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This invention relates to circuit arrangements for start-
ing and operating from an alternating supply electric dis-
charge devices having a gas or vapour filling. It relates
more particularly, though not exclusively, to arrange-
ments for starting and operating low pressure. electric
discharge lamps, such as the well known fluorescent

- lamps.

In electric discharge devices of the instant kind, the
voltage required to be applied between the electrodes
of the device for starting the discharge (hereinafter re-
ferred to as the starting voltage) is considerably greater
than the voltage required between the electrodes for
maintaining the discharge when started (hereinafter re-
ferred to as the running voltage). In addition, such de-
vices have inherently a negative characteristic in opera-
tion and require to be operated in series with a ballast
impedance which will give the arrangement an over-all
positive characteristic.

In cases where the steady operatmg voltage normally
applied between the electrodes prior to starting is less

" than the starting voltage of the device, some form of

starting means is required. A form of such means widely
used at present is a starting switch connected between the
electrodes of the device. This switch is initially closed
to produce a flow of current through a choke providing
part or the whole of the ballast impedance. It is there-
after opened to produce an inductive kick across the
choke which provides a voltage pulse between the elec-
trodes of the device which exceeds the starting voltage
and causes the discharge to start.

In the case of two devices operated in series, similar
considerations apply, regarding the two devices as equiva-
lent to a single device whose starting and running voltages
are the sum of the starting and running voltages, re-
spectively, of the two devices. However, when the steady
operating voltage available is less than the sum of the
starting voltages but greater than the individual starting
voltages, an alternative method of starting, usually re-
ferred to as sequence starting, is sometimes used. In se-
quence start arrangements the two devices are connected
to the source of operating voltage in series with each
other and with a suitable ballast impedance, and the junc-
tion between the devices is also connecied to the source
of operating voltage through a starting impedance, usu-
ally a capacitor. At starting the whole of the operating
voltage is first applied across only one device and causes
that device to start, whereupon the residual operating
voltage, other than that dropped across the started lamp,
is automatically applied between the terminals of the
second device and causes that device to start. The start-
ing impedance is arranged to be of relatively high value
so as to draw a negligibly small current in normal opera-
tion of the two devices.

The object of this invention is to provide a circuit ar-
rangement for starting and operating two devices in se-
ries which incorporates an improved form.of starting
means. It will be seen that the arrangement in accord-
ance with the invention effects a sequence starting of the
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devices but operates in a different manner from the known
sequence start arrangements.

According to the invention in a circuit arrangement
designed for starting and operating two electric discharge
devices from an alternating supply of a given frequency,
the said devices are connected in series with each other
and with a ballast choke forming part or the whole of
the ballast impedance for the two devices. A by-pass ca-
pacitor is shunted across one of the devices, said capaci-
tor being connected on one side to a tapping or tap point
on said choke and being of such capacity that the capaci-
tor and the tapped-off part of the choke which lies in se-
ries therewith with respect to the supply form a. series-
resonant circuit whose resonant frequency is higher than
the supply frequency, The arrangement is such that in
use and at starting substantially the whole of the operat-
ing voltage is first applied through the by-pass capacitor
to one device to effect starting thereof. Thereafter said
series-resonant circuit is excited by virtue of the non-
sinusoidal nature of the waveform of the voltage appear-
ing across the started device so as to produce by step-up
autotransformer action of the tapped choke a resultart
alternating voltage across the second device whose peak
value is greater than it would be if the tapped-off part of
the choke were reduced to zero and is such as to effect
starting of the-second device.

The choke may in some cases provide the whole of the
ballast impedance for the two devices, but in other cases
the choke may be included in series with a ballast ca-
pactitor and form part of an over-all capacitative ballast
impedance. The latter form is in fact especially advan-
tageous when the operating voltage is not much greater.
than the combined running voltages of the two devices
since more stable operation; relative to fluctuations in the
supply voltage, is then obtained than would be the case
with an equivalent pulely inductive ballast impedance.

The ohmic value of the by-pass capacitor at the supply
frequency should, of course, be sufficiently large ‘to en-
sure that a tolerably small current is drawn by it in steady
operation of the devices. The position of the tapping on
the choke, that is to say the inductance of the tapped-off
portion and step-up ratio of the autotransformer formed

- thereby, and the capacity of the by-pass capacitor are pref-
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erably chosen to obtain the maximum value of the peak
voltage applied to the second device. In view of the
effect on voltage waveform of the various circuit com-
ponents, the optimum values of the capacitor and tapping
are best determined by trial for each design of circuit.
We have found- that the best results are usually obtained
when the resonant frequency of the series-resonant by-
pass circuit is about ten times the supply frequency and
the tapped-off part of the choke included im it is about
155 of the total inductance of the choke.

It will be appreciated that the tapping on the choke need
not be a connection- to a point on a single winding; the,
choke may in some cases be formed with two series-con-
nected windings with the tapping point to which the by-
pass capacitor is connected located between these wind-
ings. The expression “tapped-off part of the choke re-
duced to zero” in the foregoing statement of the in-
vention is intended to mean that the tapping point is to be
regarded as moved to the corresponding end of the choke
and not that the tapped-off part of the choke is to be re-
garded as removed.

The invention will be further explamed with reference
to the accompanying drawings, in which:

Fig. 1 shows schematically one circuit arrangement in
accordance with the invention;

Figs. 2, 3, 4 and 5 are diagrams explanatory of the
operation of the arrangement; and

Fig. 6 shows another circuit arrangement in accordance
with the invention.

’
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- Referring now to Fig. 1, the arrangement shown com-

- prises-two-tubular electric discharge lamps L, and L, of
the positive column type thaving a filling of inert gas at
a few millimeters’ pressure., The filling may include mer-

-cury for providing a mercury vapor discharge in opera-
tion, and-the lamp -envelopes in-such case are coated

- internally ‘with' fluorescent material. . The-lamps are of

-the preheatable; two-terminal filamentary cathode type

-and-are connected to the main secondary winding of a
~step-up autotransformer W (which serves also as a fila-
~-ment: heating- transformer), in series with an iron-cored

" ~ballast .choke B and a ballast capacitor C; which are

- such- that the ‘over-all ballast impedance is capacitive.

“The: primary. winding “of* the transformer W.is con-

nected to the circuit input terminals P-and N, represent-
-ing the phase and neutral terminals; respectively, or, in
- other words, the high-and low sides, respectively, of the

- -supply. ' ‘The nonadjacent cathodes of the lamps L; and

¢ Ly-are-connected to separate electrode heating secondary
windings S; ‘and S,, and the -adjacent cathodes of the
lamps are connected to a-common electrode heating sec-

- ondary winding S;, of the transformer W. The lamps

© Ly and L, may- be provided with-earthed starting strips
- -(not shown) for facilitating starting-and are shunted by
:radio interference suppressxon capacitors C; and C; of
low capacitance.

In accordance with-the invention, 2 tapping T on the
choke B is connected- through a by-pass' capacitor C, to
the junction ‘of the-lamps L;-and L, so that the arrange-
ment operates substantially in the following manner. At

- starting, when the -terminals P and N are connected to a,

- suitable - source of -alternating - supply, for example, a
public -mains:-supply- of frequency 50 C. P. S.,
tially the whole of the operating voltage, which in this

- case is the stepped-up supply voltage, is-first applied to
the -lamp Ly through the by-pass capacitor C,, and this

- .causes: the lamp to start.

Lamp L; alone being started, the voltage which then
-~appears-across it is nonsinusoidal and has approximately
the waveform shown in Fig. 2. - In this figure; and also in
“:Figs. 3, 4 and 5, the -ordinates represent voltage and the
-abscissae “time. = The wavefront at a-is-of the steeply
. falling kind- suitable- for-exciting-oscillation- of the series
-~resonant circuit constituted -by- the -capacitor C;-and-the
-tapped-off : part #-of the-choke B. ":The oscillations-are
~—excited across the part rof the choke-and-are of the nature
- shown ifi*Fig. 3; the-oscillations being damped because of
- eNergy consumed ‘by-the-lamp L, -and-byion losses in

2 the choke.

“The- -voltage which- would--appear ‘across  the second 3

(lamp Ly'if the-tapped:off-part-+ of the choke were reduced
-+ to- zero-is-shown-in-Fig: 4.- Fig. 5-shows the resultant
~voltage which is-in fact-applied across the lamp L; being
“-the-combination-of -a- voltage of-the form shown in Fig, 4
- with a-voltage. of the form-shown in-Fig. 3 amplified by
- the-autotransformer action’ of-the choke B. It'will be seen
that the peak value- of* the -voltage -available for starting
= the Jamp Ly is-increased- from- the value Vy'in Fig. 4 to
the value Vy in-Fig, 5.
~“The increased- voltage-available for-starting the second
lamp may -bs-uitilized for-rendering the starting more cer-
" tain_and-less dependent, for-example, -on-supply voltage
-variations--and-on external conditions such as-humidity.
"-On-the-other-hand it may-. be-utilized to enable lamps of
--given- starting voltages to-be run-with-lower operating
-voltages than: -considered practicable-hitherto. - “Alterna-
" tively,with a-given operating-voltage; it may: be: utilized
to enable lamps of higher starting vcltages-than hitherto
- considered- practicable for: that-operating -voltage, to be
operated satisfactorily. - ‘Ineither case the advantage is
~attained ‘that' the ballast chokeis tequired-to drop a
smaller voltage than in the comparable known arrange-
ments and may be constructed more cheaply.
By way of example, in.a_circuit arrangement of the
"kind shown in"Fig: 1, it was found possible :to:operate

substan- -
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two 5-foot, 80-watt low pressure mercury vapor fluores-
cent lamps of 1% inches diameter from a 250-volt,” 50-
cycle mains supply using a choke B of total inductance
0.795 henry and a ballast capacitor C; of capacity 6
microfarads. The capacity of the by-pass capacitor C,
was -1 microfarad and.the.value of the tapped-off part ¢
of the choke was 0.0318 henry. .The filament heating
transformer-secondary: windings S;, S; and S$; were ar-
ranged to give a total step-up of 32 volts in the voltage
appliedsacress the-two lamps.-.and: the :autotransformer
W.was arranged to:step-up the supply voltage by 20-volts.

In a medification. of .the circuit arrangement of Fig. 1,
for operation "on thé same supply, the capacitor C; was
emitted to;provide an inductive-ballast for. the:lamps.and
the following alternative. values.for the circuit compo-
nents in question were used:

Total inductance of choke B___________ henry,_ 0.71
Inductance. of tapped-off: part £ ______ wdo-._50:0284
Capacity of. by-pass icapacitor: C4___mlcrofarad__ -1
+Step-up of:supply. \voltage provided: by the ‘auto-
transformer W .o__________.___ e ——sVOlts_ <50

Usually it will also be necessary in an inductive circuit
to include a power factor correction capacitor between
the supply terminals. The arrangement .in.accordance
with the invention has the advantage. that the .by-pass

‘capacitor C, acts also to some extent to. correct:the power

factor and reduces the value of the power factor.correc-
tion capacitor required.
Referring now to Fig. 6, this shows another mod1ﬁca~

“tion” of the arrangement of Fig. 1 in which the: ballast

choke B and ballast capacitor C;.are.included .between
“The mode of operation of this further modi-

" fication is similar to that of Fig. 1 and corresponding
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sponding parts.

reference numerals .in the two figures represent corre-
The common electrode heating . winding
S; for the adjacent electrodes of the lamps. is-now re-
placed by the separate heating windings S, and S;.

It will be appreciated that the invention is not limited
to use with devices having heatable electrodes .and can
be applied with lamps, or other devices; .of. the .cold-
cathode or nonheated thermionic cathode type. .. Also
each of the two devices in a circuit arrangement in-ac-
cordance with the invention as hereinbefore described
may be replaced by two or more lamps in series. . It is
intended -that these and other: modifications -of similar
nature be included within the present invention-whose
scope is to be determined by the appended claims.

What I claim as new and desire to secure by:Letters
Patent of the United States is:

1. In combination, an alternating current. supply-.of
given frequency, a pair of gaseous electric discharge de-
vices each having. two-terminal preheatable electrodes, a
ballast inductance, said devices and said inductance -being
connected in series across said .supply, means supplying
preheat current to said electrodes, a tap point in.said
inductance: between relatively .close-coupled portions, a
by-pass capacitor connected to said tap point and shunted
across one of said devices to apply initially a higher volt-
age across the other device to:start it, said capacitor being
proportioned relative to the tapped-off portion of said in-
ductance to -effect series resonance therewith at a ‘fre-
quency. higher ‘than the supply frequency, ‘whereby the
nonsinusoidal voltage developed across said .other device
after it has started produces damped. oscillations. in :said
inductance which increase. the starting voltage across said
one device.

2. In combination, an alternating current supply -of
given frequency, transforming. means having an input cir-
cuit connected -to said supply and-an output:circuit; a

pair of gaseous electric discharge :devices-each . having

two-terminal preheatable electrodes; a ballast.inductance,
said. devices and said inductance being connected:in series
across said output. circuit, auxiliary windings in-said-trans-
forming: means. .connected: across-said.clectrodes-to.pro-
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vide preheating current thereto, a tap point in said in-
ductance between relatively close-coupled portions, a by-
pass capacitor connected to caid tap point and shunted
across one of said devices to apply initially a higher volt-
age across the other device to start it, said capacitor being
proportioned relative to the tapped-off portion of said in-
ductance to effect series resonance therewith at a fre-
quency higher than the supply frequency, whereby the
nonsinusoidal voltage developed across said other device
after it has started produces damped oscillations in said
inductance which increase the starting voltage across said
one device,

3. In combination, an alternating current supply of
given frequency, transforming means having an input cir-
cuit connected to said supply and an output circuit, a
pair of gaseous electric discharge devices each having

- two-terminal preheatable electrodes, said devices and said

inductance being connected in series across said output
circuit, preheating windings in said transforming means
connected across said electrodes to provide preheating
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current thereto, a tap point in said inductance between
relatively close-coupled portions, a by-pass capacitor hav-
ing one side connected to said tap point and shunted
across one of said devices to apply initially a higher volt-
age across the other device to start it, said capacitor being
proportioned relative to the tapped-off portion of said
inductance to effect series resonance therewith at a fre-
quency about ten times higher than the supply frequency
in order to increase the starting voltage across said one
device after said other device has started.
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