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R .. .8 Clatms,

"his.invention relates. to: circuits for . operat_—
ing . electric discharge: devices -of the kind in
which a:discharge takes place in normal opera-
tion through gas or vapour contained in an en-
velope and in which no auxiliary electrode -is
used for starting; the main object of the inven-
tion is-to provide an. improved-arrangement for
starting such devices and especially for restart-
ing them.when still ‘hot. : ‘The invention is mainly
intended for use with discharge devices, for ex-
ample "high pressure ~mercury- vapour - lamps,
where the voltage needed to start or restart the
discharge greaftly exceeds the open-circuit volt-
age:of-the supply needed to run the device, but
may. also. have-use where. the excess of starting
voltage .over open-circuit voltage:is not so great.
- :According . to-the present: invention g circuit
for operating an’electric. discharge device of the
‘kind set forth comprises both-a starting circuit
and a-main supply circuit, the said main supply

~circuit “having :device-operating terminals for
connection to the-discharge -device and main
supply terminals. for connection to a current
source for the supply of normal operating cur-
rent to the device, and the said starting circuit
-comprises the secondary. -of a: transformer con-
nected in series with:a spark gap across the said
device-operating terminals, connections from the
primary-of the-said transformer to starting ter-
minals for: connection to . a-current- source for
the supply of current to the said primary, and-a
switch adapted-to be operated so as to interrupt
the flow of current in the said primary and there-
by produce across the device-operating terminals
g voltage pulse for starting the discharge in-the
device; and a high frequency -choke is- included
in - the main supply- circuit so-as substantially-to
prevent the said voltage pulse from: being -fed
back to the said main supply terminals.-

The circuit arrangement may be . such that
the main supply. circuit-and the startlng clrcu1t
are operable from a-common. current source

In operation of the circuit arrangement When

the sald switeh-is operated to break.the, currente

in-the primary 'of the said transformer a pulse of
relatwely high voltage-is -induced .across. the sec-
ondary termlnals of the transformer and is.ap~
plied across ‘the dlSChal ge dev1ce ‘which is. there-
by enabled .to start:.the spark gap serves. to
steepen the wave front of the pulse.. When' the
device is operating on alternatlng current,- the
operation of the: switch- must be- synchromsed to
-a- sufficiently large ‘value-of- the current in the
transformer primary. The instant of -operation
‘must:also -have the/correct-relation to. the volt-
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2 .
age across the discharge device, 1. e., the voltage
must: be ‘sufficiently large-or increasing so as to
enable the discharge to be maintained. The
tr_ansformer, will;usually be of the step-up type,
and it may be auto-transformer. In an extreme
case where a 1-to-1 ratio is suitable and an
auto-transformer is selected, the transformer
will take the form of a choke, which is here to -
be . regarded as an auto-transformer of l—to 1
ratio.-

The hlgh frequency choke mcluded 1n the
main supply circuit provides a high impedance
to:.the pulse, and this choke may he short-cir-
cuited by a contactor arranged to operate in re-
sponse to the flowing of current from the source
to the discharge device, or. in response to the
drop-in voltage across the electrodes of the de-
vice- which accompanies the striking thereof.
The high-frequency choke is so designed that it
can-carry the full discharge current for a short
time and have an impedance which is high to
the pulse applied by the transformer but not so
high as to retard unduly the growth of the dis-
charge current through it. }
.2 The-invention will be described by way of ex-
ample with reference to the accompanying draw-
ings in which Figures 1 and 2 show two circuits
in- accordance . with the invention, like parts in
the two figures being given like refsrences. Fig-
ure: 3 shows -a- slight modification in the trans-
former; Figure 4 shows a repetitive switch for
use when the supply is alternating ecurrent; and

Figure 5 shows a switching arrangement com-
.pr1s1ng ‘a thermionic valve.

35 ‘-

Referring to Figure 1, a discharge device A
such for example as a mercury vapour lamp, has
its: electrodes -connected to a main supply circuit

‘comprising, in-series, a main stabilising resistor
R, the operating coil of a contactor C and a
‘high . frequency choke L. ' The.contacts of the

contactor C are so connected- that they short

‘circuit .the ‘choke ‘I when “the contactor is. op-
erated.. This main supply circuit has terminals
‘B:for: connection to D..C. mains.

"w.{There is also connected.across the lamp elec-
trodes-a starting circuit comprising a spark gap
G in: series. with..the secondary -winding of a

transformer T. The primary winding of this
transformer is connected in series with the con-
tacts of ‘a.vacuum switeh S-and a current limit-
ing ‘resistor. Rz across the terminals B. The

‘operating- coil of ‘the switchh S is connected in

series with a current limiting resistor Rz and a

push button switch P across the terminals B.
55 -

~'When. the terminals: B:are connected .to.D. C.
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mains the full mains voltage appears across the
electrodes of the lamp A but this voltage is in-
sufficient to start the discharge and no current
passes in the main supply circuit. When it is
desired to start the discharge the push button P
is pressed and released. This causes the vacuum
switch S to close and open. The opening of the
switch S produces a voltage pulse, the wave front
of which is steepened by the presence of the
spark gap G. This voltage pulse is arranged to
be of sufficient amplitude to start the main dis-
charge in the lamp A. The choke L serves to
prevent appreciable pulse voltage from being fed

back into the mains. -

When the lamp A strikes and the normal op-
erating current passes through the coil of the
contactor C, the contactor operates and short-
circuits the choke L. The main stabilising re-
sistor Ry is designed to perform its normal stabi-
lising function.

By using a vacuum switeh S there is rapid
extinetion of the arc formed when it opens.
Since the transformer T is required to operate
only for very short periods it may be corre-
spondingly rated.

The circuit deScribed has certain limitations.
Thus-if the normal operating current is allowed
to vary over an excessively wide range, there is
a danger of the contactor C dropping out and
the choke L and the energising coil of the con-
tactor becoming overheated. Moreover unless
the choke L is made of relatively large dimen-
sions its resistance may be too great and the cur-
rent Aowing in the main supply circuit before
the contactor closes may be insufficient to ac-
tuate the contactor.

These limitations are eliminated in the circuit
shown in Figure 2. In this circuit the contactor
C is voltage operated instead of current operated
as inl Figure 1. A resistor R4 is arranged in series
with the choke L, on the side thereof remote
{from the lamp A and the winding of a relay D is
connected between the junction of the resistor
R« and the choke L and the lower terminal B.
The contacts of this relay are connected in series
with the operating winding of the contactor C
across the terminals B. The contactor serves to
short-circuit both the resistor R: and the choke
L.

In this example the choke L may be of small
dimensions without impairing the operation of
the circuit. In one example it has a D. C. re-
sistance of 15 ohms, the resistor R4 being also of
15 ohhms. The winding of the relay D may have
a D. C. resistance of 6000 ohms and the relay is
adjusted in such a way that its contacts open
when the voltage across the winding is above
205 and close when the voltage across it is below
150, the mains voltage being assumed to be 220.
The stabilising resistor R1 may be variable be-
tween 1 and 20 chms. ’

When D. C. mains are connected to. terminals
B, the lamp A does not strike and 220 volts ap-
pears across the winding of the relay D opening
its contacts. When the push button P is pressed
and released and the lamp A strikes, the operat-
ing current in the main supply circuit causes a
voltage drop across resistors Ri and Rs of say
120 volts, leaving about 100 volts across the relay
winding. The relay contacts therefore close, op-
erating the contactor C and short-circuiting the
resistor R:+ and choke L. The relay winding is
then effectively in parallel with the lamp A and
may therefore have a voltage of 40-8) across it.
The current in the main supply circuit can then
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be varied at will by varying the value of the
resistor R1 and since the voltage across the relay
winding will remain substantially below 150, the
contacts of the contactor C will remain closed.

Figure 3 shows a portion of & circuit employ-
ing a transformer T’ of 1-to-1 ratio in the form
of a choke, as referred to hereinbefore.

Tf it is required to operate a lamp from an A. C.
supply, a circuit such as that in Figure 1 or 2
may be used, the stabilising resistor R: being
preferably wholly or partly replaced by a choke,
and it is arranged that the opening of the switch
S is substantially synchronised to a suitably
large value of theé current in the primary of the
transformer T and to the voltage across the
device as hereinbefore said. One way of achiev-
ing this is to operate the push button a number
of times .in succession until the lamp strikes
owing to one of the switch openings having oc-
curred at a suitable instant. Such repeated
operations of the switch S may be effected auto-
matically by the use of a rotary switch P’, as
shown in-Figure 4, in place of the push button
P, such rotary switch being, for example, driven
by a motor M started by pressing a push button
Ps. Alternatively the rotary switch may he ar-
ranged to be spun mechanically on pressure of
a push button, for example with the aid of a
ratchet engaging a toothed wheel on the rotary
switeh.

Instead of arranging that the switch S is op-
erated a sufficient number of times to ensure
that there will be correct synchronisation on at
least- one operation thereof, positive means may
be provided for closing the switch at the correct
instant. Such means as shown in Figure 5, may
comprise s thermionie valve V having the supply
voltage applied to its control grid G’ and having
its control grid backed off negatively to such an
extent that only the peak portion of the wave
form produces & change in -anode current, such..
anode current being applied to actuate the switch
S. Suitable phase adjusting means may be pro-
vided if necessary.

T claim: S

1. A circuit for operating an electric discharge
device of the kind in which a discharge takes
place in normal operation through gas or vapour
contained in an envelope and in which no auxil-
iary electrode is used for starting, said circuit
comprising both a starting circuit and a main
supply circuit, said main supply circuit having
device-operating terminals for connection to the
discharge device and main supply terminals for
connection to a current source for the supply of
normal operating current to the deviee, said
starting eircuit comprising the secondary of a
transformer connected in series with a spark
gap across the said device-operating terminals,
conhections from the primary of the said trans-
former to starting terminals for connection to a
current source for the supply of current to the
said primary, and a switch adapted to be op-
erated so as to interrupt the flow of current in
the said primary and thereby produce across the
device-operating terminals a voltage pulse for
starting the discharge in the device, the said
main supply circuit including also a high fre-
‘quency choke serially connected therein for sub-
stantially preventing said pulse from being fed
back to said main supply terminals, said choke
having a sustained current-carrying capacity
substantially less than said normal operating
current, a contactor connected across said choke,

75 ‘and means for automatically closing said con-
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tactor upon the flow of said normal operating
current in order to short-circuit said choke and
prevent overheating thereof.

2. A circuit according to claim 1 Wherem said
contactor operates electromagnetically, its op-
erating coil being arranged in series in said main
supply circuit.

3. A circuit according to claim 1 wherein relay
means are provided to actuate said contactor in
order to short-circuit said choke when the volt-
age across the electrodes of said device falls
below a predetermined value, said value being
greater than the running voltage appearing
across the electrodes in normal operation of the
device.

4. A circuit for operating an electric discharge
device of the kind in which a discharge takes
place in normal operation through gas or vapour
contained in an envelope and in which no auxil-
iary electrode is used for starting, said circuit
comprising both a starting circuit and a main
supply circuit, said main supply circuit having
device-operating terminals for connection to the
discharge device and main supply terminals for
connection to a current source for the supply of
normal operating current to the device, said
starting  circuit comprising the secondary of a
transformer connected in series with a spark
gap across the said device-operating terminals,
connections from the primary of the said trans-
former to starting terminals for connection to a
current source for the supply of current to the
said primary, and a switch adapted to be op-
erated so as to interrupt the flow of current in
the said primary and thereby produce across the

device-operating terminals a voltage pulse for.

starting the discharge in the device, the said
main supply circuit including also a high fre-
quency choke so as substantially to prevent the
‘said voltage pulse from being fed back to the
said main supply terminals, and wherein there
is provided a contactor adapted to operate auto-
matically upon the flow of said normal operating
current to short-circuit the said high frequency
-choke, said contactor being actuated by a relay
having its operating winding connected in
parallel with said device operating terminals and
its contacts connected in series with the ener-
gising winding of said contactor across the cur-
rent supply terminals of said main supply cir-
cuit, the arrangement being such that when the
voltage across said electrodes is relatively high,
before said operating current starts, said relay
maintains its contacts open and hence main-
tains said contactor inoperative, and when said
operating current starts and the voltage across
the electrodes falls below a predetermined value,
which is greater than the running voltage ap-
pearing across the electrodes in normal opera~-

tion of the device, said relay closes its contacts |

and actuates said contactor to short-circuit said
choke.

5. A circuit according to claim 4 wherein a re-
sistor is connected in series with said choke and
on the side thereof remote from said discharge
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device, one terminal of the energising winding
of said relay being connected to the junction of
said resistor and said choke.

6. A circuit acecording to claim 4 wherein a re-
sistor is connected in series with said choke and
on the side thereof remote from said discharge
device, one terminal of the energising winding
of said relay being connected to the junection of
said resistor and said choke, and said contactor
being conneeted to short circuit both said choke
and said resistor whereby actuation of said con-
tactor reduces the voltages across the winding
of said relay.

7. A circuit for operating an electric discharge
device of the kind in which a discharge takes
rlace in normal operation through gas or vapour
contained in an envelope and in which no auxil-
iary electrode is used for starting, said circuit
comprising both a starting circuit and a main
supply circuit, said main supply circuit having
device-operating terminals for connection to the
discharge device and main supply terminals for
connection to a current source for the supply of
normal operating current %o the device, said
starting circuit comprising the secondary of a
transformer connected in series with a spark
gap across the said device-operating terminals,
connections from the primary of the said trans-
former to starting terminals for conaection to a
current source for the supply of current to the
said primary, and a switch adapted to be op-
erated so as to interrupt the flow of eurrent in
the suid primary and thereby produce across the
device-operating terminals a voltage pulse for
starting the discharge in the device, and the said
main supply circuit including also a high fre-
quency choke so as substantially to prevent the
said voltage pulse from being fed back to the
said main supply terminals, wherein said circuit
is adapted for operation from A. C. mains and
me=ns are provided for automatically operating
said switch a plurality of times on operation of
a starting means for said switch.

8. A circuit according to claim 7 wherein
means including a backed-off tnermionic valve
are provided for automatically operating said
switch at an instant at which the current in the
transformer primary is of a sufficiently large
value to produce the voltage pulse required for
starting the discharge and at which the voltage
across the discharge device is such as to enable
the discharge to be maintained.

ANTHONY HAYDN WILLOUGHBY.
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