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This invention is & division of my copending ap-
plication Serial Number 646,780, filed December
12, 1932, entitléd Means for operating gas flled
luminescent tubes, which is a cont nuaticn in
part of the invention disclosed in my copending
application Serial Number 580,793, filed December
14, 1931, eniitled Electrical operating devices for
neon end like signs, and relates to a lumi-
nescent gas-filled tube electrical s'gn or display
system and apparatus. .

One of the objects of my invention is {o pro-
vide a simple, inexpensive, and thoroughly practi-
cal system and apparatus for the highly efiicient
and reliable operation of luminescent tubes oF
gaseous conduction devices, such as neon tubes,
of various shapes and sizes comprising, for ex-
ample, o neon eleciric sign.

Another cbject is t¢c maintain meximum clear
and brillient operation oi Juminescent tukes or
devices of the charscter indicated throughout
long periods of continuous use at meximum cper-
at'ng eficiency and ab minimum expense.

Another object is to assure uniforrn brilliand
operation of the various individual tuminescent
gas-filled tubes forming part of a single lumie
nescent sign or display in spite of various in-
equalties and differences in the tubes in met-
ters of size, shape, the nature and pressure of
the gas employed and other physicel differences
which affect the elecirical characteristics of the
tubes employed.

Other objects in part will be obvious and in
part pointed out hereinafter.

The invention accordingly cons'sts in the vari-
ous comb nations of elements, features of con-
struction and arrangements of parts as described
herein, and the scope of the application of which

‘is indicated in the following claims.

in the accompanying drawing Figure 1is a
diagrammatic representation of my system and
apparatus for operat'ng a number of luminescent
tubes comprising s single display, Figures 2, 3
and 4 indicaie various embodiments of trans-
formers which msay be employed in the system
and apparaius of Figure 1, Figure 5 ls 2 diagram-
matic representation of a modified system and
apparatus ior ‘operation of a number of lum’~
nescent tubes comprising s single display, and
Figures 6 and 7 are embodiments of transform-
ers employed in the system and apparatus of
Figure 5.

As conducive to a clearer understanding of
certain festures of my invention it may be noted
at this point thet in the operation of lum'nescent
gas filled tubes or devices of the character indi-

(CL 196-—124)

caiad from a source of alternating current elec-
trical energy the instantaneous resistence of any
one tube or device varies greatly from the time
when the instantaneous value of the applied po-
tential is insufiic.ent to cause an ionized condi~
tion of the contained gas (during which the tube
is of high electrical resistance, is non-conductive
and is non-luminous) and when the applied po-

tential, in either the glternat.vely positive or-

negative portion of the cycle has risen (o such &
value as to ionize the gas and thus cause the
tube to become & good conductor of comparative~
1y low resistence and luminescent, Where the
sonized or conductive condition of the tube is es-
toblished o substantial current flows through the
tube uniil the continuously changing applied po-
tential has fallen to such a low value vhat the
jonized condifion of the tube may no longer be
msintained. At this iime the tube again be-
comes non-conductive and non-lumincus and
rasins so until the instantaneous value of the ap-
plied potential again rises, in following through
the cycle of alternations, to a point sufficient to
again couse the gas to become ionized, conduc-
tive and luminous.

The proportion of the time of a complete cycle
of slternatvions of the source of electrical enersy
shat the ges filled tube is iuminescent depends,

vst, upon the proportionste length of time thab
he tube is rendered conductive (the proporiion=
ate period between ithe time when the insian-
taneous potential becomes suficient to ionize the
gas coniained in the tubs snd the time when this
votential fails to such a value that the ionized
condition mey no longer be maintained) and, sec-
ond, upon the proporiion of this proportionate
length of time thab the current density within
the conduciive tube (infiuenced by other ele-
ments, such as capacitances, inductances and re-
sistances in the electrical circuit of the gas-flled
tube) is sufficient to render the tube luminescent.

1t may also be noted that luminescent gas-illed
tubes of the class indicated comprising a single
juminescent sign or display or of different sizes
and shapes conforming to certain designs and
confgurations so as to give a desired arrange-
ment jor a combined effect. Due to the varia-
tions in physical dimensions the electrical char-
acteristics of the several tubes vary considerably
perticularly in the matter of the potential at
which the tubes start or become ionized, the po-
tential at which ionization may no longer be
maintained, and the electrical conductance (or
resistance) during the ionized conduective condi~
tion.
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As more particularly indicated above, the re-
sistance of any one of the gas-filled tubes of a
single display varies greatly for the ionized con-
dition of the gas, during which the resistance is
comparatively low; a characteristic which renders
the tube inherently unstable and exceedingly
difficult to effectively control.

In heretofore known and/or used luminescent
sign systems and apparatuses of the class indi-
cated employing a plurality of gas-filled lumi-
nescent tubes, great-difficulty is experienced in
achleving uniform stable operation of the sys-
tem. Thus, where a plurality of tubes of the class
Indicated are connected to a source of high poten-
tial electrical energy (the tubes are ordinarily
connected in parallel in order to prevent the re-
quired electrical potential from reaching pro-
hibitive values), due to the necessary variations
in the electrical characteristics of the tubes em-
ployed as well as the inherent instability of the
individual tubes, there is a tendency for the tube
of lowest starting potential or of highest con-
ductance to draw such a large part of the instan-
taneous load current available that the other
tubes elther fail to start, or, where they do start,
draw such light currents that the current densi-
ties are wholly insufficient to produce the desired
brilliant glow. In addition to non-uniform and
wholly unsatisfactory operation of the several
tubes when taken as a group or a single luminous
display there is the further difficulty of prevent-
ing the tube drawing the excessive current from
burning out within a comparatively short time.

Thus, in heretofore known luminescent sign
systems of the class indicated, the several gas-
filled tubes employed, because of the inherent
instability and varied individual electrical char-
acteristics thereof as more particularly referred
to above, are ecither energized from individual
sources of high potential electrical energy, or
supplied with energy from the various phases of
a polyphase electrical system, or excited from
separate high-potential electrical transforming
apparatus connected with a single source of elec-
trical energy. All of these systems and appa-
ratuses are large and cumbersome requiring much
expensive apparatus which is costly to maintain
and operate and which is generally inefficient and
unreliable.

Accordingly, one of the outstanding objects of
my invention is to provide a system and apparatus
of compact, inexpensive and practical construc-
tion for operating luminescent tubes or gaseous
conduction devices of the class indicated in an
economical and thoroughly reliable manner from
readily available alternating current electrical
energy to achieve a uniform brilliant display of a
desired character.

Referring now more particularly to the practice
of my invention, attention is directed to Figure 1
of the drawing wherein a plurality of luminescent
gas-filled tubes, 10, 11, 12 and 13 are suitably
mounted in a desired arrangement comprising s
luminescent display or sign 10—11—12—13, 1l-
lustratively, the tubes or devices 10, 11, 12 and 13
are of approximately the same current ratings,
but of slightly different ratings in starting poten-
tials. Thus, for example, the tubes 10, 11 and 12
réquire about the same value of starting potential
while the tube 13 requires a somewhat increased
potential.

Each of the luminescent tubes, as more fully
described in my copending application Serial
Number 580,793, preferably comprises an elon-
gated clear glass envelope having sealed-in elec-
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trodes at opposite ends. The envelope is filled
with a gas, neon for example, at low pressure
which has the property of becoming luminescent
upon being electrically excited.

As the column of gas contained within the
glass envelope is subjected to a high electrical
potential applied across the tube electrodes, in
& manner more particularly described herein-
after, the gas becomes ionized and the tube, for-
merly non-conductive, is rendered conductive
permitting the flow of an electric current through
the ionized gas and the emission of a luminous
glow which, for neon, is red-orange in color. The
intensity or brillianey of this glow, as more par-
ticularly indicated above, is largely dependent
upon the current density within the column of
lonized gas; for low current densities (where the
flow of current is greatly limited by other ele-
ments contained in the electrical current sup-
plying the. luminescent tube) the glow is weak
and poorly distributed along the length of the
tube, but for reasonably high densities the tube
gives forth a brilltant luminous glow which is
well distributed along the length of the tube.
For maximum efficient luminescence reasonably
high current densities are desired. Due, how-
ever, to the inherently unstable characteristics
of the luminescent tubes or gaseous conduction
devices, all as more particularly referred to
above, special precautions are taken to assure a
flow of current which is sufficient to give a
desired brilliant operation of the several tubes
comprising the luminous display yet which is
insufficient to burn out or otherwise damage the
tubes, .

Referring now back to Figure 1, the various
luminescent tubes 10, 11, 12 and 13 are preferably
supplied with alternating cirrent electrical en-
ergy from a readily avaflable single phase source
of electrical energy 14, illustratively 220 volts at
60 cycles per second, which is connected to the
luminescent tubes by an electrical system and
apparatus more fully described below.

In accordance with the provisions of my in-
vention electrical energy from source 14 is sup-
plied the primary winding 15—16 of a trans-
former generally indicated at 17 by way of suit-
able conductors 18 and 19, There is preferably

included in the supply conductor 19 an im-

pedance element 20, preferably a resistance unit,
the purpose of which will appear more fully here-
inafter,

A plurality of coil sections of approximately
the same impedance and voltage ratings, illus-

tratively four, 21, 22, 23 and 24, comprise the 1

high voltage secondary winding of the trans-
former. In order to achieve a maximum possible
inductive linkage between primary winding
15——16 and secondary winding 21—22-_23__94
during the initial periods of -each half cycle both
the primary and the secondary windings are
mounted on & common magnetic core diagram-
matically indicated at 25 (see also Figures 2, 3
and 4). The relative placement of the primary
and secondary winding coil sections on the mag-
netic core in order to achieve desired results ap-
pears more fully hereinafter.

One end of each of the various transformer
secondary winding coil sections 21, 22, 23 and 24
are preferably connected by way of the respec-
tive conductors 26, 27, 28 and 28 to a common
conductor 30 which is conveniently grounded as
at 31. The connections are made 50 as to estab-
lish a point of common potential for all of the coil
sections and to rlace, preferably, half of the coil
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gections in phase
ing half to permit combinations of two of said
coil sections in additive or cumulative operation
supplying independent loads wherein each coil
section supplies two loads, all as appears more
fully hereinafter; each coil section being designed
to have a current carrying capacity of two of
said loads. Thus, for an assumed induced po-
_tential in all of the secondary winding coil sec-

in Figure 1 respecting the point of common po-
tential established by conductors 26, 27, 28, 29
and 30, the coil sections 21 and 23 are in the same
.phase sequence and are in opposition to coil sec-
tions 22 and 24. Both coil sections 21 and 23
to each of the
22 and 2% to supply & plurality of
loads as more. particularly described

“coil sections
independent
below. .

There is preferably included in the respective
conductors 26, 27, 28 and 29 the capacitive im-
pedance element or condensers 32, 33, 34 and 35
which, in a measure, serve to stabilize the op-
eration of the several luminescent tubes as well
ag to extend the luminescent periods of these
tubes and to improve the power factors of the
several tube circuits all as will appear more fully

. hereinafter.

The several luminescent fubes or gaseous con-
duction devices 10, 11, 12 and 13 are preferably
supplied with high. potential electrical energy
from combinations of two of the Nlustratively
four transformer secondary winding coil sec-
tions; the combination of coil sections connected
to any one of the gaseous conduction devices is
not repeated bub each conduction device is sup-
plied with high potential electrical energy from
a combination of series connected coil sections
which is not duplicated for any of the others.

For example, luminescent tube or gaseous con-
duction device 10 is supplied with high potential
electrical energy from the transformer secondary
winding coil sections 21 and 99 which, as indi-
cated above, are connected together by conductors
26 and 27 and the interposed condensers 32 and
33 to permit a cumulative connection, by way of
conductors 36 and 37, Likewise, the luminescent
tube 11 is supplied with high-potential glectrical
energy from the secondary winding coil sections
23 and 24, which are interconnected to permib
an additive effect by conductors 28 and 20 and the

» interposed condensers 24 and 35, by way of con=

[

e

ductors 38 and 39. Similarly the tube 12 is sup-
plied with high-potential energy from the coil sec-
tions 22 and 23, interconnected to permit an addi-
tive effect by conductors 27, 28 and 30 and the in-
cluded condensers 33.and 34, by the two conduc-
tors 87 and 38. And, likewise, the tube 13 is sup-
plied with energy from the coil sections 21 and 24,
likewise connected together by conductors 26, 29
and 30 and the interposed condensers 32 and 35,
the conductors 36 and 39. Each coil section
supplies current to two of the Tuminescent tubes.
Although the several Jjuminescent tubes 10, 11
and 12 are of approximately the same current and
voltage ratings as indicated above, the tube 13 is
of 3 somewhat increased size and voltage rating.
The several transformer secondary winding coil
sections 21, 22, 23 and 24, for reasons of economy
in construction and simplicity in jnstallation, are
preferably -of like size and rating. in order,
then, to assure efficient and relisble operation of
the various tubes comprising the Juminescent dis-
_play 10—11-—12——13 the potential impressed
across the terminals of the several tubes rust be

sequence opposite the remain-

to right as seen

3

as high as that required by the Tuminescent tube
of highest required starting potential, illustra-
tively 13. The magnitude of this applied poten-
tial, however, is not so great as to adversely
affect the operation of the other luminescent
tubes. :

Likewise, although the several luminescent
tubes are of different conductivities in either the
un-ionized or the ionized condi_tions‘the relative-
ly complete independence of the circuits §upply-
ing - electrical current to these tubes effectively
prevents a tube of highest conductivity in the
ionized condition from drawing an excessive cur-
rent at the expense of the other tubes in the

circuit (and so permitiing erratic and non-uni-

form illumination of the display of fuminescent
and a very short life of operation of all of the
tubes) thus assuring uniform operation of the
tubes as well as maximum life.

While maximum electrical potential is im-
pressed across the terminals of the several
Juminescent tubes by way of the respective sup-
ply conductors, illustratively the potential applied
across the terminals of the luminescent tube 10
by way of the supply conductors 36 and 37, only
one-half Of this potential need be insulated
against in the construction of the system and ap-
paratus since, as more- particularly .described
above, only one-half of the maximum potential
exists between either of these conductors 36 or
37 and ground 31. Thus, for a luminescent tube
of a desired starting potential the high potential
transformer secondary winding coil sections need
be only wound for one-half of the required maxi-
mum value, the various interconnecting con-
ductors need be only insulated for one-half the
maximum valie and direct savings and economies
in insulating the various parts of the system and
apparatus, the amount and cost of which in-
creases rapidly with the increased value of the
potential for which the system and apparatus is
to be insulated, are achieved in addition to in-
creased safety to life and property. OfF, ‘for a
system of a limited permissible value of high
potential to ground, the starting potential ratings
of luminescent tubes which may be operated from
such a system may be doubled without increased
danger to property. .

In addition to the savings in cost of apparatus
and the economies in installation indicated
above, by. connecting all of the transformer sec~
ondary winding coil sections fo a common cOn-
ductor which is preferably grounded there is
achieved 2 balanced transformer secondary sys-
tem, the advantages of which will later appear.

Tn the operation of my electrical Iuminescent
sign system and apparatus, as high-potential
electrical energy is supplied the various lumi-
nescent tubes, all as more fully described above,
these tubes become conductive, and hence lumi-
nescent, when the instantaneous values of the
various applied potentials are sufficient to estab-
lish an ionized condition within the respective
tubes. For a 60 cycle supply of alternating cur-

rent electrical energy the tubes are rendered al- 3

ternatively conductive and non-conductive, and
consequently luminescent and non-luminescent,
190 times per second (once for the positive hzg,lf
and onee for the negative hali of each cycle)
Due to the persistence of vision the tukes appeal
to glow continuously.

As soon as the conductive condition is estab-
1ished the resistance of the various tubes (initially
very high) drops to low values. In order to pre-
vent the electric current in the various tubes or
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. clectrical energy is preferably designed

; direction from left

4

gaseous conduction devices from rising to ex-
cessive instantaneous values which would scon
cause the tubes to burn out, the system and ap-
paratus supplying the tubes with high potential

to have
such poor voltage regulation that the instgn-
taneous applied potentials quickly drop to low
vallies as the instantaneous values of the cur-
rents in the several tube circuits tend to rise to
prohibitive values,

Preferably, referring back to Pigure 1, the
transformer 17 is designed to have such a high
leakage reactance under load conditions that the
cecondary winding coi] sections, through the in-
terconnecting circuits more particularly referred
to above, impress upon the several luminescent
tubes but a small proportion of the instantaneous
high starting potentials, - These reduced values
of the initially high starting potentials, while
suflicient to maintain the various tubes in the
ionized conditions of conductivity and luminosity
during a portion of each cycle of alternations of..
the impressed potentials, are insufficient to cause
such a fiow of excess current in any one tube dur-
ing this time as to burn out or otherwise damage
the tubes or the related apparatus after the SyS=
tem and apparatus has been operated but a com-
paratively short length of time,

Thus, referring to Figure 2 of the drawing, be-
tween primary windings 15—16 of transformer
17 and the secondary winding comprising coil
sections 21, 22, 23 and 24 mounted on the single
central leg 25b of the transformer core 25, there
are interposed the magnetic shunt core sections
25d, 25¢, 25f and 25 g extending from the central
core leg 25b to the outer core legs 25a and 25e,
The shunt cors sections conveniently abut the
central core leg 25b and the outer core legs 25q
and 25¢ providing a short air gap in series with
each shunt section thus rendering the shunt mag-
netic circuit of higher reluctance than the mag-
netic circuit interlinking the primary and sec-
ondary transformer windings under no-load con-
ditions. As the currents in the transformer sec-
ondary winding coil sections 21, 22, 23 and 24 tend
to increase due to the great reduction in the
resistance (and impedance) of the secondary out-
put circuits as the luminescent tubes in these
circuits become ionized and hence conductive gg
described above, the magnetomotive forces pro-
duced by these currents likewise tend to increase
and oppose the course of the magnetic flux
(caused by the flow of current through the trans-
former winding 15—16) through the transformer
core leg 25b upon which the secondary winding
coil sections are mounted. Due to this opposing
force the magnetic flux courses through the shunt
core sections 254, 25e, 257 and 25g provided there-
for, directly detracting from the flow through
that portion of the central core leg upon which
the transformer secondary winding is mounted.

Thus, for an assumed current flow in primary
winding 15—16 tending to cause g magnetic flux
to course through the central core log 25b in g
to right as seen in Figure 2,
then outwardly and back along the outer core
sections 25a¢ and 25¢ and then inwardly to the
central core leg to complete the magnetic cir-
cuit, as a magnetomotive force opposing this
coursing of the magnetic flux through that por-
tion of the central core leg upon which the sec-
ondary winding is mounted appears therz is g
tendency for the magnetic flux linking the pri-
mary coil section 15 to tgke g course along the
extreme left end of centra] core leg 25b in a direc-

1,950,308

tion from left to right, then outwardly from this
core leg along the upper core shunt 254 and
the lower core shunt 25¢, then back along the
extreme left portions of the outer core legs 25q
and 25¢ in & directicn from right to left then
inwardly toward the ceniral core leg to com-
plete the magnatic circuit; similarly there i3 g
tendency for the magnetic flux linking the pri-
mary coil section 16 to take a course along the
extrerne right and of the central cora leg 25b in
& direction from left to right then outwardly and
backwardly along the cuter core legs 25¢ and
25¢ and then inwardly from these core legs along
the upper core shunt 25¢ ang the lower core
shunt 25f toward the central core leg 255 to com-
Plete this portion of the magnetic circuit,

The magnatic flux coursing through the nag-
netic core shunis 25d, 25¢ and 25f, as indicated
above, dirvectly detracts from the flux coursing
elong the midportion of the central core leg
linking the transformer secondary winding cofl
sections 21, 22, 23 and 24 (continuing outwardly
and back in g direction from right to left along
the outer core legs and then Inwardly to complete
the magnetic cireuit) and to that extent detracts
frem the togal magnetic flux linking the trans-
former primary and secondary windings., In ac-
cordance with the reduction in the total flux
linking the primary and secondary transformer
windings there ig 8 proportionate reduction in
thz potentials of the secondary winding coil sec-
tions and g consequent reduction in the Instan-
taneous valuye of potential impressed across the
terminals of the several luminescent tubes and
a limitation thus imposed upon the flow of cur-
rents of excessively high instantaneous values in
the several tabes, all as more particularly de-
scribed akove,

It will he understood, in view of the above de-
scription, that the extent of the reduction in the
potential of the electrical energy supplied the
luminescent, tubes from the high instantaneous
value Irmmediately prior to the establishment of
ionized conditions of the severa] tubes to .the
relatively low value shortly after the ionized con-
dition of the tubes is established, permitting a
flow of current, is iargely dependent upon the
secticnal area and the bermeability of the mag-
netic core shunts.

As a modified construction of transformer 17
as shown in Figurs 2 and described ebove, atten-
tion is directed to Figure 3 where primary wind-
ing 1516 is mcunted at a mid-section of a cen-
tral leg 255 of a shel] type transformer core 25
and the secondary winding coil sections are
mounted in two 8roups 21—22 and 23—24 adja-
cent the extreme portions of this leg. The mag-
netic circuit of the core is completed by the outer
core legs 25q and 925¢. Magnetic core shunts in-
central core leg 25h with the
outer core logs 254 and 25c¢ (by which g portion
of the magnetic fAux linking primary winding
15—16 is shunteg from secondary winding coil
sections 21, 22, 23 and 24 as currents in these
sections tend to rise to prohibitive values ag more
particulariy described above), are provided at
points intermediate the Primary and secondary
winding coil sections as shown at 25d and 25¢g, tfor
brimary 15—16 and secondary coil sections
21—22, and at'95¢ and 25¢g for the primery 1516
and secondary winding sections 23 and 24,

With this construction the paths of the mag-
netic dux which is shuntad from linking the sec-
ondary winding coil sections is from g mid-sec-
tion of the central core leg in an assumed direc~
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tion from left to right as seen in Figure 3, then
outwardly through the magnetic core shunts 25e
and 25/, then in a direction from right to left
through the mid-section of the outer core legs
95q and 25¢, and inwardly along core shunts 25d
and 25¢ to the central leg 95b to complets the
shunt path of the magnetic flux (neglecting air
leakage) is along the total length of the central
core leg 25b from left to right, for an assumed
instant, then outwardly and back from right to
1eft along the outer core legs 25a and 25¢ to the
central leg. The flux linking primary and sec-
ondary transformer windings is decreased in ac-
cordance with the amount of fux shunted along
the core sections provided therefor as more fully
indicated above with reference to Figure 2.

Good results in the operation of my system and
apparatus are also achieved by the use of a core
type of transformer as shown in Figure 4 wherein
primary windings 15 and 16 are mounted at mid-
sections of opposite legs 95h and 25k of a closed
magnetic core. The transformer secondary wind-
ing coil sections 21 and 24 are mounted near the
1eft extremities of core legs 25k and 25k respec-
tively while the remaining secondary winding coil
sections 22 and 23 are respectively mounted on the
core legs 25k and 95k near the opposite extremi-
ties. Interposed between primary winding coil
sections 15 and 16 and secondary winding coil
sections 21 and 24 is a core shunt 257 providing a
direct path for magnetic flux between the core
legs 25h and 95k. Similarly, a shunt 257 inter-
connecting core legs 25k and 25k is located be-
{ween primary winding coils 15 and 16 and sec-
ondary coils 22 and 23 respectively mounted on
core legs 25h and 25k.

A somewhat similar result in the matter of the
reduction of the instantaneous values of poten-
tials applied to the ceveral luminescent tubes im-
mediately after the conductive conditions are
established (see Figure 1) is achieved by the
action of the impedance element 20, illustratively
4 resistance unit, included in the low voltage cir-
cuit supplying the primary windings 15—16 of
{he transformer 17. Asthe instantaneous value of
the currents in the secondary winding coil sections
91, 22, 23 and 24 tend to increase due to the great
reduction in the resistance of the luminescent
tubes in the ionized, and conductive, condition
the current in the primary windings 15—16 tend
to similarly increase.

An increase in the current flow of the trans-
former primary circuit gives rise to a propor-
tionate potential drop across the impedance ele-
ment 20 and 2 corresponding reduetion in the
available potential applied across the primary
windings 15—16 with a consequent reduction in
the instantdneous values of the secondary winding
coil sections which supply the several lumfnescent
tubes.

While the impedance element 20 may be used
in, conjunction with the transformer 17 having
individual secondary winding coil sections supply-
ing the several juminescent tubes comprising the
complete luminescent display, as more particu~
larly described above, it will be understood that

'good results are achieved where the impedance

element is omitted or where the impedance ele-
ment is employed, but a transformer without a
specially designed high legkage reactance under
load is used. ’

To compensate for the individual differences in
the electrical characteristics of the several
luminescent tubes and permit substantially the
same current densities in the yarious tubes, and

5

thus produce substantially the same intensity of
luminousness, capacitive impedance elements, as
more particularly referred to above, are prefer-
ably included in the transformer secondary cir-
cuits supplying high-potential electrical energy to
the several tubes. As the instantaneous currents
in the several tube circuits tend to rise to pro-
hibitive values the voltage drops across the im-
pedances included in these several circuits in-
crease in proportion so that the values of the
instantaneous potentials impressed across the
terminals of the several luminescent tubes are
proportionately decreased. The current limiting
action of the varicus impedance elements supple-
ments the action of the drooping potential char-
acteristics of the high-potential supply trans-
former to quickly bring the electrical potentials
applied the several tubes, and hence the electric
currents, to relatively low sustained values.

The capacitive impedance elements in addi-
fon to partially limiting the flow of current in
the luminescent tubes or gaseous conductive de-
vices as indicated above, are preferably of such
size as to compensate for the high inductive im-
pedance of the transformer secondary winding 130
coil sections and so permit a flow of current of
sufficiently high density in each of the various
tubes over a maximum proportion of the length
of time during which the tubes are rendered con-
ductive so as to give prolonged luminescence i
which directly contributes to the desired brilliant
operation of the luminescent tubes, all as more
fully described in my copending application Serial
Number 580,793.

In addition to the above, the capacitive im-
pedances indirectly improve the power factor of
the load supplied with electrical energy from the
source of supply and make for efficient and
economical operation of the system and apparatus
as a whole. 125

Although as described above in connection with
Wigure 1, maximum efficient and reliable opera~
tion of & plurality of luminescent tubes from 2
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- gource of single phase electrical energy is achieved

by employing & transformer of high leakage re-
actance under load conditions having an even
number of secondary winding coils connected 0
the seversl tubes so as to give a uniform balanced
load on the transformer, highly satisfactory
operation of a plurality of tubes is achieved even 12§
where a transformer having an uneven numbey
of secondary winding coil sections supplies high
potential alectrical energy to an unbalanced load.
Referring to Figure 5 of the drawing, a plurality
of luminescent gas-filled tubes 40 and 41, illus- §80
tratively of different current and voltage ratings,
are supplied with. high potential electrical energy
from o transformer 42 connected to a source of
standard 220 volts, 60 cycles, single phase energy,
diagrammatically shown at 43. Electrical energy 13§
from source 43 is supplied the primary winding
coil sections 44 and 45 of transformer 42, by way
of conductors 46 and 27, the high potential secon-
dary winding of which is divided, llustratively,
into the three coil sections 48, 49 and 50 of apr- 146
proximalely the same size and current ang voltage
ratings mounted on a magnetic core 51 common
to both primary and secondary windings. Where
desired the coil section 48 may be of double cur-
rent carrying capacity since this coil section sup- {48
plies current to both luminescent tubes 40 and 41
as appears more fully hereinaft,er.
One end of each of the secondary winding coil
sections 48, 49 and 50 is preferably connected by
way of respective conductors 52, 53 and 54 to 2 j8g
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common conductor 55, establishing a point of
common potential ang placing one of the coil sec~
tions, 48, in opposite phase sequence to the other
two, 49 and 50. The interconnected ends of the
coil sections are conveniently grounded as at 56.
The opposite end of one of these coil sections, for
example section 48, is connected by way of con-
ductor 57 to one terminal of the luminescent tubes
40 and 41. The opposite ends of the other coil
sections 49 and 50 are respectively connected to
the oppc.ite terminals of the respective tubes 40
and 41 by way of the conductors 58 and 59. Coil
sections 48 is connected In series with each of the
coil sections 49 and 50 and supplies current to
both of the luminescent tubes 40 and 41.

High potential electrical energy of coil sections

to become jonized, conductive and luminescent all
as more particularly described above in connec-
tion with the operation of the system shown in
Figure 1. Similarly the luminescent tube 41 is
supplied with high potential
from the secondary winding coil sections 48 and
50, connected in series by conductors 52, 55 and
54 by way of conductors 57 and 59 connected to
obposite terminals of this tube and the tube is
rendered luminescent as above described.
While maximum high-potentia] electrical ener-
8Y is impressed across the terminals of the tubes
40 and 41 only one-half of this value need be insii-
lated against, since, as referred to above in con-

, Nection with the description of the balanced sys-

tem shown in Figure 1, only one-half of the max-
imum value is produced by any one coil section
and it is this potentia] difference which exists
between the high-voltage Supply conductors and
ground. This of course permits direct savings in
cost of equipment.

The transformer secondary winding coil sec-
tions are of such potential rating that the total
potential j

In order that the current supplied the lumines-

" cent tubes may be limited to desired values dur-

G0

ing the conductive portion of each positive and
each negative part of each cycle of the impresseq
high potential electrical e€nergy so as to give de-

and 51¢ interposed between
44 and the

between primary coil . t

1,850,396

51b and the outer jon legs 51a (for shunts 51d and
5le) and 51¢ (for shunts 51f and 51¢g). .

The action of transformer 42 under Operating
conditions is in all respects similar to that of the
transformer shown in Figure 2 and more par-
ticularly described above, -

Good results in the operating of my system
and apparatus are achleved where a core type of
transformer as shown in Pigure 7 is employed
instead of the shell type of transformer shown in
Figure 6 and described above, Ag the currents
in the several transformer secondary coil sec-
tions 48, 49 and 50 mounted on core leg 511 tend
to rise the corresponding magnetomotive forces

cycle where the magnetic flux is coursing around
the core 51 in g counter-clockwise direction as
seen in Figure 7, as the current in coil sections
48, 49 and 50 increase, giving rise to an Increas-
ing opposing magnetomotive force, the magnetic

flux from core leg 51k increasingly courses along

The magnetic flux linking the
primary and secondary transformer windings 1s
reduced in proportion,

In accordance with the reduction in the mag-
netic flux linking the

The core type of transformer of high leakage
reactance under intermittent load conditions in
addition to glving efficient and reliable operation
of my system and apparatus is of g simple, practi-
cal and economical construction Permitting dt-
rect savings in the cost of apparatus,

In order to further limit the flow of current
in the luminescent
condition of these tubes is
values in spite of slight differences in the elec-
trical characteristics of the tubes employed, the

out-of-phase
minimum, proportionately decreas-
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system and apparatus is simple, economical and
highly efficient in construction and use and that
uniform brilliant operation of a plurality of
luminescent tubes is reliably achieved with a

* ypinimum of expensive and ‘cumbersome appa-

ratus.

As many possible embodiments may be made of
my invention and as many changes may be made
in the embodiments hereinbefore set forth it will
be understood that all matter described herein,
or shown in the accompanying drawing, is to
be interpreted as illustrative, and not in-a lim-

I claim: N N :

1. In an electrical luminescent tube system, in
combination, a source of alternating current
electrical energy, & transformer having a pri-
mary winding and a secondary winding compris-
ing a plurality of individual coil sections, means
connecting the primary winding of said trans-
former to caid source, a plurality of luminescent
gas-filled tubes, means for connecting ‘ndividual
tubes to non-repetitive combinations of a plu-
rality of said transformer secondary winding coil
sections whereby said tubes are independently
supplied with electrical energy, and means inter-
linking said primeary and secondary windings for
uniformly controlling the potential of the energy
supplied said tubes, S0 as to maintain the electric
current flow in each of said tubes substantially
constant over a portion of each half cycle of the
alterations of said source of supply.

2. In an electrical luminescent tube system, in
combination, a source of alternating current
electrical energy, a transformer having a primary
winding and a secondary winding comprising a
plurality of individual coil sections, means con-
necting the primary winding of said transformer
to- said source, a plurality of luminesecent gas-
filled tubes, means for connecting  individual
tubes to non-repetitive combinations of a plu-
rality of said transforiner secondalry winding
coil sections whereby said tubes are independent-
ly supplied with electrical energy, .and means
comprising a magnetic path of high leakage un-
der load conditions interlinking the primary and
secondary windings of said transformer whereby
the current flow in each of said tubes may be
effectively controlled. .

3. In an electrical luminescent tube system, in
combination, a source of alternating current
electrical energy, a transformer having a primary
winding and a secondary winding comprising a
plurality of individual coil sections, means in-
cluding an impedance element connecting the
primary - winding of said transformer to said
source, & plurality of luminescent gas-filled tubes,
means for connecting individual tubes to non-
repetitive combinations c¢f a plurality of said
transformer secondary winding coil sections

_whereby said tubes are independently supplied

with electrical energy, and means comprising a
magnetic path of high leakage under load con-
ditions interlinking the primary and secondary
windings of said transformer whereby the cur-
rent flow in each of said tubes may be effectively

" controlled.

Jjuminescent tube system,
electrical energy,

4. In an electrical
a source of alternating current
a transformer having a primary winding and a
secondary winding comprising a plurality of in-
dividual coil sections, means including an im-
pedance element connecting the primary wind-
ing of said transformer to said source, & plural-
ity of luminescent gas-filled tubes, and means

7

ineluding capacitive jmpedance elements for con-
necting individual tubes to individual combina-
tions of a plurality of said transformer secondary
winding ceil sections whereby said tubes are in-
dependently supplied with-electrical energy the
potential of which is singly controlled for all of
said tubes by the impedance element in said
means interconnecting the primary winding oi
said transformer and said source and individual-
ly controlled for each of said tubes by the ca-
pacitive impedances included in said means inter-
connecting the secondary coil sections of said
transformer and said tubes.

5. In an electrical luminescent tube system,
in combination, a source of alternating current
electrical energy, a transformer having a pri-
mary winding and a secondary winding compris-
ing & plurality of individual coil sections, means
connecting the primary winding of said trans-
former to said source, & plurality of luminescent
gas-filled tubes, means including current control-
ling elements for connecting individual tubes to
non-repetitive combinations of a plurality of said
transformer secondary winding coil sections
whereby said tubes are independently supplied
with electrical energy, and means comprising a
magnetic path of high leakage under load con-
ditions interlinking the primary and secondary
windings -of said transformer, whereby the cur-
vent flow in each of said tubes is effectively con-
trolled both as to duration and as- to maxintum
values. '

6. In an electrical luminescent tube system,
in combination, a source of alternating current
electrical energy, a transformer having a primary
winding and a secondary winding comprising a
plurality of individual coil sections, means in-
cluding an impedance element connecting the
primary winding of said transformer to said
source, a plurality of Tuminescent gas-filled tubes,
means including power factor corrective elements
for- connecting individual tubes to non-repetitive
combinations of a plurality of said transformer
secondary winding coil sections whereby said
tubes are independently supplied with electrical
energy, the power factor of which is maintained
at high value for each tube, and mearis compris-
ing a magnetic path of high leakage under load
conditions interlinking the primary and second-
ary windings of said transformer whereby the
current flow in each of said tubes may be effec-
tively controlied. . .

7. In a system and apparatus of the character
desecribed, in combination, a plurality of gas-
filled tubes, a transformer core, a fransformer
primary winding mounted on said core a trans-
former secondary winding comprising 2 plurality
of coil sections, mounted on said core and con-
nected in non-repetitive combinations to said
tubes, and one Or more transformer core shunts
for shunting magnetic flux around said second-
ary winding coil sections whereby the total flux
linking said transformer primary winding and
said transformer secondary winding coil sections
may he reduced.

8. In a system and apparatus of the character
described, in combination, & plurality of inde-
pendent loads of negative resistance character-
jstics, a transformer having a primary winding
and a secondary winding comprising a plurality
of coil sections mounted on a core, conductor
means interconnecting said loads and said sec-
ondary winding coil sections in non-repetitive
combinations, and means operatively associated
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with said core for substantially instantaneously
altering the magnetic flux interlinking said trans-
former windings in accordance with sudder alter-
ations in said loads. .

8. In a system znd apparatus of the character
described, in combination, a plurality of inde-
pendent loads of negaiive resistance cheracter
istics, & transformer having a primary winding
and a secondary winding comprising g plurality
of coil sections mounteg on a core, conductor
means including capacitive impedance elemenis
interconnecting “said loads and saig secondary
winding coil sections in non-repetitive combing-
tions, and cere shunt means for substantially in-
stantaneously altering the magnetic flux inter-
linking said transformer windings in accordance
with sudden alterstions in said loads.

10. In single phase €lectrical transformer appa-
ratus operating a rlurality of independent loads
of negative resistance characteristics, in combing.-
tion, & transformer core, & primary winding link-
ing said core, g secondary winding having three
or more coil sections linking said core, said coil
cections having current carrying capacities of two
of said loads, means interconnecting said sec-
ondary winding coil sections and establishing a
point of common botentia! therefor, and three
Or more corresponding conductor means connect-
ed to said coil sections for supplying current to
an output circuit comprising said plurality of
Independent loads connected so that each of said
coil sections supplies current to two of said inde-~
pendent loads. )

11. In a single phase electrical transformer ap-
baratus operating g plurality of independens
loads of negative resistance characteristics, in
combination, a transformer core, & primeary wind-
ing linking said core, & secondary winding having
three or more coil sections linking said core, said
co:l sections having curreng carrying capacities of
two of said loads, means intereonnecting said sec-
ondary winding coil sections and esba.blighing e
point of common potential therefor, three or more
corresponding conductor means connected tc said
coil sections for supplying current to an cutput
circuit comprising said plurality of independent
loads connected sc that each of said coil sections

supplies current to two of said independent loads,

and means operstively associated with said core

1,050,398

for substantially instantanecusly altering the
magnetic flux interlinking said transtormer pri-
mary and secondary windings in accordance with
the instantaneoeus variations of said loads, there-
by substantially uniformly altering the trans-
former secondary potentials applied thereto,

12. In single phase electrical transformer ap-
paratus operating a plurality of independent
loads of negative resistance characteristics, in
combination, a transformer core, a primary wind-
ing linking said core, a secondary winding hay-
ing three or more coil sections linking said core,
said coil sections having current carrying capaci-
tles of two of said loads, means interconnecting
said secondary winding coii sections and estab-
lishing a point of common potential therefor,
three or more corresponding conductor means
connected to said coil sections for supplying cur-
rent to an output circuit comprising said plurality
of independent loads connected so that each of
said coll sections supplies current to two of said
independent loads, and a plurality of capacitive
impedance elements operatively associated with
said secondary winding coil sections for control-
ling the current supplied said loads.

13. In single phase electrical transformer ap-
paratus operating g plurality of independent
loads of negative resistance characteristics, in
combination, a transformer core, a primary wind-
ing linking said core, a secondary winding hay-
ing three or more cojl sections linking said core,
sald coil sections having current carrying capaci-
ties of two of said loads, means interconnecting
said secondary winding coil sectiong and estab-
lishing s point of common potential therefor,
three or more corresponding conductor means
connected to said coil sections for supplying cur-
rent to an output cireuit comprising said plurality
of indepenedent loads connected so that each
of said coil sections supplies current to two of
said indepenedent loads, and core shunt means
for substantially instantaneously altering the
magnetic flux interlinking said transformer pri-
mary and secondary windings in accordance with
the instantaneous variations of said loads, there-
by substantially uniformly altering the trans-
former secondary potentials applied thereto.

CHARLES P, BOUCHER.,

e~

9

101

10¢

110

115

120

130

14C

145

1HC



