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CURRENT SUPPLY DEVICE FOR A GAS-ANDJ/OR 
VAPOUR DISCHARGE LAMP 

This invention relates to a device comprising a low 
pressure gas and/or vapour discharge lamp, in which 
two input terminals of the device are connected to each 
other by a series combination of at least the lamp and 
a switching element, the latter being connected to a 
control-device which controls said switching element 
so that the lamp is traversed by an intermittent current, 
in which a time interval of W seconds during which the 
lamp is traversed by current is followed by an at least 
equally long, substantially idle, time interval of R see 
onds. . 

The term “low pressure” is to denote herein a pres 
sure of at the most 150 Torr. 
A known device of the kind set forth is disclosed in 

French Pat. speci?cation Nr. 1,456,460. This known 
device has the advantage of a comparatively high lumi 
nous efficiency (for example, expressed in Lumen/ 
Watt). In the embodiment described in said French 
Pat. speci?cation the time W is equal to the time R. If, 
in order to increase the light output, the ratio 
W/(W+R) were chosen to be lower than one-half, while 
the lamp power is kept constant, the current peaks 
might have such a high intensity that material would 
soon sputter from the electrodes of the lamp. This 
could be detrimental to the lifetime of the lamp. 
An object of the invention is to provide a device in 

which the luminous ef?ciency of the discharge lamp is 
very high and also the lifetime of the lamp is long. 
A device according to the invention, comprising a 

low-pressure gas and/or vapour discharge lamp in 
which two input terminals of the device are connected 
to each other by a series combination of at least the 
lamp and a switching element, the latter being con 
nected to a controLdevice which controls said switch~ 
ing element so that the lamp is traversed by an intermit 
tent current, in which a time interval of Wseconds dur 
ing which current passes through the lamp is followed 
by an at least equally long, substantially idle, time inter 
val of R seconds, is characterized in that in order to ob 
tain a condition favourable for the production of light 
the pressure in the discharge space is at least 4 Torr and 
is in addition so high that the condition 7,; < 1,, is ful 
?lled and in that the ratio W/( W+R) is lower than 0.4 
and in that the duration of a period W+R of the supply 
to the lamp has a value lying between 21r - TE and 271’ 
- 1”, wherein: 

T3 is the energy relaxation time (in seconds) of the 
electrons in the discharge space and 

7,, is the diffusion time (in seconds) of the electrons 
in the discharge space. 

The term “energy relaxation time” is to be under 
stood to mean herein: l/A.B, wherein: 
A is the average fractional energy loss per collision 
of an electron (fractional is to denote herein that 
the energy loss is expressed in the energy of the 
electron prior to the collision), and 

B is the average number of collisions of an electron 
with non-electron particles in the discharge space 
per second. 

The term “diffusion time” is to denote herein the 
time (expressed in seconds) required on an average by 
an electron to reach the wall of the discharge space. 
The device embodying the invention has the advan 

tage that the luminous efficiency may be very high 
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2 
owing tov the comparatively low value of the ratio be 
tween the current time interval (W) and the substan 
tially idle time (R) on the one hand and a given range 
of the period (W + R) on the other hand, and because 
a lamp having a comparatively high pressure in the dis 
charge space is used. It is a further advantage that the 
comparatively high pressure in the‘ discharge space 
counteracts sputtering from the lamp electrodes. in a 
device embodying the invention the lamp may there 
fore have a long lifetime. 
The invention is furthermore based on the recogni 

tion that with the chosen period W+ R the electron gas 
cools down during the idle time interval by collisions 
until it has reached the temperature of the neutral gas, 
while during this time interval the electron concentra 
tion has diminished only slightly. The extent of concen 
tration drop is determined‘ by the diffusion time To, 
which is longer than the time interval (W+R)/2w. 
The current pulse following an idle time interval re 

heats the electron gas and it is found that then a com 
paratively large number of high-velocity electrons is 
obtained, that is to say a number larger than is obtained 
in a corresponding situation with direct-current opera 
tion of the lamp by the same average current. The effi 
ciency of a gas discharge is favourably affected by the 
presence of a comparatively large number of high 
velocity electrons. 
The discharge space may contain a rare gas, for ex~ 

ample, argon, and/or a metal, for example, mercury. 
In an advantageous device embodying the invention, 

in which the gas in the discharge space is neon, the 
pressure of the neon is of the order of 5 ‘to 25 Torr, 
while the ratio W/( W+R) is at the most 0.3 and the du 
ration W+R of a period of supply to the lamp lies be 
tween 4.10’5 and 50.10"5 sec. 
This preferred device has the advantage that with a 

suitably chosen pressure the obtainable light output 
may even be as much as six times that obtained with a 
direct current supply (the lamp power being the same). 
The invention will be described more fully with refer 

ence to the accompanying drawing, wherein 
FIG. 1 shows a circuit arrangement of a device em 

bodying the invention; 
FIG. 2 shows a further embodiment of a circuit ar 

rangement of the device; and 
FIG. 3 shows a further embodiment of the circuitry 

of the device. 
Referring to FIG. 1, reference numerals I and 2 des 

ignate connecting terminals for a direct-current source 
of, for example, 200 V. The terminals 1 and 2 are con 
nected by a series combination of a discharge lamp 3, 
a series resistor 4 and the main electrodes of a transis 
tor 5. The base of the transistor is connected to a pulse 
generator 6. A junction between the lamp 3 and the 
emitter of the transistor 5 also is connected to the pulse 
generator 6. The pulse generator 6 is fed via connecting 
terminals 7 and 8, connected to an altemating-current 
supply of 220 V, 50 Hz. 
The pulse generator 6 is adjusted so that pulses of a 

duration of about 25 p.866 are produced, each pulse 
being followed by an idle period of about 100 usec. 
The lamp 3 was a neon lamp having an operating 

voltage of about 150 V (with direct-voltage supply). 
The length of this lamp was about 750 mms and the di~ 
ameter was 36 mms. The pressure of the neon gas was 
about 10 Torr. The electrode material was tungsten 
with a barium oxide coating. 
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In this practical case the frequency l/(W+R) was 
about 8,000 Hz. 1'0 was about 1,000 psec and T5 was 
about 2.5 usec. The sum W+R was about 125 nsec. 
Thus the condition that W+R should lie between 21r - 
TD and Zn ~ 15 is ful?lled. Furthermore W/( W+R) is 0.2. 

In order to compare this supply with other supplies 
of the lamp, the following table indicates data for mid 
nary direct current supply and for the case of W/( W+R) 
= 0.5 and ?nally for the case in which W/( W+R) = 0.2. 
The latter ?gure is in accordance with the invention. 
The table shows the case in which the neon pressure 
was 10 Torr and the case in which the neon pressure 
was 5 Torr in a comparable lamp. The numbers in this 
table indicate the relative lumen values of the lamps 
under the various conditions expressed in percentages 
of the lumen value of the 5-Torr lamp driven by direct 
current. (The lumen value of the latter lamp was about 
540 lumens with direct-current supply with a lamp 
power absorption of 45 W). The frequency was 8 kHz 
in the cases of the extreme right-hand column and of 
the second extreme right-hand column. In all cases in 
dicated in the table the lamp power was 45 W. 

From these results it will be apparent that the lamp 
embodying the invention (see the last column) has a 
higher luminous ef?ciency (expressed, for example, in 
lumen/Watt). It appears furthermore that with a higher 
pressure the increase in efficienvy is even higher than 
with a low pressure. This higher pressure also brings 
about a reduced sputtering of electrode material of the 
lamp. , _ 

The lifetime of the indicated lamps embodying the 
invention was not shorter than that of known discharge 
lamps with direct-current supply. 

If it is desired to supply current to the lamp from a 
low-frequency A.C. supply, the transistor 5’ may be in 
cluded in a rectifying bridge (diodes 10 to 13) as is 
shown in FIG. 2. In FIG. 2 reference numeral 3’ desig 
nates the lamp and 6’ denotes the pulse generator. 
With current supplied from a low-frequency A.C. 

supply, two transistors may be used which are included 
in parallel branches and have opposite pass directions. 
This is illustrated in FIG. 3. The transistors are desig 
nated by reference numerals l5 and 16. A diode l7 and 
a diode 18 are connected in series with the transistors 
15 and 16, respectively. The bases of the transistors 15 
and 16 are connected to a pulse generator 6". The 
emitters of the two transistors are also connected to the 
pulse generator 6". The lamp to be operated is desig 
nated by 3". The diodes l7 and 18 serve to protect the 
transistors. 

In the cases shown in FIGS. 2 and 3, a number of cur 
rent pulses in one direction through the lamp, each fol 
lowed by rest intervals, is followed by a number of cur 
rent pulses in the other direction through the lamp, 
each also followed by rest intervals. This is due to the 
fact that in these cases the current is supplied to the 
lamp from a low-frequency A.C. source, i.e., one hav 
ing a frequency lower than 100 Hz, whereas the pulse 
generators control the transistors with a considerably 
higher frequency, i.e., about 8,000 I-Iz. 
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In the examples described one pulse generator con 

trols one lamp circuit. However, one pulse generator 
may be employed for controlling more than one lamp 
circuit (as indicated by the series connection I, 4, 5, 3, 
2 in FIG. I), so that to control the supply control of a 
group of lamps only one pulse generator is required. 
What is claimed is: 
1. An electric discharge lamp supply system compris 

ing, a pair of input terminals adapted for connection to 
a source of electric power, an electric discharge lamp 
having a gas or vapor ?lling at a pressure of at least 4 
Torr and high enough to satisfy the condition that 
TE<TD wherein: 

TE is the energy relaxation time (in seconds) of the 
electrons in the lamp discharge space and 

7,, is the diffusion time (in seconds) of the electrons 
in the lamp discharge space, 

a controlled switching element connected in series 
with the lamp across said input terminals, a control 
device connected to a control input of the switch~ 
ing element for switching said element to cause an 
intermittent flow of current to said lamp during a 
time interval W followed by a time interval R which 
is at least as long as the time interval W and during 
which no current flows to the lamp, said control de 
vice operating the switching element so that the 
duty cycle W/( W+R) is lower than 0.4 and the du 
ration of the lamp period W + R is limited to the 
range of values lying between 21m; and 21m". 

2. A system as claimed in claim 1, the gas in the lamp 
discharge space is neon, characterized in that the neon 
pressure is of the order of 5 to 25 Torr and in that 
W/( W+R) is at the most 0.3 and the duration W+R of 
a period of the supply to the lamp lies between 4.10-5 
and 50.10‘5 seconds. 

3. A system as claimed in claim 1 adapted for con 
nection to an alternating voltage power source of a fre 
quency lower than 100 Hz and characterized in that the 
switching element comprises a transistor included in a 
diagonal branch of a rectifying bridge having input ter 
minals connected in series with the lamp and the device 
input terminals. 

4. A system as claimed in claim 1 adapted for con 
nection to an alternating voltage power source of a fre 
quency lower than 100 Hz ancharacterized in that the 
switching element comprises the combination of two 
transistors connected in parallel with the transistors 
having opposite pass directions. 

5. A system as claimed in claim 1 wherein said con 
trol device comprises a pulse generator supplying trig 
ger pulses to said switching element at a frequency of 
approximately 8,000 Hz. 

6. A high ef?ciency low pressure electric discharge 
lamp comprising a sealed glass envelope with a pair of 
spaced apart electrodes, a pair of external terminals 
connected to said electrodes and adapted for connec 
tion to a source of intermittent lamp supply current 
that supplies current for a time period of W seconds fol 
lowed by an off period of R seconds at least as long as 
the time interval W, the pressure in the discharge space 
being at least 4 Torr and high enough to satisfy the con 
dition 1E<r,,_ the lamp supply frequency being re 
stricted to a range of frequencies such that W/( W+R) 
<0.4 and the time period W+R lies between 21r'rE and 
21",, wherein: _ 
1g is the energy relaxation time (in seconds) of the 

electrons in the lamp discharge space and 
TD is the diffusion time (in seconds) of the electrons 

in the lamp discharge space. 
i it * * * ii 
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