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This invention reldates  to improvements in
starting and operating - circuits for fluorescent
lamps, particularly intended for use with lamps
operated on 60-volt and 110-velt D.'C. and A. ¢
sources of current supply, such as lamps of the
127, T8 (17 dia.), 15”, T-12 (1% "dia.), 18”,
T-12 (11" dia.), 24’7, T-12 (1%’ dia.) types,
but which is adapted for use in connection with
other hot-cathode lamps having like operating
characteristics. - '

The invention alsg relates to circuits primarily
intended for lamps used on railroad cars, espe-
cially room cars or-in other locations where rapid
restarting of the lamps is highly desirable. A
majority of the cireuits now in general use with
such lamps have the disadvantage that an unde-
sirable period of time is required to restart g
lamp which has been operating and turned off,
when it is desired to restart it. These circuyits
ineclude starters, usually-thermal starters having
a more or less fixed cycle period; which is chosen
to give the proper initial pre-heat to the filament
or filaments. of the lamp,
After the lamp has once fired and has been run-
ning for some time, if it is turned off and then
turned on again very shortly thereafter, it is
thermally and electrically in condition to be re-
started with little re-preheating, and with the
re-application of line voltage, and would do so
but for the fact that the starter has not returned
to the initia) starting position, which Prevents
application of current to breheat the eathode and
thus permit the lamp to restart.  Under such
conditions the starters in common use go throvgh
the same cycle as they do with the lamp start-
ing cold, and, in addition, if the lamp has been
operating for some time, there is also superim-
posed the time necessary for the starter to cool
down and assume its initial operating position.

This disadvantage is especially noticeable when
fuorescent lamps are used in small rooms, such
as sleeping rooms in Pullman cars. In the event
of a passenger turning off a lamp circuit and then
turning it on again, there may be a period of from
1Q to 30 seconds in which no current at alj passes
through the lamp while the starter is cooling off
although the lamp is stil] hot or sufficiently hot
to fire if permitted to do so and would fire but
for the fact that the starter preventg applica-
tion of current to preheat the cathode as above
stated. This may result in the room remaining
dark during;this time Anterval, to the annoyance
and inconvenience of the bassenger,” who may
hieed-the use of the lamp at thig time. The fail~
ure of the lamp to start also is likely to'lead the

when starting cold.
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passenger to believe that the lamp is out of
order or that the lighting equipment used is not
of good grade. This disadvantage has been well
recoghized in the pgst by those versed in-the.
art and attempts have been made to solve the
difficulty, but, so far as I am aware, without
success. , o _ .

One object of the present invention is to pro-
vide a simple, reliable and efficient lamp cireuit
which overcomes the above-noted objection to
prior lamp circuits. ST

Another object of the Invention is to provide
a lamp circuit having means, operative after the
lamp has been in use for a time and is then
turned off and turned on again within 4 reason-
able period of time, to instantaneously restart the
lamp, and which does hot require waiting for the
starter to return to initial starting position, )

Still another object of the invention is to pro-
vide a circuit which ig always ready -to restart
within a short period no matter how long or how
short the interruption of current has been, and’
which when the line circuit is let on after having
been cut off, will cause a glow to show in the lamp
indicating that the circuit ig completed, even
though the lamp may not fire instantaneously,
thus assuring the bassenger that the lamp is in
working order and will fire shortly thereafter."

Still another object of the invention is to pro--
vide restarting means which is Tesponsive t0 the |
internal condition of the lamp to effect restart- -
ing when it is desired to restart the lamp after it
has been turned off, I

Still another object of the invention is to-pro--
vide a novel construction of parts including a
relay operative in conjunction with a starter to
heat and start s cold lamp, and operative inde-
pendently of or in conjunction with the starter
to restart the lamp under the conditions men-
tioned, and whose actuating coil not only per-
forms its usual function as a switch controlling”
member but also serves as an inductance coil to
give an inductive kick to start the lamp, par:
ticularly a hard-starting lamp. o

These and other objects and advantages of the
invention will be apparent from the following -
description, taken in connection with the accom-
panying drawings, in which:

Fig. 1 is a schematic diagram of one form of
circuit embodying my invention as adapted to
operate on a 60-volt D, C, line and employing a
thermostatic starter switch and in which ‘the
Degative filament only ig breheated in starting,
the positive filament being short-circuited, = °

Fig. 2is a modified form of the circuit shown
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in Fig. 1 as adapted for use with 110-volt A. C.
lamps.

Figs. 3, 4, 5 and 6 are views showing the relative
positions of the thermostatic switch angd relay
shown in Figs. 1 and 2 in a starting action, Figs.
3 and 6 also showing the relative positions of
the thermostatic switch and relay when the lamp
is operating.

Fig. 7 is a schematic diagram of a circuit simi-~
lar to that shown in Fig. 1 adapted for use in
connection with a 60-volt D. C. fluorescent lamp
but employing a different form of thermostatic
switch to insure starting of hard-starting lamps.

Fig. 8 is a view of a circuit similar to that
shown in Fig. 2 but employing a thermostatic
switeh of the type shown in Fig. 7.

Tig. 9 is a view of a circuit for 60-volt D. C.
lamps using a thermostatic starting switch of
the type employed in Figs. 1 and 2 ang having
2 modified arrangement of circuit connections.

Fig. 10 is a perspective view structurally show-
ing the type of thermostatic switch employed in
the circuits shown in Figs. 7 and 8.

Fig. 11 is a detail section on line f{{—141 of Pig.
10.

The present invention is characterized in the
fact that it provides circuit arrangements em-~
bodying means responsive to conditions within
the lamp itself to instantaneously restart the
lamp if the lamp has been burned for some time
and is in proper condition to refire immediately
upon reapplication of voltage. It has heen found
that in general fluorescent lamps of the types
referred to when heated due to prior operation

will pass a certain amount of current very soon <

after the application of heating current to the
negative cathode filament, and that a device
such as a relay connected to respond to this
current can be used to break the filament pre-
heating circuit and cause the lamp to fire at
full current. Use of this arrangement provides
practically instantaneous restarting when the
lamp has been operating for some time, if the
current, after being turned off, is turned on
again during the period while the lamp is hot
enough to pass current.

The circuit arrangements employed according
to my invention are designed to provide means
whereby, if the lamp is in working order, re-
starting may normally be effected without in-
terference from the starter, and whereby the
time delay, usually caused hy waiting for the
starter to return to its initial starting position,
is avoided. In the circuit exemplifications dis-
closed I preferably provide for the purpcse &
relay which combines with its switeh controlling
function that of a reactance (choke) and which
ijs responsive for the purpose described to any
current flow through the lamp.

Referring now more particularly to Fig. 1 of
the drawings, | represents the gas containing
envelope of the lamp having sealed therein at
its ends the negative and positive filamentary
electrodes 2 and 3. Oneend of the cathode elec-
trode 2 is connected by a lead conductor 4 to the
negative terminal § of the line, while the other
end of said electrode is connected through a
conductor 6 to a conductor 7 containing a current
limiting resistance 8 and to a conductor 9 con-
{aining & similar resistance 10. The conductor 1
form part of a circuit for preheating the cathode
2, which circuit includes the heating coil of a
thermostatic switch 11 and the switch member of
a starting and operating relay 2.

The. conductor 9 forms part of a starting cir-
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cuit which includes the switch member and con-
tacts of the thermostatic switch, a conductor 13
leading thereto from one end of the electrode 3,
a conductor I4 leading from the other end of
the electrode 3 to the positive terminal 15 of
the line and in which is arranged the coil {8 of
the relay (2, and a shunt connection 18 across
the ends of the electrode 3 and connecting the
adjacent ends of the conductors 13 and 14.
A Dballast lamp |1 of proper current limiting
value is arranged in the conductor {4.

The circuit organization of Fig. 2 is the same
as that of Fig. 1 with the exception that the
shunt connection 16 and ballast lamp 17 of Fig.
1 are omitted from the circuit shown in Fig. 2,
the conductors 13 and 14 being in series with
the filament 3. In the case of a circuit operating
on D. C., for which the circuit of Fig. 1 is de-
signed, it is only necessary to heat the negative
cathode filament, so that the positive filament
is short-circuited, but in the case of lamps oper-
ating on A. C., for which the circuit of Fig. 2
is designed, it is desirable to have both filaments
in the circuit at times in order to insure proper

5 operation of hard-starting lamps. Each of these

circuits, however, eémploys the same type of
thermostatic starting switch (1 and relay 12, so
that a description of these elements and their
working functions will apply to both circuifs.
Tnasmuch as the thermostatic switch 11 is de-
pendent in gperation in a measure upon the ac-
tion of the relay 12 and coacts therewith under
certain conditions, a desctiption of this device will
first be given. As shown, the relay includes an in-
ductance coil 8 arranged in the conductor {4 and
a switch member (8 actuated by this coil. The
latter is arranged in a shunt circuit including
conductors 28 and 2/ connected at their remote
ends with the respective conductors T and 15 and
having an arc suppressive condenser 22 disposed
between their proximate ends, the conductor 21
having a contact 23 normally engaged by the
switeh 19 to connect conductor 21 to conductor 1.
When, therefore, the switch is closed, current to

< heat the heating coil 21 of the thermostatic switch

1{ and to heat the electrode 2 will be supplied,
upon the line circuit being closed, through the
conductor 7 and associated parts of the pri-
mary preheating circuit leading from the relay
switeh 9 to the conductor 6. The lamp, if an
easy starting onhe, or a reasonably easy starting
one, will, on the proper heating of the cathode 2,
then usually start after one or two seconds di-
rectly on line voltage and pick up the relay and
cause it to open its contacts to cut off the flow
of current to conductor 1.

1f the damp does not fire, current will continue
to flow through conductor 1, resistance 8, con-
ductor 6 to filament 2, heating the thermostatic
element 28 of the thermostatic switch. When
element 25 has been heated sufficiently, it will
cause contacts 29’ to close and connect conduc-
tors 18 and 9 to establish a secondary preheat-
ing and starting circuit for a continued flow of
current to the cathode 2 from the line through
coil 18, conductor 14, ballast lamp 17 and con-
ductor i6. This action causes coil I8 to attract
switch member 19 and open the primary preheat-
ing ecircuit through conductor 1. As, however, the
thermostatic switch is then no longer heated by
its heating coil, it will quickly cool off and open
its contacts to break the secondary preheating
circuit between said switch i1 and the cathode 2.
This quick cutting off of the flow of current
through the secondary preheating circuit will
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cause the coil 18 to give g strong inductive kick,
sufficient to cause the harder starting lamp to
fire. . : :

Once the lamp hag fired through the second-
ary preheating circuit, relay coil 18 holds the cir-
cuit through conductor T open. Coil 18 thus
not only performs the function of g relay coil,
but also that of g reactahce to give the inductive
kick when the thermostatic switch ocpens, As this
coil is responsive to current passed by the lamp
while the lamp is stil] hot or sufficiently heated to
bass a small amount of current, this capability of
the lamp and funection of the coil are utilized to
quickly restart the lamp after it has been operat-
ing awhile and the line voltage has been turned
off ‘and it is desired to start it again directly
by reapplication of the line voltage.

‘The thermostatic starting device 11 preferably
employed is schematically shown in Figs. 3 and 5,
and in accordance with my invention is one in
which the contacts are normally open (with heat-
er coil cold) as shown in Fig. 3, and are closed
at the end of g bredetermined time after the
flow of current to the heater coil starts, as shown
in Fig. 5. Thig switch comprises g switeh arm
28 connected to conductor 9 and having a contact
25 to engage a contact 26 on conductor (3 to close
the secondary preheating circuit, Switch arm
24 may be Phosphor bronze or othed spring ma-
terial arranged to keep the contacts 25, 26 nor-
mally open., A bi-metallic disc 21, that is, a disc
each of whose sides is of g different metal, one
for example being of steel and the other of bronze,
is flexed downward, as shown, being supported
along its circumference, and g Diece 28 of insu-
lating material is blaced between the disc and
switch arm. This piece is short encugh to hold
the switch contacts 25, 26 open when the bi-
metallic disk is flexed downward, as shown in
Fig. 3, yet long enough to close the switch con-
tacts 25, 26 when the disc is flexed upward, as
shown in Fig, 5.

A small heating coil 29 is connected in the con-
ductor 7 in series with the current limiting re-
sistance 8 is placed near the bi-metallic disk.
When the line circuit is closed, primary breheat-
ing current flows through conductor 21 , Switch 19,
conductor 7, coil 29, conductor § (see Figs, 1,2,3
and 4), and cathode flament 2. If the lamp does
not start by the normal application of line voltage
to the lamp itself, the current continues to flow
until the heat from coil 29 is sufficient to expand
the metal on one side of the bi-metallic disk
enough more than on the other side to cause the
disk to reverse its curvature with g snap action,
that is, to hecome convex where it was conecave
before, as shown in Fig. 5. :

The contacts 25, 26 then close and cause the
relay 12 to pick up, as shown in Fig. 6. The pick-
ing up of the relay 2 breaks the primary pre-

heating cireuit at the contacts 19, 23, interrupt-

ing the flow of current to said filament. A sec~
ondary preheating cireuit is then established by
the closingof contacts 25, 2B through coil 18,
conductor 14, ballast lamp 17, conductors 16 and
13 and resistance 18 which

cation of heating eurrent to filament 2. However,

the thermostatic switeh starts to cool off imme-

diately on the cutting off of flow of current to
the coil 29 so that after
bi-metallic disk 27 will be cooled sufficiently to
reverse itself again and cause it to refurn to the
initial position shown in Fig. 3. o

The opening of contacts 25, 26 thus effected
causes an inductive kick to be se

continues the appli-

a predetermined time the i)

t up due to the-
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Interruption of - the secondary’ preheating cir-
cuit: between the:cathode 2 and the relay coil 18
through conductors 9 and (3, which kick causes
the lamp to fire and the relay 12 to pick up again
as’ a result of the flow of current through the
lamp. The lamp will then operate on current
from the line at terminal |5 through coil 18, bal-
last lamp- 17, conductors (4, {6, the electrodes
3,2 in series, and conductor 4, back to line ter-
minal §. An arc suppressive condenser 29’ is
placed across the switeh contacts 25, 26.

Fig.- 7 shows a circuit designed for use with
§0-volt D. C. current and which is similar to that
of Fig. 1 except for the use of g different type
of thermostatic starter. = Fig. 8 shows g cireuit
designed for use with 110 volt A. C. current and
which-is similar to that of Fig, 2 except for the
use of the same type of starter as that used in the
circuit of Fig. 7. This starter indicateq generally
by the reference character {1’ in Figs. 7 and 8
is' shown' with greater Darticularity in Figs. 10
and 11, to which reference is now made. As
shown, the starter {1’ comprises a resistor 30 sus-
vended  between conductors 3{ and 32 respec-
tively connected with conductors 8 and 13. A
supporting ‘arm 33 extends inwardly from con-
ductor 32 to which is attached one end of a bi-
metallic strip 34, which is bent around the re-
sistor and has g free end provided with a cohtact
38.  This contact 35 is adapted to engage a con-

spaced a predetermineq distance apart, and an
-suppressive condenser 39 is placed across
the resistor 30, which meéans that it is also a.eross
contacts 35, 36.

When starting, the contacts 19 and 23 of re-
lay 12 are closeq ‘and current flows from one side
of the line through conduetor T’, resistance § and
negative cathode filament 2 and back to the other
After 1 or 2 seconds the lamp

ode filament at once when the circuit ig again
closed. With this arrangement the lamp win
usually restart instantaneously or practically so
if the lamp eircuig is turned on shortly after

prevented or interfereg With by the action of
the ‘thermostatic starter, This applies to al
lamps-of the types'referred to embodying my in-
vention as shown in Figs. 1, 2,7 and g and also
in Fig’ 9 hereinafter described.

There are, however, a few lamps in each batch
of 100 lamps, say 10, which win not pass the nec-
essary current to operate the relay directly and
on'the application of line'voltage alone. In order
to- insure: their startitig “the thermostatic switch
1115 provided: " “The bi~metallic “thermal strip
of this switch is adapted to close iis contacts ap-
broximately fivé seconds after ‘the application of
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line current to-the circuit, If the lamp fails to
pass enough current during ‘this time to operate
the relay 12, the thermostatic switch will close
its contacts 35, 36 and cause the relay 12 to pick
up. The relay 12 on picking up will open the
primary preheating circuit through contacts 18,
23, conductor 1’ and resistance 8 to the cathode
filament 2, but there will be a flow of current
to the cathode filament 2 through the thermo-~
static strip, ballast lamp #7 and resistance {8,
which establishes a secondary preheating circuit
as in Figs. 1 and 2. The closing of the switch
contacts short circuits the carbon resistor 30 and
allows the bi-metallic strip to cool off and open
its contacts with a quick snap action. When
these contacts open, the relay coil {8 gives an
inductive kick which causes the lamp to fire.
The carbon resistor 28 is so proportioned that
while the lamp is operating normally there is not
sufficient heat generated in it to cause the bi-
metallic sirip to close contacts 33, 36. The car-
bon resistor 20 is also of such value that the small
current flow through it while the lamp is oper-
ating normally is negligible in comparison to the
normal operating current of the lamp.

Fig. 9 shows a circuit designed to operate on
60 volts D. C. and which is similar to the circuit
shown in Pig..1, and which uses the same type
of thermostatic starter, but in which a conduc-
tor 13’ takes the place of the conductor {3 and
a conductor 9" takes the place of conductor 8.
Conductor 13’ here is connected at one end to
conductor 14 between the coil 18 and ballast lamp
7 and at its other end to switch contact 26, while
conductor @ is connected at one end to switch
member 24 and at its other end to conductor 1
at a point between branches of a resistance &
regulating the flow of current through either
conductor to the cathode 2 of the lamp

The filament or filaments of lamps of the type
described have to be heated before ionization of
the gas takes place allowing current to pass
throuzh it, i. e., to fire. In the case of lamps op-
erating on D. C. it is only necessary to heat the

cathode filament so that the positive filament |,

may be short circuited, as in Figs. 1,7 and 9. In
the case of lamps operating on A. C., it is only
nescessary to heat one filament, but it is desirable
to have the other filament in the secondary pre-
heating circuit, as shown in Figs. 2 and 8, in
order to insure proper starting of hard starting
iamps.

1 have found that the characteristics of all
these lamps is such that after the cathode fila-
ment has been heated the majority of them will
fire if line voltage is applied across the lamp,
since the lamp is in condition to pass current,
and that this capability of the lamp to pass cur-
rent will endure as long as the temperature of
the cathode is at or near its emission stage and
the gas at or near ionization stage, in which case
very little preheating of the lamp cathode fila-
ment is required to cause it to refire. If, there~
fore, the lamp is in this condition after it has
been in operation for a while and is then turned
off, it is capable of passing current and being
restarted almost instantly on line voltage being
spplied, except in the case of a certain percent-
age of hard-starting lamps, when a short period
of reheating and an inductive kick are necessary.

This capability of fluorescent lamps has not,
to my knowledge, been previously recognized or
utilized as a starting or restarting factor, and
with all prior starting circuits with which I am
samiliar it has not been possible, due to the lack
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of mieans for this purpose and/or to the use of
fime delay means, such as time delay relays or
starters which must go through a preheating
working cycle each time a restarting action is
initiated, involving a delay of from 8 to 30 sec-
onds or more before the lamp refires if it is in
working condition. This time delay is annoying
and troublesome to a person who has turned off
a lamp and desires for some reason to turn it on
again immediately.

I make use of this current passing character-
istic of the lamp while still hot after being turned
off to establish a new starting and quick restart-
ing principle, by the use of a device, such as the
relay 12, which is responsive to such condition
of the lamp when the lamp is turned on after
having been turned off, to control the flow of pre-
heating current to the cathode filament so that
when line voltage is applied the lamp will im-
mediately restart. As stated, a majority of the
lamps will refire at once under the conditions
noted, when the line voltage is directly applied,
but in cases of those lamps which are hard start-
ing and will not fire due to the application of
line voltage alone, it is necessary to provide an
snductive kick to insure the starting and restart-
ing of such lamps. In order to accomplish this
vesult normally open thermostatic switches are
provided which close their contacts at the end of
a predeterminegd time, calculated to secure proper
preheating when the lamp is starting cold, but
which open shortly after they close to break the
heating circuit through the coil of the relay which
also acts as an inductance and provides the in-
ductive kick necessary to start the lamp. Should
a lamp be so hard starting as not to start by the
method above described, then the thermostatic
switch will keep on repeating at intervals of a
few seconds until either the lamp fires or it is
evident that it is not going to fire at all. In this
case the thermostatic switch will keep on repeat-
ing indefinitely to indicate this condition and that
the lamp is out of order.

I have also found with fluorescent lamps of the
type named, particularly when operating on D. C,,
that at times when they fire the current does not
go up immediately to normal value, but may re-
main at about 0% of normal value for some
time. When ordinary thermal starters are used
in connection with such lamps they are quite
likely to operate erratically as the heat produced
in them during this period will be only approxi-
mately 36% of normal. On the other hand, by
the use of my relay arrangement it is relatively
easy to design the relay to pick up at approxi-
mately 40% of normal current, which insures
the lamp remaining across the line without re-
petitive starting, Normally those lamps which
start at low current restore themselves to full
current operation after a few minutes of opera-
tion, or, if they do not, they cease to fire. In the
use of my circuit arrangement the operation of
the thermostatic switch and the inductive kick
generated thereby from the relay coil, tends to
correct this low starting condition. This is par-~
ticularly true in connection with the circuits
shown in Figs. 7 and 8, for the reason that, if
the lamp current is less than normal, the voltage
across the lamp becomes greater than normal,
producing an inductive kick tending to correct
the condition.

The use of lamps employing my improved
starting and operating means in the sleeping
rooms of railway cars is especially advantageous
in enabling quick restarting to be obtained after
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& lamp has been turneq off and an urgency of
some kind requires it to be restarted to give light.
Also, because the circuits are responsive to the
current flow through the lamps themselves, the
running condition is set up as soon as the lamp
is in condition to bass current, and therefore no
fixed time for preheating the cathode filament
is required. Another advantage is that ag soon
as the line circuit ig closed there is a flow of cur-

vantage in g, Space, such as a Pullman sleeping
room, as it gives a certain amount of light and
assures the passenger that the lamp is operat-
ing correctly and will fire shortly thereafter,
Within the purview and scope of my invention
the conductor i3 shown in Pigs, 7 and 8'is a nor-
mally open preheating conductor or forms an
element of g normally open preheating cireuit,
sinee, although this conductor permits of the
passage of a small amount of current sufficient
to heat the heating resistor of the thermostatic
starting device 11’, the said conductor is ineffec-
tive for supplying preheating current as such to
the filamentary electrode until the thermostatic
switch 84 closes its contacts 35 and 36 and thus
closes the conductor (3 or secondary preheating
circuit to supply preheating current to the fila-
mentary electrode, said conductor or secondary
preheating cireuit being broken or opened to cut
off the supply of preheating current to the fila-
mentary electrode when the thermostatic switch
disengages itg contacts, and any of the appended
claims defining the conductor 13 as a normally
open conductor or as an element of a normally
open preheating cireuit shoulg be so construed,
While the invention is described as being par-
ticularly intended for use in conhection with cer-
tain types of lamps, it is to be understood that
the invention is not limited in use thereto, nor
to the particular circuit constructions, uses or
devices disclosed, as the circuits and devices used
may be varied in construction and relative ar-
Tangements to operate in connection with highey
or lower voltage lamps for all uses, For exam-
ple, a relay and a reactance separate therefrom
may be used instead of the parts being combined
in a single device, and any types of thermostatic
switches having quick opening contacts or any
type of time delay switch or relay which retards
the closing of itg contacts by the proper time
interval cam to be used in place of the thermo-
static switches disclosed. In some cases re-
sistance 19, Figs. 1,2, 7 and 8, may be 0, and
the resistances 8’ shown in Fig. 9 are not neces-
sarily equal. It is not usually necessary to use
ballast lamps in A. C. circuits, but they may be
used in Figs. 2 and 8 if desired. Also reactances
may be used in place of resistances 8 and {§ in
Figs. 2 and 8 for A. C. operation, Furthermore,
it is to be understood that in eircuit organizations

open-circuited, depending on the characterig-
tics of the lamps used in the cireuits. All of the
circuits disclosed are desirable for use wherever
rapid restarting lamps are required or where the
conditions of vibration in Use render commer-
cial starters ordinarily used unreliable, such as
in airplanes and railway cars.

Having thus described my invention, I claim:

1. In a system for supplying bPreheating and
operating current from g supply line to a gase-
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ous electric discharge device having two elec-
trodes, at least one of which is constructed to
receive preheating current, g relay switch having
normally closed contacts, said electrodes being
connected to the terminals of the line cireuit and
one of said electrodes being connected thereto
through the operating coil of
two electrode breheating circuits each connected
to heat the electrode to be preheated to firing
temperature, said circuits being connected from
one line terminal to the electrode to be preheated,
the contacts of saig switch being in one of said
preheating circuits and the operating coil of
said switch in the other Preheating cireuit, so
that preheating current ig supplied to said elec.
trode through said normally closed switech con-
tacts upon closing of the line cireuit, a time de-
lay device having normally open contacts, said
contacts being connected in the said preheating
circuit containing said operating ecoil and in
parallel with the arcing circyit of said discharge
device, i

one of.
said preheating circuits to the otheér should the
discharge device not fire when the line circuit is
closed, said time delay device thereafter open-
ing its contacts to cause the discharge device
to fire by an inductive voltage kick.

2. A system for supplying preheating and op-~-
erating current to g gaseous electric discharge
device as set forth in claim 1 in which the time
delay device comprises g thermo-responsive
switeh having its heating element included in

one of said electrodes being
connected thereto through the relay switch op-
erating coil, two electrode breheating circuits
each connected to heat the electrode to be pre-
heated to firing temperature, said circuits being
connected from one line ferminal to the electrode
to be preheated, the contacts of said switch be-

5 11g in one of said breheating circuits and the

discharge device not fire when the line eireuit is
thereafter open-

ing coil of the relay switch,
4. A system for supplying breheating ang op-
erating current to g, gaseous electric discharge
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device as set forth in tlaim 3 in which the
time delay device comprises a thermo-responsive
switeh having its switch contacts in the preheat-
ing circuit which includes the operating coil of
the relay switch, and having its heating element
included in the other preheating cricuit, 0 that
said time delay device is first heated to close its
contacts and then cooled to open them.

5. In a system for supplying preheating and op-
erating current from a supply line to a gaseous
electric discharge device having two electrodes, at
least one of which is constructed to receive pre-
heating current, a relay switch having normally
closed contacts, the electrode which is to be pre-
heated being connected to one of the terminals
of the line circuit and the opposite electrode he-
ing connected to the other of said terminals
through the operating coil of said relay switch,
two electrode preheating circuits each connected

to heat the electrode to he preheated to firing 2

temperature, said circuits being connected from
said other line terminal to the electrode to be
preheated, the contacts of said switch being in
one of said preheating circuits and the operat-
ing coil of said switch in the other preheating
circuit, so that preheating cuirrent is supplied to
said electrode through said normally closed
switch contacts upon closing of the line cireuit,
a time delay device having normally open con-
tacts, said contacts being in one of said pre-
heating circuits and in parallel with the arcing
circuit of said discharge device, $0 that said
time delay device closes its contacts at a timed
period after the line circuit is closed to operate
said relay switch and transfer the preheating of
said electrode from one of said preheating cir-
ciiits to the other should the discharge device
not fire when the line circuit is closed, said time
delay device thereafter opening its contacts to
cause the discharge déevice {o fire by an inductive
voltage kick.

6. Tn a system for supplying preheating and
operating current from a supply line to a gase-
ous electrie discharge device having first and sec-
ond filamentary electrodes, a relay switch hav-

e
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ing normally closed contacts, said electrodes
beihg connhected to theé terininals of theé liné cir-
cuit and the second of said électrodes being con~
nected thereto through the operating coil of said
relay switch, first and second electrode pre-
heating circuits each connected to produce firing
temperature electrode heating, said second cir-
cuit being through the filament of the second
electrode, said circuits being connected from one
line terminal to and through the filament of the
first electrode, the contacts of said switch being
in the frst preheating circuit and the operating
coil of said switch in the second preheating cir-
cuit, so that preheating current is supplied to
said first filamentary electrode through said nor-
mally closed switch contacts upon closing of the
iine circuit, a time delay device having normally
open contacts, said contacts being in the second
preheating circuit and in parallel with the arc-
ing circuit of said discharge device, so that said
time delay device closes its contacts at a timed
period after the line cireuit is closed to operate
said relay switch, thereby opening the first pre-
heating circuit and closing the second preheating
circuit to heat both of said electrodes should the
disthatge device not fire when the line circuit is
closed, said time delay device thereafter opening
its contacts to cause the discharge device to fire
py an inductive voltage kick.

WILLIAM S. H. HAMILTON.
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