  of  the  voltage  dividing,  trigger  energy  sup- 
plying  capacitors  38.  Capacitor  38  also  provides 
part  of  the  timing  circuit  for  timing  the  firing  and 
rendering  conductor  of  the  SCR  54.  This  firing 

55  circuit  includes  a  fixed  resistor  56  and  a  variable  " 
resistor  58  which  are  connected  between  the  gate 
electrodes  of  the  SCR  54  so  as  to  be  in  parallel 
with  the  primary  winding  of  the  transformer  40  and 
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the  capacitor  30  via  the  gate  and  cathode  portion 
of  the  SCR  54.  The  resistor  54  may  have  a  value  of 
approximately  10  megohms.  The  variable  resistor 
56  may  insert  up  to  two  megohms  in  series  with 
the  resistor  56.  By  adjusting  this  resistance  with 
respect  to  the  capacitance  of  the  capacitor  38,  both 
the  repetition  rate  of  the  trigger  pulse  and  the 
timing  thereof  to  be  at  or  near  the  peak  of  the  AC 
voltage  is  obtained.  In  the  circuit  10,  the  divider 
capacitors  36  and  38  and  the  timing  capacitor  42 
are  suitably  one  microfarad  in  capacitance  or  less. 
In  circuit  50  (FIG.  2)  the  capacitor  36  may  be  of 
zero  point  one  microfarad  value.  The  capacitor  38 
may  vary  in  value  from  0.1  to  .47  microfarads 
depending  on  the  value  of  the  resistors  56  and  58. 
In  both  circuits  the  SCR  34  or  54  may  be  type  C 
103  manufactured  by  the  General  Electric  Com- 
pany. 

From  the  foregoing  description  it  will  be  appar- 
ent  that  there  has  been  disclosed  improved  flash 
lamp  circuits  especially  for  use  in  warning  lamps. 
Variations  and  modifications  in  the  herein  de- 
scribed  circuits,  within  the  scope  of  the  invention, 
will  in  all  likelihood  become  apparent  to  those 
skilled  in  the  art.  For  example,  a  diode  connected 
between  the  cathode  and  gate  of  the  SCR  to  avoid 
junction  breakdown.  Also,  to  vary  light  intensity,  the 
input  AC  voltage  may  be  reduced  or  a  phase 
shifting  network  may  be  connected  at  the  AC  input. 
Accordingly,  the  foregoing  description  should  be 
taken  as  illustrative  and  not  in  a  limiting  sense. 

The  invention  may  be  summarized  as  follows: 
1.  A  circuit  for  firing  a  flash  lamp  from  AC 

power  lines  having  a  peak  voltage  less  than  the 
ionization  voltage  of  said  lamp  which  comprises 
means  connected  across  the  AC  lines  and  across 
said  lamp  for  storing  energy  for  less  than  the 
period  of  a  cycle  of  the  AC  voltage  from  said  lines 
at  a  voltage  higher  than  said  ionization  voltage,  and 
means  also  connected  to  the  AC  lines  and  to  said 
lamps  for  applying  a  trigger  pulse  to  fire  said  lamp 
at  or  near  the  point  during  said  cycle  when  said 
peak  voltage  is  reached. 

2.  The  circuit  according  to  1  wherein  said 
trigger  pulse  applying  means  include  means  for 
generating  said  trigger  pulse  repetitively  to  repet- 
itively  flash  said  lamp. 

3.  The  circuit  according  to  1  wherein  said 
energy  storage  means  includes  capacitors  for  stor- 
ing  said  energy  of  value  not  exceeding  0.1  micro- 
farads. 

4.  The  circuit  according  to  Claim  2  wherein 
said  storage  means  has  a  pair  of  diodes  connected 
to  said  capacitors  and  voltage  in  multiplying  rela- 
tionship  therewith. 

5.  The  circuit  according  to  4  wherein  said 
diodes  are  connected  polarized  in  the  same  direc- 
tion  and  in  series  with  said  lamps  across  said  AC 

lines,  one  of  said  capacitors  being  connected  be- 
tween  the  junction  of  said  diodes  and  the  junction 
of  said  lamp  and  one  side  of  said  AC  line,  and  the 
other  of  said  capacitors  being  connected  across 

5  both  said  diodes. 
6.  The  circuit  according  to  5  wherein  said 

capacitors  are  approximately  equal  in  capacitance 
value. 

7.  The  circuit  according  to  6  wherein  the 
io  capacitance  value  of  said  capacitors  is  one  micro- 

farad  or  less. 
8.  The  circuit  according  to  5  wherein  said 

trigger  pulse  applying  means  comprises  an  SCR 
having  an  anode,  a  cathode  and  a  gate,  a  pulse 

rs  transformer  having  primary  and  secondary  wind- 
ings,  a  pair  of  capacitors  connected  in  series  with 
each  other  across  said  AC  line,  one  of  said  anode 
and  cathode  of  said  SCR  being  connected  to  one 
side  of  said  AC  line  directly  or  through  said  diode, 

20  the  other  of  said  anode  and  cathode  being  con- 
nected  to  the  junction  of  said  pair  of  capacitors  via 
the  primary  of  said  pulse  transformer,  means  for 
determining  the  timing  of  said  trigger  pulse  con- 
necting  said  gate  to  at  least  one  of  said  sides  of 

25  said  AC  line,  and  means  connecting  said  secon- 
dary  to  said  flash  lamp  for  applying  said  trigger 
pulse  thereto. 

9.  The  circuit  according  to  8  wherein  said 
trigger  pulse  timing  determining  means  comprising 

30  a  capacitor  and  diode  connected  in  series  across 
said  AC  line  and  a  resistor  connected  between  said 
gate  and  the  junction  of  said  last  named  capacitor 
and  diode. 

10.  The  circuit  according  to  8  wherein  said 
35  trigger  pulse  timing  determining  means  comprises 

at  least  one  resistor  connected  between  said  one  of 
the  sides  of  the  said  AC  line  and  said  gate  and  in 
parallel  with  said  primary  and  one  of  said  pair  of 
capacitors  via  the  gate  and  cathode  of  said  SCR. 

40  11.  A  flash  lamp  circuit  operable  from  the 
AC  power  lines  comprising  a  gas  discharge  flash 
lamp  having  main  electrodes  and  a  trigger  elec- 
trode,  a  pair  of  diodes  connected  in  series  and 
polarized  in  the  same  direction  between  one  side 

45  of  the  AC  lines  and  one  of  said  main  electrodes, 
the  other  of  said  main  electrodes  being  connected 
to  the  other  side  of  said  AC  lines,  first  and  second 
capacitors  of  capacitance  value  oficone  microfarad 
or  less,  said  first  capacitor  being  connected  across 

so  said  series  connected  diodes,  said  second  capaci- 
tor  being  connected  between  the  junction  of  said 
diodes  and  the  other  of  said  main  electrodes,  and 
means  connected  to  said  trigger  electrodes  and 
said  AC  lines  for  applying  a  trigger  pulse  at  or  near 

55  the  peak  voltage  of  the  AC  voltage. 
12.  The  circuit  according  to  11  wherein  said 

first  and  second  capacitors  are  equal  in  capaci- 
tance  value. 
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13.  The  circuit  according  to  12  wherein  the 
capacitance  value  of  said  first  and  second  capaci- 
tors  is  0.01  microfarads. 

14.  The  circuit  according  to  11  wherein  said 
trigger  pulse  applying  means  comprises  a  pulse 
transformer  having  a  primary  and  secondary,  a 
SCR  having  an  anode,  cathode  and  gate,  third  and 
fourth  capacitors  connected  in  series  and  across 
the  AC  lines,  one  of  said  anode  and  cathode  of 
said  SCR  being  connected  to  one  side  of  said  AC 
line  directly  or  through  said  diode,  the  other  of  said 
anode  and  cathode  being  connected  to  the  junction 
of  said  third  and  fourth  capacitors  via  the  primary 
of  said  pulse  transformer,  means  for  determining 
the  timing  of  said  trigger  pulse  connecting  said 
Gate  2  at  least  one  of  said  sides  and  said  AC  line, 
and  means  connecting  said  secondary  to  said  flash 
lamp  trigger  electrode. 

15.  The  circuit  according  to  14  wherein  said 
trigger  pulse  timing  determining  means  comprises 
a  fifth  capacitor  and  a  third  diode  connected  in 
series  across  said  AC  line,  and  a  resistor  con- 
nected  between  said  gate  and  the  junction  of  said 
fifth  capacitor  and  third  diode. 

16.  The  circuit  according  to  14  wherein  said 
trigger  pulse  timing  determining  means  comprises 
at  least  one  resistor  connected  between  said  one  of 
the  sides  of  said  AC  line  and  said  gate  and  in 
parallel  with  said  primary  and  said  fourth  capacitor 
via  the  gate  and  cathode  of  said  SCR. 

As  regards  the  phrase  "storing  energy  for  less 
than  the  period  of  a  cycle  of  the  AC  voltage"  (see 
claim  1  ),  the  reader  should  also  consider  the  rest  of 
the  phrase.  The  remainder  of  the  phrase  is  "at  a 
voltage  higher  than  said  ionization  voltage."  It  is 
this  voltage  which  is  stored  for  less  than  a  cycle. 
The  operation  is  explained  in  detail,  and  reference 
may  be  had  particularly  to  the  paragraph  starting 
on  line  26  of  page  3.  The  wave  form  of  the  voltage 
cross  the  flash  tube  is  shown  in  Fig.  3.  It  is  to  be 
noted  that  the  voltage  doubling  to  the  voltage 
greater  than  ionization  voltage  of  the  tube  occurs  at 
the  peaks.  It  is  at  the  negative  most  peak  where 
the  SCR  is  triggered  and  the  tube  fires.  In  this  way 
only  small  capacitors  are  needed  and  they  store  a 
voltage  high  enough  to  fire  the  tube  for  a  small  part 
of  the  AC  cycle. 

As  regards  the  voltage  at  point  (A)  in  Fig.  1, 
the  following  comments  are  made.  As  stated,  the 
diode  clamps  the  voltage  to  AC  .  common.  The 
peak-to-peak  voltage  of  the  AC  wave  is  approxi- 
mately  310  volts  and  it  is  clamped  below  common, 
as  shown  in  Fig.  3. 

The  present  invention  clearly  distinguishes 
over  US-patent  3,771,017.  As  is  shown,  a  capacitor 
in  the  storage  circuit  directly  connects  the  lamp 
across  the  line  and  enables  the  current  to  be  drawn 
by  the  lamp  when  it  fires.  In  the  illustrated  embodi- 

ments  this  is  the  capacitor  30.  The  above  explana- 
tions  make  it  clear  that  the  circuit  operates  by 
drawing  current  from  the  AC  lines  when  the  lamp 
fires  (see  above  page  4-  lines  13  to  16  and  page  6 

5  lines  4  through  7).  US-patent  3,771,017  does  not 
use  a  storage  means  connected  to  the  AC  line  to 
produce  the  high  power  high  intensity  light  flash.  In 
the  circuit  of  the.  invention,  a  large  amount  of 
energy  must  be  taken  directly  from  the  AC  line 

10  during  the  short  duration,  high  intensity  pulse  in 
order  to  generate  a  high  intensity  flash.  Without 
this  feature  only  a  feeble  light  pulse  would  be 
produced.  The  circuit  of  US-patent  3,771,017  draws 
current  from  a  large  storage  capacitor  not  from  the 

75  AC  line;  it  employs  a  storage  capacitor  from  which 
the  total  flash  intensity  energy  is  derived. 

The  use  of  small  capacitors  as  suggested  by 
the  invention  is  a  feature  which  advances  the  art, 
since  it  enables  flash  lamp  circuits  to  be  built  at 

20  lower  costs  and  with  higher  reliability;  especially  for 
outdoor  applications  where  temperature  and  envi- 
ronmental  effects  can  adversely  effect  large  ca- 
pacitors,  such  as  high  voltage  electrolytic  capaci- 
tors  which  are  needed  in  order  to  obtain  high 

25  values  of  capacitance  in  the  circuit  of  US-A- 
3,771,017. 

Claims 

1  A  circuit  for  firing  a  flash  lamp  from  AC 
power  lines  having  a  peak  voltage  less  than  the 
ionization  voltage  of  said  lamp  which  comprises 
means  connected  across  the  AC  lines  and  across 
said  lamp  for  storing  energy  for  less  than  the 
period  of  a  cycle  of  the  AC  voltage  from  said  lines 
at  a  voltage  higher  than  said  ionization  voltage, 
said  storing  means  consisting  of  the  only  energy 
storing  means  in  the  circuit  for  developing  said 
ionization  voltage  for  said  lamp  which  are  con- 
nected  to  said  lamp,  and  means  included  in  said 
storing  means  directly  connecting  said  lamp  across 
said  lines  to  enable  current  flow  from  said  lines 
through  said  lamp  during  ionization  when  said  lamp 
fires,  and  means  also  connected  to  the  AC  lines 
and  to  said  lamp  for  applying  a  trigger  pulse  to  fire 
said  lamp  at  or  near  the  point  during  the  said  cycle 
when  said  peak  voltage  is  reached  and  to  enable 
current  flow  to  said  lamp  from  the  ACJines. 

k  The  circuit  according  to  Claim  i  wherein  said 
energy  storing  means  includes  capacitors  for  stor- 
ing  said  energy  all  of  which  are  of  value  not  ex- 
ceeding  one  microfarad  . 

3  The  circuit  according  to  Claim  2  wherein  said 
storing  means  has  a  pair  of  diodes  connected  to 
said  capacitors  and  in  voltage  multiplying  relation- 
ship  therewith. 
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4  The  circuit  according  to  Claim  3  wherein  said 
diodes  are  connected  polarized  in  the  same  direc- 
tion  and  in  series  with  said  lamp  across  said  AC 
lines,  one  of  said  capacitors  being  connected  be- 
tween  the  junction  of  said  diodes  and  the  junction  5 
of  said  lamp  and  one  side  of  said  AC  line,  and  the 
other  of  said  capacitors  being  connected  across 
both  said  diodes. 

5  The  circuit  according  to  Claim  4  wherein  said 
capacitors  are  approximately  equal  in  capacitance  io 
value. 

6  The  circuit  according  to  any  of  Claims  1-5 
wherein  said  trigger  pulse  applying  means  com- 
prises  an  SCR  having  an  anode,  a  cathode  and  a 
gate,  a  pulse  transformer  having  primary  and  sec-  75 
ondary  windings,  a  pair  of  capacitors  connected  in 
series  with  each  other  across  said  AC  line,  a  con- 
nection  between  one  of  said  anode  and  cathode  of 
said  SCR  and  one  side  of  said  AC  line  said  con- 
nection  being  either  a  a  direct  connection  or  a  20 
connection  through  said  diodes,  the  other  of  said 
anode  and  cathode  being  connected  to  the  junction 
of  said  pair  of  capacitors  via  the  primary  of  said 
pulse  transformer,  means  for  determining  the  tim- 
ing  of  said  trigger  pulse  connecting  said  gate  to  at  25 
least  one  of  said  sides  of  said  AC  line,  and  means 
connecting  said  secondary  to  said  flash  lamp  for 
applying  said  trigger  pulse  thereto. 

7  A  circuit  for  firing  a  gas  flash  lamp  from  AC 
power  lines,  which  lines  provide  the  gas  ionization  30 
sustaining  current  through  said  lamp,  and  without 
any  storage  capacitor  for  supplying  the  ionization 
sustaining  current,  said  circuit  comprising:  first 
means,  including  at  least  one  diode  directly  con- 
necting  said  lines  and  said  lamp,  and  connecting  35 
said  lines  across  said  lines;  second  means,  includ- 
ing  said  diode,  for  developing  and  applying  a  volt- 
age  above  the  ionization  voltage  of  said  lamp  at  or 

8  The  circuit  according  to  Claim  7  wherein  said 
second  means  comprises  at  least  one  capacitor  40 
connected  across  said  diode. 

9  The  circuit  according  to  Claim  8  wherein  said 
one  capacitor  and  any  other  capacitor  in  said  cir- 
cuit  are  of  a  value  of  one  microfarad  or  less. 

10.  The  circuit  according  to  Claim  8  wherein  45 
said  second  means  includes  means  defining  a  volt- 
age  multiplying  circuit  for  providing  a  DC  voltage 
as  said  voltage  above  said  ionization  voltage  to 
said  lamp. 

11  A  flash  lamp"  circuit  operable  from  the  AC  50 
power  lines  comprising  a  gas  discharge  flash  lamp 
having  main  electrodes  and  a  trigger  electrode,  a 
pair  of  diodes  connected  in  series  and  polarized  in 
the  same  direction  between  one  side  of  the  AC 
lines  and  one  of  said  main  electrodes,  the  other  of  55 
said  main  electrodes  being  connected  to  the  other 
side  of  said  AC  lines,  first  and  second  capacitors  of 
capacitance  value  of  one  microfarad  or  less  and 

consisting  the  only  means  in  the  circuit  for  devel- 
oping  a  voltage  greater  than  the  ionization  voltage 
of  said  lamp,  said  first  capacitor  being  connected 
across  said  series  connected  diodes  and  directly 
connecting  said  one  side  of  said  AC  lines  to  said 
one  of  said  main  electrodes  thereby  connecting 
said  lamp  directly  across  said  AC  lines  to  enable 
current  flow  to  said  lamp  from  said  lines  when  said 
lamp  fires,  said  second  capacitor  being  connected 
between  the  junction  of  said  diodes  and  the  other 
of  said  main  electrodes,  and  means  connected  to 
said  trigger  electrode  and  said  AC  line  for  applying 
a  trigger  pulse  at  or  near  the  peak  voltage  of  the 
AC  voltage  to  fire  said  lamp  and  enable  current 
flow  to  said  lamp  from  the  AC  lines. 
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