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GASEQUS DISCHARGE LAMP CIRCUIT |

Ellis Osmon Erickson, Pasadena, Calif., assignor is
Claude Neon Elecirical Products Corporation,
Lid., Wﬂmmgton, Del., a corporation of Dela-

ware

Application April 3, 1933, Serial No. 664,191

32 Claims.

This invention relates to circuits for operating
electrical apparatus that requires special im-

pulses for starting, but that will thereafter oper-

ate automatically on current supplied thereto
from a relatively low potential source of electric
energy. The invention relates particularly to

.the operation of gaseous discharge lamps of the

type generally known as “neon” lamps.
(Gaseous discharge lamps having heated elec-
trodes have recently been devoleped for com-
mercial use.. These lamps have certain very
desirable characteristics, cne of which -is that
they operate at relatively low potentials. How-
ever, they have the undesirable characteristic of

5 not always starting automatically in response

to closure of the relatively low potential ener-
gizing circuit. )

_Such lamps may be initially set into opera-
tion in various ways, one of which is to produce
a high frequency discharge in the vicinity of the
lamp, which discharge produces initial ioniza-
tion of the gas sufficient to start the flow of cur-
rent through the lamp from the low potential
energizing circuit. The hlgh frequency discharge
is commonly produced by a spark coil, or Tesla
coil, energized from the same source of electric
energy that the lamp is operated from, this
source usually being a commercial power circuit

supplying alternating current at 110 or 220 volis. .

It.is highly desirable, of course, that some pro-

‘vision be made for automatically energizing the - -

-spark coil, or other source of high freguency
waves, in response to closure of the lamp switch
to start the lamp, and to automatically de-ener-

5 gize the spark coil after the lamp has started

and is operating in a normal manner. If is also
desirable that the spark coil be re-energlzed
automatically should the lamp accidentally be
extinguished from any cause, such as momen-
tary failure of the power supply.

Heretofore, to the best of my knowledge the
only known practicable way of automatically
contfrolling the energization of the spark coil
involved the use of a rather complicated relay
sytem.

A broad object of the present invention is to
provide an automatic starting circuit for a gase-
ous discharge device that is extremely simple,
is positive in operation, and is inexpensive.

Another .object of the invention is to provide
a practicable starting ecircuit that can be oper-
ated. without the use of any relays, although in
its preferred form my circuit incorporates s
" limited number of very simple relays of the
thermostatic type.

(Cl. 176—124)

A feature of the invention is an A. C. gaseous
discharge lamp circuit containing reactance
elements and resistance elements in which actu-
ating potential for energizing a starting device
(such as a spark coil), is-taken from two points

60

in the circuit which, because of the peculiar -

characteristics of A. C. circuits containing re-
actance and resistance, are at substantially the
same potential when the lamp is operating and
drawing current, buit are at widely different po-
tentials when the lamp is not operating but has
potential applied thereto.

Another object of the invention is to provide
an A. C. gaseous discharge lamp ecircuit con-

taining a plurality of lamps and a single stari-.

ing device for all the lamps, which starting de-
vice is automatically energized if any lamp is
unlighted while power is applied thereto.

Still another feature of the invention is a
circuit and apparatus for automatically start-
ing any or all of a plurality of gaseous discharge
lamps from a single starting device, in which
some of the lamps are operated at 2 polential
less than the line potential and others of the
lamps are operated from a step-up transformer
at potentials greater than the line potential
- Other objects and features of the invention

and its operation and advaniages will be ap-

parent from the following detailed descnptmn,
which refers to the drawings.

In‘the drawings: '

Pigure 1 is a schematic cn'ctut diagram of a
simple ecircuit incorporating my invention.

Figure 2 is a vector diagram illustrating the
operation .of the circuit shown in Figure 1.
. Figure 3 is a schematic circuit diagram of &
modification of the system shown in Figure 1.

Figure 4 is a schematic diagram of a system
including séveral gaseous discharge lamps ener-
gized from the same source, with a single start-
ing means for starting any or all of the lamps.

Figure 5 is a schematic circuit diagram of &
system including two lamps, one of which is en-
ergized directly from the line potential and the
other of which is energized from a step-up
transformer, in which both lamps are started
from a single starting device.

Figure .6 is a vector diagram illustrating the
operation of the circuit shown in Figure 5.

Figure 7 is a .schematic circuit disgram of a
system including two lamps eonnected in series
with starting means for starting both of the
lamps.

Figure 8 is.a vector diagram illusirating the
operation of the circuit shown in Pigure ‘7.
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Figure 9 is a schematic circuit diagram for

a gaseous discharge lamp, in which a current

transformer having its primary winding con-

nected in series with the lamp is utilized for de-
5 riving a variable potential for actuating the
starting device. )

Figure 10 is a vector diagram illustrating the
operation of the circuit shown in Figure 9.

Figure 11 is a schematic circuit diagram of a
gaseous discharge light circuit, in which a spe-
cial winding on the regulating reactance for
the lamp is utilized to develop a variable po-
tential for actuating the starting deviece.

Figure 12 is a .vector diagram illustrating the
operation of the circuit of Figure 11. :

Figure 13 is a schematic circuit diagram of a
gaseous discharge lamp circuit, in which a spe-
cial filament lighting transformer is utilized to
develop a reference potential for starting pur-
poses.

Figure 14 is a vector diagram illustrating the
operation of the circuit of Figure 13.

Figure 15 is a schematic circuit diagram of a

10

15

20

gaseous discharge lamp circuit, in which a spe-

cial winding on the lamp regulating reactance
is utilized to derive a variable potential and a.
special: filament lighting transiormer-is used to

25

derive the constant reference potential for ac-’

tuating the starting device.
30 - Figure 16 is a vector diagram illustrating the
operation of the circuit shown in Figure 15.

Figure 17 is a schematic circuit diagram of
a circuit for energizing a plurality of lamps of
different characteristics utilizing a single trans-
former for deriving a high potential for ener-
gizing one of the lamps, lighting the filaments
of all the lamps and for deriving one of the
constant reference potentials, and the variable
potential for: controlling the operation of the
starting device.

Figure 18 is a vector diagram 1llustrat1ng the
-operation of the circuit shown in Figure 17,
- Figure 19 is a schematic circuit diagram of
a lamp circuit similar to that shown in Figure 1,
in which an alfernative connection for ener-
gizing the spark coil is used.

Figure 20 is a schematic circuit diagram of a
lamp cireuit similar to that shown in Figure 1,

. showing still another alternative connection for
50 supplying energizing potential to the spark coil.

Referring to Figure 1, I have shown a gaseous
discharge lamp 20, having a pair of filamen-
taty electrodes 21 and 22, respectively, which
- are connected across power leads 1 and 2. Thus,
the electrode 22 is connected through a react-
ance coil 23 and to the lead 1, and the elec-
trode 21 is connected directly to lead 2. The

35
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filamentary electrodes 21 and 22 are heated from

any convenient source of energy; thus, they have
been shown connected to secondary windings
24 and 25, respectively, of a transformer 26, the
pnma.ry winding 27 of which may be connected
,to any desired source of energy.

60

With the lamp 20 extinguished and normal.

65 line potential impressed across the leads 1 and
2, no current will flow through the lamp 20,
because the line potential is insufficient to ini-
tiate a discharge in the lamp. However, under
these conditions, the voltage impressed across
the lamp terminals 21 and 22 is the full line po-
tential, because (disregarding the remaining ele-
ments of the circuit which will be-described
later) since there is no current fiow there is no
voltage drop across the reactance element 23.
75 On the other hand, after the lamp 20 has been

.70

I
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once set into operation by some exfernal start-
ing means, there is a substantial flow of cur-
rent through the reactance 23 and the lamp 20
and a substantial potential then exists across
the reactance element 23 because of the poten-
tial drop therein.

The reactance element 23 is preferably so de-
signed that its reactance is substantially equal
to the resistance of the lamp 20 when the latter
is in operation.

TFhus referring to the vector dlagram of Fig-
ure 2, the line potential existing across the leads
2 and 1 is represented both as to phase and mag-
nitude by the vector 2—1.

When the lamp is not opérating, this vector
2—1 represents the potential impressed across
the lamp. When the lamp is operating and is
conducting current there is & potential drop
across the reactance element 23, as was pre-
viously stated. Because of the fact that the
impedance of a lamp 20, when operating, is
largely resistive, 4nd since the impedance of the
reactance element 23 is largely inductive react-
ance, the potentials across the lamp 20 and re-
actance element 23 will be out of phase with 100
each other, and are represented by vectors 2—4
and 4—1, respectively. Thus the total voltage
consumed by the resistances of the lamp 20 and
the reactance element 23 is represented by the
vector 2—6, of which the vector 24 represents
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“the potential across the lamp 20 and the short

vector 4—8 represents the potential drop due
to the resistance of the reactance element 23,
the vector 6—1 representing the total voltage
consumed by the inductive reactance of the re-
actance element 23.

It is to be understood that the potential
across the lamp 20, when the lamp is operating,
is not actually a sinusoidal potential (vector dia-
grams apply only to sinusoidal functions). Be-
cause of the peculiar impedance characteristics
of such lamps the curve of the actual potential
thereacross is very irregular. However, it is
convenient in studying circuits of the type here-
in disclosed to represent the actual voltage wave 120
across the lamp by that sine wave which is most
nearly equivalent in phase and amplitude to the
actual wave. The phase and magnitude of this
equivalent sine wave is represented approxi-
mately correctly by the vector 2—4 in Figure 2. 128

From the foregoing discussion with reference
to Figure 2 and Figure 1, it will be observed
that when the lamp 20 is not operating, (it is
assumed in this discussion that line potential is

110

15

‘constantly impressed between the leads 1 and 130

2), that the potential across the lamp—(in
other words the potential between lead 2 and
the junction point 4)—is the full line potential
represented by the vector 2—1 in Figure 2. On
the other hand, when the lamp 20 is conducting 134
current, there is a substantial potential drop

‘across reactance element 23 and because of the
.phase relations existing between the potential

drop across the lamp and the potential drop T
across the reactance element 23, the potential 140
between the lead 2 and the junction 4, instead of
being represented by the vect‘or 2--1 is repre=~
sented by the vector 2—4. g
" I utilize this variation in potentxal hetween the
lead 2 and the junction 4 between lighted and 148
unlighted conditions, respectively, of the lamp
20 to produce starting impulses only when the -
lamp is extinguished, in the following manner: -
Connected across leads 1, 2, in series, are a

_reactance element 28, a resistor 29 and a start- 15¢
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ing cireuit including a spark coil 30 and a ther-
mostatic control relay 31 connected between the
junction 4 of the lamp 20 and the reactance ele-
ment 23 and the junction 3 of the reactance ele-
ment 28 and register 29. The absolute magni-
tudes of the reactance element 28 and resistor
29 are not important, but they are so chosen
that the ratio of the reactance element 28 to
the resistance of resistor 29 is substantially the
same as the ratio of the reactance of the ele-
ment 23 to the operating resistance of the lamp
20. Since the reactance element 28 and the re-
sistor 29 are permanently connected across the
leads 1 and 2, the potential at the junction 3 is
always different from the potential of either lead
1 or lead 2, and is a function of the potential
drops across the reactance element 28 and resis-
tor 29. Thus, the potential across reactance
element 28 comprises (Figure 2) 2 reactance
drop represented by vector 5—1 and a resis-
tance drop represented by vector 3—5 and the
potential drop across the resistor 29 is repre-
sented by a vector 2—3. The total voltage drop
across the reactance element 28 is, therefore,
represented by the vector 3—1. :

It will be observed from Figure 2 that when
the lamp 20 is conducting current, the potential
of the junction 4 (indicated at point 4 in Fig-
ure 2), is only slightlv different from the poten-
tial of the junction 3 (represented in Figure 2 by
the point 3). This difference of potential be-
tween junctions 3 and 4 can be, for all practi~
cable purposes, made as small as desired by prop-
erly propertioning the reactance element 28 and
the resistor 29 and can readily be made so small
that it will not actuate the thermostatic relay
31. Since the winding 32 of the relay 31 has &
relatively high resistance, no substantial current
is drawn by it; therefore, the contacts 33 of the
relay remain open and no appreciable current is
applied to the spark eoil 30. The condition de-
seribed is that existing when the lamp 20 is op-
erating.

Now assume that the lamp 20 is extinguished
eithér by momentary failure of the power sup-
plied to leads 1 and 2, or from any other cause;
thereupon, the potential of the junction 4 rises
to substantially the potential of the lead 1. The
potential-of the junction 3, however, is always
substuntially different from the potential of lead
1 because of the voltage drop 3—1 existing across
the reactance element 28. Therefore, with the
lamp 20 extinguished, the potential existing be-
tween junction points 3, 4 is substantially equal

to the potential represented by the vector 3—1.-

This potential is substantially greater than half
the potential 2—1 across the leads 2 and 1, and
is sufficient to actuate the thermostatic relay
31 to close the contacts 33 and apply substan-
tially the full potential represented by . vector
3—1 to the spark coil 30. 'This potential is suffi-
cient to energize the spark coil to produce high
frequency oscillations which are applied over a
conductor 34 to an electrode 35 positioned adja-
cent the lamp 20. Electrode 35 may comprise
merely a plate or it may comprise a few turns
of wire wrapped about the lamp 20. The high
frequency discharge thus produced in the vicin-
ity of the lamp 20 ionizes the gas therein and

causes the lamp to start, and operate in the.

usual manner. .
Immediately after the lamp has started, the
potential existing across the junctions 3 and 4
drops to the small values represented in Figure
2 by the distance between points 3 and 4 in the

3

vector diagram. Therefore, the current supply
for the spark coil 30 is automatically cut off, by
the reduction of the potential between junctions
3 and 4 to a value ins
spark coil 30, upon the starting of the lamp.
However, should the lamp again go out at any
time for any cause, the potential between points

4 and 3 will immediately rise to a value sufficient

to again close the thermostat contacts, energize
the spark coil, and again set’ the lamp 20 to
operating.

The spark coil 30 is fully described in my co-
pending application, Serial No. 657,486, filed
February 20, 1933. However, since such devices
are well known, it is unnecessary to describe the
specific construction herein. )

In the actual design of gaseous discharge lamp
circuits, it is customary to supply a means, such
as the reactance coil 23 connected in series with
the tube to control the voltage applied to the
lamp during the operation because of the nega-

cient to operate the

80

tive resistance characteristics of gaseous dis- .

charge lamps. . The reactance in series with the
lamp is preferably of magnitude substantially

.equal to the operating resistance of the lamp, or
slightly greater, so that the relative potentials

existing in an actual circuit are approximately
as represented by the vectors 2—4 and 4—1 in
Figure 2, although they may vary slightly from
the values there shown.

It is to be understood, of course, that the vol-
tage existing across a gaseous discharge lamp
can be only approximately represented in a vec-
tor diagram for the reason that the current

flowing through such a gaseous discharge lamp 3

is not strictly sinusocidal and vector diagrams
apply only to sinusoidal quantities. However,
the potentials obtained in practice correspond
very closely to those arrived at by vector studies
and the use of vector.diagrams in the explana-
tion of operation is, therefore, fully justified.

Although the relay 31 has been shown con-
nected in series with the spark coil 30, it is to
be understood that this relay is not absolutely
essential to the operation of the system. The
main purpose of the relay is to introduce-a time
delay. between the application of power to mains
1 and 2 and the application of starting impulses
to the lamp. This delay (of only s few seconds)
is to permit the electrodes of the lamp which
are energized from the mains 1 and 2, to become
heated -before the lamp is started. A secondary
function of the relay is fo increase the efficiency
by reducing to an insignificant value the small
current which would otherwise flow continuously
in the spark coil unless the reactances and re-
sistances in the system were so delicately bal-
anced as to cause the point 3 in vector diagram
of Figure 2 to fall exactly on the point 4.

In the system shown in Figure 1, there is a
continuous loss of energy in the resistor 28.
This loss- is not of great consequence because
the current required to energize the spark coil
30 is not very large and therefore the element
28 and resistor 29 may have substantial re-
actance and resistance, respectively. - However,
the effitiency of the system can be increased by
connecting the filament energizing transformer
26 in series with the reactance element 28, as
shown in Figure 3, the primary winding 27 of
the filament lighting transformer 26 being sub-
stituted for the separate resistance 29. The fila-
ment lighting transformer 26 is designed to have
low leakage reactance, and since the filaments
21 and 22 of the lamp 20 have impedances which
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4
are substantially pure resistances, the load pro-
vided by the transformer 26 in series with the
reactance element 28 is largely resistive. Of

course the magnitude of this resistance load
provided by transformer 26 is determined by

“the characteristics of the lamp filaments and

is therefore fixed.

However, the ratio between the re51stance of
the lamp loads and the reactance of the re-
actance element 28 may be brought to the de-
sired value by selecting a reactance element of
desired, suitable reactance.

The system shown in Figure 3 functlons ex-
actly the same, in so far as the starting circuit
is concerned, as the circuit shown in Figure 1,
and, therefore, no further explanation of the
operation of this circuit is necessary. The effi-
ciency of the circuit. shown in Figure 3 is very
high, since the power consumed in reactance ele-

‘ment 28 is very slight.

It is often desirable to operate several gase-
ous discharge lamps in parallel from a single
power circuit, and in a single installation. Un-
der such conditions, a single spark coil may be
used to start all of the lamps by means of the
circuit shown in Figure 4. In Figure 4, I have
shown three lamps 20b, 20¢, and 20d, each con-
nected in series with an individual reactance ele-
ment 23b, 23c, and 23d, respectively, and each
energized from an individual filament lighting
transformer 26b, 26¢c and 26d, respectively. In
this circuit the lamps are energized from a
source of alternating current of 220-volt poten-
tial, and the filament lighting transformers 26z,
26d and are energized directly from 'a’ source
of alternating current of 110-volt potential.
Thus all of the lamps 20b and 20c and 20d,
and their associated reactance elements 23b,
23¢c and 23d are shown connected across 220-
volt leads 1b and 2b, respecfively, of a three-

-wire, 220-A. C. circuit, and the filament lighting

transformers 26¢ and 26d are shown connected
between the lead 2b and the neutral wire 36
of the three-wire system. 'The connections to
the filament lighting transformer 270 will be
described later.

A single spark coil 30b is used to start all

- three of the lamps, terminals 35b, 35¢ and 35d

being provided adjacent the respective lamps
and all connected to the output terminal of the

- single spark coil 30b. One side of the input cir-

cuit of the spark coil is connected directly to the
neutral conductor 36 and the other input termi-
nal of the spark coil, is adapted to be connected
through the contacts of three thermostatic
switches 31b, 31lc and 31d, respectively, to the
junction point 3b between a reactance element
28b and the primary winding 27b of the fila-
ment lighting transformer 26b assocxated with
the lamp 20b.

It will be observed that the Junctlon point 3b
is also connected to one terminal of each wind-
ing 32b, 32¢ and 32d, respectively, of the ther-
mostatic switches 31b, 31lc and 31d, respec-
tively, and that the other terminals of these
three windings are connected, respectively, to

the junction 4b between reactance element 23b

and lamp 20b; the junction point 4c between
‘the reactance element 23c and the lamp 20c;
and the junction point 4d between the reacta,nce
element 23d and the lamp 20d.

The filament lighting transformers 26b, 26c
and 26d may all be of the same type, adapted
to be energized from a source of current of 110-
volt potential. This potential is supplied directly

1,977,281

to transformers 26c, 26d by connecting them be-
tween the 220-volt lead 2b and the neutral lead
36. The filament lighting transformer 26b is
also supplied with current of 110-volt potential
by reason of the fact that although it is con-
nected across the 220-volt leads 1b and 2d, the
reactance element 28b, connected in series there-
with, is so designed as to reduce the poten'ial
applied to the primary windihg 27b of trans-
former 26b to substantially 110-volts.

Referring now to the operation of the system
shown in Figure 4, assume that operating poten-
{ial is applied to the conductors 1b and 2b and
36, and that lamps 20c¢ and 20d are operating
but that lamp 20b is not operating. Under these
conditions, the potential existing at the points
4c and 4d (the junctures between lamps 20c and
20d and iheir associated reactances 23c and 23d)
will correspond to the potential represented by
the point 4 of the vector diagram in Figure 2.
Since the potential of point 4 differs only slightly
from the potential at point 3, which corresponds
to ‘he potential at point 3b in Figure 4, to which
the common terminals of actuating circuits 32¢
and 32d are connected, the potential impressed

_across actuating circuits 32¢ and 32d is insuffi-

cient to close the contacts associated with ihose
actuating circuits. (It is to be understood that
with reactance 28b designed to deliver exactly
110 vol s to transformer 270, the vector 2—3
will be shorter than shown in Figure 2, but the
roint 3 will still be adjacent point 4.)

Thus the contacts remain open. However, be~
cause of the fact that lamp 20b is not operating,
the potential of the junction 4b between that !
lamp and its regulating reactance 23b is' sub-
stantially at the potential of the conductor 1b,
which corresponds to the potential of the point
1 in ihe vector diagram of Figure 2. Further-
more, since the potential of point 1 in Figure
2 is substantially different from the potential of
point 3, which is the potential at the junction
3b in Figure 4, the poten ial represented by the
vector 3—1 in Figure 2 is applied across the
actuating circuit 32b of the relay 31b (in Fig- ~
ure 4) and closes the contact associaed with that
relay which connects one terminal of the spark
coil 30b to the point 3b. Since the other ter-
minal of the spark coil 30b is connécted to the _
neutral conductor 36 of the supply circuit, a
potential sufficient to energize the spark coil 30b
is applied thereto to hctuate 1he latter to produce
starting impulses which are applied through the
electrode 35b to the lamp 20b to start the latter.

‘It will be observed from an inspec.ion of the
vector diagram of Figure 2 that the potential
of the neutral conductor 36, which is midway be-
tween the potentials of the conductors 1 and
2b, is represented by the point 36 midway on
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he vector 1—2. Since, as previously pointed 35

. out, the potential of the point 3b in Figure 4 is
that of poin{ 3 in the vector diagram of Figure

2, the potential applied to the spark coil ter-
mmals by closure of the contacts associated with

in Figure 2. The spark coil may be designed to
operate on this potential.

_Following the actuation of -the spark coil 30b
in the manner. described, the starting impulses
produced by the coil initiate a flow of current in
the lamp 20b. Thereupon the potentlal of the -
point. 4b immediately falls to a value cor-
responding to the potential of the point 4 in
Figure 2, which differs from the potential at

LA

relay 31b, is that represented by the vector 36—3 ~
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~ joint 3 by an insufficient margin to actuate the

io

16

20

25

relay 31b. The laiter therefore opens its con-
tacts and disconnects the spark coil.

Since the relays 31c and 31d respectively are
connected between the point 3b (Figure 4)

.and the points 4c and 4d, respectively, and the

potentials of points 4¢ and 4d are substantially
at the potential of point 3b when lamps 20c and
20d are operating, the contacts of relays 31c and
314 are, like the contacts of relay 31d, normally
open when all of the lamps are operating. How-
ever, should the lamps 20c and 20d be extin-
guished at any time while normal line potential
is applied to the conductors 1b, 36 and 2b, the
potential of the point 4¢ or 4d, depending upon
which lamp is extinguished, will become substan-
tially equal to the potential of the conductor 1b,
and this potential will be impressed upon the
actuating circuit of the associated relay 3ilc or
31d to close the contacts of that relay and ener-
gize the spark coil exactly as was described in
connec'ion with the starting of lamp 20b.

In case all the lamps are extinguished while
line potential is applied, which would be the
case when the power was first applied to the
line, then all three relays, 31b, 31c and 31d, will
be energized to close their contacts and energize

" the spark coil 30b. Therefore, so long as line
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potential is applied to the conductors 1b, 36 and
2, the spark coil will be energized to supply
starting impulses to all the lamps should any

or all of the lamps be extinguished, wheresas, so’

long as all of the lamps are operating, the con-
tacts of the relays 310, 31c and 31d will be open
and the spark coil will be disconnected.

It will be observed from Figure 4 that the
filament lighting transformers 26c and 26d, as-
sociated with lamps 26c and.20d, have their
primary windings connected across the neufral
conductor 36 and one side of the line 2b, where-
as, the filament lighting transformer 26b, as-
soc’ated with the lamp 200, has its primary
winding connected in series with the reactance
28b across the lines 25 and iIb. The potential
between conductors 1b and 2b is twice the poten~
tial across the conductors 36 and 2b, bui the
reactance 28b reduces the potential applied to
the primary winding 276 of the filament light-
ing transformers 265. This potential, as rep-
resented in Fgure 2 by vector 2—3, is somewhat
greater than the potential across the neufral
conductor 36 and the line 2b, which is repre-
sented by vector 2—36 in Pigure 2. It is possible,
however, as previously indicated, to so design
the reactor 28b as to make the potential applied
to the filament transformer 276 (vector 2—3 in
Fig. 2) within a volt of the 110 volt potential
ex'sting across the line conductor 2b and the
neutral conductor 36. Therefore, the trans-
formers 26b, 26c and 26d may all be of the
same type, adapted to be energized from the
potential existing across the conductors 2b and
36. .-

The circuits thus far described, related either
to the operation of single lamps or to the opera-
tion of a group of similar lamps all of which
demand essentially the same operating poten-
tials. . ’ o

In Figure 5, I have shown in schematic form

the . w'ring . diagram of a system for operating

a plurality of lamps which require different oper-
ating potentials. .

" Thus, referring to Figure 5, I have shown a
three-conductor supply circuit comprising two
main conductors 37 and 38, which may be main-

.the lamp 52.

B
tained at 2 potential difference of 220-volts
from a suitable supply circuit, and a neutral
conductor 39 maintained at a potential of 110~
volts with respect to the main conductors -37
and 38. The system includes a lamp 50 adapted
to operate after being once started from a source
of potential of 220-volts connected in series
with a regulator reactance 51 across the main
line c¢onductors 37 and 38 .and a second lamp
‘52, requiring an operating potential substantial-
1y greater than 220-volts, which is energized
with suitable high potential derived from a
transformer 53. ‘

Transformer 53 is of a type used for energiz-
ing gaseous discharge lamps and is especially
designed to have a relatively high leakage re-
actance. Thus it comprises a magnetic core
comprising a first leg 54, upon which a primary
winding 55 and a pair of filament lighting
secondary windings 56 and 57 are positioned, a
leg 58 upon which a secondary winding 59 is
positioned, and a magnetic shunt section 60
for providing desired leakage reactance between
the primary and the secondary windings 55 and
59, respectively, when the secondary winding is
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drawing current.

In conventional ftransformers of the type de-
scribed, the magnetic shunt section 60 carries no
winding, but as a part of my system for auto-
matically starting the lamps, I provide a tertiary
wind'ng 61 upon the magnetic shunt section 60.

The primary winding 55 is connected across
the line conductors 37 and 39, which provide
a potential of 110-volts. The two filament light-
ing secondary windings 56 and 57 are connected,
respectively, to electrodes 62 and 63, respectively,
of lamp 52, and the electrode 62 is also con-
nected to the neutral conductor 39 by a con-
ductor 64 between one end of the primary wind-
ing 55 and one side of the secondary winding 56.

The electrode 63 is connected by a conductor
49 to one end of the main secondary winding
5¢ and the other end of this secondary winding
is connected by a conductor 65 to the line con-
ductor 37. )

Tt will be observed that as a result of these
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‘connections, the primary winding 55 and the

main secondary winding 59 are connected effec-
tively in series between the neutral conductor
39 of the supply circuit and the electrode 63. 128
Thus both the line potential between conductors
37 and 39 and the potential developed in the
secondary winding 59 ‘are added together to
provide a desired high potential for operating
130
‘The lamp 50, like lamp 52, is provided with =
a pair of electrodes. 66 and 67, respectively,
which are teated from a pair of secondary
windings 6¢ and 69, respectively, of a filament
lighting transformer 70 having a primary wind-
ing 71 connected in series with a reactance coil
72 across the main line conductors 37 and 38.
Reactance element 72 has a reactance approxi-
mately equal to or slightly greater than the in-
put resistance of the filament lighting {rans-
former 70 and the junction point 41 between
reactancé 72 and the primary winding 71 of
transformer 70, sypplies a substantially constant
potential of desired magnitude for use in con-
nection with the starting device next to be de- 146
scribed. '

The starting device comprises  a spark coil
73 having a high frequency output terminal 74
which connects with electrodes 75 and 76 posi- :
tioned adjacent the lamps 52 and 50, respec- 160
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tively.. The spark coil 73 is likewise provided
with a pair of input terminals 77 and 78, across
which potential is applied for energizing the
spark coil. The input terminal 77 is connected
directly to the neutral conductor 39 of the sup-
ply circuit and the other. terminal 78 is con-
nected to a pair of contacts associated, re-
spectively, with two thermostatic control relays
79 and 80. Each relay 79 and 80 has another
cooperating contact connected directly to the
point 41 between reactance 72 and winding 71
of transformer ‘70, and each relay alsc has an
actuating circuit 81 and 83, respectively, one
end of each of which is likewise connected to
the point 41. The other end of actuating eir-
cuit 81 is connected through a conductor «3 and
the tertiary winding 61 of transformer 53 to
conductor 65, which is in turn connected to the

line conductor 37. The other end of actuating’

circuit 82, associated with relay 80, is connected
to point 42 between the regulating reactance
51 and the lamp 50.

The operation of the system described can
be most conveniently explained with reference
to the vector diagram of Figure 6. Thus, the
vector 39—37 represents the line potential of
110-volts existing between line conductors 39
and 37. The open circuit potential developed
in secondary winding 59, i. e., the open circuit
potential between conductors 37 and 40, is rep-
resented by the vector 37—46’ which is in phase
with the potential across the conductors 39 and
37, and the total open circuit potential developed
across conductors 39 and 40 (the open circuit
potential developed across the primary: winding
55 and secondary winding 59) is, therefore, rep-
resented by the vector 39—40’. Therefore, when

the lamp 52 is not operating, and no current is

flowing in the secondary winding 58, the poten-

tial of conductor 40 is the potential of point 40"

in the vector diagram of Figure 6. However,
when the lamp 52 is conducting current, there
is, because of the leakage reactance introduced
by the shunt core section of the transformer, an
apparent potential drop in the primary winding
and secondary winding 55 and 59, respectively.
This potential drop is out of phase with the
potential across conductors 39 and 37, and is
represented in the vector diagram in Figure 6 by
the vector 44 —40’. There is also a slight poten-
tial drop in the windings 55 and 59 due to the
resistance of those windings, which potential
drop is substantially 90° out of phase with the
vector 44—40’ and is represented by the short
vector 40—44. i

The operating impedance of the lamp 52 is
substantially resistive, and, therefore, the poten-
tial across the lamp, when the latter. is operat-
ing, is represented in Figure 6 by the. vector
39-—40 which is in phase with the vector 40—44.
The potential conditions described in connec-
tion with the transformer 53 and the lamp 52
are those existing in the conventional circuit.

- Referring now to the operating characteristics
of the circuit including lamp 50 and reactance
51, the total potential applied across these ele-
ments is the potential between the ‘line con-

- ductors 37 and 38 and is indicated by the vector

70

37—38 in Figure 6. When the lamp 50 is oper-
ating, the reactance element 51 produces a sub-
stantial potential drop thereacross, which is out

-of phase with the potential across conductors

37 and 38, and is represented in phase and

———-magnitude by the vector 37—42 in Figure 6.

It

The potential drop across the lamp 50, on the

1,077,281

other hand; is approximately 90° out of phase
with the potential represented by the vector
37—42, and is represented by vector 38—42.

. It will be observed, therefore, that when lamp

50 is operating, the pofential of point 42, in
Figure 5, is approximately indicated by the po-
sition of point 42 in the vector diagram of Fig-
ure 6. Of course when the lamp is not op-

_erating, there is no current flowing,through the

lamp, or through the reactance element 51, and
the potential of point 42 is then the same as
the potential of the conductor 37, which is in-
dicated in Figure 6 by the point 37.

The potential applied across the series con-
nection including the reactance 72 and - the
primary winding of the filament lighting trans-
former 70, is likewise the potential existing
across line conductors 37 and 38, corresponding

8C
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90

to points 37 and 38 in Figure 6, and the poten- .

tial of the junction point 41 between these ele-
ments is that of point 41 in Figure 6, the vec-
tor 37—41, representing the phase, position and
magnitude of the potential drop across the re-
actance 72 and the vector 38—41, represent-
ing the phase, position and magnitude of the

potential across the primary winding 71, of»

transformer 70.

100

Referring now to- the tertiary winding 61 of ‘ .

the transformer 53, it will be observed that one
end of this winding is connected through con-
ductor 65 to line conductor 37. Therefore the
potential of this end of winding 61 is at the po-
tential represented by point 37 in Figure 6. The
potential of the other end of winding 61, which
connects to conductor 43, varies from substan-
tially zero to a potential in phase with the ap-
parent reactance. drop across the secondary
winding 59, when the secondary winding is not
conducting current and is conducting current,
respectively. Thus, when the lamp 52 is not op-
erating and no cwrrent is flowing through the
secondary winding 59, substantially all of the
flux developed in leg 54 of the core of the trans-
former circulates through leg 58 and very little
flux is developed in the shunt core section 60.
Therefore, under these conditions, very little
potential is developed in the winding 61 and the
potential of conductor 43 is substantially at the
same potential as conductor 37. When the lamp
52 is operating, however, the current flowing in
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secondary winding 59 tends to develop a flux in -

the leg 58, opposing the flux developed in leg 54
by the primary winding 55, with the result ‘that
a8 substantial flux is generated in the shunt eore
section 60. 'This develops a potential in the ter-
tiary winding 61, which potential, because of the
barticular proportioning and poling of windin‘g
61, is approximately equal to the potential of the
point 41 and is représented in
vector 37—43.

It is apparent from the foregoing deseription
that when both lamps 52 and 50 are operating,
the potentials of the conductor 43 and the poten-
tial at the point 42, which potentials are in-
dicated by points 43 and 42 in Figure 6, are
approximately equal to the potential of the point
41. Since the relay actuating circuits 81 and 82

Figure 6 by the -

130

140

are connected across points 41 and 43, and points

41 and 42, respectively, the potential across these
actuating circuits, when the lamps are operating,
is insufficient to close the relay contacts asso-
ciated with these actuating circuits. Therefore,
when both lamps are operating, the spark coil

73 is not energized.

However, if, while line potential is applied to.
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the line conductors 37—38 and 39 the lamp 52

is not operating, then no potential is developed

in the tertiary winding 61 and the potential of

conductor 43 is the same as that of the conduc-
g tor 37. Therefore a potential of substantial
value, represented by the distance between points
37 and 41 in the vector diagram of Figure 6, is
applied to the actuating circuit 81 of relay 19,
which closes the contacts of that relay and con-
nects the terminal 78 of spark coil 73 to the
point 41. This results in the application of a
potential to the input terminals of the spark coil
73 corresponding in value to the distance be-
tween points 39 and 41 in Figure 6 which is suffi-
cient to energize the spark coil 73 and apply
starting impulses to the lamps.

After the lamp 52 has started, the potential
applied to the actuating circuit 81 of relay 79
again falls to a small value, represented by the
distance between points 43 and 41 in Figure 6,
and the contacts of relay.79 {hereupon open to
disconneet the spark coil 73.

Likewise, if the lamp 50 is not operating while
line potential is applied to the line conductors
37, 38 and 39, the potential of point 42 is the
same as the potential of the conductor 37 (repre-
sented by point 37 in Figure 6), and therefore a
potential represented in magnitude by the dis-
tance between points 37 and 41 in Figure 6 is
applied to- the actuating circuit 82 of relay 80
which closes the contacts of that relay and ap-
plies operating potential to the input terminals
of spark coil 73 exactly as described in the pre-
ceding paragraph. The spark coil 73 thereupon
develops starting impulses which are applied to
the lamps and start the lamp 5¢ into operation.
Immediately following the starting of normal op-
eration of lamp 50 the potential of junction point
42 rises to the value represented by the point
42 in Figure 6, which differs only slightly from
the potential of point 41. Therefore the poten-
tial applied to the actuating circuit 82 of relay
80 fails below a value sufficient to maintain the
contacts of that relay closed; the contacts there-
upon open and disconnect the spark coil 73.

Although I have shown in Figure 5, & system
including only two lamps, it is obvious that the
number of lamps may be increased to any de-
sired number by providing an additional trans-
former similar to transformer 53 for each high
potential lamp added, and by adding a regulat-
ing reactance corresponding to reactance. ele-
ments 51 for each low potential lamp added.
Regardless of the number of lamps’in the sys-
tem, the point 41 constitutes one potential refer-
ence point for the actuation of the starting de-
vice, the junction point between each low poten-
tial lamp and its regulating reactance constitut-
ing the other potential reference point for the
control of the starting device in response to fail-
ure of that lamp, and the free end of the tertiary
winding of the transformer associated with each
hizh potential lamp constituting the other volt-
age reference point for eontrolling the cperation
of the single starting device in response to fail-
ure of that high potential lamp.

In Figure 7, I have shown a circuit for operat-
ing two lamps of different characteristics in se-
. ries. Thus, I have shown a lamp 97, which may

contain as its chief active gas neon, and a lamp

98, which may contain mercury. In a circuit ac-
tually tested, the lamp 97 required an energizing

current of approximately one ampere at & poten-

tial substantially above the lihe potential of 220
75, volts and the lamp 98 required a current of ap-
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proximately two amperes af a potential substan-
tially less than the line potential of 220 volts.

The filaments of the two lamps are supplied
with heating current from three secondary wind-
ings 99, 160 and 101 of a transformer 102, the
primary winding 103 of which is connected in
series with a reactance element 104 across the
290-volt mains 90 and 92 of the supply cirecuit.’
Secondary’ winding 100 energizes the two fila-
ments of the two lamps which are connected to-
gether and the windings 99 and 101 heat the re-
maining fllaments of the lamps which-are con- -
nected to points of different potential. The re-
actance element 104 and the primary winding
103 of the filament transformer provide a con-
stant reference potential at their junction point
96 for controlling the starting device.

A transformer 105 having a primary winding

85

‘106 connected between one side 90 of the 220-
- volt circuit and the neutral conductor 91 thereof

95
provides the high potential necessary to ener-
gize the Tamp 87 and also provides the variable
potential for actuating the starting device.
Thus, the transformer is provided with a sec-
ondary winding 107 connected between the line 100
conductor 90 and one terminal of the lamp 97,
the circuit being completed from the other ter-
minal of lamp 97 through lamp 98 to the other
line conductor 92 of the supply circuit. A ferti-
ary winding 108 on the shunt core section of 105
transformer 105 is connected ‘between the line
eonductor 90 and the conductor 95 extending fo

‘the starting circuit. Thus, the starting circuit

comprises a thermostatic relay having an ener-
gizing winding 109 connected between the con~ 110
ductor 96 of constant reference potential and the
conductor 95 extending from the tertiary wind-
ing 108 and & pair of contacis 11§ for closing a
circuit from conductor 88 through a spark coil
111 to the line conductor 80 in response fo ener- 11§
gization of the winding 108.

A second relay comprising an energizing wind-
ing 112 connected between the conductor 96 and
the junction point 94 between the upper ter-
minal of Jamp 98 and the lower terminal of lamp
$7 may also be provided, this winding control-
ling a peir of contacts 113, which are connected
in shunt to the contacts 110. Although not
shown in Figure 7, it is to be understood that
the high potential terminal of the spark coil 125
11t is connected to starting electrodes adjacent
both lamps 97 and 28. -

As previously stated, the mercury lamp 98
requires a substantially greater operating cur-
rent than the neon lamp 97. To supply this 130
additional current, the upper terminal of lamwn
98 (the junction point 94) is connected through
a regulating reactance 114 to the line conduc-
tor 90. ‘

Referring now to Figure 8, assume that both 135 -
iamps are extinguished and that the supply con-
ductors 90, 91 and 92 are supplying potential.
The potential existing across conductors 92 and
90 is represented by the vector 92—90 and the
potential between either of these conductors and 148
the neutral conductor 91 by the vectors 92—91
and 91—980, respectively. Since the lamps are
not operating, the secondary winding 107-of
transformer 105 will be supplyifig no current
and will apply its full developed potential to 14K
conductor 93. This potential is in phase with
the potential of the conductors 92 and 90 but
is of greater magnitude and is represented by
the vector 92—93’. With no current flowing in
secondary winding 107, the tertiary winding 108 1£¢
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develops no appreciable potentxal and, there-
fore, the potential of conductor 95 is substan-
tially the same as the potential of conductor 90
and is represented by the position of the point
90 in Figure 8. Point 90, therefore, represents
the potential applied to the lower end of the
energizing winding 108. The other end of wind-
ing 109 is connected through conductor 96 to
the junction point of the reactance 104 and the
primary winding 103 of the filament transformer
102. The potential drop across the reactance
104 is represented by the vector 90—96 in Fig-
ure 8 and, therefore, the potential applied
across the relay energizing winding 109 is repre-
sented by the vector 90—96. This potential is of

.sufficient magnitude to energize the winding 109

and close contacts 110, which connects the spark
coil 111 between the conductor 96 and conductor
90 and the potential existing between those two
conductors (vector 90-—96 in Figure 8) is sufii-
cient to actuate the spark coil and set the tubes

97 and 98 in operation.

Following the starting of the lamps 97 and
98, the potential applied to lamp 97 is substan-
tially reduced because of the apparent poten-
tial drop in the transformer 105 this drop in
the transformer being represented by the vector

©93—93’ in Figure 8 and the potential consumed

in the lamps being represented by the vector
92—93. Of this potential, the component con-
sumed in lamp 97 is represented by the vector
94-—93 and the component consumed in the lamp
98 by the vector 92—94. Therefore, while the
lamps are in operation the potential of the
junetion point 94 between the two lamps is
represented by the position of point 94 in.the
vector diagram. It will be noted that one end
of -the relay energizing winding 112 is con-
nected between junction point 94 and conductor

"96. - Since the potential of conductor 96 is repre-~

sented by the point 96 in the vector diagram,
which is spaced only slightly from the point 94,
insufficient potential is supplied to the winding
112 to energize it. Therefore, the contacts 113,
associated with this winding, remain open.
Furthermore, when the secondary winding 107
of transformer 105 is supplying the lamp 97

'with current, a potential substantially in phase

with the apparent reactance drop in winding

107 is developed in the tertiary winding 108.
" The tertiary winding 108 is so proportioned and-..
. poled as to ‘apply a potential between the line

conductor 90 and the conductor 95, which may
be represented in approximate phase and mag-
nitude by the vector 90—95 in Figure 8, the

point 95 representing the potential of conductor .

95. It will be noticed that this point 95 is only
slightly spaced from the point 96 representing
the potential of conductor 96 so that insufficient:
potential is applied to the energizing winding
109 to close the contacts 110. Therefore, these
contacts, which were previously closed, open and
disconnect the spark coil 111 from its source of
energizing potential.

Since, as has been previously specxﬁed the

. mercury lamp 98 requires a greater current than

7

o
(11

the neon lamp 97, the junction point 94 is con-
nected to the supply conductor 90 through
regulating reactance 114. The potential drop
in regulating reactance 114 is represented by the

vector.  90—94.

Should lamp 97 go out, current would cease
to flow through the secondary winding 107 of
transformer 105, whereupon the potential of
conductor 95 would rise approximately to the

*
-
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potential of conductor 90 and again apply suf-
ficient potential to the energizing winding 109 to
close the contacts 110 and energize the spark
coil 111 to start the lamp into operation, pre-
cisely as was stated at the beginning cf the
description of operation of this ecircuit. Like-
wise, should the mercury lamp 98 be extinguished,
the potential of the junction point 94 would rise
approximately to the potential of supply con-
ductor 90 and a potential approximately repre-
sented by the vector 90—96 would be applied to
the relay energizing winding 112 to close con-
tacts 113 and apply potential to the spark coil

-111 to again start the lamp.

In the partlcular combination of lamps de-
scribed, the relay comprising the energizing

winding 112 and contacts 113 may be eliminated’

since tests indicate that if lamp 98 is not passing
current, the potential applied to lamp 97 through
the reactance 114 is insufficient to maintain
lamp 97 in operation. Therefore, should either
lamp go out from any cause, both lamps would
be extinguished, thereby applying potential to
the relay e'nerglzmg winding 109 to close the
contacts 110 and energize the spark coil 111.
It is possible, however, that if lamps of different
characteristics than those described are used in
this circuit, conditions might ke such as to per-

‘mit the operation of one lamp without the other

and it would then be necessary to have the spark
coil under the control of both lamps.

It will be observed from ‘the foregoing descrip-
tion that the circuit of Figure 7 resembles those
previously - described in. that it incorporates
means (the reactance element 104 and the pri-
mary winding 103 of the filament lighting trans-
former connected in series across the source of
supply) for developing a reference potential of
constant magnitude and other means (either the
tertiary winding 108 of transformer 105 or the
regulating reactance 114) for producing variable
potentials descriptive of the condition of the
lamps with which they are associated for pro-

-ducing a potential substantially equal to the
reference potential when the lamps are in opera-

tion and a substantially different potential when
their associated lamps are not operating but
have potential applied thereto. ‘

In the circuits heretofore described ‘incor-

oratmg lamps requiring an operating potential
substantially above line potential, the required
high potential being supplied by a special trans-
former, the variable potential for the control of
the starting circuit has been derived from a
tertiary winding on. the lamp transformer. It
is, possible, however, to provide the necessary
variable control potential without using trans-
formers having tertiary windings by employing
a special current transformer connected in series
with the lamp. A circuit incorporating such a
special transformer is disclosed in Figure 9,
which is a diagrammatic circuit. Referring to
Figure 9, there is shown a lamp 115 having a
pair of electrodes adapted to be heated from sec-
ondary windings 116 and 117, respectively, of
a transformer 118 and also connected to one end
119 of a high potential secondary winding 120
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and to a neutral conductor 121 of a supply cir-" -

cuit, respectively. Transformer 118 is provided
with a primary winding 122 connected across the

neutral conductor 121 and one side 123 of the-

supply circuit. The primary and secondary

windings 122 and 120 are connected together in

auto transformer fashion, as was previously de-
scribed in connection with Figure 5.
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A resctance element 124 and s resistance ele-
_ment 125 are connected in series across the two
sides 123 and 126 of the supply circuit for de-
veloping s reference potential of constant value
at the junction point 127. If desired, the re-
sistance element 135 may comprise the primary
winding of & transformer having a resistance
load, such as the filaments of other lamps, con-
nected to its secondary.

As previously stated, one electrode of lamp 115
is connected to the high potential end 118 of the
secondary winding 120. The other electrode is
connected through a conductor 128 and the
primary winding 129 of a current transformer
130 to the neutral conductor 121. “The second-
ary winding 131 of the current transformer 130
is connected between the line conductor 123 and
e terminsl 132, & starting means indicated
disgrammetically at 133 being connected be-
tween the junction point 127, previously referred
to, and conductor 132. This starting means
may comprise & spark coil, such as has been
shown in the previous diagrams, or a spark coil
together with & relay, its operation being fully
understeod from the previous descriptions.

Referring now to Figure 10 for an understand-
ing of the operation of the circuit of Figure 9,
the potential across the supply conductors 123
and 128 is represented. by the vector 126-—123
and the potential of the neutral conductor 121

with respect to the main conductors by the vec--

tors 126—121 and 121123, respectively. The
open circuit potential developed by the sec-

ondary winding 120 is represented by the vector .

123—119’ and the total potential applied to the
lamp 115 when the lamp is operating by the
vector 121—118. '

When the lamp 115 is nol conduciing. cur
rent, there is no current flow in the primary
winding 129 of the current transformer 130 and
no potential is developed in the secondary wind-
ing ‘131. Therefore, the potential of terminal
132 is substantially that of the line conductor
123, to which it is. connected through winding
131, which potential is represented by the po-

sition of the point 123 in Figure 16. The po-

tential of the junction point 127 between the
reactance element 124 of the resistance element
125 is represented, however, by the point 127 in

Pigure 10, the potential drop across the re-’

"actance element 124 being represented by the
vector 127—123 and the potential drop across
the resistance element 125 by the vector 126—
127. Therefore, when the line conductors are
supplying potential but the lamp 115 is not
operating, e potential exists between the junc-
tion point 127 and the terminal 132 approxi-
mately equal in phase and magnitude to the
vector 127—123 in Figure 10. This potential
is applied to the starting means 133 and ener-
gizes_the latter to start the lamp 115 in opera-
tion.

With the lamp 115 operating and conducting
current, & substential potential drop occurs in
the transformer 118 because of the fact that
the latter is designed to have high leakage re-
actance for regulation purposes. This poten-
tial drop, due to the reactance and resistance
of windings 122 and 120 of transformer 118, is
represented by the vector 119—119’ in Figure
10 and the potential drop across the lamp 115 is
represented by the vector 119—128. There is
also & slight potential drop in the primary wind-
ing 129 of the current transformer 130 and thig

2

drop is represented in Figure 10 by the vector
128—121,

As clearly shown in the diagram of Figure 10,
the potential drop across the primary winding
129 of the current transformer (vector 121—128)
leads the potential drop across the lamp (vector
128—119) by spproximately 90°. This current
flow through the primary winding of the cur-
rent transformer develops a potential in the sec-
ondary winding 131 which is approximately 180°
out of phase with the potential across the pri-
mary (vector 121—128) and is represented by
vector 123—132. This brings the potential of
the point 132 approximately equsal o the poten-
tial of the junction point 127 so that only a very
small potential is applied o the starting means
133 and the latter ceases to operate. )

It will be apparent from the foregoing deserip-
tion that whenever the line conductors 123, 121
and 126 are supplying potential and the lamp
115 is not operating, a potential of substantial
magnitude (vector 123—127) -will be applied to
the starting means 133 to actuate the latter and
that, as soon as the lamp 115 starts and con-
ducts current, the potential applied to the start-

ing means drops to a very low value insufficient

to actuate if. .

It is.to be understood, of course, that many
modifications may be made in the circuit of
Figure 9. Thus, if desired, the primary wind-
ing of a fllament lighting transformer may be
substituted for the resistance element 125 and
the electrodes of the lamp 115 heated by current
from secondary windings on this transformer in-
stead of from secondary windings on the main
transformer 118. '

In referring to transformer 136 as a current
transformer, I mean a transformer having a rel-
atively low impedance primary winding so that
the current flow in its primary winding is de-
termined by the impedance characteristics of
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90
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116

115

otheér elements connected in series with. the pri- -

mary winding rather than by the characteristics
of the load connected to the secondary of the
transformer. Transformers of this type are
sometimes referred to as series transformers.

In Figure 11, there is disclosed an alternative

.method of deriving a variable potential descrip-

tive of lamp operation. In this embodiment, the
lamp 135 is connected directly between a pair
of supply conductors 136 and 137 in series with
a regulating reactance 138." The variable con-
trol potential is derived from a control winding
139 which is on the same core and is closely
coupled to the winding of the regulating react-
ance 138. One end of the winding 139 is con-
nected to & third supply conductor 140 and the
other end to & conductor 141, which connects
30 the starting means 142. The other terminal
of the starting means 142 is connected to the

- junction point 143 of a reactance element 144

and s resistance element 145, which are con-
nected in series across the supply conductors

120

138

137 and 140. The resistance element 145 is '

shown as & fllament lighting transformer 1, but,

.as has been previously stated, this may be &

simple resistor or any other device having -pre-
dominantly resistive impedance. The reactance
‘clement 144 and resistance device 145 serve to
produce at the junction point 143 the desired
constant reference potential. The supply con-
ductors 140 and 137 may be the leads of a com-
mercial power circuit and the conductor 136 may
constitute either a third conductor of the power

_ system or the output terminal of the secondary

40
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winding of a step-up transformer, the other end
of which is connected to conductor 137. Suffice
it to say that, referring to Figure 12, the conduc-
tors 137 and 140 provide a potential represented
‘8 by the vector 137—140 and that the conductors
137 and 136 provide a potential represented by
the vector 137—136. In & manner that has been
fully described in connection with previous cir-
cuits, the reactance element 144 and resistance

30 element 145 provide a potential at the junction

point 143, as represented by the point 143 in .

the vector dlagram. When the lamp 135 is not
operating, the potential existing thereacross is
the full potential represented by the vector
137—136 and when the lamp is operating a
potential drop cccurs across the regulating reac-
tance 138, which is represented by the. vector
146—136 and the potentisl existing across the
lamp is then represented by the vector 137—148.

When the lexop 135 is not operating, no cur-
rent flows in the winding of the regulating reac-
tance 138 and no. potential is induced in the
confrol winding 139. Therefore, under these
conditions, the potentisl of the conductor 141 is
substantially equal to the line conductor 140,
which potential is represented by the polat 140
in Figure 12. Since the junction point 143,
however, is mainfained at s constant. different

]

25

potential, represented by the point 143 in Flg--

80 ure 12, the potential represented approximately
both in phase and magnitude by vector 143—140

exists across the input terminsls of the starting

device 142, which potential is sufiicient to actu-

ate the latter and start the lamp: AS scon as
the lamp starts and conducts current, however,
the current flow in the winding of the regulat-
ing reactance 138 induces = potential in the
control winding 139, which potential is substan-
_tially opposite .in phease to the potential drop
across the winding 138. The relative phase of
the potential developed in the control winding
139 is, therefore, shown spproximately correctly
by the vector 140141 in Figure 12; further-
more, the control winding 139 is so proportioned
as to develop & potential of magnitude repre-
sented by the length of the vector 140-—141.
As clearly shown in the vector diagram, this
brings the point 141 close to the peint 143, which
two points represent the potentials of the two
input terminals of the starting device 142 when
the lamp is operating, and the difference between
these potentials is insufficient to actuate the
starting device 143. ‘

In all of the circuits heretofox'e. described, the
constant - reference potential of desired phase
and magnitude has been derived from the junc-
tion point of a reactance element and resistance
element connected in series across the line con-
ductors. However, the constant reference po-
tential may be derived in other ways, “one of

4e

5D

.60

-which is shown in Figure 13. In Pigure 13 there.
" is'shown a lamp 150 which is connected in series
with the regulating reactance 151 across line-

conductors 152 and 153, respectively, which line

for instance, 220 volts. A starting device for
starting the lamp is represented at 154, which
operates in response to a pre-determined dit-
ference of potential applied to its input terminals

T

70
155 is connected directly to the junction point

. of the regulating reactance 151 and the lamp
° 150 so that its potential varies from & value
very nearly the same as the potential of line

':5 conductor 152 when the lamp 18 mot operating

conductors may. supply any desired potential, .

155 and 156, respectively. The-input terminal

2,577,381

to a substantially different potential when the
lamp is operating. A constant reference poten-
tial is applied to the input terminal 156 by a
special high reactance fllament heating trans-
former 157. The transformer 157 comprises a
closed core having two .legs, upon which are

80

-mounted primary windings 159 and secondary

windings 160 and 161, respectively, and a shunt.
core section upon which is mounted a tertiary
winding 158. The operation of transformer 157
is substantially identical with that of trans-
former 53 in Figure 5, previously - described.
‘The secondary windings 160 and ‘161 are con-
nected to the filamentary electrodes of the lamp
150, "which provide & substantially constant
resistive load connected to the windings at all
times.

Referring now to the vector diagram of Figure
14, the potential across the line conductors 153
and 152 is represented by the vector 153—152.
This vector also, of course, represents the phase
of the potential applied to the primary winding
159 of the filament lighting transformer. For
the reasons outlined in the description previous-

"1y given with reference to Figure 5, the potential 100

developed in the tertiary winding 158 is sub-
stantially 45° out of phase with the potential
applied to the primary winding 159 and this
tertiary winding 158 is.so proportioned and
poled as to develop a potential represented in
rhase and magnitude by the vector 152—156.
Since the lamp fillaments are constantly con-
nected to the secondary windings 160 and 161,
this potential represented by point 1566 is devel-
oped and applied to the input terminal 156 of 110
the starting device 154 at a1 times when the line
conductors 152 and 153 are energized. The ter-
minal 156 is, therefore, maintained at a constant
reference potential and this reference potential
is made (by properly designing the transformer 118
187) to be substantially equal to the potential at
the junction of the regulating reactance 151 and
lamp 150 (represented by the point 165 in Fig-
ure 14) when the lamp is operating. It foliows
that when the lamp 150 is cperating, the poten- 120

105

“tial applied to the startinig device 154 Is very

emall, being represented by the distance between
points - 155 and 156 in Figure i4. However,
ghould the lamp 150 be extinguished while po- |
tential is applied to conductors 152 and 153, the 126
potential .of the junction point (terminal 155)
immediately rises substantially to the potential
of the line conductor 152, which potential i3 rep-
resented by the point 152 in Figure 14.. There~
fore, if the lamp is not conducting current, the 130
potential represented by the vector 152—-158 is
applied to the starting device 154 to start the
lamp into operation.

JIn Pigure 15, a modification of the circuit

_shown in Figure 13 is disclosed. In the circuit 135

of Figure 15, alamplesmoonnectedmserlw
with the winding-166 of a regulating reactance
across line conductors 167 and ‘168 and the fila-
mentary electrodes of the lamp are energized in
precisely the same manner as in Figure 13 from
a: high reactance transformer 169 -having a ter-
tiary winding 170 for developing a constant ref-
erence potential and applying it to one .of the
input terminals 171 of a starting device 172. In
this case, however, the other input terminal 173 148
of the starting device, instéad of being connected
directly to the junction point 174 of the winding

166 and lamp 165, is connected thereto through

an auxiliary winding 175 which is closely cou- #
‘Pled td tlie winding 166. The Vector relations of 13

140
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the potentials existing in various parts of this
circuit are shown in Figure 16. Thus, the line
potential between conductors 168 and 167 is rep-
resented by the vector 168—167 and the constant
reference potential developed by the tertiary
winding 170 of transformer 169 and applied to
the input terminal 171 is represented by the
vector 167—171. When the lamp 165 is not op-
erating, there is no potential drop across either
windings 166 or 175 and the potential of the
other input terminal 173 of the starting device
172 is substantially that of conductor 167.
Therefore, when the lamp-is not operating, a po-
tential represented by the vector 167—171 is ap-
plied to the starting device 172 and energizes
the latter to start the lamp 165. However, when
the lamp 165 has been started and is conducting
current, there is a substantial potential drop in
the winding 166 which is represented by the
vector 187—174 and there is added to this poten-
tial the potential induced in the auxiliary wind-
ing 175, which potential is in phase with the re-
actance component of the potential drop across
winding 166 (the latter being represented by the
vector 167—176) and which is represented in
magnitude and phase by the vector 174—173.
Therefore, when the lamp 165 is conducting cur-
rent, the potential of the input terminal 173 is
represented by the point 173 in.Figure 16 and
differs only by a very slight amount from the
constant reference potential applied to the in-
put terminal 171. This small potential is insuffi~
cient to energize the starting device.

The chief advantage of providing the auxil-
iary winding 175 on the regulating reactance and
connecting it as shown in Figure 15, is that such
construction permits adjustment of the. poten-

“tial applied to the input terminal 173. In-other

words, with this construection the tertiary wind-
ing 170 on the filament transformer 169 may be
so designed as to develop a constant reference
potential (represented by the vector 167—171)
of magnitude suitable for the operation of stand-
ard spark coils which are designed to operate at

a particular potential. Thus, if standard spark’

coils for operation of 110 volts are available, the
tertiary winding 170 may be so proportioned as
to develop substantially 110 volts, and the auxil-
jary winding 175 on the regulating reactance
may be then designed to yield a potential (rep-
resented by vector 174—173) of the proper value
and phase to bring the point 173 (Figure 16)
very close to thé point 171.

In Figure 5, there was disclosed a circuit in
which a high leakage reactance transformer
for supplying high potential to a lamp was pro-

vided with a teritary winding for producing a.

variable potential of desired phase and magni-
tude which was. descriptive of lamp operation,
i. e. a potential of one value when the lamp was
operating and another value when the lamp was
not operating, and in Figure 13 a circuit was
disclosed in which a high leakage reactance
transformer for supplying filament lighting po-
tential to the lamp was provided with a tertiary
winding for providing a constant reference po-
tential for use in actuating the starting device.
It is possible to combine the functions of the
two separate transformers used in these differ-
ent circeuits in a single transformer and a circuit
including such a transformer is disclosed in
Figure 17. Thus, Figure 17 discloses three lamps
180, 181 and 182, each having a pair of fila-
mentary electrodes adapted to be heated and all
the electrodes at one end of each lamp being

.
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connected together and to a line conductor 183
and adapted to be energized from a single sec-
ondary winding 185 of a transformer 186. The
three lamps may have different characteristics
requiring different operating currents and/or
potentials. The electrodes at the opposite ends
of these lamps are, therefore, connected to in-
dependent  windings 187, 188 and 189 on the
transformer 186, these windings serving only to
supply heating current to the electrodes to
which they are connected. Lamps 182 and 181
may -be designed to operate at potentials less
than line potential and their opposite electrodes
are, therefore, connected through regulating re-
actances 190 and 191, respectively, to the other
line conductor 184. Variable potentials for con-
trolling a starting device in response to failure
of either of these lamps 180 or 181 to operate
are derived from the junction .points of the
lamps with their respective regulating reactions,
which junctions are identified with the refer-
ence numerals 192 and 193, respectively.

The characteristics of lamp 180 are such that
it requires a higher operating potential than is

‘available from the line conductors 183 and 184.

It, therefore, has its opposite electrode connected
to one terminal 194 of a high potential secondary
winding 195 on the transformer 186, the other
end of this winding 195 being connected to the
line conductor 184. Since the first mentioned
electrodes of lamps 180, 181 and 182 are all con-
nected together and to the line conductor 183,
the potential applied to lamp 180 will be the
sum of the potentials developed in the primary
winding 196 and the secondary winding 195.

Transformer. 188 is provided with two shunt
core sections 197 and 188, respectively, upon

80

28
109
108

319

which are mounted auxiliary windings 199 and -

200, respectively. 'These auxiliary windings are
each connected at one end to the line conductor
184. Winding 199 is used to derive a constant
reference potential for the control of the start-
ing device and it, therefore, has its free end con-
nected to & conductor 201 which is connected to
one terminal of each of the actuating windings

of three separate starter control relays 202, 203

and 204. The other ends of the actuating wind-
ings of these three relays are connected, respec-
tively, to the junction point 193, junction poipt

192 and. t0 the free end 205 of the suxiliaty

winding 200.
Referring now to the vector diagram of Figure
18 for an understanding of the operation of the

circuit of Figure 17, the vector 183—184 repre-:

sents. the potential across line conductors ‘183
and 184 and the vector 183—194’ represents the
open- circuit potential developed in the primary

‘winding 196 and the secondary winding 195 and

applied to the lamp terminal 194. When lamp
180 is operating, the current drawn thereby
from the transformer produces a voltage drop in
the transformer represented by the vector 194—
194’, this drop being caused chiefly by the leak-
age reactance between the primary winding 196
and the secondary winding 195, and the potential
consumed in the lamp 180 is represented by the
vector 183-—184. .
Referring now to the construction of trans-

118 -

120

130

135

160

former 186, it will be observed that the filament -

windings 187, 188 and 189, and the primary
winding 196 are on opposite legs. Therefore,
substantially all of. the flux threading the pri-
mary winding 196 also threads the windings 187,
188 and 189 so that these wind'ngs are closely
coupled together. The filament winding 185,

145
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‘ing potential,

however, is on the end leg of the core that is
shunted by core section 197 carrying winding
199. Therefore, a substantial component of the
flux. generated by the primary current threads

"the shunt core section 197, thereby introducing

substantial leakage reactance between the pri-
mary winding 196 and filament winding 185. The
resulfing phase shift in the current supplied
by filament winding 185 is of no moment insofar
as the heating of the lamp electrode to which
it is connected is concerned. The leakage flux
threading the shunt core section 197 develops a
poténtial in wind'ng 199 which is répresented by
the vector 184—201 in Figure 18 and establishes
the constant reference potential represented by
point 201, which is constantly applied to one
end of {he energizing winding of each relay 202,
208 and 204 for starter control purposes so long
as the line conductors 183 and 184 are supply-

point 201 is consiant because it is determined
by the current fiowing in the filament winding
185, which current is substantially constant at
all times because the winding is permanently

connected to one electrode of each of the three

lamps 180, 181 and 182 and the impedances of

-these electrodes are substantially constant re-

gardless of whether the lamps are lighted or ex-
tinguished. N :

When all three lamps are operating, the PO~
tentials of the junction points 192 and 193 and
of the terminal 205 are approximately equal
in value to the potential of the point 201 in
Figure 18. Thus, the potential of the terminal
205 is indicated by the point 205 in the vector
diagram and the potentials of the points 192
and 193 are substantially the same and are
indicated by the point 192, 193 in the vector
diagram. It will be readily apparent from
previous explanations that the potential of the
points 192 and 193 has the value shown in Fig-
ure 18 because of the potential drops in the regu-
lating reactances 190 and 191. Likewise, the
potential of the peint 205 is determined by the
auxiliary winding 200 on the shunt core sec-
tion- 198, which shunt core section forms a

- magnetic path in shunt to the leg of the trans-

i1t
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former, upon which the high potential ‘second-
ary wnding 195 is positioned.

Should lamp 180 be extinguished from any
cause while the line conductors 183 and 194
are energized, there will be no current flow in
the high potential secondary winding 195 and
substantially all of the flux ‘developed by the

primary winding. 196 will follow the low reluc-
tance path through the leg upon which winding-

185 is positioned and only a very small flux will
then be developed in the shunt core section 198.
Hence, only a very small potential will be in-
duced in winding 200 and the potential of point

205 will immediately tise from the value indi-
cated by the position of point 205 in Figure 18 -

to the value indicated by the“point 184. There-

fore, a potential represented in phase and mag- -
nitude by the vector 184—201 will be impressed-

upon the winding of relay 204, which will close
the contacts of that relay and supply actuating
current {o the starting device 208 which will be
energized to apply starting impulses to all of
the lamps and again set
tion. -

Likewise, should either ‘lamp 180 or 181 be
extinguished while line conductors 183 and 184

- are energized, the potential of the junction point

192 or 193 between that lamp and its associated

.
>,

This potential represented by .

lamp 182 into opera--

1,977,281

regulating reactance 190 or 191, will immedi-
ately rise to the potential of conductor 184. A
Ppotential represented in phase and magnitude
by the vector 184—201 will, therefore, be applied
to the winding of one or the other of the two
relays 202, 203 which will supply energizing
current {0 the starting device 206 and apply
starting impulses o all of the lamps. '

In Figur¢ 17 the starting device 206 is shown
supplied with energizing current over two cone
ductors 207 and 208, which may be connected
to any desired source of energy of suitable poten-
tial. Obviously, if desired, the starting device
206 could be energized from the same sources
that were used to energize the windings of re-
lays 202, 203 and 204.

If desired, the filament windings 187, 188 and
189 of the transformer 186 couid be positioned
upon the same leg of the transformer as the

‘filament winding 185 since all of these filament

windings are connected to loads (the fllaments
or the respective lamps) of substantially con-
stant impedance and, in order that the reference
potential developed in winding 199 be constant,
it is only necessary that the windings on the
transformer leg in shunt thereto be connected
to loads of constant impedance. It is desirable,
however, to position the windings 187, 188 and

189, as shown, in order to obtain a higher power -

factor for the iransformer since any winding
positioned on the leg in shunt to the shunt core
section 187 would have very high leakage react-
ance. Of course, windings 187, 188 and 189
could ke positioned on the same leg as the pri-
mary winding 196, if desired, and in that posi-
tion the transformer would have substantially
the same characteristics as in the construction
shown. It is to be particularly observed that
the potential developed in winding 199 is sub-
stantially constant so long as the current drawn
from winding 185 is constant, variations in the
current drawn from winding 195 having very lit-
tle effect on the flux threading the shunt core
section 197. . .

The circuit disclosed in Figure 17 has sub-
stantial practical advantages in that only a
single transformer is required for an assembly of
three different lamps. :

In my copending application, Serial No. 657,-
486, filed February 20, 1933 on Starting circuits
for gaseous discharge lamps, I have shown that -
the starting efficiency on an A. C. operated gase-
ous discharge lamp of impulses from a spark coil
depernids to & great extent on the phase of the
potential applied to the input terminals of the
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spark coil relative to the phase-of the operating "

potential across the lamp terminals. I also dis-
closed in the aforementioned application vari-
ous methods of supplying potential to the spark
coil in proper phase to give a high starting efi-
ciency. . o )

An approximation to the desirablé phase rela-
tion between the lamp operating potential and .
the spark coil operating potential may be pro-
vided by deriving-the spark coil potential from
suitable points in the lamp ecircuits herein de-
scribed. Thus, in Figure 1, the energizing po-
tential for the spark coil 30 is derived between
the.line conductor 1 and the junction point 3

.and the phase and relatfve magnjtude of the

potential applied to the spark coil is indicated -
by vector 3—1 in Figure 2. I have found by

135

140

145

experiment that the starting effectiveness of’a °

spark coil energized from a source of potential
of phase represented by vector 3—1 is approxi-
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mately 21 times as gread as if the spark -coil
were energized from a potential in phase with
the line potential across conductors 2—1.. The
connection shown in Figure 1 has the disad-
vantage, however, that the potential between
line conductor 1 and the junction point 3 is more
than half the line potential and, therefore, the
spark coil would need to be especially designed
to operate from this abnormal potential.

In the circuit disclosed in Figure 5, the
input terminals of the spark coil 73 are con-
nected between the neutral conductor 38 of the
supply circuit and the junction point 41 between
the reactance elements 72 and the filament light-
ing transformer 70. With this connection the
phase and magnitude of the potential applied
to the spark coil are represented by vector 39—
41 in Figure 6. I have found that a spark coil
energized from a potential of phase represented
by vector 39—41 has an extremely high start-
ing efficiency, its effectiveness being nearly four
times as great as it would be if energized from
2 potential of the same magnitude in phase

with the potential of the supply conductors

(vector 38—37). The potential (vector 39—41),

‘however, has the disadvantage that it is of rela-

tively low magnitude, being substantially less

than the magnitude of the line potential between .

the neutral conducter 39 and one of the main
conductors 37 or 38. It is, therefore, necessary
when employing the circuit connection shown
in Figure 5 to specially design the spark coil
to operate at reduced potential. o

It is to be understood in all these descriptions
that in practice the. line potentials employed
will be either 110 volts or 220 velts in the case
of two-wire supply circuits and 11¢ volts and
230 volts in the case of thfee-wire supply cir-
cuits. Heretofore the spark coils usually em-
ployed for starting gaseous discharge lamps have

- been "designed to operate from a poteqtial of

&p
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110 volts. - :

Referring now to Figures 18 and 20, I have
shown two methods of supplying energizing po-
tential to the spark coil which are alternative

"to the methods disclosed in Figures 1 and 8.

Except for the connections of the spark coils,
the circuits of Figures 19 and 20 are identical
with the circuit of Figure 1.

In Figure 19 the spark coil is shown connected
to receive operating potential between the junc-
tion point 3 and the line conductor 2. The
potential between these two points is represented

by vector 2—3 in Figure 2. 'This potential can
pe made substantially equal to 118 volts by prop- -

erly proportioning the reactance element 28 and
the resistance element 29, so that. standard
spark coils may be employed. The phase of the
potential between points 2 and 3 (vector 2—3 of
Figure 2) is such that the sfarting efficiency
of a spark coil energized therefrom is relatively
low as compared to that of a coil connected, as
shown in Figures 1 and 5. However, the con-

nection of Figure 19 still gives a starting effec--

tiveness substantially twice that when the coil

is energized directly from the line potential.
In Figure 20, the spark coil is shown con-

nected between the junction point 3 and = tap

28T on the reactance element 28, This is a-

very desirable connection for the reason that
the starting efficiency of a spark coil energized

from s potential of the phase of the potential

existing across the reactance element 28 (vec-
tor 3—1 in ‘Figure 2) is relatively high, being
about 21% times that of a potential in phase with

13

the line potential, and by suitably locating the
tap 28T on the reactance element 28, the magni-
tude of the potential developed may be regulated
substantially exactly to 110 volts, the potential
at which standard spark coils are designed to
operate.

Obviously, the spark coil connection shown in
the various circuits described may be varied. In
‘any case, it is only necessary that a relay ior
controlling the application of potential to the
spark coil be connected between the reference
point of constant potential and the point of vari-
able potential which is descriptive of lamp opera-
tion. The spark coil itself may be connected,
through the contacts of the relay, across any two
points in the circuit between which points there
exists a potential of suitable phase and magni-
tude, or the spark coil energized from a source
entirely distinet from the lamp circuit shown.
This separate source may be that disclosed in
my earlier application above referred to.

Having fully described the preferred embodi-
ments of this invention, it is-to be understood
that I do not limit myself to the exact construc-
tion herein set forth, which may cbviously be
varied in detail without departing from the
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spirit of this invention, but only as set forth in

the appended claims.

I claim:

1. In a circuit for operating a device the im-
pedance of which varies between widely different
values when not operating and when operating,
respectively, and which is incapable of starting
operation in response to application of normal
operating potential thereto without special ex-
citation, starting means for exciting said device,
mesns for deriving a first substantially constant
potential from the operating potential applied to
said device, means including said device for de-
riving a second potential from the operating
potential applied to said device, which second
potential varies according to the impedance of
said device from a value approximately egual
to said first potential when the device is op-
erating, to a value substantially different irom
said first potential when the device is not op-
erating, and means for actuating said starting
means in response to a substantial potential dif-
ference between said first and second potentials.

2. In combination, an electrical device having

2 high impedance when not conducting current
and a lower impedance when conducting current;
a source of curremt of potential sufficient to
maintain current flow in said device but insuffi-

cient of itself to initiate a flow of current there-

in; means including an impedance element con-
nected in series with said device across said
source, the impedance of said element being com-
parable in magnitude to the impedance of said
device when the latter is conducting current,

whereby a substantial potential drop exists across

said impedance element when said device is con-
ducting current, the impedance of said element
being much lower than the impedance of said
device when the latter is not conducting current
whereﬂy, under the latter condition, the potential
drop aross said element is small; a terminal; cir-
cuit means including said -source for constantly
maintaining - said terminal at a potential at
least approximately equal to the potential of the
junction between said electrical device and said
impedance element when said electrical device is
conducting current; and means for starting said
electrical device in response to a difference in
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potential between said junction and said ter-
minal.

3. In combmatlon, an electrical device having
a high impedance when not conducting current

5 and a lower impedance when conducting cur-
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rent; a source of current of potential sufficient
to maintain current flow in said device but in-
sufficient of itself to initiate & flow of current
therein; means for supplying current from said
source to said -device, including & first element
having an impedance comparable in meagnitude
to the impedance of said device when the device
is conducting current, connected in series with
said device; starting meens for lowering the
impedance of said device, said sterting means
functioning in respomse fo electrical potential
applied thereto; g second and & third clemenft
connected in series across said source and having
impedances. the ratio between which is at least
approximately the same as the ratio between the
impedance of said first impedance element and
the impedance. of said device when the device is
conducting current; and circuit medns for con-
necting said starting means between the respec-
tive circuit junctions of said electrical device
and first element and said second and thxrd cle=
ments.

4. In combma,tlon, an electrical device hav-
ing a high impedance when not conducting cur-
rent and a lower impedance when conducting
current; g source of current of potential suff-
cient to maintain'current flow in said device bub
insufficient of itself to initiate a fow of current
therein; means for supplying current from said
source to said device including o first element
having an impedance comparable in magnitude
to the impedance of seid device when the de-
vice is conducting current connected im series
with said device; starting means for lowering
the impedance - of said device, said starting
means functioning in response to electrical po-
tential applied thereto; a second and a third ele-
ment connected in series across said source and

having impedances the ratio bhetween which is

at least approximately the same as the ratic be-
tween the impedance of said first impedance
element and the impedance of said device when
the device is conducting current; circuit means

for connecting said starting mesns between the '
respective circuit junctions of said electrical de-~

vice and first element and of said second and
third elements, said circuit means including &

. relay having a high impedance actuating cir-
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- cuit permanently connected between sald two

junction points and having contacts closing in
response to a .predetermined potential across
said actuating circuit, said contacts being con-
‘nected in series with said starting means for
controlling the application of energizlng current
thereto.

5. In combination; an electrica.l device hav-
ing a high impedance when not conducting cur-
rent and a lower impedance when conducting
‘current; a source of current of potential suffi-
cient to maintain current flow in said .device

‘but insufficient of itself to initiate a flow of cur-

rent therein; means for supplying current from

' said source to said device including a first ele-

70

T ering the-impedance of said device, said start-
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" ment having ah impedance comparable in mag-
nitude to the impedance of said device when
‘the device is conducting current. connected in
series with said device; starting means for low-

ing means functioning in response to electrical
potential applied thereto; a second and & thlrd
i

element connected in series across said source
and having respective impedances the ratic be-

tween which is at least approximately the same

&s the ratio between fhe impedance of said
first impedance element and the impedance of 80
said device when the device is conducting cur-
rent; circuit means for connecting sajd sterting
means between the respective circuit junctions
of said electrical device and first element and of
said second and third elements, said eircuit 8§
means including 2 relay having a high imped-
ance actuating circuit connected in seriss with
said starting means between said two junction
points and having & pair of contacts shunted
across said actuating circuit for shorting out the 9
asctuating circuit in response fo closure of said -
contacts.

8. A system as described in claim ¢, in which
said relay is slow acting.

7. In combination; an electrical device hav- 8§
ing & high impedance when rot conducting cur-
rent and & lower; substantially resistive imped-

. ance when conducting current; s source of alter~

nating current of potential sufficient to maintain
current flow in said device but insufficient of 100
itself to initiate a flow of curremt therein;
means for supplying current from said source

to said- device including & first element having
inductive reactance comparable. in magnitude

to the resistance of said device when the device 105
is conducting current, connected effectively in se-
ries with said device; starting means for lower-

ing the impedance of said device, said starting
means functioning in response to electrical po-
tential applied thereto; & second and a*“third 11i¢
element connected in series across said source
and having impedances which are substantially
inductively reactive, and resistive, respectively,
and the ratio between which is at least approxi-
mately the same as the ratio between the re- 115
actance of said first element and the resistance

of said device when the device is conducting cur-
rent; and means for connecting said starting
means between the respective circuit junctions of
sald electrical device and first element and of 120
said second and third elements.

8. A system as described in claim 7, in which
said electrical device. comprises & gaseous dis-
charge device.

8. A system as described in clalm 7, in which 126
said electrical device comprises & gaseous dis-
charge device having an electrode adapted to be
heated by passing electrical current therethrough
independently of currents flowing through said
gaseous discharge device and in which said elec- 130

- trode provides at least a part of the resistive im-

pedance of said third element. _

10. In combination; an electrical discharge
device having a high impedance when not con-
ducting ‘current, and a lower, substantially re- 135

sistive impedance when conducting current, said
device having at least one electrode adapted

.to be heated by passing electric current there-

through independently of current fiowing
through said device; a source of alternating cur- 140
rent of potential sufficient to maintain current
flow in said device but insuficient of itself to in-
itiate & flow of current therein; means for sup-
plying current from said source to said electrical
discharge device including an element having in- 145
ductive resistance comparable in magnitude to
the resistance of said device when the device is

.conducting current connected: effectively in se-

ries with said device; starting means for lower-
ing the impedance of said electrical discharge 150
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device, said starting means functioning in re-
sponse to electrical potential applied thereto; a
transformer having a secondary winding con-
nected to said electrode for supplying current to
heat the electrode, and having a primary wind-
ing; means having substantial inductive react-
ance connected in series with said primary wind-
ing for connecting said primary winding to said
source, the ratio of the input resistance of said

primary winding to the reactance of the means .

connected in series therewith being at least ap-
proximately the same as the ratio between the
resistance of said electrical discharge device
when the latter is conducting current, and the
reactance of said element connected in series
with the electrical discharge device; and clrcuit
means for connecting said starting means be-
tween the respective circuit junctions of said
electrical discharge device and said element con-
nected in series therewith, and of said primary
winding and the inductive reactance means con-
nected in series therewith.

i1. In combination; a gaseous discharge
device having 2 pair of electrodes, said electrodes
being adapted to be heated by passing electric
current therethrough independently of current
flow through said discharge device; a source of

maintain current flow between the electrodes of
said device but insufficient of itself to initiate a
flow of current therebetween, said source com-
prising a first and a second terminal; a trams-
former having a pair of secondary windings con-
nected respectively to the two electrodes of said
discharge device, and having & primary wind-
ing: a low impedance connection between said
first terminal of said source and one of said
electrodes of said device; a low impedance con-
nection hetween said first terminal and one end
of the primary winding of said transformer; an

_inductive reactance element having reactance

comparabie in magnitude fto the resistance of
said discharge device when the latter is conduct-
ing current, connected in series between the
other electrode of said discharge device and said
second terminsl; another induective reacfance
element connected betwesn the other end of said
primary winding of said transformer and said
second terminal of said source, the ratio of the
reactance of said last reactance element to the
input resistance of said primary winding of said
transformer being at least approximately the
same as the ratio of reactance of said first men-
tioned reactance element to the resistance of
said discharge device when the latfer is con-
ducting current; and starting means for starting

the discharge device connected between the re-.

spective circult junctions of said first mentioned
reactance device and the second electrode of said
discharge device, and of said primary winding
and the reactance element connected in series
therewith. :
12. In combination; a plurality of electrical
discharge devices having high impedances
when not conducting current and lower, sub-
stantially resistive impedances when conducting
current; a source of alternating current of po-
tential sufficient to maintain current flow in said
devices but insufficient of itself to initiate a flow
of current therein, connected to each of said
electrical discharge devices; a plurality of induc-
tive reactance elements each connected in series
with one of said respective discharge devices to
regulate the current flow in that device; a de-

. vice having substantially resistive impedance,

and a reactance device, connected in series
across said source and having resistance and re-
actance, respectively, approximately proportional
to the resistance and reactance, respectively, of

each of said electrical discharge devices and the:

inductive reactance element connected in series

therewith: a single starting means for starting.

any of said discharge devices in response to-sub-
stantial electrical potential applied to said start-
ing device; a plurality of relays, one for each

electrical discharge device, each having an actu--

ating circuit and a pair of contacts adapted to
be closed in response to energization of the actu-

~ating ecircuit, the actuating circuits of the re-

sistive relays being connected between the circuit
junction of said resistance impedance device and
reactance device and the respective circuit junc-

‘tions of said several electrical discharge devices

and their associated inductive reactance ele~-

ments; and means for applying actuating current

to said starting device in response to closure of
the contacts on any one of sald relays by energi-
zation of the actuating circuit of that relay.

'13. In combination; a plurality of electrical
discharge devices having high impedances when
not conducting current, and lower, siibbstantially
resistive impedances when conducting current;
a three conducter alternating current supply cir-
cuit supplying a predetermined potential be-
tween a first and second of .said conductors and
‘supplying a lower potential between either of
said first and second eonductors and the third
conductor; a plurglity of reactance elements, one
for each discharge device, each having a react-
ance approximately egual in magnitude to the
resistance of the discharge device with which it
is associated when the discherge device is con-
ducting current; each of said electrical discharge
devices having & pair of electrodes one of which

.is" connected to said second conductor of said

current supply circuit and the other of which is
connected to one end of the reactance element

" gssocigted therewith, the other end of each re-

actance element being connected to said first
conductor of the supply circuit; means includ-
ing an inductive reactance elemient and a re-
sistance element connected in series between
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said first and second conductor, said reactance -

element being connected at one end to said first
conducter, and the reactance and resistance, re-
spectively, of said last named reactance and re-
sistance elements being approximately equal in
magnitude; & single starting means having 2
peir of input terminals adepted to start any of
said discharge devices in response to a, substan-
tial potential impressed across its input termi-
nals, one of said input terminals being con-
nected to said third conductor of the supply cir-
cuit; & plurality of relays, one for each discharge

180

device, each relay comprising a high impedence & -

actuating winding and a pair of normally open
contacts which are closed in response to appli-
cation of a substantial potential to the actuating
winding, one contact of each of said relays be-
ing connected to the other terminal of said

starting device, and the other contact of each

relay being connected to the circuit junction of
said reactance and resistance element connected

in series across said first- and second conduc- ;

tors; a connection between one end of the actu-
ating circuit of each relay and the last men-
tioned circuit junction; and a connection be-
tween the other end of the actuating winding of
each relay and the circuit junction of the dis-

150
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. charge device and reactance elemen{g associated
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with that relay. .

14, In' combination; an electrical discharge
device having a high impedance when not con-
ducting current and & lower impedance when

.conducting curreni; & source of alternating cur-

rent of low potential for operating said device;
e transformer having & primary winding con-
nected to said source, & secondary winding con-
nected to said device, & magnetic shunt core sec-
tion providing leakage reactance effectively in
series with said primary and secondary windings,
and g tertiory winding on said shunt core sec-
tion; starfing means having a pair of input ter-
mingls for sterting said device in response to po=
tential epplied to sald terminals; means for
deriving & potential of predetermined substan-

tielly constent velue from said source and ap-'

plying said potentiel to one of ssid terminals,
seid other terminal being connected through

.seid tertiary winding to one side of said source

and said tertiary winding being So poled and
proportioned ss to develop a potential at said
other terminsl substantially equal to said pre-

" determined value when said electrical discharge

deviee is drawing operziing current from said
secondary winding; seid tertiary winding de-

_veloping substantizily no potential when said

3@

5

b

device i3 not drawing operating current from
saifl secondsry winding, whereby & substantisl
potential exists across said input terminals of
sgid starting means to actuate the latter when,

and only when, said source is supplying potential .

and said device is not operating.

15. In combinetion; a plurality of clectrical
discharge devices having high impedances when
not conducting current and lower impedances
when conducting current, one at least of said
devices requiring a substantially greater operat-

; ing potential than another of said devices; a

source of aiternating current of low potential
for operating said devices; a transformer hav-

‘'Ing & primary winding connected to said source,

having a secondary winding connected to said
first device requiring a high operating poten-
tial, having a magnetic shunt core section for
providing leakage reactance effectively in series
#ith said primary and said secondary windings,

and having a tertiary winding on said shunt.core’
- section, starting means having a pair of input
terminals for star{ing any of said devices in re- -

sponse tc potential applied to said- terminals;
substantially constant value from said source and

. applying said potential to one of said input ter-

minals, a regulating reactance element connected
in series with said other electrical discharge de-
vice requiring low operating potential directly
across said source, said regilating reactance be-
ing so proportioned as to produce a potential at
the circuit junction of said reactance with said
device, when the device is conducting current,

substantially equal to said predetermined poten- .

tial; means connecting said junction point to the

-other . input terminal of said starting mesans;

means for also connecting said other input ter-

‘minal through said tertiary winding to one side .

" of said source; said tertiary winding being so

70
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poled and proportioned as to develop a potential
for maintaining said other terminal at a poten-
tial substantially equal to said predetermined

‘value when said first device is drawing operating

current from said secondary winding, and said

tertiary winding developing substantially no -

potential when said device is not drawing operat-

. 1,977,381 .
ing current from said secondary mnding. where~

by & substantial potential exists across said in-
put terminals of said starting means to actuate
the latter, when, and only when; said source is
supplying potential a.nd one of said devices is
not operating.

16. In combmation, a plurahty of electrical dis-
charge devices having high impedances when not
conducting current end lower impedances when
conducting current, one of said devices requir-
ing’ & substantially greater operating potential
than a second of said devices; a source of alter-
nating current of low potential for operating said

devices; g transformer having & primary winding

connected to said source, having a secondary
winding connected to the first of said devices,
having & magnetic shunt core section for pro-
viding leakage reactance effectively in series
with said primary and secondary windings, and
having a tertiary winding on said shunt core
section; starting means for starting any of said
devices in response to potential applied thereto;
& terminal; means for deriving a potential of
vredetermined substantially constant value in-
termediate the potentisls of the two sides of said
source, from said source, and applying said pre-
determined potential to said terminal; a regu-
lating reactance connected in series with said
second device across the two sides of said source,
said regulating reactance being of such value
as to produce a potential at the junction of the
reactance with the device substantially equal
to said predetermined potential when said sec-
ond device is operating; & plurality of relays,
one for each electrical discharge device, each

relay having a pair of normally open contacts

connected in the operating circuit of said start-
ing ‘means for controlling the energization of
said starting means and each relsy having an
actuating winding one side of which is con-
nected to said terminal of constant, predeter-
mined potential, the other side of the actuating
winding of one relay being connected to the
circuit junction- of said- regulating reactance
and said second device and the other side of

"the actuating winding of the other of said re-
. lays being connected through said tertiary wind-

ing to one side of said source, said tertiary wind-

‘ing being so poled and proportioned as to develop

&. potential for maintaining the end of the
relay winding to which it is connected at a po-

, . tential substantially equal to said predetermined
means for deriving a potential of predetermined

potential when said first device is drawing op-
erating current from said secondary winding,

-and said tertiary winding developing substan-

tially no potential when said first device is not
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drawing operating current from said secondary .

winding; whereby & substantial potential is im-
pressed across one of.said relays to close the
actuating circuit of said-starting device when,

‘and only when, said source is supplying po-

tential and one of said devices is not operating.

17. In combination; a plurality of electrical .

discharge devices having high impedances when
"not conducting current and lower impedances

when conducting current, each of said devices -

having a pair of electrodes adapted to be heat-
ed by passing electric current therethrough, and
one of sald devices requiring a higher operating
potential than another of said devices; an alter-
nating current supply system comprising three

conductors, the first and second of said con=""

ductors supplying predetermined potentials, and

the third conductor supplying a potential inter-

mediate the potentials of the first and second
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conductors; a transformer having a primary
winding - connected across said first and third
conductors, having a secondary winding con-
nected to said device requiring a high operating
potential, having a magnetic shunt core section
providing leakage reactance effectively in se-
ries with said primary and secondary windings,
having a tertiary winding on said shunt core
section, and having a pair of auxiliary windings
closely coupled to said primary winding for sup-

plying heating current to the respective elec-.

trodes of said first device; starting means having
2 pair of input terminals for starting said
devices in response to potential applied to said
terminals, one of said terminals being connected
to said third conductor of said supply circuit;
a regulating reactance connected in series with
said second device across said first and second
conductors of said supply circuifs; said regu-
lating reactance having a reactance comparable
in magnitude to the resistance of said second
device when the latter is operating; a second
transformer having a pair of secondary wind-
ings connected to the respective electrodes of said
second device for heating said electrodes, said
transformer having a primary winding; a reac-
tance slement connected in series with said pri-
mary winding between said first and second con-
ductors of said source, the reactance of said last
mentioned reactance element bearing a ratio to
the working input impedance of said second
transformer substantially the same as the ratio of
the reactance of said regulating reactance to the
operating resistance of said second device; a
plurality of relays, each having a pair of con-
tacts connected in series between the other
terminal of said starting device and the circuit
junetionn of said last mentioned reactance ele~
ment and the primary winding of said second
transformer and each relay also having a con-
tact-actuating circuit, one end of each of which
is connected to the circuit junction of said react-
ance and primary winding, the other end of
one of said actuating circuits being connected to
the cireuit junction of said regulating reactance
and second device and the other end of the
other actuating circuit being connected through
said tertiary winding to the first conductor of
said source the tertiary winding being so poled
and proportioned as to develop a potential for
maintaining said other end of said other actuat-
ing circuit at a potential substantially equal fo
the potentisl of said circuit junction of the last
mentioned reactance element and primary
winding when sald device is drawing op-
erating current from said secondsry winding;
said tertiary winding. developing substantially
no potential when said device is not drawing op-
erating current from said secondary winding;
whereby a substantial potential is applied to the
actuating winding of one of said relays to close
the contacts of that relay and energize the

starting device when, and only when, said source:

is supplying potential and one of said devices is
not operating. ’ -

18. In combination, a transformer . having
primary and secondary windings, cere means for
magnetically linking said windings with & mag-

" netic circuit of low reluctance said core means

also including means providing & shunt magnetic
circuit of higher reluctance, a device having
widely different impedances when operating and
not operating, respectively, connected to said
secondary winding, means for energizing said
primary winding, and means for controlling the

17
starting of said devicé in response to prede-
termined variations in the average intensity of
the flux in said shunt magnetic circuit of said
transformer.

19. In combination, a gaseous discharge tube,
a source of alternating current, and means for
@pplying a potential derived from said source
to said tube, said means supplying a potential
to said tube sufficient to maintain the tube in
operation but insufficient to positively start the
tube unaided and having substantial inductive
reactance effectively in series with said source
and tube, whereby the potential across said
tube, when the tube is operating, lags the poten-
tial of said source, starting means for initially
ionizing the gas in said tube comprising a spark
coil, a pair of impedance elements connected
in series across said source and having im-
pedances that are substantially resistive and in-
ductively reactive, respectively, and means for
connecting said spark coil in shunt to said re-
sistive element in response to a substantial
change in the potential drop across said tube,
‘said two impedance elements being so propor-
tioned that the potential across said. resistive

"element is approximately equal to half the po-

tential of said suorce.

20. In combination, a gasecus discharge tube,
a source of alternating current, and means for
applying a potential derived from said source to
said tube, said means supplying a potential to
said tube sufficient to maintain the tube in op-
eration but insufficient to positively start the
tube unaided and having substantial inductive
reactance effectively in series with said source
and tube, whercby the potential across said
tube, when the tube is operating, lags the po-
tential of said scurce, starting means for ini-

 tially iomizing the gas in said tube comprising

a spark coil, & pair of impedance elements con-
nected in series across said source and having
impedances that are susbtantially resistive and
inductively reactive, respectively, and means
operative in response to & substantial change
in the potential drop across said tube for connect-
ing said spark coil in shunt across a portion of
said inductively reactive impedance element
whereby the potential impressed upon said spark
coil may be made substantially equal to half the
potential of szid source and leads operating po-
tential across said tube by a substantial phase
angle.

21. In combination, a gaseous discharge tube,
a source of alternating current, and means for
applying a potential derived from said source
to said tube, said means supplying a potential
to said tube sufficient fo maintain the tube in
operation but insufficient to positively start the
tube unaided and having susbtantial inductive
reactance effectively in series with said source
and tube, whereby the potential across said tube,
when the tube is operating, lags the potential
of said source, starting means for initially ion-
izing the gas in said tube comprising & spark
ceil, said source of alternating current com-
prising a pair of main conductors supplying a
predetermined potential therebetween and a
neutral conductor at potential intermediate the
potentials of said main conductors, a pair of
impedance elements connected in series across
said main conductors and having impedances
‘that ‘arée substantially resistive and inductively
reactive, respectively, for deriving a first sub-
stantially constant votential of predetermined -

‘magnitude and phase from said source, means
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including said ttgpe for deriving a second pot.en-
tial from said source, which second potential

varies according to the impedance of said tube

from a value approximately equal to said con-

-stant potential when the tube is operating, to

a value substantially different from said con-
stant potential when the fube is not operating,
and means for connecting said spark coil be-
tween said neutral conductor and the circuit
junction of said pair of impedance elements in
response to a substantial . difference between
said first and second potentials.

22, In combina‘ion, a plurality of electrical
discharge devices having high impedances when
not conducting current and lower impedances
when conducting current; one of said- devices re-
quiring a substantially greater operating:poten-
tial than a second of said devices; a source of
alternating current of low potential for operat-
ing said devices; a transformer having a primary
winding connected to said source, having a sec-
ondary winding connected between one side of

-said source and one end of said on€ device, hav-

ing a magnetic shunt core section for providing
leakage reactance effectively in series with said
primary and secondary windings, and having a
tertiary winding on said shunt core section;
starting means for starting any of said devices in
response to potential applied thereto; a termi-

nal; means for deriving a potential of predeter-".

mined substantially constant value intermediate
the potentials of the two sides of said .source,
from said source, and applying said predeter-
mined potential to said terminal; said ‘second
device being connected -between the other-end of
said one device and the other side of said source;
a regulating reactance connected between the
circuit junction of said first and second devices
and said one side of said source; said -starting
means being connected between said terminal of
constant predetermined potential and one end

of said tertiary winding, the other end of said -
tioned and poled as to-develop a potential sub-

tertiary winding being connected to said one
side of said source and said tertiary winding be-
ing so poled and proportioned as to develop a

-potential at its one end substantially equal to

said predetermined potential when said first de-
vice is drawing operating current from said sec-

ondary winding; and said tertiary winding devel-

oping substantially no potential when said first
device is not drawing operating current from
said secondary winding; whereby a substantial
potential is impressed across said starting device
when said source is supplying potential and said

i first device is not operating.
23. In combination, an electrical discharge de-.

vice having a high impedance when not con-

- ducting current and a lower impedance ‘when

80

- termined substantially constant value derived .

L5

conducting clrrent; a source of current; start-
ing means having a pair of input terminals for
producing a starting effect on said device in re~
sponse to potential applied to said input termi-
nals; means for applying a potential of prede-

from said somce to one of said input terminals;

¢« circuit means for supplying operating poten-

tial to said device, said circuit including a termi-
nal, and means responsive to current flow in said
device for maintaining said terminal approxi-
mately at said predetermined potential when,
and only when, said device is conducting cur-
rent, the other input terminal of said starting

““means-being connected to said last mentioned

terminal, whereby actuating potential is applied
to said starting means when, and only when,

1,077,381

said source is supplying current and said device

"is not conducting current.

-24. In combination, an electrical discharge de-
vice having a high imj ce when not con-
ducting current and a lower substantially resis-
tive impedance when conducting current; a
source of current; starting means having a pair
of input terminals for producing a starting ef-
fect on said device in response to potential ap-
plied to said input terminals, a pair of elements
having impedances substantially inductively re-

‘active and resistive, respectively, connected in

series across said source, a current {ransformer
having a primary winding in series with said de-
vice and having a secondary winding connected
in series with the input terminals of said start-
ing means across the inductively reac.ive ele-
ment of said pair of elements, said transformer
being so proportioned and connected as to de-
velop in its secondary winding a potential sub-
stantially equal in magnitude and phase to the
potential across said inductively reac.ive element
when, and only when, sald device is conducting
current.

25. In"combination, an electrical discharge de-
vice having a high impedance when not con-
ducting current and a lower substantially re-
sistive- impedance when conducting current; a

~ source of current; starting means having a pair

of input terminals for proqucing a starting ef-
fect on said device in responge to potential ap-
plied to said input terminals, g pair of elements
having impedances substa.ntially inductively re-

active and resistive, respectively, connected in
-series across said source; means including a re-

actor having & winding in series with said de-

'vice and having a second winding closely coupled

to said first winding, said second winding -being

connected in series with the input terminals of-

said starting means across the inductively reac-
tive element of said pa.ir of elements, said sec-
ond winding on said reactor being so propor-

staniially equal in magnitude and phase to the
potential across said inductively reactive ele-
ment when, and only when, said device is con-
ducting current.

26. In combination, an electrical discharge de-
vice having a high impedance when not con-
ducting current and a lower impedance when
conducting current; a source of current; start-
ing means having a pair of input terminals for
producing a starting effect on said device in
response to potential applied to said input ter-

.minals; c¢ircuit means for supplying operating

potential to said device, said circuit including. a
terminal and means responsive to current flow
in said device for maintaining said terminal at
a predetermined potential when, and only when,
said device is conducting current; a transformer
having a primary winding connected to said
source and a secondary winding, said transform-
er being so designed and connected as to pro-
vide at one end of said secondary winding a
substantially - constant potential approximately
equal to said predetermined potential; and the
input terminals of said starting means being
connected between said first mentioned terminal
and said one end of said secondary winding.
27. In combination, an electrical discharge de-
vice having a high impedance when not con-
ducting current and a lower, substantially re-
sistive impedance when conducting current; a
source of current; starting means having a pair

.of input terminals for producing a starting ef-
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fect on said device in response to potential ap-
plied to said input terminals, means for sup-
plying operating potential to said device from
said source including a regulating reactance in
series with said device and a ferminal connected
to the ecircuit junction befween said regulating
reactance and said device, said terminal being
maintained at a predefermined potential due
to the potential drop in said regulating react-
ance when said device is conducting current and
being at a substantially different potential when
said source is supplying potential to said device
but the device is not operating; a transformer
having a primary winding connected to said
source, having a secondary winding, core means
magnetically coupling said primary and second-
ary windings and including a shunt core section
of relatively high reluctance, a tertiary winding
on said shunt core section connected in series
with the input terminals of said -stariing de-
vice across said regulating reactance; a load
of substanially constant impedance connected
to said secondary winding; said tertiary wind-
ing being so proportioned and poled as to de-
velop a potential at the inpub terminal of said
starting device substantially equal to said pre-
determined potential whereby energizing poten-
tial is applied to said input terminals when, and
only when, said source is supplying potential
and said device is not conducting current.

28. A system as described in claim 27 in which
said electrical discharge device comprises an
electrode adapted to be heated by the passage

of current therethrough independent of the dis-’

charge current through said device and in which
said electrode constitutes said load of substan-

tially constant impedance connected to said

secondary winding.

29. In eombination, a gaseous discharge device
having a pair of electrodes at least one of which
is adapted to be heated, said device having high
impedance when not conducting current end &
lower impedance when conducting currend; &
transformer having three sections of paramag-
netic material in a closed magnetic circuit of
low reluctance, a primary winding on 2 first of
said sections connected to a source of supply,
a secondary winding on a second of said sections
connected to the two electrodes of said device,
a tertiary winding on said third section con-
nected to an electrode of said device for heating
the same, said transformer zlso comprising a
pair of legs constituting magnetic paths of rela-
tively high reluctance in shunt with said second
and third core sections, respectively, and control
windings on the respective legs' of said pair;
starting means for said discharge device oper-
able in response to potential applied thereto
and connected in series with said two control
windings, the latter being so poled and propor-

-tioned as to develop substantially egqual poten-

tials in opposition to each other when said de-
vice is conducting cwmrrent whereby substan-

tially no current flows in said starting means,

and one of said control windings developing sub-
stantially less potential than the other when
said discharge device is not drawing current
from said secondary winding whereby said start-
ing means is energized from said other control
winding to start said discharge device.

30. In combination, a first and a second dis-
charge device, each having high impedance

_when not conducting current and a lower im-
‘pedance when conducting eurrent, at least one

of said devices having an electrode adapted to be
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heated; a transformer having three sections of
paramagnetic material in a closed magnetic cir-
cuit of low reluctance, a primary winding on a
first of said sections connected to & source of
supply a secondary winding on a second of said
sections connected to the electrodes of said first

device; a third winding on said third section

connected to said electrode of one of said dis-
charge devices for heating the electrode, said
transformer alse comprising fourth and fifth
legs constituting paths of relatively high reluc-
tance in shunt with said second and third core
sections, respectively, and fourth and fifth con-
trol windings on the fourth and fifth legs, re-
spectively, starting means having & pair of in-
put circuits and operating in response to poten-
tial applied to either input circuit for starting
said discharge devices, one of said input circuits
being connected in series with said fourth and
fifth control windings, the windings being so
poled and proporticned as to develop substan-
tially equal potentials in opposition to each other

‘when szid first discharge device is conducting

current whereby substantially no current flows
in seid starting means, and said fourth winding
developing substantially less potential than said
fAfth winding when said first discharge device is
not drawing current from sald secondary wind-
ing whereby said starting means is energized
from said fourth winding to start said discharge
device; @ source of potential in phase with the
potential applied to the primery winding of
said transformer for energizing said second dis-
charge device; a regulating reactance connected
in series with sald second device across said
source; and means for connecting sald fifth
winding in series with the other input circuit
of said starting means across said regulating
reactance, said second device and regulating re-
actance being so proportioned as to their im-
pedances that the potential drop across said reg-
ulating reactence is substantially equal in phase
and magnitude to the potential developed in
said fifth winding when saild second device is
operating, whereby an increase in the potential
drop across said regulating reactance caused by
failure of said second device to operate applies
operating potential to the other imput circuit
of said sterting means.

31. A system as described in claim 30 in which
said device comprises a plurality of electrodes
adspted to be heated by passage of current
therethrough and g plurality of auxiliary wind-
ings on said transformer for energizing sald
electrodes, said auxiliary windings being closely
coupled to said primery winding, whereby they
have low leakage reactance. )

32. In combination, a gaseous discharge tube,
o source of alternating current, and means for
applying a potential derived from sald source
to said tube, said means supplying a potential
to said tube sufficient to mainfain the-tube in
operation but insufficient to positively start the
tube unsgided and having substantial inductive
reactance effectively in series with said tube,
whereby the potential across said tube when the
tube is operating lags the potential of said
source, starting means for initially jonizing the
gas in said tube comprising & spark coil, a pair
of impedance elements connected in series across
said source and having impedances that are
substantially resistive and inductively reactive,

respectively, for producing at the circuit junc-

tion of said pair of impedance elements a first
substantially constant potential of predeter-
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mined magmtude and phase and also produc-

" ing in one of said impedance elements a poten-

tial drop of predetermined phase relative to the
phase of the operating potential across said
tube, means including said tube for deriving a
second potential from said source, which second

" potential varies according to the impedance of
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said tube from a value approximately -equal to
said first constant potential when the tube is

0
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operating to a value mhstant!any different from
said first constant potential when the tube is
not operating, and means operable in response
to a substantial difference between said first and
second potentials for applying at least a por-
tion of said potential drop of predetermined
phase produced in said one impedance element
tosaidsparkcoﬂtosctlmtethelattu'
ELLIS OSMON ERICKSON.

M5



