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"My invention relates generally to starting and
operating circuits for gaseous electrie discharge
devices of the type commonly known. as fluores-
cent lamps, and more particularly to & cathode
preheating and neutralizing circuit therefor.

The .commercially available fluorescent lamps
presently on the market may be divided into two
generic types, each of which has its own char-
acteristics requiring a particular starting ‘and op-
erating ‘eireuit: - EEE

The first typeis the hot cathode starting lamp,
and it 18 usually operated with relays or thermal
switches to allow preheating of the electrodes to
electron-emitting temperatures. - For instance,
the lamp may be connected across a source of

. voltage in series with a reactor or ballast, and

the activated filamentary electrodes of the lamp
may be temporarily short circuited by a suitaple
switch to connect them in series across the source
and thereby cause them to be preheated to an
electron-emitting’ temperature. . Such cireuits
provide reliable starting, operate at good ef-
ficiencies, and make for long life of the lamp
electrodes. . However, they suffer from -the ob-
vious disadvantages of requiring a switch as an
operating element, which switches must be re-
placed periodically, and from the relatively slow
starting occasioned by the preheating period.
- The second type is the cold cathode starting
lamp, in which the discharge is started directly by
means of high voltage transformers without any
preheating of the electrodes. Stich lamps op-
erate ‘at a voltage -much lower than that re-
quired for starting: and, accordingly, the trans-
former unavoidably operates with a relatively
high power loss.. Moreover, the starting without
any preheating of the activated electrodes places
them under ‘considerable electrical stress so that
their life is appreciably shortened.

In my copending United States application No.
681,381, flled ‘November 28, 1945, now. U. S.
Patent 2,504,548, issued April 18, 1950, assigned
to the same assignee as the present invention,
there are disclosed eircuits which combine the
advantages of both of the above-mentioned
methods of operation. These circuits may be
described generically as. being of the. cathode
switchless preheating and neutralizing type and
permit - substantially: instantaneous starting of
fluorescent lamps without undue sputtering of
their electrodes and with relatively low power loss
"in their ballasts. ‘ :

In general, cathode preheating and neutraliz-
ing circuits operate on the prineiple of applying
electrode voltage and heating current simultane-
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ously to the electrodes of fluorescent ‘lamps,  "The
heating current provided to the ‘electrodes causes
them to arrive quickly at an ‘electron-emitting
temperature, whereupon - the arc or discherge
starts within the lamp. As soon as the discharge
has started, the cathode heating current is sub-
stantially neutralized by means of changes in the
magnitude and phase of voltages induced in neu-
tralizing or- bueking windings connected to the
electrodes. : :

In the afore-mentioned application No. 631,381 ,
the preheating and neutralizing circuit for each
electrode comprises two windings, of which one,
the heating winding, is inductively coupled to the
transformer energizing the lamp, and the other,
the neutralizing or bucking winding, is inductive-
1y coupled to an ‘inductive’ ballast inserted in
series between the lamp and the transformer. -

The present invention is directed towards a
refinement of the two winding eircuits disclosed
in application No. 631,381, and permits g more
complete neutralization of the resultant voltage.
This is achievéd by coupling the heating winding
to a high reactance secondary winding of the
transformer energizing the lamp, rather than ta
the main or primary winding thereof. This. al~
lows the voltages induced in the heating and in
the bucking windings, during operation, to be
more nearly in phase opposition, with consequent
more perfect neutralization, : ‘

-Accordingly, it is an object of my-invention to
provide a new and improved switchless starting
and operating circuit of the cathode preheating‘
and neutralizing' type for fluorescent lamps, in
accordance with the foregoing remarks. :

For further objects and advantages and for K.
better understanding of my invention, attention
is now directed to the following description taken
in eonjunection with the accompanying drawings:
The novel features of my invention will be more
particularly pointed out in the appended claims.
In the drawings: ‘

Fig. 1 is a schematic diagram of 3 cathode
preheating and neutralizing cireuit embodying
my invention as applied to a single fluorescent
lamp. ‘ S

Fig. 2 is a schematic diagram of a similar cir-
cuit likewise embodying my invention, as applied
to a pair of lamps connected it 8 lag-lead efr~
cuit of a relatively well known type. :

Referring to Fig. 1, there is shown s gaseous
discharge device | which may, for instance, be
a fluorescent lamp of the positive column  dis~
charge type, comprising a tubular envelope 2 hav-
ing sealed into its ends a pair of thermionic elec-
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trodes 3 and 4 of the two-terminal preheatable
type, which electrodes may consist of coils of
tungsten wire activated with the usual mixture
of barium and strontium oxides. The envelope
2 contains a rare gas such as argon or neon
or mixtures thereof at a pressure of a few mil-
limeters, and. a small quantity of mercury. The
inside walls of .envelope 2 may be coated with a
fluorescent phosphor which, when excited by a

discharge through the mercury vapor, emits-

visible light.
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The lamp electrodes are connected at opposed :

output terminals 3a, #a across a source of pPo-
tential provided by a high leakage reactance

step-up autotransformer 5, in-series with a cur-

rent limiting inductance or ballast 6. The auto-
transformer in turn is connected at input ter-
minals 1, 17’ across a suitable source of power
which may, for example, be a 115-volt, 60-cycle
alternating current supply.

Autotransformer 5 which is utilized in this cir-
cuit is of specialized construction and therein lies
the essential distinction between the circuit here-
in and that which I have disclosed in application
No. 631,381. Autotransformer § comprises a pri-
mary winding 8 of which the terminals are con-
nected as shown- to the alternating current sup-

ply 1, ', a secondary winding 9 which is relative-
1y loosely coupled to primary winding 8, and a
pair of tertiary windings 10 and 1| which are
tightly coupled to secondary winding 3. Evident-
ly, tertiary windings (0 and {1 will likewise be
1oosely coupled to primary winding 8. The re-
spective couplings between the different windings
are indicated symbolically at 12, illustrating a
magnetic core associated with primary winding
8, at 13, illustrating a magnetic core associated
with secondary winding 9 and tertiary windings
i0 and {1, and at i4 illustrating a shunt magnetic
circuit which serves to introduce a high leakage
reactance between the primary winding and the
other associated windings. :

Tnactive ballast 6 is preferably provided in the
form of a transformer structure and comprises a
primary or main winding {5 and a pair of second-
ary or auxiliary windings 16 and 17 in close mag-
netic coupling therewith. : :

In accordance with my invention, lamp 1 is
connected across the output circuit of autotrans-
former 5, that is, across primary 8 and second-
ary 9 connected in series, and in series with the
primary winding of ballast inductance 6. Heat-
ing voltage for electrode 3 is supplied at output
terminal 3¢ and its conjugate terminal 3b by the
circuit comprising tertiary . winding
auxiliary winding 16 connected in series; similar-
1y heating voltage for electrode 4 is supplied at
output terminal 4¢ and its conjugate terminal
4b, by the circuit-comprising tertiary winding
and auxiliary winding 17T connected in series.

When voltage is applied across primary wind-
ing 8, secondary winding 9 and likewise tertiary
windings 10 and {i are energized; thus cathode
heating voltage is supplied to ‘electrodes. 8 and
4 and potential is applied across the electrodes
for starting the discharge within the lamp. Up
to the instant when a discharge starts within
the lamp, there is no current flowing through
primary winding 15 of inductive ballast 6; and,
accordingly, no voltage is generated in bucking
or neutralizing windings 16 and 171. However, as
soon as the -discharge occurs, current flows
through winding 15 and induces a neutralizing
or bucking voltage in windings 16 and 1.

The neutralizing voltages induced in windings

{0. and 5:

15

4
16 and 11, whereas they would not be in complete-
1y reverse phase to the voltages induced in wind-
ings 10 and Ii from the application of supply
voltage to the autotransformer 5, are in very
close phase opposition to the voltages induced
in windings 10 and { I when current fiows through
secondary winding 9. This follows from the fact
that the flow of current through secondary wind-
ing 9 substantially eliminates the inductive ef~
fect of winding 8 on tertiary windings 10 and
i1, so that the voltages induced in windings 10
and I{ bear a definite phase relation, not to

“the supply voltage, but to the discharge current ’

flowing through winding 9. The same discharge

current likewise flows through winding 15, so

that the voltages induced in secondary windings
16 and {7 bear an identical phase relation. Thus,
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{1 and those induced in windings {6 and T bear
a common phase relationship to the discharge
current, so that windings 10 and 16, respectively,
and (1 and i1, respectively, may be connected
in reverse phase and provide substantially com-
plete neutralization of their resultant output
voltages. - It is in this respect that the present
circuit provides a very substantial improvement
in performance over that described in applica-
tion No. 631,381 -wherein the windings corre-
sponding to tertiary windings -10. and {I. are
coupled to the primary winding . of the auto-
transformer rather than to the secondary wind-
ing as in the present circuit. In an actual con-
struction embodying the present invention, I have
found that it is possible to reduce the cathode
heating power from a value of approximately
three watts at starting, to a residual neutralized
value less than 0.05 watt during operation. Thus,
the present invention provides a considerable ad-
vantage since it is desirable to reduce the residual
heating power to as low a figure as possible.
This is accomplished in the present invention
without any increase in the number of windings
and with only a change in the magnetic coupling,
which change, needless to say, is essential because
the new principle of operation follows necessarily
therefrom. ‘ .

It will be appreciated that whereas the in-
vention has been described with reference:to a
common -fluorescent lamp having _cooperating
two-terminal preheatable main electrodes at both
ends, it is equally applicable to a discharge lamp
having only one two-terminal preheatable elec
trode and a cooperating main electrode of an-
other type. Such a lamp might have, for in-
stance, a single terminal cooperating main .elec-
trode. In such case, a preheating winding and
a neutralizing winding would be provided. for the
two-terminal preheatable electrode only. - ..

Referring to Fig.: 2, wherein the same refer-
ence numerals refer to corresponding elements,
the same mode of operation is illustrated as ap-
plied to a two-lamp lag-lead circuit.  Thus, auto-
transformer 5 is now provided with a primary
winding 8, a secondary winding § and an addi-
tional secondary winding 9’, said secondary wind-
ings having associated in relatively close.mag=
netic coupling, tertiary windings (0 and 11, and
10’ and ii’ respectively. Lamp [ is connected

as before, in series with the primary winding of

inductive ballast 6, to secondary winding §; the
lamp I’ is connected, in series with the primary
winding of inductive ballast 6’-and the.usual
phase advancing capacitor i8, to secondary wind-

It will be apparent that lamp 1 operates with
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a lagging power factor and that neutralization of
its electrode heating current oceurs in identical
fashion as in the circuit of Fig. 1. Lamp i’, on
the other hand, is connected in a leading power
factor circuit; but since the same: leading cur-
rent now flows through secondary winding §’
as flows through inductive ballast 6, cathode
heating voltage neutralization oceurs in the same
fashion as described heretofore.

‘While certain specific embodiments have been
shown and described, it will of course be under-
stood that various modifications may be made
without departing from the invention. Thus, the
circuit may be applied to combinations of lamps
and their diverse electrode heating requirements
provided by means of additional secondary wind-
ings bearing the same coupling relationships to
their associated windings as I have descriked
herein. - The appended claims are, therefore, in-
tended to cover any such modifications coring
within the true spirit. and scope of the inven=
tion.

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

1. Apparatus for starting and operating a

gaseous electric discharge device having at least
one thermionic two-terminal preheatable elec-~
trode and a cooperating main electrode, compris-
ing: a pair of input terminals, a pair of opposed
output terminals, and at least one conjugate ter-
minal cooperating with one of the output ter-
minals for supplying electrode heating current;
a transformer having a primary winding con-
nected across said input terminals; a secondary
winding loosely coupled to said primary winding
and a tertiary winding tightly coupled to said
secondary winding; an inductive ballast compris-
ing & main winding and an auxiliary winding
coupled thereto; an operating circuit comprising
said primary and secondary windihgs and said
main winding connected in series across said op-
posed output terminals; and a heating and neu-
tralizing circuit comprising said tertiary winding
and said auxiliary winding connected in series
across one output terminal and its conjugate ter-
minal and poled for bucking voltage relationship
during’ current flow through said operating cir-
cuit.

2. Apparatus for. starting and operating a
fluorescent lamp having a pair of thermionic two-
terminal preheatable electrodes comprising: a
pair of input terminals, and a pair of opposed
output  terminals each having a’ cooperating
conjugate terminal for supplying electrode heai-
ing current; a transformer having a primary
winding connected across said input terminals,
a secondary winding loosely coupled to said pri-
mary winding, and a pair of tertiary windings
tightly coupled to sald secondary windings; an
induetive ballast comprising a main coil and a
pair of auxiliary coils coupled thereto; an op-
erating circuit comprising - said “primary and
secondary windings and said main coil connected
in series across said opposed output terminals;
and a pair of heating and neutralizing circuits
each comprising one of said tertiary windings and
one of said auxiliary windings connected in
series across an output terminal and its conjugate
terminal and poled for bucking voltage relation-
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ship during current flow through the operating
circuit.

3. Apparatus for providing switchless starting
and operation of fluorescent lamps each having
a pair of thermionic two-terminal heatable
electrodes, comprising: a pair of input terminals,
and a pair of opposed output terminals each hav-
ing a cooperating conjugate terminal for supply-
ing electrode heating current; a transformer
having a primary winding connected across said
input terminals, a secondary winding and a pair
of tertiary windings, said secondary and tertiary
windings being tightly coupled together and
having but a loose coupling to said primary wind-
ing; an inductive ballast comprising a main coil
and a pair of auxiliary coils coupled thereto; an
operating ‘eircuit comprising said primary- and
secondary windings and said main coil connected
in series: across said opposed output terminals
and a pair of heating and neutralizing circuits
each comprising one of said tertiary windings
and one of said auxiliary coils connected in series
and in bucking polarity across an output ter-
minal and its conjugate terminal for applying
heating current to said thermionic electrodes at
starting, the voltage induced in said auxiliary
coils during operation providing an out-of-phase
bucking voltage - opposing that induced in said
tertiary windings during operation s0 as to pro-
vide neutralization of said heating current.

4. Apparatus for starting and operating a pair
of fluorescent lamps each having a pair- of
thermionic two-terminal preheatable electrodes
comprising: a pair of input terminals and two
pairs of opposed output terminals each having a
cooperating conjugate terminal for supplying
electrode heating current; a transformer having
8 primary winding connected across said input
terminals, a pair of secondary windings loosely
coupled thereto and two pairs of tertiary wind-
ings, respective pairs of said tertiary windings be-
ing tightly coupled to respective ones of said
secondary windings; a pair of inductive ballasts
each comprising a main coil and a pair of
auxiliary coils coupled thereto; a capacitor; a
pair of operating circuits, respective ones of said
operating circuits comprising said primary, one
of said secondary windings and one of said main
coils connected in series across a pair of opposed
output terminals, and one of said operating cir-
cuits -having said capacitor ‘serially included
therein; and heating and neutralizing circuits
each comprising one of said tertiary windings and
one of said auxiliary coils connected in series and
in bucking polarity across an cutput terminal and
its conjugate terminal for applying heating cur-
rent to respective ones of said thermionic elec~
trodes.
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