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This invention relates generally to apparatus
for providing the ignition and operation voltage
for a plurality of gaseous discharge devices, and
more particularly is concerned with apparatus
intended for igniting and operating fluorescent
lamps connected in groups, and especially groups
of four.

The type of apparatus which is contemplated
by our invention is commonly known as a bal-
last, and one of the basic components of such
apparatus is a transformer. The invention here-
in includes a transformer in which the windings
are arranged in a novel manner to give certain
beneficial results.

It is obvious that many types of ballasts ex-
ist which are intended for the ignition and op-
eration of single lamps and pairs of lamps. It
has been customary that the circuits include
some manner of switch, so that the filaments of

the lamps are heated to cause emission of clouds :

of electrons, and the application of suitable ig-
nition voltage across any given lamp simultane-
ously with the heating of the filaments eventual-
ly will cause a breakdown of the gases in the

lamp. Thereafter the lamp will pass current £

freely, at relatively low voltage, the current he-
ing limited by the impedance of the connected
windings of the starting transformer. As an ex-
ample, a so-called “hot cathode” lamp presently
known as the T-12 and having a rating of 40
watts ignites at a voltage of approximately 200,
and operates at approximately 110 velts.

The relatively long lapse of time between ap-
plying the line voltage to the apparatus and ig-
nition of the lamps lsd to the development of
the so-called “instant-start” type of lamp, in
which the lamp is ignited almost the instant
that the power is applied to the ballast. In such
arrangements, obvicusly there is no need for pre-
heating an electron-emitting filament. Instead
a relatively high voltage is applied across the
terminals of a lamp constructed to withstand the
resulting stresses, and ignition occurs, with the
usual decrease in voltage across the lamp as the
current flows. Thus, & lamp known as the T-12,
96 inch 75 watt ‘“hot cathode” fluorescent lamp
will ignite at approximately 625 volts and op-
erate at approximately 195 volts.

In practically all cases, the power line avail-

able for the operation of the lamps consists of

gan

110 to 118 volts A. C. at 59 or 60 cycles per see~
ond. Obvicusly it is necessary to transform the
voltage to a counsiderably higher value in order
to ignite and operate instant-start lamps. Ap-
paratus for instant-start fluorescent lamps is
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shown and described in co-pending applications
of Albert E. Feinberg, Serial No. 97,381, filed
June 8, 1949, now Patent No. 2,509,188 issued
May 23, 1950, and Serial No. 135,669, filed De-
cember 29, 1949, now Patent No. 2,558,263, issued
June 26, 1951, said first application being en-
titled “Transformer” and said second applica-
ion being entitled “Apparatus for Starting and
Operating Gaseous Discharge Devices.” As
pointed out in the second of said applications,
one manner of igniting the instant-start type
of fitorescent lamps is to apply the starting
voltage across the lamps seriatim whereby after
one has started, ignition voltage is available to
the second lamp.

The seriatim or series starting method is de-
sirable because of the high voltages which must
otherwise be used. Obviously if a voltage of 600
to 700 volts is required to start one lamp, two
lamps connected in series will require twice that
voltage. If the lamps are operated in parallel,
equal voltages of the same value, namely, ca-
pable of eausing ignition must simultansously
be developed across each lamp. The size and
cost of the required transformers are consider-
able. It is not desirable to use high voltages for
series connected simultaneously stariing lamps
in apparatus which is operated from 2 low volt-
age line, and which is associated with ordinary
lighting fixtures. The problem of providing the
necessary voltages is therefore increased many
fold when it is desired to operate three or four
lamps at one time, in one fixture.

The principal object of this invention is to
provide novel apparatus for igniting and there-
after operating three or four gaseous discharge
devices from a single transformer.

Herefofore, in th eevent that more than a pair
of instant-start lamps were intended to be used,
it was required that the starting apparatus for
the pair be duplicated resulting in large, heavy,
and expensive ballasts. By the use of certain
ingenious arrangements we have been able fo
provide apparatus using a single transformer for
the efficient ignition and operation of four in-
stant-start lamps which is economical and sim-
ple in coustruicion, which is efficient in opera-
tion, relatively small in size, and light in weight.

It has been desirable in operating pairs of fluo-
rescent lamps from commercial 110 volt lines to
utilize the so-called lead-lag circuifs in which
one lamp is operated with a leading power fac-
tor and the other with a lagging power factor so
as not to upset the line power factor too greatly
and also {to eliminate to a great extent the
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stroboscopic effect of such lamps, The conven-
tional manner of doing this has been to insert
& condenser in the reactive circuit of one of the
lamps. Our invention has also been devised with
this in mind, namely to provide leading and lag-~
ging circuits to result as closely as possible in
unity power factor in the line.

The safety requirements set up by  certain
standards committees and organizations for ap-
paratus of the type contemplated herein are
somewhat rigid, but by reason of our inveniion
readily can be complied with in the construction
of a ballast in accordance with the teaching
thereof. One important requirement of practi-
cally all codes is that at no point in the entirs
circuit or apparatus shall there by any voltage
which requires excessive insulation or unusually
heavy lead wire. Obviously this requirement is
to eliminate hazards to life, and possible dash-
overs.
of the apparatus must be arranged so that the
removal of any lamp must completely de-
energize the ballast. The sockets for instant-
start lamps conventionally used at present consist

essentially of two-contact devices normaliy open ¢

but bridged by the single terminal of the lamp.
The sockets are connected in series with the line
so that the removal of the lamp will cpen the
line. ‘This requirement means that each lamp
of a group operated by a single ballast must have
at least one end thereof arranged to be con-
nected to the line,

Accordingly, it is another object of our inven-
tion to provide apparatus of the character de-
seribed for operating a plurality of gaseous dis-
charge devices in which each of the deviees
adapted to be operated thereby will be enabled to
have one terminal contacting the line directly.

In the event that the second requirement above
referred to need not be complied with, ceriain
modifications of our invention enable the con-
struction of a more economical ballast, as will
be explained hereinafter, and certain other ob-
jects of the invention are concerned with the pro-
vision of this type of apparatus.

Considering the last mentioned type of appa-
ratus, namely, in which certain of the fluorescent
lamps connected therewith may not have af least
one terminal thereof connected directly to the
line, it should. be obvious that the same could
be used in fulfilment of the said second reguire-
ment -in connection with sockets which - have
line switches associated therewith and arranged
to operate when the lamp is inserted, but without
establishing contact between the lamp terminal
- and the line. Such sockets are not of the present
conventional type, but the feasibility thereof
should be obvious to those skilied in the art whe
hereinafter pointed out.

Another important object of the invention is
to provide apparatus for igniting and thereafter
enabling the operation of four instant-start
fluorescent lamps or similar gaseous discharge de-
vices having negative resistance characteristics,
which apparatus utilizes two series starting cir-
cuits arranged in parallel with each series start-
ing ecircuit having two lamps therein.

Still a further object of the invention is to
provide, in apparatus of the character described
which includes leading and lagging series start-
ing circuits, auxiliary starting means for each
circuit having a reactive character opposite 4o
that of the cireuit.

Many other objects should occur to those skilled
in the art to which this invention pertains, and

A second requirement is that the ecircuit 2
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many advantages will become apparent as the
description proceeds. In connection with the de-
scription we have, for explanatory purposes, illus-
trated preferred embodiments of our invention,
showing the manner of construction, assembly
and use thereof, bub it should be apparent that
many variations are possible in the electrical
circuits, value of the circuit elements, and size
and shape of the parts of the illustrated device
without departing from the spirit of the inven-
tion as set forth in the appended elaims.

In the figures:

Fig. 1 is a top plan view of a transformer con-
structed in accordance with our invention in
order fo show the arrangement of the windings
upon the core.

Fig. 2 is a schematic circuit diagram showing
the connections of the transformer of Fig. 1 in
a circuit embodying our invention, same being
connected with four fluorescent lamps for ignit-
ing and operating the same.

Fig. 3 is a schematic circuit diagram identical
o that of Fig. 2 but rearranged for clarity in ex-
planation.

Fig. 4 is a view similar to that of Fig. 1, but
on & reduced scale, showing a modified form
thereof,

Figs. 5 and § are vector diagrams of certain
phencmensa explained in the specification.

Fig. 7 is a schematic circuit diagram of a
modified form of the invention.

Fig. 8 is a top plan view of a transformer con-
strueted in accordance with the prineciples de-
scribed in connection with Fig. 7.

Hig. § is a sectional view through a socket suit-
able for use in connection with the apparatus of
Fig. 7.

Referring now to Figs. 1 to 3 inclusive we have
shown a preferred embodiment of our invention
Incorporated into apparatus for starting and op-
erating four fluorescent lamps. The reference
character 28 designates generally the transformer
upon which the inductive windings are arranged
as will hereinafter be explained. 'The trans-
former 26 includes a stack of laminations form-
ing an elongate rectangular shell 21, having a
plurality of windows (ot visible in the drawings)
formed therein. The windings are disposed in
said windows, and we prefer arranging the

windings upon. a central elongate winding leg
22 which matingly seats in the shell 2{ as indi-
cated by the end joints 23 and 24. In production,
the windings may be pre-assembled to the winding
leg 22 which is then pressed home into the shell
24,

windings, in the embodiment
3 inclusive there are five wind-

riing with the 1eff end of Fig. 1 these windings
re as follows: Firat there is provided the wind-
ing 28§ which is separated from the next winding
by the magnetic shunt 28 and which shall be
termed the auxiliary starting secondary winding;
first primary winding 27,

we dispose the lagging seondary winding 29 sepa-
rated frem the leading secondary winding by
avother magnetic shunt 8%; and finally the second
primary winding 24 is mounted on the extreme
right hand end of the winding leg 22 separated
irom the lagging secondary winding by a third
magnetic shunt 32 somewhat larger than either
of the other two.

The raagnetic shunts 26, 36, and 32 are provided
with non-magnetic gaps 33, 24 and 35 which pro-
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vide the high magnetic reluctance to cause the
desired de-coupling between the adjoining wind-
ings whereby high leakage flux results and high
reactances are achieved in the desired windings.

In Pig. 2 we have shown the circuit diagram of
the apparatus with the windings of the trans-
former 20 oriented in the exact sequence de-
seribed in connection with Fig. 1, and the core
21—22 is conventionally designated by the parallel
lines extending throughout the length of all of
the windings. Likewise, the conventional desig-
nation for the magnetic shunts 26, 30 and 32 is
used between the appropriate windings. While
all connections properly have been made in Fig.
2, the parts have been re-oriented in Fig. 3 in
order better to explain the cperation thereof.

Four fluorescent lamps, designated 41, 42, 43
and 44 are connected in electrical association
with the windings of the transformer 2§ in a
manner to be explained. As best shown in Fig. 2,
the left hand terminals of the lamps 41 and 42
connect directly to one side 45 of a power line,
say 60 cycle A. C. 110-118 volts, while the left
hand terminals of the lamps 43 and 44 connect
directly to the second side 46 of the same line.
Since one terminal of each lamp connects directly
with the line, it is a simple manner to arrange
the connections so that the removal of any lamp
will open the line on either side. The socket con-
nections are shown schematically at 40, 47, 48
and 49 in Fig. 2 and the operation thereof is be~
lieved obvious. The exact construction of the
sockets forms no part of this invention, although
it should be appreciated that by reason of the
invention, such sockets are capable of being used
with all four lamps to open the line in the event
of removal of any one lamp. For this explana-
tion and example, the lamps will be considered as
T-12 instant-start fluorescent lamps, having a
rating of 75 watts each, 96 inches in length, with
an ignition voltage of 625, an operating voltage
of 195 at which a current of 425 milliamperes is
drawn.

Referring now to Fig. 3, the two line terminals
45 and 46 connect to junctures 51 and 52 respec-
tively. The first primary winding 21, the left end
of the lamp 41, and the left end of the lamp 42
are all connected to the juncture 1. The second
primary winding 31 is connected in series with
the first primary winding 27 by the lead 53. The
right hand end of the second primary winding 31
(as viewed in Fig. 3) is connected with the junc-
ture 52 so that the entire primary is across the
Jine terminals 45 and 46 and obtains therefrom
the total line voltage. It is desired to point out
at this time, however, that the primary is split,
part being disposed on one end of the transformer
20 and part on the opposite end for purposes to
be explained hereinafter. This is best under-
stood by the arrangement of Fig. 2. Although
we have termed the winding 27 the first primary
winding and the winding 3{ the second primary
winding, the designation is purely arbitrary since
the relative size is not intended to be limited
thereby. The primary may be split substantially
in half, or may be divided in portions having other
than an equal division of the turns, depending
upon other design factors capable of wide varia-
tion.

The auxiliary starting secondary winding 25
has its left hand end (as viewed in Fig. 3) con-
nected to junction 52, while its right hand end is
connected to the left hand end of the leading
secondary winding 28 and the condenser 55, the
juncture being designated §6. Said condenser 5%
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is connected to the right hand end of the lamp
41. The right hand end of the leading secondary
winding 28 (as viewed in Fig. 3) connects to lamp
44. The lagging secondary winding 29 is con-
nected on its left hand end (as viewed in Fig. 3)
to the lamp 42, and on its right hand end fo the
lamp 43 whose left hand end together with that
of lamp 44 is connected to juncture 52. Lamp 43
is shunted by a resistance-capacitance branch
consisting of & register 57 and a capacitor 58.

The normal direction of instantaneous voltage
in each of the windings is indicated by a solid
line arrow shown parallel to the respective wind-
ing and designated by the same characters used
to designate the windings, except that the char-
acters are primed. In connection with the ex-
planation of the operation of the device, note that
the arrows 27/, 31’ and 25’ are all directed to the
right indicating that the voltages thereof are ar-
ranged to reinforce one another, while the arrows
28’ and 25’ are directed to the left indicating that
the voltage from these windings reinforce one
another, but in opposition to the voltage repre-
sented by the other three windings. Under cer-
tain conditions, the voltage in the auxiliary start-
ing secondary windings acquires a quadrature
component of such phase that the net resultant
causes a reversal of voltage, giving rise to the
effect indicated by the broken line arrow 25"
pointing in direction opposite to arrow 25’.

The circuit described consists essentially of
two pairs of series connected and operated lamps
arranged in paralliel. The series lamps are a4
and 44 connected in parallel with the series lamps
42 and 43. Closing the circuit to the terminals
45 and 45 will resuit in ignition of all the lamps
almost immediately thereafter, followed by proper
regulation of the lighted lamps. The manner of
operation of the apparatus in accomplishing this
is believed to be as explained hereinafter.

With application of 118 volts across the ter-
minals 45 and 46, there is a voltage applied to
the primary windings 27 and 3{ reinforced by
the voltage in the auxiliary starting secondary

5 winding 25 which is connected thereto in auto-

transformer relationship, so that the total volt-
age which will be induced between terminals 51
and 56 will appear across the lamp 41. Through
proper design of the windings, this voltage will
be of the order of 800 volts, with practically no
drop occurring across the capacitor 55 since no
current fliows prior to ignition. The voltage is
more than sufficient to ignite lamp 4f and with
ignition, current will begin to flow through the
lamp 41, causing the voltage to drop to approxi-
mately 250 volts, which is glightly higher than
operating voltage for the T-12 75 watt instant-
start fluorescent lamps. The flow of current
causes a quadrature component of voltage to
appear in the winding 25 such that the resulfant
voltage is actually opprosite in direction to that
giving rise to the voltage 23’. Hence, with flow
of current, the resulting voltage becomes 2577,
Referring now to Figs. 1 and 2 it will become
apparent that the winding 25 is physically sepa-
rated from the primary winding 271 by a mag-
netic shunt 26 whose effect is to constitute the
winding 25 a high leakage reactance very loosely
coupled with the primary winding 27. The loose-
ness of the coupling is even more enhanced by
the fact that the second primary winding 31 is
remote from the auxiliary winding 25. This ar-
rangement aids in the voltage reversal which is
so desirable, in a manner to be pointed out, and
the splitting of the primary winding has an addi-
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tional purpose, which will also be set forth. With
the voltage of winding 25 reversed, same is addi-
tive to the leading secondary winding 28. The
winding 25 has a great many turns compared
with the turns of the windings 27 and 3{ con-
stituting the primary and hence a large voltage
is induced therein, so that the component in
phase with that of leading secondary winding
28 is sufficient to cause ignition of the lamp 44.
The circuit now becomes a series cireuit, since
the leakage reactance of the winding 25 is very
high compared with the reactance of the branch
including the leading secondary winding 28 and
condenser 55. The effect is that the current flows
from juncture 5§ through lamp 41, condenser 55,
Juncture 86, winding 28, and lamp 44 to the junc-
ture 82. The condenser 55 is chosen so that
the resulting power factor is leading to balance
the lagging power factor of the second branch
whose operation will now be explained. " Prior to
going into such explanation, it is desired to point
out that the operation of the leading branch
of the circuit is substantially identical to that
described in connection with the above referred
to application of Feinberg Serial No. 135,669,
Considering now the inductive, or lagging
branch of the apparatus, note that the lagging
secondary winding 28 is separated from the sec-
ond primary winding 31 by a considerabls mag-

netic shunt to aid in the decoupling effect there- o

between and likewise is separated from the lead-
ing secondary winding 28 for the same reason.
This is to prevent interference between the re-
spective fluxes. However, if the cireuit which
includes the primary windings 27 and 31 and the
lagging secondary winding 28 is fraced, it will
be noted that the induced voltages are all in the
same direction. Because of this, upon the clos-
ing of the circuit to the line terminals 45 and
48, the vcltages appearing in the primary wind-
ings 27 and 3{ and in the lagging secondary
winding 28 are additive. The total voltage which
is of the order of 800 volts appears across lamp
82 and is sufficient to ignite the same.

Before ignition of lamp 42, there is no current
flowing in the circuit which includes the lamp
£3. Consequently the condenser 58 has very low
impedance, and practieally no voltage ‘drop ap-
pears across lamp 43. After ignition, the volt-

age across the lamp 42 drops to substantially. .

operating value and current flows in the leads
68 and 61, but by-passing the lamp 43 through
the branch containing the resistor 51 and the
capacitor 58 As for the entire circuit from
juncture §2 to the juncture 51, through the lag-
ging secondary winding 28, the impedance is
lowered because of the counter-balancing effect
‘of the high leakage reactance of the lagging
secondary winding 2§ with the leading reactance
of the condenser 58. There is thus a relatively
. high flow of current therein, and the voltage
resulting across the capacitor 58 is well over 600
volts and quite suficient to ignite the lamp 43.
The presence of the resistor adds slightly to this
voltage, but is not considered essential. Actually
the resistor 57 has 5 low ohmage, and its
is to dampen oscillating currents in the shunting
branch of the lanip 43 in the well-known man-
ner.

Once current has commenced flowing through
the lamp 43, its voltage drops approximately to
the operating value ang ‘due to the high im-
pedance of the condenser 58 with the relatively
low voltage drop across it, the circuit including
the two lamps 42 and 43 becomes a series cir-

rurpose
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cuit in which current and hence operating volt-
ages of the lamps are limited by the inductive
reactance of the lagging secondary winding 28.
The net power factor of this series circuit is
thus lagging, and when considered in connection
with the leading power factor of the circuit
including the lamps 41 and 44, the net effect
upon the line is that the apparatus draws cur-
rent at a power factor approaching unity.

It should be appreciated that the two circuits,
i. e, the leading and the lagging are energized
simultaneously, so that first the lamps &{ and
42 are ignited, and thereafter the lamps 43 and
44 are ignited.

The physical position of the auxiliary starting
secondary winding 2% may be varied from that
shown. It may for example, be positioned at
the opposite end of the transformer 28, that is,
it may be arranged as shown in Fig. 4 where the
first primary winding 27 is at the extreme left
end of the transformer 20 and the windings 28,
28, and 3¢ follow in that order separated as
shown by the magnetic shunts 28 and 22. The
gecondary winding 25 is now at the extrems right
end and the magnetic shunt 28’ separates it from
the second primary winding 3{, serving the
Same purpose s the magnesic shunt 28 of Fig. 1.
In 211 other respects the apparatus is the same
as described above, and operates in the identical
manner,

Analyzing the overall operation of our ap-
paratus it will become spparent that the lead
circuit is -ignited by the aid of an inductive
reactance, namely the auxiliary starting sec-
ondary winding 25, while the lag circuit is ig-
nited by the aid of a capacitive reactance, namely
the capacitor 58. We have found that the use
of lagging impedance to start a leading cireuit
and a leading impedance 4o start a lagging cir-
cuit enables the eventual desired result for quick
starting and long life of the fluorescent lamps
to be achieved in a highly economical manner.
Buch long life is made possible only when all
of the lamps carry substantially the same rated
current during operation. The reason such an
arrangement will provide the desired results is
that after ignition of the first lamp of any two-
lamp series cireuit it becomes necessary to de-
velop a high voltage across the first lamp with-
out causing too great gz circulating current
through the auxiliary starting impedance. Our
arrangement provides the necessary igniting volt-
age for the second lamp within the reguirements
set forth. Thus, an additional capacitor in the
lead 61 between the lamp 43 and the coil 29
of a size sufficient to make the circuit leading
would prevent the development of sufficient volt-
age across the lamp 48 to ignite the lamp while
enabling sufficient current to pass to originally
ignite lamp 42. In such case the voltage sup-
plied by the primary windings and the lagging
coil would have to be much higher to assure
ignition of lamp 42. As g result coil 25 would
have to be larger and the currents between lamps
42 and 43 would tend %o he unbalanced.

The same analysis can be made to show that
it is inadvisable to use an inductive impedance
as the auxiliary starting element for a series
lagging circuit,. -

As well-known in the art, it is highly advan-
tageous to achieve as closely as possible, per-
fectly sinusoidal wave shape in this type of
apparatus. The maximum of lighting efficiency
and minimum losses are among the most im-
portant of these advantages.. In our apparatus,.
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hovel means for accomplishing this have been
devised. The principal circuit in which this
must be done is the leading circuit. The com-
mon method of doing this has been to utilize
a separate choke in the leading circuif. As notes ,
this is eliminated by our invention. The method
shown and described in Berger Patent No.
2,461,957 is not feasible in our apparstus because
of the high magnetizing current developed in
our primary.

The problem of non-sinusoidal wave form is
important in the case of apparatus providing lead-
ing lamp currents because of the ease with which
saturation of iron cores is reached under those
circumstances. Thus, it must be expected that
saturation will cccur in transformers used in ihe
type of apparatus described unless something is
done to prevent it. In order best t0 consider the
manner in which we have preverited the occur-
rence of saturation of ihe transformer core, at-
tention is invited to the vector diagram of Fig. 5.
This shows the common condition giving rise to
saturation. In Fig. § another vector diagram
shows the manner in which ocur construction
alleviates this disadvantageous phenomenon.

Considering first Fig. 5, there is shown a vec-
tor diagram of the voltages (and hence the fuxes)
occurring in an iron core transformer which is
serving a leading fluorescent lamp eircuit having
a capacitor therein. The transformer was de-
signed for a secondary open circuit voltage of AD
with its corresponding flux density. Presume a
transformer having a primary and a secondary
with a lamp connected in series with the second-
ary and having a condenser in the circuit to make
the circuit draw leading current. Let AB of Fig.
5 represent the voltage across the fAuorescent
lamp during steady state operation (disregarding
the inductance of the lamp). Let BE represent
the voltage drop across the condenser snd FO
the drop acrosgs the secondary, tending to bal-
ance out the capacitive drop, making a nst voli-
age of BC as the effective net capacitive drop.
Now, if AT is the total open circuit voitage (con-
sidering the transformer as an auto-transform-
er), it must consisé of the primary voltage DC
and the secondary voltage AD. Now the voltages
AB and DC must vectorially add to give AC, and
since DC is fixed as the open priinary voltage,
we may consider thab all of the reactive imped-
ance occurs in the secondary, and therefore, we
may transfer the vector FC to the point D to de-
termine the actual secondary voltage. The trans-
ferred reactive voltage is represented by the vec-
tor ED. The resultant voltage is then AR, the
voltage of the secondary which obviously is sub-
stantially larger than the secondary open circuit
voltage for which the transformer was designed,
namely AD. The voltage AE therefore represents
a flux density greatly in excess of optimum caus-
ing the ircn core to be saturated with resuiting
distortion of the current feeding the lamp.

The above explanation is to demonstrate why
it is most likely that saturation will oceur in the
leading circuits of apparatus described. We have
provided means for preventing such saturation.
In our apparatus it will be noted that We have
Dositioned a portion of the primary physically
remote from the remainder of the Primary wind-
ing. Thus, referring to Figs. 1 and 2, note that
the primary consists of the first primary winding
21 and the second primary winding 3i which is
separated therefrom by the windings 28 and 28,
and the magnetic shunts 30 and $2. Actually, in
the apparatus described, the shunts were %’ and
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%'’ respectively. A considerable leakage of flux
will oceur across the lagging secondary winding
23 and through the shunis. The leading second-~
ary winding 28 is thus effectively separated from
the second primary winding 3{ as is the first
primary winding 27.

When the leading circuit is in overatien, with
the lamps 44 and 44 ignited, the resultans voltage
appearing across the leading secondary winding
2% and giving rise to the 8Sux or voltage repre-
sented by the arrow 28’ would normally tend to
saturate the core of the transformer 20. This
veltage is the equivalent of the voltage AE repre-
sented In Fig. 5. However, the magnetic fiux
which tends to produce the voltage in the winding
25 is to a considerable extent by-passed by the
leakage across the lagging secondary winding 29
and through the magnetic shunis 84 and 32 whose
reluctance to the passage of flux is considerably
less than that of the sasurated core adjacent the
leading secondary winding 28. "The open circuit
voitage of the winding 28 (corresponding to the
vector AD in Fig. 5) will thus drop, causing a
corresponding drop in the resuitant voltage and
& partial elimination of the saturaiion condition.

‘The remaining correction of the fiux shape is
provided by the proper arrangement of the lag-
ging secondary winding ¥§ which, it will be noied
m iig. 3, produces & flux represensed by the arrow
29" in bucking reiationship relative to tae pri-
mary winalngs 27 and 3¢. In order besi to ex-
blain tms corrective action, attention 1s invived
$O Gi1e VeCtor diagram of Fig, 6.

Consider a simpie auvo-transformer ecircuit
having a ismp in series with the secoundary., Ine
voltage drop througn the iamp is A5’ and the
reaciive volvage drop is now B’CY which 15 que
L0 tiie leakage reactance ol the seconcary. 'vhe
votal open clrcuit voitage is A'C’ made up of vile
primary cpen circuit voitage D'C’ and the sec-
O0ualy cpen clrcult voliage A'DY. As in tne case
OI #ig. B, the voltage of the primary 1v¢’ being
Ixed, the total reactance drop INUST OCCUT ACIOSS
thg secondary and can be shown by transierrig
the voltage B'C’ 10 tiie point I¥ 0 give rise to
the shirsed vector E'D’. 'vhne resuliant voweage
across iiie secondary is now the sum of the voig-
ages ALY and E'L’ which vectorialy gives tie
voliage A'E’, As will pe noted, shis may be con-
sideranly less than the voltage A’D’ and of sub-
stantial pnase diiference. ‘rhe Lux caused by tiae
voliage A'l’ Wiii be proportional taereto and of
the saine paase.

Now nove vhai the lagging secondary winding
2% will produce the type or Iiux mentioned in
connecilon with the vector diagram of Pig. 6,
and preporiional to the voliage described as
AH’. This winding is positioned between the
ieading seconvary winding 8 and the second
primaly winuing 21, being physically separated
irom them by ths saunts 6 and 2 respectively.
wince the Hux through the widing 29 is less
wnan normal and shirted in phase, the fux be-
tweent thne second primary si and the leading
secondary winding 2§ tends to be reuuced, and
vie resultant voitage across the leading second-
ary winding will be reauced in addition to the
factor caused by spiitting the primary. The re-
sulting wave shape of current approaches sinu-
soidal quite satisiactorily.

The same effect, hamely the counteraction of
the saturation fiux caused in the leading second-
ary winding 28 can be achieved in the trans-
former 20, by winding a portion of the leading
secondary winding 28 directly upon the lagging
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secondary winding in reverse relationship in
order to provide the benefits of the bucking flux
and reducing the total flux density and hence
the resultant voltage in the leading secondary.
Such an arrangement is shown and described in
Feinberg co-pending application Serial No.
97,381 hereinabove referred to. 'This expedient
may be used to advantage under circumstances
where the position of the lagging secondary
winding 29 is insufficient to provide counter-flux,
or other design considerations prevent the use
of the construction illustrated in Fig. 1.

The split primary feature of our invention is
described and claimed in co-pending application
Serial No. 154,094, filed April 5, 1950, entitled
“Apparstus for Operating Gaseous Discharge
Devices.”

With respect to maintenance of fuorescent
lighting fixtures, one feature of the apparatus de-
seribed above is advantageous. In the event that
lamp &1 should become deactivated, both lamps
41 and 43 will become extinguished. In the event
lamp 44 becomes de-activated, then lamp 41 will
slow because there will be a small amount of
current passed by the winding 25. Thus, it is a
simple matter to determine which lamp needs re-
placing. If both lamps. 2§ and 44 are ex-
tinguished, the faulty lamp is probably 4i, or
possibly. both lamps, while if lamp 44 is ex-
tinguished and lamp &1 glows, the fault lies in
lamp 44,

Similarly, with respect to the lagging circuit,
in the event lamp 42 is faulty both lamps will
extinguish, while if lamp 42 is de-activated lamp
42 will still glow. Thus one knows which lamp
of this circuit must be replaced.

In the event that the fluorescent lamps need
1ot be cennected directly to the power line modi-
fications in our apparatus will decrease the cost
thereof. In the event it is still desired that the
removal of the lamp open the power circuit,
special sockets may be used which operate as will
be described hereinafter. Such apparatus is less
expensive because of the advantage that certain
peris of the windings may be combined.

Thus, in Fig. 7 we have shown apparatus for
igniting and subsequently operating four fluores-
cent lamps. The arrangement of the windings is
shown in Fig. 8 The transformer 78 is con-
structed substantially the same as the trans-
former 28, although it may be considerably
smaller. The windows carry the windings 89,
81, 82, 83, 84 and 85 as will be described. Three
magnetic shunts 88, 87, and 88 with their associ-
ated non-magnetic gaps 89, 98, and 91 separate
the windings in a manner to be described. The
primary winding 88 is connected across the line
terminals 92 and 93 and is in autotransformer
relationship with the secondary winding 81 with
which it is closely coupled. The primary and
secondary windings 80 and 81 are wound one on
top of another in the same window. The wind-
ing 82 is the auxiliary starting winding having a
function similar to the winding 25 hereinabove
referred to, but now with its voltage in reverse
relationship to windings 88, 8! and 83 and said
winding 82 is in series with the winding 81, but
is positioned in the first window of the trans-
former 78 as will be noted in Fig. 8.  The leading
secondary winding 83 is in series with the wind-
ing 82, and is physically positioned in the third
window, separated from the primary and second-
ary windings 80 and 8! by the narrow shunt 87.
The lagging secondary winding 84 is positioned
at the extreme right end of the transformer 83
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and has the bucking leading secondary winding
85 wound thereon and closely coupled therewith.

The leading series circuit consists of the lamp
§4 connected in series with the leading secondary
windings 82 and 85, and the lamp 95 connected in
series with a condenssr 86 across the auxiliary
starting secondary winding 82. The lagging
series circuit consists of the lamp 87 connected
in series with the lagging secondary winding 84,
and the lamp 98 shunted by the condenser 98 and
resistor 108 in series with the winding 8. The
left hand ends of the lamps 94 and 97 as viewed
in Fig. 7 are cennected to the terminal 92 of the
line, while the left hand ends of both lamps 95
and 98 are connected to the juncture 84

The leading and lagging secondary windings
83 and 84 can be made very much smaller than
in the case of the apparatus described in Figs. 1,
2, and 3. For the same open circuit voltage, one
turn can he removed from each of these windings
and placed upon the secondary winding 81, in a
manner described in detail in co-pending appli-
cation of Feinberg Serial No. £7,381. Likewise,
ecach turn removed from the leading secondary
winding 83 enables a turn to be removed from
the bucking leading secondary winding #5. The
function of the winding 85 is to correct wave
shape in the manner explained in said Feinberg
application Serial No. 97,381, Note that the two
lamps 85 and 88 do not terminate at places where
their removal can open the line.

Referring now to Fig. 9, there is illustrated a
socket which can be used in connection with the
embodiments illustrated in Figs. 7 and 8. The
lamp 129 has a single male contact terminal 214
adapted to be associated with socket {28. Socket
{22 has a central movable member {23 loosely
mounted in a transverse wall {24 and adapted to
slide right and left. The right end has a head
125 and slides in a cavity 126 adapted to receive
the terminal {2{. The cavity {26 has opposed
contacts 127 and 128 connected with leads 123
and {39 respectively. Obviously inserting the
terminal {21 into cavity 126 will connect leads
{29 and (33 while the lamp {28 will be likewise
connected to the juncture. Such a juncture could
be that represented at 18{ in Fig, 7, for example.
The member {23 is biased to the right by spring
132 which is disposed about the body of member
123. The left end of the member {23 is pro-
vided with a conical metal contact tip 133
which is slidable in cavity {34. Juxtaposed con-
tacts {35 and 86 are connected with the re-
spective leads {37 and {38. When the member
123 is moved to the left it will cause electrical
contact to be made between leads {37 and 38
thereby closing the circuit of such leads. This
point could be at 138 in Fig, 7, for example.

It will be seen that by the use, with the fluo-
rescent lamp fiztures, of scckets $22 such as
shown in Fig. 9, a cheaper construction of ballast
is possible. Note that the circuils represented
by leads [37T—I388 and {23—{38 are in no way
electrically connected since the body of member
123 is formed of any suitable insulating material.

t will be apparent that a general feature that
the embodiments of our invention have in com-
mon is their use of two apparently separate series
circuits, each having two lamps therein arranged
for series starting and series operation, but all
operating off a single transformer. The two cir-
cuits of each embodiment are opposite in their
overall reactive character, that is to say, one is
inductive and the other capacitive so that not
only is the stroboscopic effect of the lamps mate-
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rially ¥educed, but as well, the line power factor
may approach unity. Since the lamps of each
circuit light one after the other, one lamp of each
circuit may be eliminated if desired. The neces-
sary circuit constant adjustments for proper
operation can readily be made. The resulting
circuit will thus operate two lamps or three.
Thus, in the circuit shown in Figs. 1 to 3 inclu-
sive, the lamp 41 may be eliminated, so that the
apparatus will ignite and operate three lamps.
The condenser 55 in this case would be connected
with the juncture 51. Illustration of this modi-
fication is not made since it is simple and readily
understood.

In the same apparatus, as an alternative, or
in addition, the lamp 43 and its shunt could be
eliminated leaving the remainder of the cireuit,
in case it is desired tc have only one lamp on
the lagging side. This would provide either a
three-lamp ballast or a two-lamp ballast. As a
two-lamp ballast, the construction would be ex-
pensive, but same is described herein to illustrate
that the two circuits are effectively independent
of one another. The modifications to the lag-
ging circuit are believed obvious enough not to
require illustration.

We have constructed and successfully operated
apparatus embodying our invention for igniting
and operating groups of fiuorescent lamps of the
instant-start type from 118 voli A. C. power lines.
Such lamps were of the type known ag T-12 5
watt, 96 inch instant-start lamps, having an igni-
tion voltage of 625, operating voltage of 195 volts
and an operating current of 43¢ milliamperes.
The constructional details (referring to Figs. 1
to 3) of the apparatus were as follows:

Overall length of the core.____
‘Width of core 20 ____________
Width of winding leg 22._____ 1inch.
Height of stack 1Y, inches.
Width of windows and windings:

10%5 inches.
3 inches.

Secondary winding 25____ 34 inch.
Primary winding 27______ 134 inches.
Secondary winding 28____ 2 inches.
Secondary winding 28____ 2 inches.

Primary winding 8i______
Widths of shunts:

134 inches.

26 1% inch.
30 34 inch.
32 L 34 inch.
Widths of gaps:
38 010",
- 0407,
35 . 040",
Condensers:
80 . 1.25 microfarads
rated at 900
volts A. C.
58 . .2  microfarad
- rated at 900

volts A. C.
Resistor 57 .o ool 500 to 1500 ohms.

Winding turns:

25 . 3200 turns of No.
34 wire.

4 200 turns of No.
18 wire.

28 . 2115 turns of No.
26 wire.

29 2070 turns of No.
26 wire,

< [ 200 turns of No.
18 wire,
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The electrical characteristics of the apparatus
were as follows:

Volts
Open circuit voltage across the lamp 4{____ 800
Open circuit voltage across the lamp 42____ 700
Open circuit voltage across the lamp 43____ 770
Open circuit voltage across the lamp 44____ 800

The voltages across lamps 43 and 44 were meas-
ured with lamps 4{ and 42 in place and vice versa.

During operation the voltage across all lamps
was approximately 200 volts, and the current
flowing in each circuit was approximately 430
milliamperes. The line voltage was 118 volts and
the current drawn from the line was 3.5 amperes.

The modifications shown in Fig. 4 was also
constructed using the same general physical di-
mensions and characteristics. The variations
from the embodiments of Figs. 1 to 3 were minor.

The invention has been described in connec-
tion with certain theories advanced which may
or may not supply the exact reasons for the oper-
ation thereof. It is intended not to be limited
by such theories, or by an absence of language
describing other thecries, but it is intended that
the structures producing the desired resuilts and
engendering the described advantages, be covered
in their broadest scopes. Examples of all possi~
ble variations of the structure have not been
specifically detailed as to dimensions and char-
acteristics since it is believed that from the speci-
fication herein, and other specifications herein
referred to, ons skilled in the ballast art could
easily and readily construect same.

We claim:

1. A system comprising a transformer of elon-
gate iron core formation and unitary construc-
tion providing a single magnetic circuit for ignit-
ing and operating gaseous discharge devices from
an A. C, power line of voltage less than the ignit-
ing voltage of any device, including winding
means providing a source of voltage mounted on
said transformer core for serving secondary
windings of said transformer, an A. C. power line
leads connecting said source winding means to
the said line, said source winding means having
end terminals; two sub-circuits, one sub-circuit
being a leading current circuit and having a first
secondary winding with one side connected to
one of said terminals, a second secondary wind-
ing connected to the second side of the first sec-
ondary winding, a first gaseous discharge device
electrically connected from the second side of the
second secondary winding to one of the terminals
of the source winding means, g condenser, a sec-~
ond gaseous discharge device connected in series
with the condenser and together therewith elec-
trically connected from the second side of the
first secondary winding to the terminal of the
source winding means opposite that to which the
first gaseous discharge device is connected, the
first secondary winding besing disposed on one
end of said core and having magnetic shunt means
between itself and the remainder of the trans-
former whereby same is loosely coupled to the
source winding means to develop a high leakage
reactance in said first secondary winding, and
the second secondary winding being relatively
closely coupled to the source winding means, the
first and second secondary windings being con-
nected in open circuit voltage opposition one rela-
tive the other, and a second sub-circuit being a
lagging current circuit and having g third sec-
ondary winding connected in auto-transformer
relation with the source winding means and
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Having a third gaseous discharge device in series
therewith and connected across said source wind-
ing means, the third secondary winding being
disposed on the core and there being magnetic
shunt means physically spacing said third sec-
ondary winding from the other windings and the
source winding means,

2. A system as described in claim 1 in which
the second gaseous discharge device of said first
sub~circuit is connected together with said series
condenser only across said first secondary wind-
ing, and in which the first gaseous discharge de-
vice is connected across the combined windings
of the first and second secondaries and the source
winding means.

3. A system 2s described in claim 1 in which
the second gaseous discharge device of the first
sub-circuit is connected together with said series
condenser across the combined first secondary
winding and source winding means, while the
first gaseous discharge device is connected across
the first and second secondaries combined.

4, A gystem as described in claim 1 in which
the source winding means comprises two series
arranged windings with the said leads connected
across one of the windings to constitute same a
primary. winding and the other a source second-
ary winding in auto-transformer relation, the
source secondary winding being closely coupled
to the primary winding.

5. A system as described in claim 1 in which
there is a fourth secondary winding connected in
series with and voltage additive relation to said
second secondary winding bubt physically posi-
tioned on said core closely coupled with the said
third secondary winding and in voltage opposi-
tion thereto, the said fourth secondary winding
being electrically connected in said circuit as
though it were a part of said second secondary
winding.

6. A system as described in claim 4 in which
there is a fourth secondary winding connected
in series with and voltage additive relation to
said second secondary winding but physically
positioned on said core closely coupled with the
said third secondary winding and in voltage op-
position thereto, the said fourth secondary wind-
ing being electrically connected in said circuit as
though it were a part of said second secondary
winding.

7. A system as described in claim 1 in which
said source winding means has said leads con-
nected to said terminals, said second gaseous
discharge device having one end thereof electri-

eally connected to said opposite terminal, and ;

said third gaseous discharge device has one end
thereof electrically connected to a terminal, and
in which said leads are provided with pairs of
spaced apart contacts, there being as many pairs
as discharge devices, and each device has a bridg-
jing conductor at the end therecf which is electri-
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cally cotiriected to a terminal as aforeésaid, said
conductors engaging and bridging the contacts
of the respective pairs to complete the connec-
tion between the power line and source winding
means through said leads, only when all of said
devices are connected in their respective sub-
cirecuits.

8. A system as described in claim 1 in which
the second sub-circuit includes a fourth gaseous
discharge device also in series with said third
secondary winding and having means shunting
said fourth gaseous - discharge device during
starting of the third gaseous discharge device.

9. A system as described in claim 7 in which
the second sub-circuit includes a fourth gaseous
discharge device also in series with said third
secondary winding and having a shunting im-
pedance thereacross, and with an end of said
fourth gaseous discharge device also electrically
connected with a terminal, provided with a
bridging conductor and engaged and bridged be-
tween a pair of spaced apart contacis of said
leads.

10. A system as described in claim 1 and in-
cluding a socket for one of said gaseous discharge
devices, said device having a projecting conduc-
tor end and said socket having two pairs of
spasced apart contacts, the first pair being in one
of said leads, and the second pair being in a part
of one of said sub-circuits not connected to a
lead, the pairs being insulated from one another,
a movable insulating member having a bridging
contact for the first pair but said member being
biased to non-bridging position, the movable
member having an end disposed between the
contacts of the second pair, said end adapted to
be engaged by said conductor while said conduc-
tor is moved into engagerment with said second
pair whereby to move same against said bias.
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