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My invention relates to gaseous electric dis-
charge devices generally, and more particularly
to circuit arrangements for starting and oper-
ating such devices. Still more particularly, my
invention relates to circuit arrangements com-
prising two or more such devices.
~ One of the objects of my invention is to pro-
vide a starting and operating arrangement for
gaseoils electric discharge devices provided with
thermionic electrodes which employs a minimum
of equipment and assures reliable starting to-
gether with operation at high efficiencies. An-

other object is to provide & simplified circuit

arrangement which permits ‘operation of the
devices directly from ordinary commercial
sources (115 volts, for example) of either alter-
nating or direct current. Further objects and
advantages of my invention will appear from
the following description of species thereof and
from the drawing. :

In the drawing, Fig. 1 is a diagrammatic rep-
resentation of a circuit arrangement comprising
my invention; Fig. 2 is a perspective view of
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a portion of a novel combination thermal switch

and ballasting device which may, if desired, be
employed in the circuit; and Figs. 3, 4 and 5
- are diagrammatic représentations of modified
circuit arrangements included withm the scope
of the present invention.

Referring to Fig. 1, the circuit illustrated
therein comprises a plurality (two, in this in-
" stance) of gaseous electric discharge devices
10, 10’ electrically connected in series with each
other and with a ballast resistance (1. across
the terminals 12, 13 of a source of alternating
or direct current, The devices 10, 10° may be
positive column discharge lamp devices com-
prising the elongated tubular envelopes or con-
tainers 4, 14’ having sealed into the ends
thereof the thermionic electrodes 15, 16, 15°, 16’
each herein illustrated as consisting of a coil
(preferably a coiled-coil of wire such as tung-
sten coated with a material of high electron
emissivity, such as an alkaline earth oxide like
barium or strontium oxide or mixtures thereof).
If desired the said electrodes may be so de-
signed that the voltage drop thereacross exceeds
the ionizing voltage of the gaseous atmosphere
50 that & local arc discharge is formed there-
across during starting, as disclosed in Patent
2,103,034, G. E. Inman. The envelopes 14, 4

contain a gaseous atmosphere such as & rare

gas like neon or argon, or mixtures thereof, or
‘@ vaporizable metal such as mercury, or & mix-
ture of gas and vaporizable metal. If desired,
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each of the devices {0, 10’ may be a low-pres-
sure positive column lamp of the fluorescent type
recently made commercially available wherein
the envelope is coated internally with a suit-
able luminescent material and contains g filling
of rare gas, preferably argon, at a low pressure
of the order of 1-10 mm. of Hg, preferably about
4 mm.,, and a small quantity of mercury. The
ballast resistance |§i may, as illustrated, consist
of an incandescent tungsten filament lamp.

In accordance with my invention, the lamps
10, 10’ are initially shunted by the switches
11, 1T’ which may be of any suitable type, either

“manusally or automatically operable and when

the lamp electrodes become sufficiently heated
the switches 17 and 1’ are opened one after
the other whereby the necessary starting voltage
is applied to each lamp. Several automatically
operable switches are weil known to the art, as
exemplified, for example, by bimetallic switches
and magnetic vibrator switches commercially
available at the present time for use with the
above-referred-to fluorescent lamps.

The following is a detailed description of an
arrangement operate'i in accordance with the
showing in Fig. 1

Each of the lax.nps i0, 10’ was a fluorescent

lamp-of the type referred to above comprising

an envelope about eighteen inches long and one .
and one-half inches in diameter, containing

argon at a pressure of about 4 mm., and a small

quantity of mercury. The electrodes consisted
of coiled-coils of tungsten wire coated with a

mixture of barium and strontium oxides. The

ballast resistance 1 was a standard commercial

100 watt, 115 volt tungsten filament incandescent

lamp. The switches 11, {17’ were of the thermal

bimetallic type fully described in application

Serial No, 228,365, filed September 3, 1938, by

Leo R. Peters and assigned to the assignee of

the presen{ application, the heaters for the’
switches being in series with lamp 11. The
current source 12, i3 was a commercial. 115

volt, 60 cycle alternating current line.

In the operation of the circuit, when voltage
is applied to the line the two switches 17, 17’
are closed and current flows through the cath-
odes of both lamps thereby heating them, the
said cathodes and ballast lamp (4§ all being con-
nected in series across the line terminals 12, 13,
as will be apparent from an inspection of Fig. 1.
For convenience in explaining the operation, let .
it be assumed that switch 17 opens first. When
said switch 17 opens, the current flowing through
the series circuit is suddenly reduced to zero
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and with it the voltage drop across the ballast
lamp ! likewise reduces. Thus, the full line
voltage is applied to lamp {8 causing an arc
discharge to. strike  therein between its elec-
trodes {5, 16, and the current through the cir-
cuit momentarily increases due to the negative
resistance coefficient of the lamp §6. This action
further raises the temperature of the electrodes

(>3

-the ecurved strips {85,
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switches 47, 7’ comprises a duplicate pair of
bimetallic strips 18, {9 and 18’, 18’ respectively,
{8’ being actuated by =a
single heater or filament {4’ which corresponds
to the ballast lamp 11 of Fig. 1. The said switches
{7, £7’, as llustrated, are each of the type dis-
closed and claimed in application Serial No.
228,365, filed September 3, 1938, by Leo R. Peters

lamps during operation do not exceed the line or
source voltage. However, in the example speci-
fically illustrated above, the starting voltage of
each of the lamps is about 100 to 120 volts, de-

pending to a large extent upon how hot the cath- 5

odes are heated and therein lies an important ad-
vantage of this circuit. Although, the starting
voltage of each lamp must be less than the line
voltage, the combined starting voltages may be
considerably higher (in the example nearly twice
as high). Thus it is possible to start and oper-
ate a plurality of lamps whose combined starting
voltages are greatly in excess of the line voltage,
whereas a similar circuit employing a single lamp
whose starting voltage was higher tha.n the line
voltage would be inoperative.

In place of thermal switches of the type dis-
closed in the above-mentioned Peters application,
glow-type thermal switches of the type disclosed
in application Serial No. 289,897, filed August 12,
1939, by W. C. Smitley, may be employed. In
this case one of the switches is shunted by a
high resistance (2,000 ohms, for example) since
the switch contacts are normally open. To du-
plicate the results given above, a 75 watt lamp 1s
used at

in Fig, 2 is shown a combined switch and bal-
last unit which may be employed.in the Pig. 1
circuit to combine in one small unit the switches
{1 and 17’ and the ballast {1i.
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15’, 18’ of lamp (8’ and effectively reduces its and a551gned to the assignee of the present ap-
required starting voltage. Thus when switch 10 phcatlon The said bimetallic elements 18, 19
{1’ opens, the lamp 10’ starts, in this case, at and 12’, 1§’ and heater {{’ are supported from a
approximately 60 per cent of its normal starting glass s*em 29, and are sealed in a glass or metal
voltage. (This explanation also holds for direct bulb or envelope (not shown) filled with a suit-
current operation.) With both lamps 10 and able gas, such as helium or hydrogen, and prefer-
18’ operating, the lamp {{ acts as a ballast to 15 ably carrying a base (not shown), such as the
limit the current flowing in the circuit. When type employed on radio tubes and having six
the line voltage is low, the resistance of the prong contacts thereon. The respective prongs
ballast lamp {1 is automatically decreased and are connected by conductors 21, 22 to elements
as the voltage rises, the resistance increases, 18, 18 respectively, of switch {7; by conductors
thus affording an automatic regulation of cur- =y 21i’, 22’ to elements 18, 19’ respectively, of switch
rent over wide voltage ranges. §1’; and by conductors 23, 24 to opposite ends
The following is a table of measurements taken of the heater {i’. ‘The connections in this case
during operation of the above lamps: are the same as those shown in Fig. 1. That is,
: : : Lamp | Overall

Lomp | T30 | me | wabe | Vant | atls” | power | power | TERY

31.4] 120 80| 84.0 92.0 45.0

________ mafo...._| 820f._......_.] 450

40| 14.0 13.0| 84.0 94,0 45.0

________ 18.0 | . s20f_...._.| -440

48| 16.0 17.5 | 87.0 6.0 44.0

________ 4.5 |oooeoas| 85,0 |ooee.| 440
The voltage drop across the lamps 10, 10’ grad- the conductors 21, 22 to switch 17 are connected
ually increases as the line voltage decreases. At 53 across the cathodes 15, 16 of lamp 10; the con-
100 line volts, the total lamp drop was 95 volts. ductors 21’, 22’ to switch 11’ are connected across
The lamps will no longer be maintained in op- the cathodes 15, i6 of lamp 10’; and the conduc-
eration at line voltages below 100, but will start tors 23, 24 to heater 11’ are connected between
at 100 volts. Thus, ballasting can be obtained the terminal 12 and cathode 15 of the lamp i0.
with this circuit with a difference between line 40 The operation of the Fig. 1 circuit containing the
and lamp volts of only five per cent. device shown in Fig. 2 is precisely as described

It will be obvious that more than two lamps above.
may be operated on this circuit, the limiting fac- The device shown in Fig. 2 has the advantages
tors being lamp and line volts. It is necessary, that it makes possible the operation of two or
of course, that the combined voltage drops of the 45 more lamps from one auxiliary the size of a small

radio tube, it will operate on either alternating
or direct current, it assures a high overall power
factor because resistance is the only element in
the ballast, and it is noiseless in operation.

The. cn‘cults shown in Figs. 3-5 represent modi-
fications which may be made in certain cases to
take care of such things as changes in voltage,
wave shape and lamp length.

Referring to Fig. 3, the circuit illustrated there-
in is a modification of the Fig. 1 circuit in the
insertion of an inductance or choke coil 25 in
series with lamps 0 and 19’ in addition to the
ballast resistance or lamp #4. The source i2, 13
may, as in Fig. 1, be alternating or direct cur-
rent. . The purpose of the inductance 25 is to
provide a partial ballast of the lamps. which ef-
fectively reduces the watts loss over a pure re-
sistance ballast as shown in Fig. 1. Such an ad-
dition of reacfance to the circuit may be neces-
sary in the operation of some discharge lamps
and will improve the current and voltage wave
shapes. ]

In the PFig. 4 circuit, designed for operation
from a source 12, {3 of alternating current, in-
ductance 25 is substituted as the ballast for re~
sistance 11 of Fig, 1, and resistances or lamps 26,
26’ areinserted in series with the switches 11, {1’
respectively, across lamps 10 and {0’. In .some
cases —here the line voltage Is considerably
higher than 115 volts, as for example 220 volts,
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and the cathodes (8, 16 are of the same resistance
as those in the Fig. 1 lamps, 1t will be necessary
to place such resistances 26 and 26’ in series with
the switches to control the flow of current dur-
ing the starting cycle. After the lamps 10 and
10’ have started, switches 1T and{1’ are open and
the resistances 26 and 26’ are out of the circuit.
The ballast need not be a single choke as shown
at 25, but may be a pure resistance or lamp bal-
last as shown in Fig. 1, or a combination of the
two as in Fig. 3.

The Fig. 5 circuit is like that shown in Fig. 1

3

2, In combination a plurality of gaseous.elec-
tric discharge lamps each having an electrode at

" each end thereof adapted to be heated by the pas-

10

except that inductances or choke coils 217, 21’ are

inserted in series with the switches 17, IT’, re-
spectively, across lamps 10 and (0’. This
arrangement is particularly effective where the
starting voltages of the lamps 10 and 10’ are
higher than those of the lamps in Fig. i, the
choke coils serving ‘to produce a voltage surge
when the switches {T and 11’ are opened so as
to start the lamps. This circuit is also effective
for starting a single lamp 18 or 18’ whose start-
ing voltage is higher than thaf of either lamp (@
or 16’ of Fig. 1, but whose operating voltage is
about the same as the combined operating volt-
ages of lamps I8 and 8’ of Fig. 1.

“While I have shown and described above cer-
tain forms of my invention, it will be obvious to
those skilled in the art that various changes may
be made therein without departing from the
spirit of the present invention. If desired, the
directly heated electrodes {5, 16 may be replaced
by indirectly heated electrodes wherein the said
coils 15, 16 serve as heatfers for a surrounding
metal (nickel) tube which is elecirically con-
nected at one end to one end of the said heater,
and. is coated with electron emissive material.
Moreover, for operation from a source of direct
current, only one of the electrodes {5 or (8 need
be a thermionic electrode.

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

1. In combination, a plurality of gaseous elec-
tric discharge devices having therein spaced elec-
trodes, one electrode at least in each device be-
ing thermionic and adapted to be heated by the
passage of current therethrough prior to the
starting of the device, ballasting means having
‘a, positive nonlinear resistance temperature char-
acteristic and having low heat inertia, means
connecting said devices and ballasting means in
a series circuit, and a time delay starting switch
" for. each of said devices each switch being con-
nected across one of said -devices and_in series
with the thermionic electrode thereof, and means
for causing said switches to open successively.
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sage of current therethrough prior to the start-
ing of a discharge in the lamp, ballasting means
comprising a resistor having a positive nonlinear
resistance temperature characteristic and having
low heat inertia, means connecting said ballast-
ing means and said lamps in a series circuit, &
plurality of starting switches one for each of said
lamps each switch being connected across its re-
spective lamp and in series with the electrodes
thereof, and means by which said switches are
opened in succession and with a time delay after
the energization of said circuit. )

3. In combination a plurality of gaseous elec-

tric discharge lamps each having an electrode at

each end thereof adapted to be heated by the pas-
sage of current therethrough prior to the start-
ing of a discharge in the lamp, ballasting means
comprising a tungsten fillament-incandescent.
lamp, means connecting said ballasting means
and said lamps in a series circuit, a plurality of
starting switches one for each of said lamps each
switch being connected across its respective lamp
and in series with the electrodes thereof, and
means by which said switches are opened in suc-
cession and with a time delay after the energi-
zation of said circuit.

4. In combination, a plurality of electric dis- .
charge devices having therein spaced electrodes
adapted to be heated by the passage of current
therethrough prior to the starting of the device,
ballast for said devices, means connecting said
ballast and said electrodes in ‘& series . circuit,
and a starting switch having-a plurality of pairs
of contacts, each pair being connected to inter-
rupt said series circuit between the electrodes of
a separate device, said switch having common
operating means for said pairs of contacts con-
structed to operate them in sequence.

"5, In combination, a plurality of electrie dls=
charge devices having therein spaced electrodes
adapted to be heated by the passage of current
therethrough prior to the starting of the device,
a ballasting resistor, means connecting said re-
sistor, said devices and the electrodes thereof in
a series circuit, and a multiple switch having one
pair of contacts connected to interrupt said series
circuit between the electrodes of one device, and
having another pair of contacts connected to
interrupt said series circuit between the elec-
trodes of the other device, and a single member
operative to cause said pairs of contacts to open
in sequence.

JOHN H. CAMPBELL.




