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57) ABSTRACT 
A lighting system comprising a low pressure mercury 
vapor discharge lamp with means for supplying an in 
termittent current flow therein. The lamp efficiency is 
increased by operating it with a maximum pressure of 
6 Torr, a duty cycle in the range between 0.35 and 
0.65 and at a special switching frequency in the order 
of 30-60 KHz. A further feature includes means for 
periodically reversing the direction of current flow in 
the lamp. 

5 Claims, 1 Drawing Figure 
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ARRANGEMENT PROVIDED WITH A 
LOW-PRESSURE WAPOUR DESCHARGE LAMP 

This invention relates to an arrangement provided 
with a low-pressure mercury vapour discharge lamp 
having an oblong discharge vessel of circular cross 
section and including at least one rare gas, in which two 
input terminals of the arrangement are connected by a 
series arrangement of at least the lamp and a switching 
element. The switching element is connected to a con 
trol device which controls said switching element in 
such manner that an intermittent current flows through 
the lamp. During a time interval of W seconds a current 
flows through the lamp and is followed by a substan 
tially currentless time interval having a duration of R 
seconds. The current flowing through the lamp is re 
versed in direction from time to time. 
A known arrangement of the kind mentioned is de 

scribed, for example, in U.S. Pat. No. 3,422,309. 
One advantage of the known arrangement is that an 

accumulation of mercury near one end of the lamp is 
prevented by varying the direction of the lamp current 
from time to time. A drawback of this known arrange 
ment is that the repetition frequency (1/W--R) of the 
current pulses is rather low so that the efficiency, ex 
pressed in lumens per Watt, also is relatively low. 
An object of the invention is to provide an arrange 

ment in which the said efficiency is relatively high. 
According to the invention there is provided a low 

pressure mercury vapour discharge lamp having an 
oblong discharge vessel of circular cross-section and 
including at least one rare gas, and in which two input 
terminals of the arrangement are connected by a series 
arrangement of at least the lamp and a switching ele 
ment. The switching element is connected to a control 
device which controls this switching element in such a 
manner that an intermittent current flows through the 
lamp. The a time interval having a duration of W sec 
onds followed by a substantially currentless time inter 
val having a duration of R seconds, the current through 
the lamp being reversed in direction from time to time. 
A feature of the invention that the maximum pressure 
of the rare gas (the rare gases) is 6 Torr and that the 
diameter of the discharge vessel is so large that Teat 
is satisfied, the ratio WIW-R being between 0.35 and 
0.65 and the duration of a period (W--R) of the lamp 
supply being between the values 27T te and 2 r to, in 
which: T is the energy relaxation period (in seconds) 
of the electrons in the discharge vessel, and 
T is the diffusion period (in seconds) of the electrons 

in the discharge vessel. 
The “energy relaxation period' is understood to 

mean 11 A. B; in which: 
A is the mean fractional energy loss per impact of an 
electron (in this respect fractional is understood to 
mean that the energy loss is expressed in the energy of 
the electron before the impact); and B is the average 
number of impacts per second of an electron with other 
particles, which are not electrons, in the discharge ves 
sel. 

In this respect diffusion period is understood to mean 
the period (expressed in seconds) which is needed on 
average by an electron to reach the wall of the dis 
charge vessel. 
An advantage of the arrangement according to the 

invention is that the efficiency (for example, expressed 
in lumens per Watt) is relatively high. 

10 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

2 
A proposal in a copending U.S. application, Ser. No. 

86,471, states that a filler gas pressure of, for example, 
5 or 10 Torr in combination with a ratio WTW--R < 0.4 
can, when supplying neon lamps, lead to both a satis 
factory efficiency and an acceptable lamp lifetime. 
However, the efficiency of the conversion of electri 

cal energy into ultraviolet radiation, which is important 
in low-pressure mercury vapour discharge lamps, is de 
pendent on the current density in the lamp in contrast 
to the situation where visible light in neon lamps is gen 
erated. In the low-pressure mercury vapour discharge 
lamps considered herein the mentioned dependence is 
such that a smaller current density leads to a larger effi 
ciency. A reduction of W/W-R leads, however, to a 
larger efficiency too. However, a smaller ratio WIW--R 
involves a larger current density when the power of the 
lamp remains the same. In the case of the low-pressure 
mercury vapour discharge lamp considered all this 
leads to the fact that a high efficiency is only reached 
at ratios of WIW-HR which are located about the value 
0.5, namely in the region of from 0.35 to 0.65. Such a 
ratio for WIW-HR, which is not so very small thus im 
plies a current density which is not too high and this in 
turn implies that the filler gas pressure in the lamp need 
not be so large to counteract sputtering of the elec 
trodes and hence maintain the lifetime of the lamp ac 
ceptable. 

Ratios of WIWR of 0.5 have, however, been known 
per se, see for example the U.S. Pat. No. 3,422,309 
(FIG. 5) mentioned in the preamble. A combination of 
this value of WIW-R with the very short period dura 
tion W-HR (between 2ar T and 2r T) is found to lead, 
according to the invention, to an interesting increase in 
the efficiency of low-pressure mercury vapour dis 
charge lamps. 
The invention is based inter alia on the recognition 

of the fact that for the chosen time duration W--R the 
electron gas is cooled due to impacts during the cur 
rentless time interval while the electron concentration 
has only slightly decreased during this interval. In fact, 
the extent of the decrease in concentration is deter 
mined by the diffusion period to which is longer than 
the time interval W--R?2ar while the extent of the de 
crease of the average electron energy is determined by 
the energy relaxation period r which is shorter than 
the said time interval W--R12ar. 
The electron gas is again heated by means of the cur 

rent pulse following a currentless time interval and it is 
found that a proportionally large number of fast elec 
trons is obtained, that is to say, a larger number than 
in the corresponding situation with direct current oper 
ation of the lamp of the same mean current. Tee effi 
ciency of a discharge is favourably influenced by the 
presence of a relatively larger number of fast electrons. 
The fact that a satisfactory light efficiency of the low 

pressure mercury vapour discharge lamp can be ob 
tained during those relatively short periods (W-R) 
which fall within the interval 2ar. T to 27T. T. can also 
be ascribed to a cooperation of the effect described in 
the previous paragraph with a second effect to be de 
scribed below. This second effect means that the con 
centration of the radiating mercury atoms remains sub 

65 

stantially constant and is adjusted to a value associated 
with the highest occurring electron temperature during 
a period (W--R). This concentration value is larger 
than that which is present in the same lamp if it is oper 
ated by direct current and at the same wattage. 
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In an electric arrangement according to the invention 
the lamp is preferably incorporated in an electric 
bridge and each of the bridge branches is provided with 
a transistor, while furthermore a further transistor is in 
cluded in series with the bridge. 
An advantage of this preferred embodiment is that 

one group of transistors (the bridge transistors) pro 
vides the change of direction of the lamp current while 
the further transistor provides the switching function to 
produce the intermittent current pulses. This embodi 
ment simplifies the requirements regarding synchroni 
sation of the control of the transistors. 

In a further preferred embodiment of an arrangement 
according to the invention the pressure of the rare gas 
(or gases) is approximately 2 to 3 Torr and the lamp di 
ameter is approximately 35 to 40 mm. In that case a 
high efficiency can be obtained with a lamp of a con 
ventional type. 
The invention will now be described in detail with 

reference to the accompanying drawing, the sole figure 
of which shows an electric circuit and a simplified view 
of a low-pressure mercury vapour discharge lamp to be 
fed thereby. The assembly constitutes a view of an ar 
rangement according to the invention. 
Reference numerals 1, 2 denote input connection 

terminals for connection to a direct current source. 
Reference numeral 3 denotes a low-pressure mercury 
vapour discharge lamp having a length of about 22 
cms and a circular cross-section having a diameter of 
3.8 cms. The mercury pressure was approximately 
6. O3 Torr. 

In addition to mercury the discharge vessel of the 
lamp also contained a filler gas consisting of 75 percent 
argon and 25 percent neon; total gas pressure 2.5 Torr. 
The normal lamp power at 50 Hz supply was 40 Watts. 
The two ends of the lamp 3 are provided with internal 

electrodes 5 and 6. 
The lamp 3 is incorporated in a diagonal of a transis 

tor bridge including transistors 7 to 10 inclusive. A 
transistor 11 is incorporated in series with the bridge. 
The references a, b, - i denote connections of inter 
alia the bases of the transistors. These connections lead 
to connections having the same reference numerals of 
a conventional control box 12 which is energized 
through terminals 13, 14. 
In the operating condition the transistor combina 

tions (7, 10) and (8, 9) are alternately rendered con 
ducting through the connections a to g inclusive so that 
the current flowing through the lamp 3 reverses its di 
rection each time the transistors switch states. Transis 
tor 11 provides for the pauses between the current 
pulses. 

In the embodiment described the internal resistance 
of the direct current source was sufficiently large to 
limit the lamp current. If desired such a limitation may 
be alternatively obtained, for example, by incorporat 
ing a capacitor of low value in series with the lamp 3 
in the diagonal branch of the bridge. 

In a given system the frequency (1/W-R) was ap 
proximately 50 kHz and the ratio WIW--R = 0.5. 
For a comparison of this system with other supplies 

at which the lamp power was 40 Watts every time, ref 
erence is made to the following table. In this table the 
optimum lumens/Watt value of the lamp 3 with a sup 
ply from a 50 Hz supply line is fixed at 100 percent. 
Furthermore the table states the lumens/Watt values in 
the case the lamp is supplied from an 8 kHz source, a 
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4. 
20 kHz source, a direct voltage source; and the last line 
provides data for the arrangement according to the in 
vention. 
The instantaneous voltages of the supply source of 50 

Hz, 8 kHz and 20 kHz varied substantially sinusoidally 
with time. For sinusoidal alternating voltages of a fre 
quency higher than 20 kHz there was no further in 
crease of efficiency. 

unensfwatt in a 
of the situation 
at 50 Hz, supply 

Type of supply 

50 Hz OO 
8 kHz approximately 108 

Not accord 
ing to thc 
invention. 

20 kHz approximately 108 
direct voltage 
SOCe O6 
50 kHz 

According 
to the 
invention. 

WFW--R = 0.5 1 

In the given case according to the invention: T was 
approximately one pil second and T was approximately 
1000 pil seconds. The period duration W--R = 20 p. sec 
onds thus was between 2T T which is approximately 6 
pu seconds and 2nr T, which is approximately 6280 pu 
seconds. The table shows that the efficiency in the case 
of the invention is largest. 
What is claimed is: 
1. A lighting arrangement comprising a low-pressure 

mercury vapour discharge lamp having an oblong dis 
charge vessel of circular cross-section and including at 
least one rare gas, two input terminals adapted for con 
nection to a source of power for the lamp, a controlled 
switching element, means connecting the lamp and the 
switching element in series circuit across said inputter 
minals, means connecting said switching element to a 
control device with alternately controls said switching 
element in a manner such that an intermittent current 
flows through the lamp during a time interval of W sec 
onds followed by a substantially currentless time inter 
val of R seconds, means for reversing the direction of 
the current flowing through the lamp from time to time, 
the maximum pressure of the rare gas being 6 Torr and 
the diameter of the discharge vessel being chosen to 
satisfy the condition that T3, and wherein the ratio 
W/W--R is limited to the range of values between 0.35 
and 0.65 and the duration of a period (W--R) of the 
lamp supply is limited between the values 27t.T. and 
27T.T in which: 
T is the energy relaxation period (in seconds) of the 

electrons in the discharge vessel, and 
T is the diffusion period (in seconds) of the electrons 

in the discharge vessel. 
2. An arrangement as claimed in claim 1, character 

ized in that the pressure of the rare gas is approximately 
2 to 3 Torr and the lamp diameter is approximately 35 
to 40 mms. 

3. An arrangement as claimed in claim 1 wherein said 
reversing means comprises a bridge circuit with at least 
two arms of the bridge each including a transistor and 
with the lamp connected across a pair of diagonal 
bridge terminals, and wherein said switching element 
comprises a further transistor connected in series with 
the bridge circuit. 

4. An arrangement as claimed in claim 3 wherein the 
pressure of the rare gas is approximately 2 to 3 Torr 
and the diameter of the lamp is approximately 35 to 40 
millimeters. 

5. An arrangement as claimed in claim 1 wherein the 
switching frequency of said control device is approxi 
mately 50 kHz and the ratio WIW--R is chosen to be 
0.5 
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