Europidisches Patentamt

_@ 0, European Patent Office @ Publication number: 0079 969

EP 0079 969 Af

"X/Y of the molar number Y of the mercury vapor to the molar

Office européen des brevets AT

@ EUROPEAN PATENT APPLICATION

published in accordance with Art. 158(3) EPC

@ Applicati-on number: 82901620.3 & mtcs: HOSB 41/24

@ Date of filing: 28.05.82

Data of the international appili-
catlon taken as a basis:

@ International application number:
PCT/JP 82/00206

@) International publication number:
WO 82/04373 (09.12.82 82/29)

@ Priority: 28.05.81 JP 81441/81 @ Applicant: MITSUBISHI DENKI KABUSHIKI KAISHA, 2-3,
15.07.81 JP 110369/81 Marunouchi 2-chome Chiyoda-ku, Tokyo 100 (JP)

@ Inventor: KAJIWARA, Toshiro Mitsubishi Denki K. K.,
Shohin Kenkyusho 14-40 Ofuna 2-chome, Kamakura-shi
Kanagawa 247 (JP)

Inventor: ANZAI, Yoshinori Mitsubishi Denki K. K.,
Shohin Kenkyusho 14-40 Ofuna 2-chome, Kamakura-shi
Kanagawa 247 (JP)

Inventor: SAIKATSU, Takeo Mitsubishi Denki K. K.,
Shohin Kenkyusho 14-40 Ofuna 2-chome, Kamakura-shi

@ Date of publication of application: 01.06.83 Kanagawa 247 (JP)
Bulletin 83/22 Inventor: KOBAYASHI, Goroku Mitsubishi Denki K. K.,
Shohin Kenkyusho 14-40 Ofuna 2-chome, Kamakura-shi
Kanagawa 247 (JP)

inventor: MORIMOTO, Shunichi Mitsubishi Denki K. K.,
Shohin Kenkyusho 14-40 Ofuna 2-chome, Kamakura-shi
Kanagawa 247 (JP)

Inventor: YAMAZAKI, Hiroyoshi Mitsubishi Denki K. K.,
Shohin Kenkyusho 14-40 Ofuna 2-chome, Kamakura-shi
Kanagawa 247 (JP)

@9 Representative: Lawson, David Glynne et al, MARKS &

. CLERK 57-60 Lincoln’s Inn Fields, London WC2A 3LS
@9 Designated Contracting States: DE GB NL (GB)

€9 LOW PRESSURE MERCURY VAPOR DISCHARGE LAMP UNIT.

@ Low pressure mercury vapor discharge lamp unit
which is constructed to employ a high frequency inverter,
have a quiescent time T, in the range of 0.5 x 10®to 10 X 71~ T
107, generate a rectangular high frequency AC voltage
having a frequency of more than 1kHz, and supply a high t
frequency voltage to a low pressure vapor discharge lamp
sealed with mercury and a rare gas selected so that the ratio

number X of the rare gas is in the range of 0.5 X 10%2to 1.0
x 10% The moving moire of the lamp is suppressed so as
to be reduced or eliminated, thereby largely improving the

resonant radiation energy efficiency of the mercury. 120t
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"LOW PRESSURE MERCURY VAPOR
DISCHARGE LAMP DEVICE"

This invention relates toc a low pressure mercury
vapor discharge lamp device including a low pressure
mercury vapor discharge lamp, for example a fluores-
cent lamp, combined with a firing device for firing
the discharge lamp at a high frequency.

It has long been known that, if fluorescent
lamps are fired with high frequency oscillations,
the lamp efficiency is improved. The demand for
high efficiency due to the latest energy situation
together with improvements in performance of power
transistors have led to the spread of high frequency
firing devices with a firing frequency of the order
of from 15 to 50 KHz. Taking the case of 40 W lamps,
an improvement in efficiency of the lamp alone of
the order of 12 to 13% and an improvement in efficiency
of the device as a whole of the order of 20 to 25%
can be achieved.,

On the other hand, according to the latest
literature, it is reported, for example, in Polman
et al J. Phys D; Appl. Phys 5 pages 274 - 276 (a
part of the paper) (1972) that, when a pulse
discharge is applied with a duty ratio of 50%, a
Hg -Ne discharge lamp (Ne : 10 Torrs) has a mean
radiant output «12537> standardized at 2537 K cf Hg

which exhibits & maximum value at a minimum value
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of the standardized mean electron temperature <Te> and
further increases by 10% near to 32 KHz and at

current of 0.4 A (IDb)‘ Alsoc it is reported in
B.M.MUZEHVH et al: Sovetotep, 4 pages 6 - 8 ('81)
that, with an Hg-Ar mixed gas subjected to a pulse

moldulated discharge at a low voltage, 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 20W daylight
fluoerescent lamp, compared with DC firing.

It is also reborted in Japanese Utility Model
Ne. 1,400,382 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 cyele of
35 to 65% causes the lamp efficiency to increase
by aboﬁt 11% as compared with commercial firing.

The present invention arises from the previously
uﬂexpected phenomenon that the energy transition from
63Pl to 6450 of mercury atoms dis attended with a sharp
increase in energy efficiency of radiation at 235.7nm
by providing a pause time period of not less than
0.5 x 10’6 second and not larger than 15 x 10_6

seconds in the voltage applied across the electrodes
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of a low pressure mercury vapor discharge lamp
containing a rare gas composed of at least one of the
elements Kr and Xe or at least one of rare gases

low in ionization voltages such as Kr and Xe during
the AC firing thereof at a frequency not less than 1
KHz, the inside diameter D in mm of the discharge
lamp to being 23 £ D < 35 and the ratio X/Y of the
total molar number X of the rare gas or gases to the

molar number Y of mercury vapor within the discharge

lamp 10 being kept in the range 0.5 x 102‘< X/y £ 1.0 x

104. This sharp increase in energy efficiency results

from the collective effect that, due to the firing
conditions as described above, the electrode loss
attendent on the discharge decreases, the radial
diffusion of energy within the positive column

becomes optimum, the atomic density at the 63Pl level
increases and the molar ratio of the molar number X of
therare gas to the molar 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-Ne-Hg systems.

In the accompanying drawings:-
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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
experimental device including the discharge lamp shown
in Figure 1; Figqure 3 is a waveform diagram of an
applied voltage illustrating the principles of the
present inventioﬁ; FPigure 4 is a characteristic diagram
illustrating the relationship between the pause time
period and the relative magnitude of the luminous flux
in one embodiment of the present invention; Fiqure 5 is
a characteristic diagram illustrating the relationship
between firing frequency'and'the relative magnitude of
the luminous flux in one embodiment of the present
'invention; Figure 6 is a diagram illustrating one
examplé of a circuit configuration desirable for
carrying odt the present invention; Figure 7 is a
diagram for explaining the pause time pericd 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
present invention; and Figure 9 is a characteristic
diagram illustrating the relationship between firing
frequency and the relative magnitude of_the luminous

flux in another embodiment of the present invention.
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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. 1In Figures 1 té 3 identical
reference numerals designate identical or corresponding

~components.

Figure 1 is a sectional view illustrating an
electric discharge lamp 4 used in this fundamental
experiment wherein 1 is a bulb made of quartz glass
which bulb is filled with a rare gas and mercury b in
the liquid phase which is a mercury vapor generator. A

preheated type electrode 2 is sealed through each end of

‘the bulb and an electric discharge path & 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 ends of the bulb. :The low pressure

mercury vapor discharge lamps used were a 40 W rapid

start type flurescent lamp and & 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 V AC 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 & pause time period TO as will be described
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later, a switch 8 provided in & preheating circuit for

6

the electrodes 2, and a variable resistance ballast 9
for controlling the discharge current through the

discharge lamp.

In the construction shown in Figures 1 and 2
experiments have been conducted with an electric source
having the voltage application time periocd T, ané the
pause time period Ty as'shown_in Figure 3, variable in

frequency and duty cycle of the periods Tl and TO‘

In a circuit such as described above a discharge
lamp without phosphors has been first fired and the
observation and measuremeﬁts of electric discharges
therein have been done in conjunction with the time
period T0 of zero or preéent 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 fér a small number thereof a different
diamefer was used in the range 22 to 36 mm. The rare
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 substantially constant amount of 25 mg.
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These samples were put in running water of about
6/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 discharges have been

observed while the intensities of radiant spectral lines
from the rare gas and mercury have been measured. As a
result, it has begn seen with a multitude of the samples
that, upon the occurrence of moving striations in the
positive coiumn, 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 resonance rgdiétion at
253.7 mm, is much lowered.' The occurrence and
extinction of these moving striations is dependent upon
the discharge current, the firing frequency, the
temperature of the running water etc., but it has been
found that, for firing frequencies of not less than 1
KHzZ, the moving striations occur less readily as the
frequency is higher. However the result obtained is
that the relative intensity of the resonance radiation
for an input power to the discharge lamp (the product of
the effective value of current and voltage) can not be
said always to be improved attendant on a rise of the

frequency.
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Thus it has been considered whether the moving
striations may be suppreséed, as in the caée of a rise
of the frequency, and also whether the efficiency of
resonance radiation energy may be more improved than by
the mere increase of the frequency, by shortening the.
application time period T1 through the provision of
the pause time period TO in the voltage applied across
the electrodes 2 during the firing of the discharge lamp

as 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 oﬁ 0.42 A at a 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 to those-described above have beeﬁ
conductéd at a firing frequency of 20 KHz by setting the

pause time period Tqy of the voltage to about 7 us.

As a result of the experiments as described above,
it has been found that the moving striations are
suppressed by providing a short pause time TO and that
upon the moving striations decreasing or disappearing,
the intensity of the resonance radiation of the mercury

at 253.7 mm is increased{
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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 'I'0 at a
constant frequency of i7 KHz with a 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 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

Ty of from 7 to 8 us and the increase is about 7% with
the lamp 4 filled with argon‘and about 13% with the lamp
4 fillea with the mixed gas, as compared with a time

period Tq of zero.

Further experiments have been conducted for
investigating th said increase in luminous. flux will be
changed with the firing frequency. 1In these'expériments
said mixed gas has been used'in the dischgrge lamp and
the magnitude of the luminous flux has been measured at
an effective current value of 0.42 A, the pause time
period T0 being constant at about 7 ps at frequencies
not higher than 36 KHz and the ratio of the time period

Tl to the time period TO being set to
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about 1:1 at frequencies in excess of 36 KHz. The
result thereof is shown by a solid line.in Figure 5, and
a chain line with single dots illustrates the relative
magnitude of luminous flux with the effective current
value being similarly of 0.42 A but in the absence of
the pause time period Tq- The magnitude of the
luminous flux in Figure 5 is relative to the magnitude
of luminous flux obtained when the firing is effected by
a commercial AC elecéric source using a reference
ballast prescribed by JIS, considered at 100%. As seen
in Figure 5, the effect of providing the pause time
periocd TB can always be observed at firing frequencies
of not less than 1 KHz and it is found that its effect‘
is maximum at a firing frequency lying in the vicinity

Of 20 KHZ. g

The maximum value of the relative magnitude of the
luminous flux changes with the individual parameters
such as the pausé time period, composition of the rare
gases filled in the lamp etc. buf it has been confirmed
in any event that, if the pause time period is 0.5 to

1.5 ps and the firing frequency is not less than 1 kHz,

then a high magnitude of the luminous flux is obtained

as compared with firing at a conventional frequency.

" A circuit configuration desirable for carrying eut
the present invention is shown in Figqure 6, which shows

an AC 160 Vv electric source 5, a switch 10 for the
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electric source, a full-wave rectifier 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 & pair of transistors 16 for amplifying the ocutput
which transistors forﬁ-a push-pull circuit with the
output transformers lA7. 18 'is a voltage dividing
resistance which is resistance for supplying currents to
bases of the respective transistors through the
transistors 15a, 175 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 transistor 15a to
the firing of the other transitor 15b to 8 us, a voltage
waveform such as substantially shown in Figure 3 has
been obtained on the secondary winding 178 of the
transformer 17, with a frequency of about 20 KHz, a
pause time period T, of 8 us and an ON time period
Tl of 17 ps. 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 discharge 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 TO has
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been about 7.5 us. When the magnitude of the luminous
flux of and the input power to the discharge lamp have
been measureda in such a state, high magnitudes not
previously existing have been obtained so that, when the
said discharge lamp 4 is filled with argon, the increase
in efficiency of the lamp alone is about 16% and the
increase in efficiency of the device és a whole is about
30% as compared with he case of commercial frequency
a.c. firing, and when said discharge lamp 4 is filled
with the mixéd 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%.

While there are known various circuits for providing
the pause time period T0 in the voltage applied across
éhe electrodes other than what is shown in Figure 6,
each of them is presumed to have the effect of improving
the efficiency of the discharge lamp in view of the
phenomenon that moving striations are suppressed. By
setting the output voltage from the firing device tc be
slightly higher than the voltage arosé the discharge
lamp 4 and controlling the circuit with a voltage across
the low resistance for detecting the current, it is
possiblé to make the voltage aEross 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 péuse time period.T0 of

less than 0.5 us.
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While the pause time period Ty may be indefinite
as shown in Figure 7, the present invention defines it
as described below. When the relationship 5(t1 +
t,) = t, holds between the sum (t; + t,) of the
decay time (tl) from a value of 10% of the peak value
Vp of the voltage applied across the electrodes 2 and
the rise time t, up to a value of 10% of Vp and the
time interval t0 of zero voltage, the pause time
period TO is defined as (t0 + tl + tz); the
pause time period T0 is taken to be equal to t0 when
the time interval ty for zero vdltage is longef than

5(tl + tz).

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 for a constant
brightness, but the firing frequency is selected in
consideration of the switching characteristics and other
characteristics of the firing circuit. It is considered
that in the existing high frequency firing technique
from 10 to 66 KHz are desirable but if the high
frequency firing technique advances in the future then
it will be sufficiently bossible in view of practical
use to effect the firing with a pulse frequency of

several hundred KHz.
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When firing is effected with high frequency pulses
there is a tendency tc shift the mercury vapor towards
the cathode électrode in the bulb, thus making the
brightness of the discharge lamp non-uniform also
shortening the lifetime of the discharge lamps. However
when firing is effected with an alternating current,
there is not quite such a risk.

Another emﬁodimént of the present invention will now
‘be described in conjunction with the result of
experiments concerning a discharge 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 102 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 approximately
obtained from the ratio of the pressure of the rare gas

filling at 40° to the vapor pressure of the mercury at

40°cC.

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



. 0079969

stream of water at 40°C, with the pause time périod TO
changed. While in this Figure the intensity is made
100% with a pause time period TO 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 8 x 10"6 second and the increase in relative
intensity reaches 35%. Also for time periods TO of

more than 15 x 10'6 seconds the intensity is less than

that in the absence of the pause time period TO'
Still considerably strohg moving striations exist in the
positive column with a time period Tg of zero, but

with the time limit périod TO ranging from 0.5 to 15 x
10-6 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 TO ig

zero.

Figure 9 shows the variation in relative intensity

of £he 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 T, is a constant of about 7 x 107% at
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frequencies of not higher than 36 KHz and where the

16

ratio of the time period T; to T4 is set to about 1
at frequencies in excess of 36 KHz. The chain line with
single dots is the case where the time periog Ty is
zero. For both cases the temperature of running water
was 40°C and the peak current value was 0.42A. Figure S
shows the intensity of radiation with the firing
effected by a commercialrelectric socurce as 100%. As
seen ianigure 9, the effect of providing the pause time
period TO is always observeqd at firing frequencies- not
less than l‘KHz and that effecé 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 windless air

The effect of providing the time period T has
been similarly observed in conjunétion with various
discharge lamps héving each simple substance of Kr and
Xe as the rare gas, the peak current value of from 0.2
to 2 A, the running water emperature of from 5 to 60°C
and the molar ratio X/Y during the firing ranging from

0.5 x 10% to 1.0 x 10°

as in said discharge lamp.

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 andé the

pause time perieod TO are determined, the generation
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and extinction of the moving striations is effected on a
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boundary made of a border line as determined by the
molar ratio X/Y and the apparent atom temperature Th

of the rare gas. Also in this embodiment the lamp was
fired by means of the circuit of the configuration shown
in 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 and
héving the inside tube diameter D of 30 mm was fired
with a peak current vélue of 0.42 A undér said
conditions, the molar ratio X/Y (which was obtained
assuming that the atom temperature of the rare gas
corresponds to the temperature on the central portion of
the tube and the vapor pressure of mercury corresponds
to the temperature on the coldest portion) has amounted
to 0.64 x 108 and high values not previously existing
were provided so that, as compared Qith the 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 eiectric dishcarge lamp 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



0079969

18

molar ratio X/Y of the mixed rare gas to the mercury
vapor amounted to 0.4 x 103 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 diameter
D of 23'mm and a tube length of 1187 mm and filled with
elementary Kr alcne has been fired under the conditions
similar to those for said embodiment, the molar ratio

X/Y amounted to 0.7 X 102

'while the increase in
efficiency of the 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, the molar
ratio X/Y aﬁounted to 0.17 x 103 while the increase in
efficiency of the iamp alone was about 22% and the
increase ih efficiency of the device as a whole was

about 34%. -

When a bulb having an inside tube diameter D 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 0.25 x 103

while the increase in efficiency of a lamp alone was
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about 15% and the increase in efficiency of the device

as a whole was about 34%.

Also a discharge lamp was fired with a peak current
value of 2 A, with an In - Hg amalgam or amalgams
disposed in the vicinity of the electrodes 2 in place of

the liquid phase mercury b, with a bulb 36 mm in inside

tube diameter and 2354 mm in tube length L filled with a
rare gas mixture having a molar mixture ratio of Ne to

Ar of 7 to 3. At that time the vapor pressure of the
mercury was 4.5 x 10'3 Torrs and the molar ratio X/Y
amounted to 0.56 x 103, while the increase in

efficiency of the lamp alone was 14% and the increase in‘

efficiency of the device as a whole was about 36%.

Said embodiments relate to discharge lamps
comparatively high in practical use and illustrate only
several examples of the effect of the present
invention. However when said experiments are
considered, the fact that the lamp efficiency is devised
to increase by the provision of the proper pause time
" period T0 can be said to be effective for a very-wide
variety of discharge lamps. The maximum value of the
relative magnitude of the luminous flux is changed with
the firing frequency, the pause time period, the
composition of gases filled in the lamp etc., but it has

been confirmed that, when the firing is effected at not

less than 1 KHz and the pause time period is 0.5 to 15
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Hs, the relative magnitude of the luminous flux is

increased as compared with the conventional firing at a

cecmmercial frequency without the provision of the pause

time period.
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CLAIMS

1. A low pressure mercury vapor discharge
lamp device comprising a low pressure mercury vapor
discharge lamp forming a discharge path between
electrodes, and a firing device for AC firing said
discharge lamp at a frequency of not less than 1 KHz,
characterized in that said firing device is constructed
so that, upon the firing of said discharge lamp, a
voltage applied across said electrodes has a pause time
pefiod of not less than 0.5 x 10~° second and not
larger than 15 x 10~% seconds.

2. A low pressure mercury vapor discharge
lamp device according to claim 1 characterized in that
the voltage applied across the electrodes of the '
discharge lamp is a rectangular wave.

3. A low pressure mercury vapor discharge
lamp device according to claim 2 characterized in that
the firing device fires the discharge lamp at a frequency
of not less than 10 KHz and not higher than 100 KHz.

4. A low pressure mercury vapor discharge
lamp device according to claim 3 characterized in that
the firing device fires the discharge lamp at a frequency

of 15 KHz and not higher than 50 KHz.
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5. A low pressure mercury vapor discharge
lamp device comprising a low pressure mercury discharge
lamp filled with a rare gas and a mercury vapor generator
to form a discharge path between electrodes, and a
firing device for AC firing said discharge lamp at a
frequency of not less than 1 KHz, characterized in that
said firing device is constructed so that, upon the
firing of said discharge lamp, a voltage applied across
the electrodes has a pause time period of not less than
0.5 % 10_6 second and not larger than 15 x 10_6 seconds
while said discharge lamp and said firing device are
constructed so that, when said discharge lamp is brought
into the steady state, a molar ratio X/Y of a molar
number X of mercury vapor to molar number Y of said
rare gas within said discharge lamp is of not less than
0.5 x 102 and not larger than 1.0 x 10%

6. A low pressure mercury vapor discharge lamp
device according to claim 5 characterized in that the
voltage applied across the electrodes is a recfangular
wave.

| 7. A low pressure mercury vapor discharge
lamp device according to claim 6, characterized in that
the firing device fires the discharge lamp at a freguency

of not less than 10 KHz and not higher than 100 KHz.
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8. A low pressure mercury vapor discharge lamp
device according to claim 7, characterized in that the
firing device fires the discharge lamp at a frequency of
not less than 15 KHz and not higher than 50 KHz.

9. A low pressure mercury vapor discharge lamp
device according to any of claims 5 to 8, characterized
in that the rare'gas comprises any simple substance of
Ne, Ar, Kr and Xe.

10. A low pressure mercury vapor discharge lamp
device according to any of claims 5 to 8, characterized
in that the rare gas comprises a mixture of not less than
two sorts of rare gases.

11. A low pressure mercury vapor discharge lamp
device according to claim 10, characterized in that the
mercury vapor generator comprises an amalgam.

12. A low pressure mercury vapor discharge lamp
device according to claim 10, characterized in that the
peak value of a discharge current through the low pressure

mercury vapor discharge lamp is of not less than 0.2 A

and not higher than 2 A.
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RMENDED
CLAIMS:
1. A low pressure mercury vapor discharge lamp

device comprising a low pressure mercury vapor dis-
charge lamp (1) filled with a rare gas and a mercury
vapor generator (b) to form a discharge path between
electrodes (2), and a firing device (5-9) for firing
said discharge lamp at a frequency of not less than

1 KHz, characterised in that said rare gas is a

mixed rare gas including at least any one of a simple
substance Kr and a simple substance Xe or any one of
Kr and Xe, 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 0.5 x 10_6 second and ncet larger than
15 x 10_6 seconds 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 23 D L35, and the ratio X/Y

r——

between the melar number Y of the mecury 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 0.5 x lO%fiX/:Y £ 1.0 x 10%.

2. A low pressure mercury vapor discharge lamp
device according to claim 1, characterised in that

the mercury vapor generator comprises an amalgam.
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