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lescription 

This  invention  relates  to  a  low  pressure  mer- 
ury  vapor  discharge  lamp  device  including  a  low 
iressure  mercury  vapor  discharge  lamp,  for 
ixample  a  fluorescent  lamp,  combined  with  a 
iring  device  for  firing  the  discharge  lamp  at  a 
ligh  frequency. 

It  has  long  been  known  that,  if  fluorescent 
amps  are  fired  with  high  frequency  oscillations, 
he  lamp  efficiency  is  improved.  The  demand  for 
ligh  efficiency  due  to  the  latest  energy  situation 
ogether  with  improvements  in  performance  of 
>ower  transistors  have  led  to  the  spread  of  high 
requency  firing  devices  with  a  firing  frequency  of 
he  order  of  from  15  to  50  KHz.  Taking  the  case  of 
10  W  lamps,  an  improvement  in  efficiency  of  the 
amp  alone  of  the  order  of  12  to  13%  and  an 
mprovement  in  efficiency  of  the  device  as  a 
vhole  of  the  order  of  20  to  25%  can  be  achieved. 

On  the  other  hand,  according  to  the  latest 
iterature,  it  is  reported,  for  example,  in  Polman  et 
j|  J.  Phys  D;  Appl.  5  pages  274—276  (a  part  of  the 
3aper)  (1972)  that,  when  a  pulse  discharge  is 
applied  with  a  duty  ratio  of  50%,  a  Hg—  Ne 
Jischarge  lamp  (Ne:10  Torrs)  has  a  mean  radiant 
output  <12537>  standardized  at  2537  A  of  Hg 
which  exhibits  a  maximum  value  at  a  minimum 
/alue  of  the  standardized  mean  electron  tempera- 
:ure  ..Te<0>  and  further  increases  by  10%  near  to 
32  KHz  and  at  current  of  0.4  A  (lDC).  Also  it  is 
-eported  in  B.  M.  MUvflEHUH  et  al:  Sovetotep,  4 
oages  6—8  ('81)  that,  with  an  Hg—  Ar  mixed  gas 
subjected  to  a  pulse  modulated  discharge  at  a  low 
/oltage,  luminous  efficiency  increases  by 
20—30%  under  the  conditions  that  Ar  is  under  a 
pressure  of  from  133  to  470  Pa,  the  pulse  duration 
is  25  —  150  uS,  and  the  pulse  frequency  is  of  5  to 
20  KHz,  for  a  20  W  daylight  fluorescent  lamp, 
compared  with  DC  firing. 

it  is  also  reported  in  Japanese  Utility  Model 
1400382  and  in  FR—  A—  2137615  that,  when  a  low 
pressure  rare  gas-mercury  vapor  discharge  lamp 
including  an  Ne-Ar  mixture  as  the  rare  gas  is  fired 
with  rectangular-wave  A.C.,  a  pulse  discharge 
with  a  duty  cycle  of  35  to  65%  causes  the  lamp 
efficiency  to  increase  by  about  11%  as  compared 
with  commercial  firing. 

The  present  invention  resides  in  a  low  pressure 
mercury  vapor  discharge  lamp  device  comprising 
a  low  pressure  mercury  vapor  discharge  lamp 
filled  with  a  rare  gas  and  a  mercury  vapor 
generator  to  form  a  discharge  path  between 
electrodes,  and  a  firing  device  for  firing  said 
discharge  lamp  at  a  frequency  of  not  less  than  1 
KHz,  characterised  in  that  said  rare  gas  filling 
includes  at  least  Kr,  Xe,  or  Kr  and  Xe,  and 
optionally  at  least  one  other  rare  gas,  and  that  the 
firing  device  is  so  constructed  that,  upon  the  firing 
of  said  discharge  lamp,  the  voltage  applied  across 
said  electrodes  has  a  pulse  time  not  less  than 
0.5x1  0~6  second  and  not  larger  than  15x10~6 
second  and  the  peak  value  of  the  discharge 
current  is  not  less  than  0.2  A  and  not  higher  than  2 
A,  the  inside  tube  diameter  D  in  mm  of  said 

discnarge  lamp  is  in  tne  range  zjsu=oo,  anu  me 
ratio  X/Y  between  the  molar  number  Y  of  the 
mercury  vapor  and  the  molar  number  X  of  said 
rare  gas  during  the  steady  state  of  firing  of  said 

;  discharge  lamp  is  set  to  a  range  of  0.5x1  02SX/ 
:YS1.0x104. 

The  present  invention  arises  from  the  pre- 
viously  unexpected  phenomenon  that  under  the 
specified  conditions  the  energy  transition  from 

o  63Pi  to  64So  of  mercury  atoms  is  attended  with  a 
sharp  increase  in  energy  efficiency  of  radiation  at 
235.7  nm.  This  sharp  increase  in  energy  efficiency 
results  from  the  collective  effect  that,  due  to  the 
firing  conditions  as  described  above,  the  elec- 

5  trode  loss  attendent  on  the  discharge  decreases, 
the  radical  diffusion  of  energy  within  the  positive 
column  becomes  optimum,  the  atomic  density  at 
the  63P!  level  increases  and  the  molar  ratio  of  the 
molar  number  X  of  the  rare  gas  to  the  molar 

'0  number  Y  of  the  mercury  vapor  becomes 
optimum  by  means  of  the  thermal  equilibrium 
due  to  the  discharge.  Thus  the  present  invention 
aims  at  a  sharp  increase  in  radiation  efficiency  of 
ultraviolet  compared  with  conventional  Ar-Hg,  Ar- 

>5  Ne-Hg  systems. 
In  the  accompanying  drawings: 
Figure  1  is  a  sectional  view  of  a  discharge  lamp 

used  with  experiments  resulting  in  the  present 
invention;  Figure  2  is  a  view  illustrating  an  experi- 

w  mental  device  including  the  discharge  lamp 
shown  in  Figure  1;  Figure  3  is  a  waveform 
diagram  of  an  applied  voltage  illustrating  the 
principles  of  the  present  invention;  Figure  4  is  a 
characteristic  diagram  illustrating  the  relationship 

35  between  the  pause  time  period  and  the  relative 
magnitude  of  the  luminous  flux  in  one  embodi- 
ment  of  the  present  invention;  Figure  5  is  a 
characteristic  diagram  illustrating  the  relationship 
between  firing  frequency  and  the  relative  mag- 

io  nitude  of  the  luminous  flux  in  one  embodiment  of 
the  present  invention;  Figure  6  is  a  diagram 
illustrating  one  example  of  a  circuit  configuration 
desirable  for  carrying  out  the  present  invention; 
Figure  7  is  a  diagram  for  explaining  the  pause 

45  time  period  of  the  applied  voltage  in  the  present 
invention;  Figure  8  is  a  characteristic  diagram 
illustrating  the  relationship  between  the  pause 
time  period  and  the  relative  magnitude  of  the 
luminous  flux,  in  another  embodiment  of  the 

so  present  invention;  and  Figure  9  is  a  characteristic 
diagram  illustrating  the  relationship  between  fir- 
ing  frequency  and  the  relative  magnitude  of  the 
luminous  flux  in  another  embodiment  of  the 
present  invention. 

55  Before  an  embodiment  of  the  present  invention 
is  described,  a  fundamental  experiment  resulting 
in  the  discovery  of  said  phenomenon  will  be 
described  on  the  basis  of  Figures  1  to  3.  In  Figures 
1  to  3  identical  reference  numerals  designate 

60  identical  or  corresponding  components. 
Figure  1  is  a  sectional  view  illustrating  an 

electric  discharge  lamp  4  used  in  this  fundamen- 
tal  experiment  wherein  1  is  a  bulb  made  of  quartz 
glass  which  bulb  is  filled  with  a  rare  gas  and 

65  mercury  b  in  the  liquid  phase  which  is  a  mercury 
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vapor  generator.  A  preheated  type  electrode  2  is 
sealed  through  each  end  of  the  bulb  and  an 
electric  discharge  path  a  is  formed  between  the 
electrodes.  The  inside  tube  diameter  of  the  bulb  1 
is  30  mm,  and  the  tube  length  L  is  1187  mm  as 
defined  by  the  outer  end  of  the  bulb.  The  low 
pressure  mercury  vapor  discharge  lamps  used 
were  a  40  W  rapid  start  type  fluorescent  lamp  and 
a  discharge  lamp  identical  in  specification  thereto 
and  having  the  bulb  made  of  quartz  glass  and  not 
coated  with  phosphors. 

Figure  2  is  a  view  illustrating  an  experimental 
device  comprising  a  commercial  100  VAC  electric 
source  5,  a  filament  transformer  6  energized  by 
the  electric  source  5,  an  electric  source  7  of 
rectangular  waves  for  supplying  a  voltage  having 
an  application  time  period  T  and  a  pause  time 
period  T„  as  will  be  described  later,  a  switch  8 
provided  in  a  preheating  circuit  for  the  electrodes 
2,  and  a  variable  resistance  ballast  9  for  control- 
ling  the  discharge  current  through  the  discharge 
lamp. 

In  the  construction  shown  in  Figures  1  and  2 
experiments  have  been  conducted  with  an  elec- 
tric  source  having  the  voltage  application  time 
period  T-,  and  the  pause  time  period  T0  as  shown 
in  Figure  3,  variable  in  frequency  and  duty  cycle  of 
the  periods  X,  and  T0. 

In  a  circuit  such  as  described  above  a  discharge 
lamp  without  phosphors  has  been  first  fired  and 
the  observation  and  measurements  of  electric 
discharges  therein  have  been  done  in  conjunction 
with  the  time  period  T0  of  zero  or  present  and 
under  various  conditions.  The  switch  8  is  closed 
only  upon  the  start  of  the  electric  discharge  lamp 
and  is  open  during  the  measurements. 

Fluorescent  lamps  4  with  a  tube  length  L  of  118 
mm  and  an  inside  tube  diameter  D  of  30  mm  were 
used  principally  but  for  a  small  number  thereof  a 
different  diameter  was  used  in  the  range  22  to  36 
mm.  The  rear  gas  filling  was  of  various  single 
elementary  gases  and  mixtures  thereof  and  their 
filling  amounts  have  been  changed  to  large 
extents.  The  mercury  (b)  was  filled  in  a  sub- 
stantially  constant  amount  of  25  mg. 

These  samples  were  put  in  running  water  of 
about  6  l/minute  and  fired  by  a  high  frequency 
inverter  having  a  rectangular  wave  output  voltage 
such  as  shown  in  Figure  2,  with  a  resistance 
ballast. 

By  changing  the  discharge  current  and  the 
firing  frequency  thereof  and  the  temperature  of 
the  running  water,  the  states  of  the  electric  dis- 
charges  have  been  observed  while  the  intensities 
of  radiant  spectral  lines  from  the  rare  gas  and 
mercury  have  been  measured.  As  a  result,  it  has 
been  seen  with  a  multitude  of  the  samples  that, 
upon  the  occurrence  of  moving  striations  in  the 
positive  column,  the  luminescence  of  the  rare  gas 
becomes  noticeable  in  the  positive  column  and 
on  the  other  hand,  the  luminescence  of  the 
mercury,  and  particularly  the  intensity  of  reaso- 
nance  radiation  at  253.7  mm,  is  much  lowered. 
The  occurrence  and  extinction  of  these  moving 
striations  is  dependent  upon  the  discharge  cur- 

rent,  the  firing  frequency,  the  temperature  of  the 
running  water  etc.,  but  it  has  been  found  that,  for 
firing  frequencies  of  not  less  than  1  KHz,  the 
moving  striations  occur  less  readily  as  the  fre- 

5  quency  is  higher.  However,  the  result  obtained  is 
that  the  relative  intensity  of  the  resonance  radi- 
ation  for  an  input  power  to  the  discharge  lamp 
(the  product  of  the  effective  value  of  current  and 
voltage)  cannot  be  said  always  to  be  improved 

10  attendant  on  a  rise  of  the  frequency. 
Thus  it  has  been  considered  whether  the  mov- 

ing  striations  may  be  suppressed,  as  in  the  case  of 
a  rise  of  the  frequency,  and  also  whether  the 
efficiency  of  resonance  radiation  energy  may  be 

15  more  improved  than  by  the  mere  increase  of  the 
frequency,  by  shortening  the  application  time 
period  T,  through  the  provision  of  the  pause  time 
period  T0  in  the  voltage  applied  across  the  elec- 
trodes  2  during  the  firing  of  the  discharge  lamp  as 

20  shown  in  Figure  3. 
Furthermore,  according  to  the  literature  (Carl 

Kenty:  Journal  of  Applied  Physics,  21  (Dec)  page 
1309—1318  (1950)),  when  the  firing  has  been 
effected  with  the  effective  value  of  0.42  A  at  a 

25  commercial  frequency  under  the  conditions  that 
the  inside  tube  diameter  D  is  36  mm  and  the  filled 
argon  is  under  a  pressure  of  3.5  Torrs,  light 
quanta  at  253.7  mm  of  mercury  have  the  effective 
lifetime  of  7.6  to  7.2  us.  Thus  experiments  similar 

30  to  those  described  above  have  been  conducted  at 
a  firing  frequency  of  20  KHz  by  setting  the  pause 
time  period  T0  of  the  voltage  to  about  7  us. 

As  a  result  of  the  experiments  as  described 
above,  it  has  been  found  that  the  moving  stria- 

35  tions  are  suppressed  by  providing  a  short  pause 
time  T0  and  that  upon  the  moving  striations 
decreasing  or  disappearing,  the  intensity  of  the 
resonance  radiation  of  the  mercury  at  253.7  mm  is 
increased. 

40  Accordingly,  a  40  W  rapid  start  type  fluorescent 
lamp  has  then  been  used  as  the  discharge  lamp 
and  the  relative  magnitude  of  its  luminous  flux 
has  been  measured,  for  changes  of  the  time 
period  T0  at  a  constant  frequency  of  17  KHz  with  a 

45  constant  current  having  the  effective  value  of  0.42 
A.  Fig.  4  shows  the  result  thereof.  In  Figure  4  the 
solid  line  A  is  data  for  the  discharge  lamp  4  filled 
with  argon  under  about  2.6  Torrs  and  the  chain 
line  B  with  single  dots  is  data  for  the  discharge 

so  lamp  4  filled  with  a  mixed  gas  or  argon  (35%), 
krypton  (45%)  and  neon  (20%)  under  about  2.2 
Torrs.  As  seen  in  Figure  4  a  maximum  increase  in 
luminous  flux  is  observed  with  the  pause  time 
period  T0  of  from  7  to  8  us  and  the  increase  is 

55  about  7%  with  the  lamp  4  filled  with  argon  and 
about  13%  with  the  lamp  4  filled  with  the  mixed 
gas,  as  compared  with  a  time  period  T0  of  zero. 

Further  experiments  have  been  conducted  for 
investigating  how  said  increase  in  luminous  flux 

so  will  be  changed  with  the  firing  frequency.  In  these 
experiments  said  mixed  gas  has  been  used  in  the 
discharge  lamp  and  the  magnitude  of  the  lumin- 
ous  flux  has  been  measured  at  an  effective  cur- 
rent  value  of  0.42  A,  the  pause  time  period  T0 

65  being  constant  at  about  7  us  at  frequencies  not 
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igher  than  36  KHz  and  the  ratio  ot  the  time 
eriod  T,  to  the  time  period  T0  being  set  to  about 
:1  at  frequencies  in  excess  of  36  KHz.  The  result 
lereof  is  shown  by  a  solid  line  in  Figure  5,  and  a 
hain  line  with  single  dots  illustrates  the  relative 
lagnitude  of  luminous  flux  with  the  effective 
urrent  value  being  similarly  of  0.42  A  but  in  the 
bsence  of  the  pause  time  period  T0.  The  mag- 
itude  of  the  luminous  flux  in  Figure  5  is  relative 
a  the  magnitude  of  luminous  flux  obtained  when 
le  firing  is  effected  by  a  commercial  AC  electric 
ource  using  a  reference  ballast  prescribed  by 
IS,  considered  at  100%.  As  seen  in  Figure  5,  the 
ffect  of  providing  the  pause  time  period  T0  can 
Iways  be  observed  at  firing  frequencies  of  not 
3ss  than  1  KHz  and  it  is  found  that  its  effect  is 
naximum  at  a  firing  frequency  lying  in  the 
icinity  of  20  KHz. 
The  maximum  value  of  the  relative  magnitude 

if  the  luminous  flux  changes  with  the  individual 
larameters  such  as  the  pause  time  period,  com- 
tosition  of  the  rare  gases  filled  in  the  lamp  etc. 
>ut  it  has  been  confirmed  in  any  event  that,  if  the 
lause  time  period  is  0.5  to  1.5  us  and  the  firing 
requency  is  not  less  than  1  KHz,  then  a  high 
nagnitude  of  the  luminous  flux  is  obtained  as 
iompared  with  firing  at  a  conventional  frequency. 

A  circuit  configuration  desirable  for  carrying 
)ut  the  present  invention  is  shown  in  Figure  6, 
vhich  shows  an  AC  100  V  electric  source  5,  a 
switch  10  for  the  electric  source,  a  full-wave 
ectifier  11,  a  smoothing  capacitor  12,  a  voltage 
dividing  resistance  13,  a  constant  voltage  diode 
14,  an  IC  15  for  regulating  the  switching,  a  pair  of 
output  transistors  15a  for  the  IC,  and  a  pair  of 
ransistors  16  for  amplifying  the  output  which 
xansistors  form  a  push-pull  circuit  with  the  out- 
Dut  transformers  17.  18  is  a  voltage  dividing 
•esistance  which  is  resistance  for  supplying  cur- 
-ents  to  bases  of  the  respective  transistors 
:hrough  the  transistors  15a,  17S  is  the  secondary 
winding  of  the  transformer  17,  17F  are  a  pair  of 
Filament  windings,  and  19  is  a  capacitor  ballast. 

In  a  construction  such  as  described  above,  by 
setting  the  periods  with  which  the  transistors  15a 
and  15b  in  the  IC  15  switch  respectively  and  the 
time  interval  from  the  blocking  of  the  one  tran- 
sistor  15a  to  the  firing  of  the  other  transistor  15b 
to  8  us,  a  voltage  waveform  such  as  substantially 
shown  in  Figure  3  has  been  obtained  on  the 
secondary  winding  17S  of  the  transformer  17, 
with  a  frequency  of  about  20  KHz,  a  pause  time 
period  T0  of  8  us  and  an  ON  time  period  T,  of  17 
us.  When  the  discharge  lamp  has  been  fired  with 
such  a  voltage  and  the  ballast  19  has  been 
adjusted  to  make  the  effective  value  of  the  dis- 
charge  current  0.42  A,  the  voltage  waveform 
applied  across  the  electrodes  during  the  steady 
state  firing  has  become  substantially  a  triangular 
wave  and  its  pause  time  period  T0  has  been  about 
7.5  us.  When  the  magnitude  of  the  luminous  flux 
of  and  the  input  power  to  the  discharge  lamp 
have  been  measured  in  such  a  state,  high  mag- 
nitudes  not  previously  existing  have  been 
obtained  so  that,  when  the  said  discharge  lamp  4 

is  Tinea  wnn  argon,  ine  increase  in  euiuien^y  ui 
the  lamp  alone  is  about  16%  and  the  increase  in 
efficiency  of  the  device  as  a  whole  is  about  30% 
as  compared  with  the  case  of  commercial  fre- 
quency  a.c.  firing,  and  when  said  discharge  lamp 
4  is  filled  with  the  mixed  gas,  the  increase  in 
efficiency  of  the  lamp  alone  is  about  20%  and  the 
increase  in  efficiency  of  the  device  as  a  whole  is 
about  33%. 

o  While  there  are  known  various  circuits  for 
providing  the  pause  time  period  T0  in  the  voltage 
applied  across  the  electrodes  other  than  what  is 
shown  in  Figure  6,  each  of  them  is  presumed  to 
have  the  effect  of  improving  the  efficiency  of  the 

5  discharge  lamp  in  view  of  the  phenomenon  that 
moving  striations  are  suppressed.  By  setting  the 
output  voltage  from  the  firing  device  to  be  slightly 
higher  than  the  voltage  across  the  discharge  lamp 
4  and  controlling  the  circuit  with  a  voltage  across 

o  the  low  resistance  for  detecting  the  current,  it  is 
possible  to  make  the  voltage  across  the  discharge 
lamp  4  a  rectangular  wave.  Thus  a  high  efficiency 
can  be  expected.  However  the  effect  of  improving 
the  efficiency  is  low  with  the  pause  time  period  T0 

5  of  less  than  0.5  (is. 
While  the  pause  time  period  T0  may  be  indefi- 

nite  as  shown  in  Figure  7,  the  present  invention 
defines  it  as  described  below.  When  the  relation- 
ship 

to 
5 ( ^ 2 ) ^ 0  

holds  between  the  sum  (t,+t2)  of  the  decay  time 
(t,)  from  a  value  of  10%  of  the  peak  value  Vp  of  the 

15  voltage  applied  across  the  electrodes  2  and  the 
rise  time  t2  up  to  a  value  of  10%  of  Vp  and  the  time 
interval  t0  of  zero  voltage,  the  pause  time  period 
T0  is  defined  as  (to+t^+ta);  the  pause  time  period 
T0  is  taken  to  be  equal  to  t0  when  the  time  interval 

to  t0  for  zero  voltage  is  longer  than  5(ti+t2). 
It  has  now  been  confirmed  that,  as  the  applied 

voltage,  that  is,  the  firing  frequency  increases, 
there  is  a  tendency  to  decrease  the  consumed 
power,  in  other  words,  to  increase  the  efficiency 

45  for  a  constant  brightness,  but  the  firing  frequency 
is  selected  in  consideration  of  the  switching 
chracteristics  and  other  characteristics  of  the  fir- 
ing  circuit.  It  is  considered  that  in  the  existing  high 
frequency  firing  technique  from  10  to  60  KHz  are 

so  desirable  but  if  the  high  frequency  firing  tech- 
nique  advances  in  the  future  then  it  will  be 
sufficiently  possible  in  view  of  practical  use  to 
effect  the  firing  with  a  pulse  frequency  of  several 
hundred  KHz. 

55  When  the  firing  is  effected  with  high  frequency 
pulses  there  is  a  tendency  to  shift  the  mercury 
vapor  towards  the  cathode  electrode  in  the  bulb, 
thus  making  the  brightness  of  the  discharge  lamp 
non-uniform  also  shortening  the  lifetime  of  the 

60  discharge  lamps.  However,  when  firing  is  effected 
with  an  alternating  current,  there  is  not  quite  such 
a  risk. 

Another  embodiment  of  the  present  invention 
will  now  be  described  in  conjunction  with  the 

65  result  of  experiments  concerning  a  discharge 
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lamp  using,  as  a  rare  gas  filling,  a  mixture  with  a 
molar  ratio  of  Kr  to  Ar  of  1.0  to  0.2  and  with  the 
molar  ratio  X/Y  of  the  molar  number  X  of  the  rare 
gas  to  the  molar  number  Y  of  the  mercury  vapor 
equal  to  3.3  x  1  02  at  a  temperature  Tn  of  40°C  of  the 
running  water,  which  is  the  apparent  atom 
temperature  of  the  rare  gas  within  the  positive 
column. 

The  said  molar  ratio  X/Y  is  a  quantity  approxi- 
mately  obtained  from  the  ratio  of  the  presssure  of 
the  rare  gas  filling  at  40°  to  the  vapor  pressure  of 
the  mercury  at  40°C. 

Figure  8  shows  the  variation  in  relative  intensity 
of  resonance  radiation  of  mercury  at  253.7  mm  for 
said  discharge  lamp  fired  with  a  peak  current 
value  of  0.42  A  (of  substantially  a  rectangular 
wave)  at  20  KHz  in  a  stream  of  water  at  40°C,  with 
the  pause  time  period  T0  changed.  While  in  this 
figure  the  intensity  is  made  100%  with  a  pause 
time  period  T0  of  zero,  this  value  is  about  17% 
higher  than  that  in  the  firing  with  a  commercial 
electric  source.  As  seen  in  Figure  8,  the  intensity 
becomes  maximum  with  the  time  period  T0  of  7  to 
8x10-6  second  and  the  increase  in  relative  inten- 
sity  reaches  35%.  Also  for  time  periods  T0  of  more 
than  15x10~6  seconds  the  intensity  is  less  than 
that  in  the  absence  of  the  pause  time  period  T0. 
Still  considerably  strong  moving  striations  exist 
in  the  positive  column  with  a  time  period  T0  of 
zero,  but  with  the  time  limit  period  T0  ranging 
from  0.5  to  15x10-6  seconds  the  peak  current 
value  is  increased  and  the  moving  striations 
disappear  or  are  sharply  reduced  owing  to  the 
zero-voltage  time  period  T0  assuming  that  the 
peak  value  of  the  source  voltage  is  kept  constant. 
Even  if  the  peak  current  value  is  further  lowered 
to  a  constant  value  of  0.42  A  then  the  moving 
striations  do  not  increase  as  much  as  when  the 
time  period  T0  is  zero. 

Figure  9  shows  the  variation  in  relative  intensity 
of  the  radiation  at  253.7  mm  when  the  same 
discharge  lamp  as  that  used  in  the  measurements 
of  Figure  8  is  used  and  the  firing  frequency  is 
changed.  The  solid  line  in  Figure  9  illustrates  the 
case  where  the  pause  time  period  T0  is  a  constant 
of  about  7x10~6  at  frequencies  of  not  higher  than 
36  KHz  and  where  the  ratio  of  the  time  period  X,  to 
T0  is  set  to  about  1  at  frequencies  in  excess  of  36 
KHz.  The  chain  line  with  single  dots  is  the  case 
where  the  time  period  T0  is  zero.  For  both  cases 
the  temperature  of  running  water  was  40°C  and 
the  peak  current  value  was  0.42  A.  Figure  9  shows 
the  intensity  of  radiation  with  the  firing  effected 
by  a  commercial  electric  source  as  100%.  As  seen 
in  Figure  9,  the  effect  of  providing  the  pause  time 
period  T0  is  always  observed  at  firing  frequencies 
not  less  than  1  KHz  and  that  effect  is  maximum 
when  the  firing  frequency  is  near  to  20  KHz. 

It  is  considered  that  the  temperature  of  40°C  of 
the  running  water  corresponds  to  25°C  for  wind- 
less  air. 

The  effect  of  providing  the  time  period  T0  has 
been  similarly  observed  in  conjunction  with 
various  discharge  lamps  having  each  simple  sub- 
stance  of  Kr  and  Xe  as  the  rare  gas,  the  peak 

current  value  of  from  0.2  to  2  A,  the  running  water 
temperature  of  from  5  to  60°C  and  the  molar  ratio 
X/Y  during  the  firing  ranging  from  0.5X102  to 
1.0x104  as  in  said  discharge  lamp. 

5  The  limitation  of  the  molar  ratio  X/Y  according 
to  the  present  invention  results  from  the  fact  that, 
when  the  sort  of  rare  gases,  the  firing  frequency 
and  the  pause  time  period  T0  are  determined,  the 
generation  and  extinction  of  the  moving  striations 

w  is  effected  on  a  boundary  made  of  a  border  line  as 
determined  by  the  molar  ratio  X/Y  and  the 
apparent  atom  temperature  Tn  of  the  rare  gas. 
Also  in  this  embodiment  the  lamp  was  fired  by 
means  of  the  circuit  of  the  configuration  shown  in 

15  Figure  6  and  brought  into  the  steady  state  with 
said  firing  device  A  used,  after  which  the 
measurements  of  the  magnitude  of  the  luminous 
flux  and  electric  power  were  effected. 

When  said  40  W  discharge  lamp  4  filled  with  Ar 
20  and  having  the  inside  tube  diameter  D  of  30  mm 

was  fired  with  a  peak  current  value  of  0.42  A 
under  said  conditions,  the  molar  ratio  X/Y  (which 
was  obtained  assuming  that  the  atom  tempera- 
ture  of  the  rare  gas  corresponds  to  the  tempera- 

25  ture  on  the  central  portion  of  the  tube  and  the 
vapor  pressure  of  mercury  corresponds  to  the 
temperature  of  the  coldest  portion)  has  amounted 
to  0.64x10s  and  high  values  not  previously  exist- 
ing  were  provided  so  that,  as  compared  with  the 

30  firing  with  the  commercial  frequency,  the 
increase  in  efficiency  of  the  lamp  alone  was  about 
16%  and  the  increase  in  efficiency  of  the  device  as 
a  whole  was  about  30%. 

Subsequently  when  an  electric  discharge  lamp 
35  similar  in  size  of  the  bulb  to  said  embodiment  and 

having  a  molar  mixture  ratio  of  Kr  to  Ar  of  1.0  to 
0.2  was  fired  under  conditions  similar  to  those 
described  above,  the  molar  ratio  X/Y  of  the  mixed 
rare  gas  to  the  mercury  vapor  amounted  to 

40  0.4x103  while  the  increase  in  efficiency  of  the 
lamp  alone  was  about  19%  and  the  increase  in 
efficiency  of  the  device  as  a  whole  was  about 
32%. 

When  a  discharge  lamp  having  an  inside  tube 
45  diameter  D  of  23  mm  and  a  tube  length  of  1187 

mm  and  filled  with  elementary  Kr  alone  has  been 
fired  under  the  conditions  similar  to  those  for  said 
embodiment,  the  molar  ratio  X/Y  amounted  to 
0.7x1  02  while  the  increase  in  efficiency  of  the 

so  lamp  alone  was  about  20%  and  the  increase  in 
efficiency  of  the  device  as  a  whole  was  about 
33%. 

Also  when  this  discharge  lamp  4  filled  with  Kr 
was  fired  with  the  peak  current  value  of  0.23  A, 

55  the  molar  ratio  X/Y  amounted  to  0.17X103  while 
the  increase  in  efficiency  of  the  lamp  alone  was 
about  22%  and  the  increase  in  efficiency  of  the 
device  as  a  whole  was  about  34%. 

When  a  bulb  having  an  inside  tube  diameter  D 
60  of  36  mm  and  a  tube  length  L  of  2354  mm  was 

filled  with  a  rare  gas  mixture  having  a  molar 
mixture  ratio  of  Ar  to  Kr  to  Ne  of  7  to  9  to  4  and 
fired  with  a  peak  current  value  of  0.8  A,  the  molar 
ratio  X/Y  amounted  to  0.25x103  while  the 

65  increase  in  efficiency  of  a  lamp  alone  was  about 
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5%  and  the  increase  in  efficiency  otthe  device  as 
whole  was  about  34%. 
Also  a  discharge  lamp  was  fired  with  a  peak 

urrent  value  of  2  A,  with  an  In-Hg  amalgam  or 
malgams  disposed  in  the  vicinity  of  the  elec- 
@odes  2  in  place  of  the  liquid  phase  mercury  b, 
zith  a  bulb  36  mm  in  inside  tube  diameter  and 
354  mm  in  tube  length  L  filled  with  a  rare  gas 
lixture  having  a  molar  mixture  ratio  of  Ne  to  Kr 
if  8  to  2.  At  that  time  the  vapor  pressure  of  the 
nercury  was  4.5x1  0-3  Torrs  and  the  molar  ratio 
[/Y  amounted  to  0.56X103,  while  the  increase  in 
fficiency  of  the  lamp  alone  was  14%  and  the 
icrease  in  efficiency  of  the  device  as  a  whole  was 
ibout  36%. 

Said  embodiments  relate  to  discharge  lamps 
omparatively  high  in  practical  use  and  illustrate 
inly  several  examples  of  the  effect  of  the  present 
nvention.  However  when  said  experiments  are 
:onsidered,  the  fact  that  the  lamp  efficiency  is 
levised  to  increase  by  the  provision  of  the  proper 
>ause  time  period  T0  can  be  sard  to  be  effective 
or  a  very  wide  variety  of  discharge  lamps.  The 
naximum  value  of  the  relative  magnitude  of  the 
uminous  flux  is  changed  with  the  firing  fre- 
juency,  the  pause  time  period,  the  composition 
)f  gases  filled  in  the  lamp  etc.,  but  it  has  been 
;onfirmed  that,  when  the  firing  is  effected  at  not 
ess  than  1  KHz  and  the  pause  time  period  is  0.5  to 
15  us,  the  relative  magnitude  of  the  luminous  flux 
s  increased  as  compared  with  the  conventional 
iring  at  a  commercial  frequency  without  the 
jrovision  of  the  pause  time  period. 

Claims 

1.  A  low  pressure  mercury  vapor  discharge 
amp  device  comprising  a  low  pressure  mercury 
/apor  discharge  lamp  (1  )  filled  with  a  rare  gas  and 
a  mercury  vapor  generator  (b)  to  form  a  discharge 
oath  between  electrodes  (2),  and  a  firing  device 
[5  —  9)  for  firing  said  discharge  lamp  at  a  fre- 
quency  of  not  less  than  1  KHz,  characterised  in 
that  said  rare  gas  filling  includes  at  least  Kr,  Xe,  or 
Kr  and  Xe,  and  optionally  at  least  one  other  rare 
gas,  and  that  the  firing  device  is  so  constructed 
that,  upon  the  firing  of  said  discharge  lamp,  the 
voltage  applied  across  said  electrodes  (2)  has  a 
pause  time  not  less  than  0.5x  10~6  second  and  not 
larger  than  15x10~6  second  and  the  peak  value  of 
the  discharge  current  is  not  less  than  0.2  A  and 
not  higher  than  2  A,  the  inside  tube  diameter  D  in 
mm  of  said  discharge  lamp  is  in  the  range 
23s=D=S35,  and  the  ratio  X/Y  between  the  molar 
number  Y  of  the  mercury  vapor  and  the  molar 
number  X  of  said  rare  gas  during  the  steady  state 
firing  of  said  discharge  lamp  is  set  to  a  range  of 

0.5x102=£X/Y=£l.0x104. 

2.  A  low  pressure  mercury  vapor  discharge 
lamp  device  according  to  claim  1,  characterised  in 
that  the  mercury  vapor  generator  comprises  an 
amalgam. 

3.  A  low  pressure  mercury  vapor  discharge 

lamp  device  according  iu  uidini  i  ui  c  onaiau- 
terised  in  that  the  firing  device  has  a  rectangular- 
wave  of  voltage  output. 

4.  A  low  pressure  mercury  vapor  discharge 
r  lamp  device  according  to  claim  1,  2  or  3  charac- 

terised  in  that  the  firing  device  has  a  frequency 
not  greater  than  100  KHz. 

5.  A  low  pressure  mercury  vapor  discharge 
lamp  device  according  to  claim  4  characterised  in 

o  that  the  firing  device  has  a  frequency  in  the  range 
15  KHz  to  50  KHz. 

Patentanspruche 

5  1.  Niederdruck-Quecksilberdampfentladungs- 
lampenanordnung,  umfassend  eine  Niederdruck- 
Quecksilberdampfentladungslampe  (1),  die  mit 
einem  Edelgas  und  einem  Quecksilberdampfer- 
zeuger  (b)  gefullt  ist,  urn  eine  Entladungsstrecke 

o  zwischen  Elektroden  (2)  zu  bilden,  und  eine  Ziind- 
einrichtung  (5—9),  urn  die  Entladungslampe  mit 
einer  Frequenz  von  nicht  weniger  als  1  kHz  zu 
zunden,  dadurch  gekennzeichnet,  daft  die  Edel- 
gasfullung  zumindest  Kr,  Xe  oder  Kr  und  Xe 

•5  sowie  gegebenenfalls  mindestens  ein  anderes 
Edelgas  enthalt  und  dalS  die  Zundeinrichtung  so 
aufgebaut  ist,  dalS  beim  Zunden  der  Entladungs- 
lampe  die  an  den  Elektroden  (2)  anliegende  Span- 
nung  eine  Unterbrechungsdauer  von  nicht  weni- 

io  ger  als  0,5x10-6  Sekunden  und  nicht  mehr  als 
15x10"6  Sekunden  hat  und  der  Spitzenwert  des 
Entladungsstromes  nicht  weniger  als  0,2  A  und 
nicht  mehr  als  2  A  betragt,  wobei  der  Innenrohr- 
durchmesser  D  in  mm  der  Entladungslampe  im 

w  Bereich  von  23SD^35  liegt  und  das  Verhaitnis  X/ 
Y  zwischen  der  Molzahl  Y  des  Quecksilberdamp- 
fes  und  der  Molzahl  X  des  Edelgases  wahrend  des 
stabilen  Ziindungszustandes  der  Entladungs- 
lampe  auf  einen  Wert  im  Bereich  von 

to 
0,5  x102SX/Y^  1,0x10" 

gesetzt  ist. 
2.  Niederdruck-Quecksilberdampfentladungs- 

ts  lampenanordnung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daG  der  Quecksilberdampferzeu- 
ger  ein  Amalgam  aufweist. 

3.  Niederdruck-Quecksilberdampfentladungs- 
lampenanordnung  nach  Anspruch  1  oder  2, 

50  dadurch  gekennzeichnet,  dafS  die  Zundeinrich- 
tung  ein  Reckteckwellen-Spannungsausgangssi- 
gnal  hat. 

4.  Niederdruck-Quecksilberdampfentladungs- 
lampenanordnung  nach  Anspruch  1,  2  oder  3, 

55  dadurch  gekennzeichnet,  dalS  die  Zundeinrich- 
tung  eine  Frequenz  hat,  die  nicht  grofcer  als  100 
kHz  ist. 

5.  Niederdruck-Quecksilberdampfentladungs- 
lampenanordnung  nach  Anspruch  4,  dadurch 

60  gekennzeichnet,  dalS  die  Zundeinrichtung  eine 
Frequenz  im  Bereich  von  15  kHz  bis  50  kHz  hat. 

Revendications 

65  1.  Dispositif  a  lampe  a  decharge  a  vapeur  de 
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nercure  a  faible  pression  comprenant  une  lampe 
a  decharge  a  vapeur  de  mercure  a  faible  pression 
D  remplie  d'un  gaz  rare  et  d'un  generateur  de 
/apeur-de  mercure  (b)  pour  former  un  trajet  de 
decharge  entre  des  electrodes  (2),  et  un  dispositif 
d'allumage  (5  —  9)  pour  allumer  ladite  lampe  a 
decharge  a  une  frequence  qui  n'est  pas  inferieure 
3  1  kHz,  caracterise  en  ce  que  ledit  remplissage  de 
gaz  rare  comprend  au  moins  Kr,  Xe,  ou  Kr  et  Xe  et 
facultativement  au  moins  un  autre  gaz  rare  et  en 
:e  que  le  dispositif  d'allumage  est  construit  de 
nnaniere  que,  lors  de  I'allumage  de  ladite  lampe  a 
decharge,  la  tension  appliquee  entre  lesdites  elec- 
trodes  (2)  ait  un  temps  de  pause  qui  n'est  pas 
inferieur  a  0,5x10~6  seconde  et  pas  plus  impor- 
tant  que  15X10"6  seconde  et  que  la  valeur  de 
srete  du  courant  de  decharge  ne  soit  pas  infe- 
rieure  a  0,2  A  et  pas  superieure  a  2  A,  le  diametre 
D  a  I'interieur  du  tube  en  mm,  de  ladite  lampe  a 
decharge  soit  compris  entre  23=SDsS35,  et  le  rap- 
port  X/Y  entre  le  nombre  de  moles  Y  de  la  vapeur 
de  mercure  et  le  nombre  de  moles  X  dudit  gaz 

rare  pendant  rallumage  a  I  etat  stable  de  ladite 
lampe  a  decharge  soit  etabli  dans  la  gamme  de 

0,5x102=£X/Ys;1,0x104. 
5 

2.  Dispositif  a  lampe  a  decharge  a  vapeur  de 
mercure  a  faible  pression  selon  la  revendication 
1,  caracterise  en  ce  que  le  generateur  de  vapeur 
de  mercure  comprend  un  amalgame. 

to  3.  Dispositif  a  lampe  a  decharge  a  vapeur  de 
mercure  a  faible  pression  selon  la  revendication  1 
ou  2,  caracterise  en  ce  que  le  dispositif  d'allu- 
mage  a  une  tension  de  sortie  en  creneau. 

4.  Dispositif  a  lampe  a  decharge  a  vapeur  de 
15  mercure  a  basse  pression  selon  la  revendication 

1,  2  ou  3,  caracterise  en  ce  que  le  dispositif 
d'allumage  a  une  frequence  qui  n'est  pas  supe- 
rieure  a  100  kHz. 

5.  Dispositif  a  lampe  a  decharge  a  vapeur  de 
20  mercure  a  basse  pression  selon  la  revendication 

4,  caracterise  en  ce  que  le  dispositif  d'allumage  a 
une  frequence  comprise  entre  15  kHz  et  50  kHz. 
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