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This invention relates to alternating current
control apparatus for hot cathode discharge lamps
of the type in which the two discharge electrodes
are each associated with an electron emissive fila-
ment which is electrically heated during the start-
ing up of the lamp fo assist the subsequent strik-
ing of the main electric discharge between the
two electrodes. The control apparatus accord-
ing to the present invention is used to control such
lamps during starting up or striking and during
the steady running condition. It is not material
to the operation of the present invention whether
or not the lamps used are provided with a fluores-
cent coating.

The usual form of control apparatus for gas
discharge lamps of the type described consists of
a discharge current limiting choke connected at
one end to one pole of the alternating current sup-
bly and at the other end to one end of one filament
of the lamp. The other end of this filament is
connected through a starter switch, usually of a
special form, to one end of the second filament.
The other end of the second filament is connected
to the other pole of the alternating current sup-
ply, completing the series circuit across the al-
ternating current supply. An additional switch
is also provided to make or hreak the connection
of the series circuit with the live line of the sup-
ply. When this switch is closed a series circuit is
made through the limiting choke and the two
filaments connected in series through the closed
starter switch. The resistance of the filaments
in series with the reactance of the choke are such
that the rated heating current flows through the
filaments. This current raises the temperature
of the filaments, causing them to become electron
emissive and producing local ionization of the
gas in the lamp. The starter switch, connected
between the two filaments, is usually arranged
to open automatically after the filament heating
current has been flowing for some time., This
interruption of the current flowing through the
limiting choke induces a high surge voltage, which
appears between the electrodes of the lamp caus-
ing the main discharge to strike between them.
After the lamp has lit, the discharge current is
maintained at the rated value for the lamp by
the discharge current limiting choke which has
the correct reactance value for this purpose.

The object of the present invention is to pro-
vide a control apparatus by means of which a
lamp of the type described may be continuously
dimmed to extinction and, if required, at once
relit and its brightness increased continuously to
the normal operating brightness.
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The ability to dim such lamps is desirable for
a number of specialised purposes requiring con-
trol of brightness such as the dimming of light-
ing in places of entertainment or, when a number
of lamps of different colour are used, for the se-
lective dimming of the lamps for colour control.
Such dimming and re-lighting is not possible with
the usual form of control gear described, because
the striking voltage of the lamp is higher than
the working voltage and because the operation
of the starting switch and the heating of the fila-
ments takes some time after the extinction of the
lamp before the main discharge can be re-started.

According to the present invention, a control
apparatus for operating a gas discharge lamp of
the type described, has a variable reactive ele-
ment for controlling the discharge current of the
lamp when running and means for providing an
electric heating supply to each of the two fila-
ments of the lamp and automatically reduces the
heating supply as the discharge current increases
from zero to the desired operational value and au-
tomatically increases the heating supply as the
discharge current decreases.

According to one form of the present inven-
tion, such a control apparatus has a transformer
and a discharge current limiting choke, the trans-
former having a primary winding wound for ap-
proximately the voltage of the alternating cur-
rent supply and connected in series with the lim-
iting choke across the alternating current sup-
ply and effectively in parallel with the gas dis-
charge path of the lamp and having two sec-
ondary windings each supplying one of the lamp
filaments and wound to supply the required heat-
ing current and voltage when nearly the full sup-
ply voltage is applied to the transformer primary;
the two secondary windings are insulated from
each other and applied between them is a voltage
sufficient to strike the lamp when the filaments
are heated, the choke having an auxiliary direct
current winding, the discharge current of the
lamp, being determined by the magnitude of a
uni-directional magnetic flux in the choke core
due to the auxiliary winding.

According to another form of the present in-
vention, the control apparatus has a discharge
current controlling reactance consisting of one
or more reactive elements connected in series
with the lamp and a transformer, the transform-
er having a primary winding connected in paral-
lel with the series combination consisting of the
lamp and at least one of the reactive elements
and having two secondary windings each wound
to supply the required heating current and volt-
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age to one of the lamp filaments, the reactance
being arranged to induce into the two filament
circuits a voltage increasing with the lamp dis-
charge current and opposing the voltage from
the transformer secondary windings, one reactive
element having a magnetic core carrying a re-
active winding and an auxiliary direct current
winding, the discharge current of the lamp being
controlled according to a uni-directional mag-
netic flux in the said magnetic core, due to the
direct current flowing in the auxiliary winding.

The variable reactance which may be used is
described in the specifications of the copending
patent apolication No. 30,444/45. The alterna-
tive filament circuit arrangements for supplying
a heating current for the two filaments of a lamp
of the type described and for reducing the fila-
ment supply as the main discharge current of the
lamp increases, are described in the provisional
specifications accompanying the co-pending pat-
‘ent applications Nos. 30,445/45 and 2,552/46.°

In order that the invantion may he more clear-

ly understocd and re 7 carried into effect,
‘three examples of control apparatus will now be
‘degeribed with reference to the accompanying
drawings, of which:
- Figure 1is a circuit diagram of the apparatus
in its most simple form, using an auto-trans-
former associated with the lamp and the nature
of the D, C. supply to the suxiliary winding of
the controliing reactance being cmitted for clear-
ness.

Figure 2 is a circuit diagram of a similar ar-
rangement using a step-up auio-transformer
associated with the lamp and

Figure 3 is a circult diagram of an alternative
form of apparatus, the D. C. supply being ob-
tained through a reciifler from the A. C. supply.

In Tigure 1 an auls-transformer | has a pri-
mary winding between the terminals 2, 3 wound
for nearly the full voltage of the alternating
current supply. At each end of the primary
winding 2, 3, a portion of the winding between
the terminals 2, & and between the terminals 3, §
is tapped oif {o form two secondary windings,
"The secondary 2, & is connected acrcss the fila-
ment {§ of the gas discharge tube 9 and the sec-
ondary 3, 5 is connected across the filament i1,

A condenser 8 of value 0.021. is connected across

the lamp electrodes associated with the two fil- i

-aments 18, 1. The end 3 of the transformer

i 2, 3 is connected o one pole of the al-
current supply 17 and the other end
2 is cocanected to the other pole of the A. C. sup-
ply {7 through a variable reactance 12.

The variable reactance 12 is a choke having
a shsll type laminated core, the choke winding
‘being in two parts 13, i85, one pari on each of
che outer Hmbs of the core, the two parts 13, 5
being connected in series astatically so that little
or no magnetic flux from them passes through
“the central limb of the core.  An auxiliary direct
current winding I4 is wound on the central limb
~of the core and the uni-directional magnetic fux
due te this winding {4 is controlled by varying
the direct current from a lecal D. C. supply I8
fiowing through the winding §4. This control is
effected by the adjustment of the variable resist-
ance {8 connected in seriss with the winding {4
-and the . C. supply 18. '

The free end of the choke winding {5 is con-
‘nected to the transformer primary at the ter-
minal 2 and the free end of the choke winding
18 is connected to the other pole of the A. C.
-Supply 17 as deseribed.
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In Figure 2, the primary of the transformer
| does not include the whole winding 6, T but
is tapped off between the terminals 2, 3. Sec-
ondary windings 6, 4 at 1, 5 are tapped off and
the ends of the winding and are connected respec-
tively to the filaments {8 and [i of the lamp
9 as in the circuit arrangement of Figure 1.
While the output of the secondaries 4, § and
5, T are the same as for Figure 1, the voltage
developed in the section of the winding 4, 5
available for striking the lamp is increased by
the step-up action of the transformer .

In an alternative form of the invention shown
in Figure 3, the variable reactance 12 has ad-
ditional windings 22, 23, one wound on each of
the outer legs of the core. For this reason a
different form of schematic representation of
the reactance 12 has been adopted in Figure
3 to show more clearly the disposition of the
various windings of the variable reactance (2.
The transformer i has its primary winding 2, 3
connected directly across the A. C. supply 7.
The low-voltage secondary winding 8, 4 is con-
nected in series with the choke winding 22 across
the filament 16 of the lamp 8. The winding 7, 5§
is similarly connected in series with the chcke
winding 23 across the filament ii. The choke
windings 22, 23 are connected into the lamp
filament circuits in such sense as to provide a
voltage increasing with the lamp discharge cur-
rent flowing through the windings 8, 15, and
opbposing the voltage from the transformer sec-
ondary windings 6,4 and 17, 5.

The transformer | has an additional winding
{8, 20 which is connected across a bridge-con-
nected rectifier 21 in order to provide a D. C.
supply for the auxiliary winding 4. The vari-
able resistance 16 is connected in series with
this supply as in the circuits of Figure 1 and
Figure 2.

The operation of the alternative circuit ar-
rangements described with reference to Figure
1, Figure 2 and Figure 3 is similar and detailed
differences will be appreciated more fully by
reference to the co-pending applications No.
30,445/45 and No. 2,552/46.

As the direct current flowing through the aux-
iliary winding {4 of the variable reactance 12
is reduced by increasing the value of the variable
resistance 16, the inductance of the variable re-
actance (2 is increased and the discharge cur-
rent of the lamp 9 is reduced. This reduction
of the lamp discharge current increases the sup-
In the case
of the circuits of Figure 1 and Figure 2, this re-
sults from the increased voltage appearing across
the transformer primary 2, 3. In the case of the
circuit of Figure 3, this results from the reduc-
tion of the opposing voltage in the choke wind-~
ings 22, 23.

The variable reactance 12 is designed for the
type of lamp 9 used and the voltage and frequency

-of the A. C. supply 17 so that by the necessary

adjustment of the direct current flowing in the
winding {4, the inductance of the variable react-
ance {2 may be increased to the point where the
main discharge through the lamp 8 is extin-
guished. In this eonditon, the supply to the lamp
filaments 18, {1 is such that by reducing the in-
ductance of the variable reactance 12 once more,
the lamp 9 may be at once rekindled, and the dis-
charge current, and hence the brightness of the
lamp 9 increased at will up to its maximum oper-
ating condition.

In the forms :of -control apparatus described
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with reference to the accompanying drawings, the
variable reactance used is a choke whose induct-
ance value is varied by a direct current flowing
through an auxiliary winding. This form lends
itself to easy remote control, but it will be ap-
preciated that other forms of variable reactance,
while not necessarily providing the advantage of
remote control, may nevertheless be used for dim-
ming and rekindling the discharge lamp. Simi-
larly, a variable resistance may be used in circuits
similar to those described with reference to Fig-
ures 1 and 2, that is, those which do not require
voltages induced by the variable reactance into
the lamp filament circuits,

In a normal installation practice, a lamp of the
type described is fitted in a metal trough reflector
or other metal fitting. The metal fitting is
earthed, and this has been found to assist the
ready striking of the lamp. With control appara-
tus according to the present invention, it is par-
ticularly desirable that the gas discharge lamp
should be contained in a metal fitting in this way.

We claim:

1. Control epparatus for a hot cathode gas dis-
charge lamp of the type having two discharge
electrodes, each asscciated with an electron emis-
sive fillament, comprising in combination a re-
active element, means for varying the reactance
of said reactive element, means providing an elec-
tric heating current for each of said filaments,
and means for applying a striking voltage between
the said two discharge elecirodes, said reactive
element being connected in series with said dis-
charge lamp across an alternating current supply,
and said means for providing fllament heating
currents and said means for applying a striking
voltage being controlled by the discharge current
of said lamp to decrease the filament currents and
said striking voltage from their operative values
as the discharge current increases from zero to
the required running value for said discharge
lamp and to increase said currents and voltage to
their operative values as the discharge current
falls to zero.

2. Control apparatus for a hot cathode gas dis-
charge lamp of the type having two discharge
electrodes, each associated with an electron emis-
sive filament, comprising in combination a trans-
former and a variable reactive element, the said
transformer having input terminals arranged in
series with the said variable reactive element for
connecting across an alternating current supply
and having two output windings wound to supply
the required heating current to the lamp fila-
ments when nearly the full supply voltage is ap-
plied to the said input winding, one of the said
output windings being connected to each end of
a third output winding wound to provide a suffi-
cient voltage to strike the said gas discharge lamp
when the said filaments are heated and when
nearly the full supply voltage is applied to the said
input terminals.

3. Control apparatus for a hot cathode gas dis-
charge lamp according to claim 2 in combination
with a variable resistive element, the said varia-
ble reactive element having a magnetic core, and
a reactive winding and an auxiliary winding both
wound on said core, said auxiliary winding being
arranged in series with said resistive element for
connecting across a direct current supply.

4. Control apparatus for a hot cathode gas dis-
charge lamp according to claim 3, said variable
reactive element having a shell-type laminated
magnetic core and a second reactive winding
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6

wound on said core and connected astatically in
series with said reactive winding.

5. Centrol apparatus for a hot cathode gas dis-
charge lamp of the type having two discharge
electrodes, each associated with an electron emis-
sive filament, comprising in combination a trans-
former, a variable reactive element and a variable
resistive element, the said transformer having in-
put terminals for conneeting across an alternat-
ing current supply, & first output winding wound
to supply at least the striking voltage of said dis-
charge lamp, and two further output windings
wound to supply the required heating current for
the lamp filaments, said reactive element having
at least one reactive winding wound on a mag-
netic core, two output windings inductively
coupled to said reactive winding and an auxiliary
winding wound on said core and arranged in series
with said variable resistive element for connecting
across a direct current supply, said reactive wind-
ing being connected in series with said discharge
lamp across said first output winding of said
transformer and the output windings of said re-
active element being wound to supply a voltage
substantially equal to the filament supply volt-
age for said discharge lamp when the required
operating discharge current of said discharge
lamp Bows through said reactive winding and
connected each in series with one of said further
output windings of said transformer in the sense
to oppose the output voltage of said further out-
put windings, each such series combination being
connected across one of the filaments of said dis-
charge lamp.

6. Control apparatus for a hot cathode gas dis-
charge lamp of the type having two discharge
electrodes, each associated with an electron emis-
sive filament, comprising in combination means
including a source of alternating current for sup-
plying heating currents to said filaments, a vari-
able impedance control element, a circuit con-
necting said lamp and said impedance element
in series to said source whereby the discharge cur-
Tent of the lamp may be varied by varying the
impedance of said control element, and means
controlled by said discharge current for varying
said heating currents inversely with. variations
in said discharge current,

7. Control apparatus according to claim 6
wherein said filament heating currents are sup-
blied from a transformer connected in shunt to
the discharge electrodes of said lamp.

8. Control apparatus according to claim 6
wherein said variable impedance control element
comprises a transformer device having a reac-
tive winding connected in series with the dis-
charge electrodes of said lamp, and including a
pair of secondary windings arranged in inductive
relation with said reactive winding and connected
in the supply circuits of said filaments in oppos-
ing relation to the heating currents flowing there-
in.

GORDON TREMAYNE KINGSLEY LARK,
ROBERT BOYD DAVIE.
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