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1

This invention relates to circuits used to con-
trol the brightness of low-pressure discharge
lamps of the hot-cathode type. A low-pressure
discharge lamp is one which operates normally
at a temperature which exceeds the ambient
temperature by not more than 60° C.

Filament lamps may be fed through adjustable
dimming means capable of reducing the light
emission progressively to zero. If coloured light

is required as, for example, in theatre lighting, i

colour filters can be fitted in front of the fila-
ment lamps. The efficiency of the combination
of filament lamp and colour filter is very low.
The use of fluorescent discharge lamps has been
suggested for colour lighting, since, by suitable
choice of the luminescent material, a wide range
of colours can be produced without the use of
filters. The disadvantage of such lamps is that
with normal ecircuits, consisting of a lamp in
series with a choke and the filamentary lamp
electrodes connected in series for starting by a
glow or thermal switch, only a limited range of
brightness is available. Attempts to use low
voltages result in erratic and intermittent oper-
ation.

An object of this invention is to provide bright-
ness control means which will permit substan-~
tial dimming of low-pressure discharge lamps
of the hot-cathode type, and especially fluores-
cent lamps.

Another object of the invention in some of
its forms is to provide an electric lamp system
which can be arranged to give a substantially
smooth decrease of brighthess over the range

from full brightness to less than one-hundredth 3

of full brightness.

A further object is to provide an electric lamp
system in which the brightness of two or more
lamps may be varied simultaneously by a single
operator’s control.

According to this invention, an electric lamp
cirecuit includes a lamp and ballast combina-
tion consisting of a low-pressure electric dis-
charge lamp of the hot-cathode type having
two electrodes, and a ballast impedance element
connected in series with the lamp and adapted
to limit the total current fiowing between the
electrodes, means for supplying heating current

-continuously to each of the electrodes of the
lamp at least over the lower part of the operating
range of brightness of the lamp, and means for
applying between the terminals of the said com-
bination a potential difference which is sub-
stantially continuously variable by a dimmer

control member while the lamp is operating, :
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both said means being adapted to be supplied
from a common source of power. According to the
invention in a.preferred particular aspect, the said
means for applying the potential difference which
is variable while the lamp is operating are a
variable series impedance element. This imped-
ance element may be a variable resistor or a
variable saturable reactor, or a variable resistor
in series with a variable saturable reactor.

A filament lamp may be connected in parallel
with the discharge lamp, the arrangement being
such that, in the operating range within which
the potential difference across the lamps is insuf-
ficient to cause the discharge lamp to strike, an
appreciable amount of light is emitted by the
filament lamp.

There may be provided a lamp system includ-
ing two or more of the lamp circuits herein-
before specified as according to this invention
connhected in parallel and having a common dim-~
mer control member.

Two further particular aspects of this inven-
tion and three separafe arrangements of the
third aspect will now be specified.

According to this invention in its second as-
pect, an electric lamp circuit includes a lamp
and ballast combination consisting of two low-
pressure electric discharge lamps of the hot-
cathode type connected in series tc form a single
discharge path, and a ballast impedance element
adapted to limit the total current flowing in
the discharge path, means for supplying heating
current continuously to each of the electrodes of
the lamps of the said combination at least over
the lower part of the operating range of bright-
ness of the lamps, and also means for providing
between the terminals of the said combination
a potential difference which is substantially con-
tinuously variable by a dimmer control while the
lamps are operating, both said means being
adapted to be supplied from a common source
of power, and an impedance element connected
between the junction of the discharge spaces of
the lamps and a point on the circuit, e. g. a ter-
minal of the source, so selected that the last-
mentioned impedance element will pass a cur-
rent through at least one of the lamps. The
magnitude of this current should be such as to
maintain the discharge at the lower limit of the
controllable range of brightness of the lamp. A
third lamp may be connected in series with the
other two lamps, in which case a further im-
pedance element may be connected between the
junetion of the third lamp with the other two
lamps and a point on the circuit, e. g. the other
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terminal of the source, so selected that the lasi-
merntioned impedance element will pass through
the said third lamp a current sufficient to main-
tain the discharge at the lower limit of the con-
trollable range of brightness of the lamp. The
said means for suppiying heating current may
include a transformer having its. primary wind-
ing connected either across the supply termi-
nals or in parallel with the discharge path.
There may be provided a lamp system including
two or more lamp circuits, specified as ascord-
ing to the invention in its second aspect, these
circuits heing connected in parallel, and the said
potential difference, which is applied to the lamp
and ballast combination referred to above, being
substantially continuously variable by means of
a common dimmer control member, e. g..asso-
ciated with a common dimmer element of the
kind which varies the applied voltage, such as &
variably-tapped autotransiormer.

According o this invention in-ifs third aspect
an electric lamp circuit includes a lamp and bal-
lass combination consisting of a low-pressure
eleciric discharge lamp of the hot-cathode type
having two electrodes, and a ballast impedance
element connected in series with the lamp and
adapted to limit the total current flowing be-
tween the electrodes, means for applying betwesn
the terminals of the said lamp and ballast comi-
bination a first potential difterence which is sub-
stantially continuously variable by a dimmer
control while the lamp is cperating, and means
for applying between the terminals of each elec-
trode a second potential difference which is sub-
stantially condinuously variable by said dimmer
control up 0 & predetermined valuewhile a rela-
tively low value of said-first potential difference
(. e. lower than the value of -the striking volt-
sge of the lamp) is applied between the lamp
electrodes, and for preventing said second poten-
tial difference from substantially exceeding said
predetermined value while said first potential
difference is increased beyond said relatively low
valua.

There may be provided a lamp system includ-
ing two or more lamp circuits, specified as-ac~
cording o the invention in its third aspect, con-
nected in parallel and having a common dimmer
control.

Tn g first arrangement according to the inven-
tionn in the said third aspect, an electric lamp
circuit includes o lamp and ballast combination
consisting of a low-pressure electric discharge
lamp of the hot-cathode type having two . elec-
trodes, and a ballast impedance adapted tc limit
the total current flowing between the electrodes,
dimmer means for providing betwesn the termi-
nals of the said combination a potential difierence
which is substantially continuously variable by a
dimmer control member while the lamp is oper-
ating, and means for supplying to each of the
electrodes of the lamp heating current which is
substantizlly continuously variable by a regulator
while o relatively low value of potential differ-
ence is anplied between the said electrodes, both
means being adapted o be supplied irom a comi-
mon source of power. The dimmer control merm-
ber and the regulator may be ganged. There may
be provided s lamp system including two or more
lamp circuits specified as said first arrangement
having a common regulator and a common dim-
mer control member acitusting a dimmer ele-
ment, e. g. a variably-tapped autotransformer,
of the kind which varies the -applied voltage.
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The common regulator and the common dimmer
control member may be ganged.

In o second arrangement acceirding to the In-
vention in the said third aspect, an electric lamp
cireuip for use with an A. C. power source in-
cludes 2 dimmer element in the form of a vari-
ahly-tapped autctransiormsr connected between
the terminals of the power scurce and phed to
provide substantially continuously variable voli-

-ages between the terminals of a lamp and ballast

combination consisting of a low-pressure eleciric
discharge lamp of the hot-cathode typse, and a
aliast impedance connected in series with the
and adapted to limit the total current flow-
netwaen the lamp electrodes, said dimmer
element alsc being connscied to fead through a
capacitor the primary winding of a second trans-
former having separate secondary windings gon-
nected respectively across the lamp electrodss,
and the arrangement being such that for a veiue
of the potential difference applied between the
lamp elecirodes slightly below the value of the
striking voltage of the lamp the- circuit is ress-
nani at the frequency of the powar source.

There may be provided 4 lamp system includ-
ing two or more lamp- circuits specified as said
second arrangement - connected in parallel and
having a common dimmer-element.

In a third arrangement according io -the in-
vention in the said third aspect, an eleciric lamp
cireuit for use with an -A. C. power source in-
cludes a dimmer element-in the form of a vari-
ably-tapped autotransiormer connected between
the terminals- of the power source and adapied
to provide substantially continaously variable
voltages hetween the terminals of a lamp and
pallast combination consisting of a low-pressure
discharge lamp of the hoi-cathode type connected
in series with a ballast impsedance element which
is adapted to limit'the total current flowing he-
tween the lamp -electrodes, said dimmer element
also being connected to feed the primary winding
of a voltage limiting transformer, and the cir-
cuit also including a second transformer having
a, primary winding supplied through the sec-
ondary winding of said veltags lmiting trans-
former and - separate secondary windings con-
nected respectively across the lamp electrodes.

There may ke provided a lamp system includ-
ing two or more lamp circuits specified as said
third arrangement, connected in parallel and
having 2 comimon dimmer element and a com-
mon voltage limiting transformer.

In all the above-mentioned circuits, when sup-
plied from an A. C, power source, the means for
supplying heating current to the lamp electrodes
consigt preferably of a transformer of the leak-
age-field reactance type.

Tn ali the above-mentioned circuits an external
elecirode adapted to be maintained at a fixed
potentiai is preferably placed-close to the dis-
charge lainp envelope, at least in the nsighhour-
hood of the lamp electrodes, in order to increase
the ionication of the spaces adjcining these elec-
trodes kefore the lamp strikes.

Preferred eircuit arrangements embodying the
invention will now be described, by way of ex-
ample, with reference to the accompanying draw-
ings, each figure ¢f which shows a lamp system
for use with an A. C. power source and consisi-
ing of two lamp circuits connected in parallel.
The mains voltage is 230 unless otherwise stated.
I the drawings:

Figure 1 shows a lamp gystem according to the
invention in the said first aspect and in which

7
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each lamp circuit includes two discharge lamps
having continuously heated electrodes and con-
nected in gseries to form a single discharge path;
the circuits have separate adjustable electrical
components acting as dimmers and ganged for
operaticn by a common control member.

Figure 2 shows a lamp system according to the
invention in which each lamp circuit includes a
single discharge lamp having continuously heated
electrodes; the circuits have a common adjustable
electrical element acting as a dimmer. :

Figure 3 shows a lamp system illustrating the
invention in the said second aspect and in which
the lamp circuits are provided with a conmumon
adjustable electrical element acting as a dimmer.

Iigure 4 shows a lamyp system similar to that
shown in Figure 3 except that the lamp circuits
have separate but ganged adjustable electrical
elements acting as dimmers.

Figure 5 shows g lamp system illustrating the :

first arrangement of the invention in its third
aspect; the two lamp circuits have two common

adjustable electrical elements acting respectively

as g dimmer and as a regulator.

Figure 6 shows a lamp system similar to that
shown in Figure § except that each lamp circuit
includes a single discharge lamp instead of two
discharge lamps connected in series.

Figure 7 shows a lamp system illustrating the
second arrvangement of the invention in its third
aspect; the lamp circuits have a common ad-
justable electricai element acting as a dimmer.

PFigurs 8 shows a lamp system simiiar to that
shown in Figure 7 except that each lamp circuit
includes a single discharge lamp instead of two
discharge lamps connected in series.

Figure 9 shows a lamp system illustrating the
third arrangement of the invention in its third
aspect; the lamp circuits have a common ad-
justable electrical element acting as a dimmer.

Figure 10 shows a lamp system similar to that
shown in Figure 9 except that each lamp circuit
includes a single discharge lamp instead of two
discharge lamps connected in series.

In each figure of the drawings elements in one
lamp circuit corresponding to like elements in
the other lamp circuit will be given like refer-
encs characters. All the lamps in the circuits de~
scribed are of the type having directly heated
electrodes.

Referring now to Figure 1, which illustrates the
invention in itg first aspect, in each lamp circuit
two discharge lamps Is and Lz having filamen-
tary electrodes Ei, Ee and Ej, E4 respectively are
connected in series to forim 2 single discharge
path. The terminals of the filamentary elec-
trodes are indicated by T (e. g. Ti, Tq, T3, etec.).
The lamps are coanected, in series with a bal-
last choke B and a dimmer element consisting
of g variable resistor Ri, between terminals L and
N of an A. C. power source. A transformer Fi,
of the leakage-field reactance type, has a primary
winding W: connected between the scurce ter-
minals and separate secondary windings Wz and
W4 connected to supply heating current to elec~
trodss F1 and Hs respectively. Electrodes Ez: and
E3; are connected in series with g further sepa-
rate secondary winding W3 which supplies them
with heating current. External electrodes S:
and Ss consisting of metallic strips connected o
earth are disposed alongside the envelopes of
their respective lamps Li and L:. The dimmer
elements are ganged and connected to a common
dimmer control member indicated diagrammati-
-cally by P.
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Each transformer Fi is so designed that the
electrodes of the lamps heated by the current
from the secondary windings W:, W2 and W3 are
kept at such a temperature that they emit elec-
trons freely. The presence of the adjacent
earthed strips encourages ionisation around the
electrodes. A stable discharge can be passed be-
tween the two electrodes of each lamp with the
control set to limit the current to a value as low
as 2 milliamperes. As the series impedance is
decreased, by operation of the dimmesr control,
the current passing through the lamps inereases
until the laimps reach full brightness.

Thus the brightness of the lamps can be varied
from thelr maximum to a low value without in-
stability by operation of the resistors R:. The
ganging of these resistors enables the brightness
of all the lamps in the system to be varied sub-
stantially simultaneously by actuation of a single
operator’s conirol.

This circuit arrangement is particularly suit-
able for a fluorescent lamp having an envelope
2 ft. in length and 1% in. in diameter, designed
to run with a lamp wattage of 40. A suitable
value for each of the resistors Ri is 130,000 ohms.
Measurements made on such a circuit, with lamps
having a luminescent coating of manganese acti-
vated zine silicate, show that the light emitted
by each lamp increases from 5 to 1300 lumens,
reaching a peak eificiency of 59 L./watt. Any
number of similar lamyp circuits may be con-
nected in parallel and their dimmer resistors
ganged.

A transformer of the leakage-field reactance
type is selected for ¥: gince in operation the lamp
electrodes have a negative impedance charac-
teristic. This negaitve impedance characteristic
is due to small potential differences which exist
between adjacent portions of the electrode and
which cause the establishment of minor dis-
charges befween these adjacent portions.

The arrangement shown in Figure 1 may be
modified by replacing the variable dimmer re-
sistors R1 by variable saturable reactors. Alterna-
tively -each dimmer element may consist of a
variable resistor in series with a variable satura-
ble reactor; this arrangemsent can conveniently
be made such that the reactor controls the bright-
ness from full brightness to, say, one-tenth full
brightness, the resistor controliing the hrightness
over the remainder of the range.

In another modification of the arrangement
shown in Figure i, in each lamp circuit the two
lamps Iz and Lo are replaced by a 5-foot 80-watt
lamp, the transformer winding Ws being omitted.
The circuit is designed for operation on 240 volts,
and o filament lamp, designed to operate on a
130-volt supply at 60 watts, is connected in par-
allel with the discharge lamp. With this arrange-
ment, increase of the potential difference across
the lamps will inerease the brightness of the fila-~
ment lamp until the strike potential of the dis-
charge lamp is reached, whereupon the poten-
tial difference across the lamps immediately de-
creases, so that a subsiantailly smooth increase
in the brightness of the two lamps in combina~
tion is achieved through this transilion period.

In each of the circuits in the system shown in
Figure 2 a single lamp L1 is connected in series
with a ballast choke B between terminals Ty and
T of a variably-tapped secondary winding Ws
of a transformer F2 which acts as a dimmer con-
trol and which is common to the two circuits.
The terminals T and Tz of the primary wind-
ing Ws of the transformer F2 are connected re-
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spectively to source terminals N and L. A leak-
age-field reactance transformer F1 has & primary
winding W1 connected between the source termi-
nals and separate secondary windings Wz and Wa
connected to supply heating current to lamp elec-
trodes Ei1 and Hu respectively. An external elec-
trode S1 is provided.

The brightness of the lamps may be varied
by operating the dimmer control member and
thus altering the potential applied to the lamp
and the ballast choke in series. A discharge lamp,
when in the discharging condition, has the char-
acteristic of a constant voltage device, and vari-
ations in the potential applied to the lamp and
the ballast choke in series will cause compara-
tively small variations in the potential difference
between the lamp electrodes.

This ecircuit arrangement is particulariy suit-
able for a fluorescent lamp having an envelobe
5 ft. in length and 1% in. in diameter, designed
to run with a lamp wattage of 80. Any number
of similar lamp circuits may be connected in par-
allel provided that the power rating of the dim-
mer transiormer F2 is increased to a sufficient
value.

In the system shown in Figure 3, illustrating
the invention in its second aspect, each circuit
inctudes two discharge lamps 11 and Le, a ballast
choke B and a leakage-field reactance transformer
T, connecied in the manner described with ref-
erence to Figure 1. External electrodes S1 and
Sa are provided. The lamp and ballast combina-

ion is connected between terminals T and Tio
of winding Wr of a variably-tapped autotrans-
former Fe acting as the dimmer. Terminals Tis
and T of the dimmer are connected to termi-
nals N and L of the power source respectively.
T is the terminal of the tapping which consti-
tutes the diminer control. The junction of ter-
minals T3 and Ts of electrodes Ea and Es respec-
tively is connected to the power source terminal
™M through a second impedance element consist-
ing of a resistor Rz in series with a capacitor Ci.

he values of Rz and Ci are such that a small

glow discharge, representing the lower limit of #

the controllable range of brightness, is main-
tzined in either or both of the lamps. When the
source terminals are phase and neutral, the sec-
ond impedance clement is preferably connected
to the neutral terminal.
trol is in its position of minimum brightness, at
least one of the lamps of each pair (usually La2)
is in or near the condition of small glow discharge
and all the lamps will begin to increase in bright-
ness at substantially the same raftes when the
dimmer control is moved from this minimum
prightness position. Therefore a single oper-
ator’s control may be used despite variations from
lamp to lamp of the potential normally required
to cause each lamp to strike.

This cireuit arrangement is particularly suit-
able for 2-foot 40-watt lamps, and suitable values
of Rz and C: for use with such lamps are 100,000
ohmns and 5,000 pf. respectively.

Tn 2 modification of the arrangement shown
in Figure 3, the capacitors C1 are connected to
the tapping terminal Tio instead of to the neu-
tral terminal N.

Any number of similar circuifs may be con-

nected in parailel provided that a separate sec- 7

ond impedance element is provided for each pair
of lamps and that the rating of the dimmer
transformer is increased to a suitable value.
The jamp system shown in Figure 4 is similar
{0 that shown in Figure 3 except that the dim-

When the dimmer con- 5t
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mer for each circuif consists of a- resistor Ri
connected in series with the lamp and ballast
combination between the power source terminals.
These separate resistors Ri have their tappings
ganged by means indicated diagramratically by
P to enable the brightness of all the lamps to
pbe varied substantially simultaneously by a single
operator’s control member, This circuit arrange-
ment is also particularly suitable for 2-foot 40-
watt lamps. A suitable value of Ri is 180,000
ohms.

In the system hereinbefore described the lamp
clectrodes aie heated continuously and when the
power applied to each lamp is reduced below the
level at which a column discharge is visible, the
ends of the lamp will still glow owing to the
ionisation of the spaces surrounding the hot elec-
trodes. If it is desired to extinguish the lamp
completely the electrode heating currents may
be . switched off but the desired smooth decrease
of brightness will not then be obtained. Cir-
cuits in which the lamps can be completely ex-
tinguished will now be described.

The arrangement shown in Figure 4 may be
modified by eliminating the connections shown
for each primary winding Wi and connecting the
terminals of each of these windings directly to
the terminals Ti and T7 of the associated lamps.

The lemp system shown in Figure 5, illusirat-
ing the first arrangement of the invention in its
third aspect, is similar to the system shown in
Figure 3 except thab the primary windings Wi of
ieskage-~-Geld reactance transformers Fi are con-
nected in parsilel between terminals Tis and T
of winding Ws of a variably-tapped autotrans-
former B3 connected as a regulator. Thus the
values of the electrode heating currents may also
be varied. Also the second impedance element
(i. e. the resistor Ra and the capacitor C1) is con-
nected %o the terminal Tis of the regulator in-
stead of to the terminal N of the source, thereby
enabling the lamps to be completely extinguished
when the dimmer control and the regulator are
set to zero.

The dimmer control and regulator trans-
formers Fy’ and Fs are ganged by racans of levers
A operatively connected t¢ the tapping selectors
G and pivoted at C. The levers are moved by
eams J and push-rods K and are held in contact
with the push-rods by compression springs H.
The cams are mounted on a shaft M rotatable In
bearings V. An operator’s handle © is also
mounited on shaft M. The relative rates of move-
ment of the tapping selectors of the dimmer and
the regulator iransformers may be altered in
known manner by varying the cam contours.

This circuit arrangement is particularly suita-
ble for 2-foob 46-watt lamps. In order to assist
the ionisation of the spaces surrounding the elec-
trodes before the arc strikes, the minimum value
of the potential difference applied across each
pair of lamps is set at approximately 130 volts.
This potential difference is applied while the reg-
ulator is operated to increase the electrode heat-
ing currents to their maximum valuses, causing
the ends of the lamps surrounding the electrodes
to pegin to glow and eventually causing the lamps
to strike: the electrode heating current is then
maintained substantially constant while the dim-
mer conirol is operated to increase the potential
difference across the lamps until they have
reached full brightness. To extinguish the lamps
the sequence of operation is reversed. Thus if is
possible to increase the brightness of all of the
lamps at substantially the same rate over the full
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range of zero to maximum brlghtness usmg a
single operator’s control.

Any number of similar circuits may be con-
nected in parallel provided that the ratings of the
dimmer and the regulator transformers are in-
creased to suitable values.

The system shown in Figure 6 is similar tc that
shown in Figure 5 except that a single lamp is
used instead of two lamps connected in series.
This circuit arrangement is particularly suitable
for 80-watt lamps.

The system shown in Plgure 7, illustrating the
second arrangement of the invention in its third
aspect, is similar to the system shown in Figure 3
except that the primary windings Wi of trans-
formers ¥ are connected in series with capacitors
C2 and that each capacitor C: and its associated
primary winding Wi .are connected in parallel
with the lamp and ballast combination. The
value of the capacitor C: is such that when the
tap of the autotransformer Fo’ is set to apply,
betweenn the terminals of the lamp and ballast
combination, s potential difference which is
slightly below the striking voltage of the lamps,
the circuit is resonant at the freguency of the
power source.

When the dimmer control is operated to in-
crease the potential difference applied to the
lamp and ballast combination, the heating cur-
rent flowing through each electrode is also in-
creased. As the sub-circuit including the trans-
former 1 approaches the resonant condition, its
impedance decreases until at resonance its im-
pedance reaches a minimum. The current fow-
ing through the primary of the transformer B
and the heating current flowing through the
electrodes wili therefore be of maximum value.
The potential difference applied across the lamps
assists the ionisation of the spaces surrounding
the electrodes and this ionisation causes the ends
of the lamps to glow. Progressive operation of
the dimmer control increases the potential dif-
ference applied to the lamp and ballast cornbina~-
tion until the lamps are at full brightness. When
the dimmer control is so operated, the sub-cir-
cuit tends to go out of resonance, its impedance
increases and the electrode heating currents
thereiore decreage. 'This decrease is compen-
sated by the heating effect of the discharge which
is now established.

This circuit arrangement is particularly suit-
able for 2-foot 40-watt lamps. Any number of
similar circiits may be connected in parallel pro-
vided that the rating of autotransformers ¥y’ is
increased tc a suitable value and that a separate
capacitor is provided for each primary winding
W1 of transformer ¥i. When used with a 230-
volt, B0-cycie power source, g suitable capacitor
had a value of 2 mf. and was rated for a maxi-
mum working veltage of 440 volts A. C.

The system shown in Figure 8 is similar to the
system shown in Figure 7 except that each cir-
cuit includes a single lamp instead of two lamps
connected in series. This circuit arrangement
is particularly suitable for 80-watt lamps.

The system shown in Pigure 9 illustrating the
third arrangement of the invention in its third
aspect is similar to the system shown in Figure 3
except that the primary winding Wi of each
transformer Fi is connscted hetwen output ter-
minals Tis and T of & voltage lmiting trans-
former Fa. The inpui termials Teo and Ta of
the transformer ¥. are connecied to terminals
T and T of the dimnmer transformer Fo’, Also
the second impsdance element (i, e. resistor Re
and capacitor Ci1) is connected to the terminal
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T of the transformer ¥4 instead of to the termi-
nal N of the source, thereby enabling the lamps
to be completely extinguished when the dimmer
control is set to zero.

When the dimmer control is operated to in-
crease the potential difference applied. across the
lamp and ballast combination, the potential dif-
ference applied between the terminals of each
electrode is also increased. The circuit is so
arranged that, when the value of the potential
difference applied across the lamp ballast com-
bination is just less than the striking voltage of
the lamps, the electrode heating currents have
each reached a value sufficient to enable the
lamps to strike. Under these conditions ionisa-
tion occurs around the electrodes and.the ends
of the lamps glow.  PFurther operation of the
dimmer control increases the potential difference
hetween the lamp electrodes and the lamps strike,
whilst the electrode heating currents are main-
tained substantially constant by the voltage limit-
ing transformer. The dimmer control may then
be operated to bring the lamps up to full bright-
ness. Such a voltage limiting transformer is well
known to those skilled in the art.

This circuit arrangement is particularly suit-
able for 2-foot 40-watt lamps. Any numbker of
similar circuits may be connected in parallel pro-
vided that the ratings of voltage limiting trans-
former F; and dimmer transformer Fo’ are in-
creased to suitable values.

The system shown in Figure 10 is similar to
that shown in Figure 9 except thai each circuit
includes a single lamp instead of two lamps con~
nected in series. This circuit arrangement is
particularly suitable for 80-watt lamps.

In the circuit arrangements in which variably-
tapped transformers are used these transformers
are so connected that the full mains potential is
kept between the lamps and the external elec-
trodes S irrespective of the positions of the trans-
former taps. With such an arrangement smocth
variation in the brightness of the lamps is more
readily obtained.

In all the circuit arrangements, when the ter-

minals of the source are respectively phase and

neutral, the ballast impedance is preferably con-
nected between the lamps and the phase ter-
minal.

We claim:

1. An electric lamp circuit including two power
terminals for connection to an alternating cur-
rent power source of fixed frequency and voltage,
two electric discharge lamps and s ballast im-

5 pedance connected in series between said power

terminals, each of said discharge lamps having
a filamentary cathode at each end thereof; means
for supplying heating current o each of said fila-
mentary cathodes; means for reducing the cur-
rent to said lamps to dim the same; and a
capacitative impedance connected in series with
said ballast impedance and one only of the lamps
hetween said power terminals, said capacitative
impedance being small enough %o pass enough
current through the lamp in series with it fo
maintain the discharge therethrough at the lower
limit of brightness of the lamp.

2. An electric lamp circuit including two power
terminals for connection to an alternsting cur-
rent power source of fixed frequency and voli-
age, two electric discharge lamps and a ballast
impedance connected in series between said power
terminals, each of said discharge lamps having
a filamentary cathode at each end thereof; means
for supplying heating current to each of said
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filamentary cathodes; and a capacitative im-
pedance connected in series with said ballast
impedance and one only of the lamps between
said power terminals, said capacitative impedance
being small enough to pass encugh current
through the lamp in series with it to maintain
the discharge therethrough at the lower Iimit of
brightness of the lamp.

3. An electric lamp circuit including an alter-
nating current power source of fixed frequency
and voltage, two electric discharge lamps and a
ballast impedance connected in series between
said power terminals, each -of said discharge
lamps having a filamentary cathode at each end
thereof; means for supplying heating current to
each of said filamentary cathodes; and a capaci-
tative impedance connected in series with said
ballast impedance and one only of the lambs he-
tween said power terminals, said capacitative

impedance being small enough to ‘pass enough 20
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current through the lamp in series with it to
maintain the discharge therethrough at the lower
limit of brightness of the lamp.
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