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This invention relates to electronic tubes of the 
type known as gas filled cold cathode tubes, and 
particularly to electrical apparatus, such as con 
trol circuits of improved sensitivity utilizing an 
improved construction of the cold cathode type 
tube. 
This application is a continuation-in-part of 

my prior and copending application, Serial No. 
699,277, filed September 25, 1946, now abandoned 
for Cold Cathode Triode Tube Circuits, and is 
intended as a Substitute therefor. 
Triode cold cathode type tubes customarily 

contain the following elements: a cold cathode, 
a main anode and a starter electrode. The starter 
electrode, in conventional operation, is normally 
operated at a potential sufficiently positive to 
cause it to function as an additional anode. Cold 
cathode type tubes are normally filled with one 
or more gases selected from the group of inert 
gases, comprising neon, argon or krypton. 
In the operation of tubes of this type, a dis 

charge between the main anode and the Cathode 
is normally visually indicated by a glow appearing 
Within the tube, the color of the glow being de 
termined by the nature of the gas contained 2. 
within the tube. For example, a tube containing 
neon will give a glow of a reddish hue, while a, 
tube containing argon will give a purple or blue 
color. 
An important operating characteristic of the 

cold cathode type tube is dependent upon the 
fact that ionization of the gas within the tube 
may be initiated by a relatively small amount of 
electrical energy supplied to the starter electrode; 
this initial ionization will, in turn, permit the 
formation of an electrical discharge between the 
main anode and the cathode, this discharge hav 
ing a decidedly greater energy content than the 
energy supplied to the starter electrode. The 
current flow resulting from the main discharge 
between the main anode and the cathode is 
normally of sufficient amperage to operate elec 
tro-magnetic devices included in the circuit con 
taining the tube, Such, for example, as the ener 
gizing coil of a relay. 
Conventional circuits, in which tubes of this 

type have been employed, have customarily been 
arranged so that the energizing potential applied 
to the starter electrode has been positive with 
respect to the cathode potential, but less positive 
than the potential upon the main anode. In 
order to initiate the main discharge, i. e. from 
the main anode to the cathode, with the con 
ventional practice just described, it has been 
necessary to employ a starting potential of ap 
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proximately 85 volts, and the resistance in series 
With the starter electrode has been limited, prac 
tically, to a maximum of approximately 20 negohms. 
An object of this invention is to provide a novel 

method of operating a cold cathode type tube 
which will require decreased starting potentials. 
Another object of this invention is to provide 

a novel method of operating a cold cathode triode 
tube, which will permit the utilization of greater 
resistances in series with the starter, electrode. 
The values and operational characteristics, 

above set forth, apply to the types of cold cath 
ode triode relay tubes customarily employed in 
conjunction with an energizing coil of a relay, 
which is actuated by the current flow through 
the tube, for example, such commercially avail 
able tubes as the OA4G and the 1C21, the OA4G 
tube employing argon as the inert gas, and the 
1C21 tube employing neon. 
The high starting electrode potentials neces 

sary for operation in the conventional circuits 
and under conventional practices place a limita 
tion upon the sensitivity of a control circuit utiliz 
ing cold cathode triode tubes of the type de 
Scribed above. Another object of this invention 
is the provision of improved electrical control 
circuits which utilize cold cathode type tubes 
having greatly increased sensitivity and greatly 
improved characteristics. 
A further object of this invention is the pro 

vision of improved electrical control circuits 
utilizing cold cathode type tubes and operating 
these tubes in Such a manner that the tubes ex 
hibit a sensitivity greater than that exhibited by 
cold cathode tubes when operated in the con 
ventional manner. 
A further object of this invention is the pro 

vision of an improved construction for cold cath 
ode type tubes which results in improved operat 
ing characteristics and increased sensitivity. 
Another object of this invention is to provide 

in proved means and methods for the operation 
of cold cathode type relay tubes to obtain greater 
sensitivity than could heretofore be obtained with 
respect to minimum starting potentials and to 
the current requirements of such tubes. 

Still another object of this invention is to pro 
vide an electrical control circuit, having included 
therein a cold cathode type tube, wherein the 
starting circuit is effective when closed through 
conductive elements having extremely high values 
of resistance. 
A further object of this invention is to provide 

a water level control system including an elec 
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trical circuit employing cold cathode relay tubes, 
responsive to the water level and operated by cur 
rents passing through the water System, even 
when such water possesses relatively high resist 
ance values. Another object is the provision of a light 
responsive electric control circuit having in 
proved sensitivity characteristics. 
An additional object of this invention is to 

provide a light-responsive electric control circuit 0. 

employing cold cathode type: tubes having im- . 
proved sensitivity characteristics, and including 
a manually controlled sensitivity adjustment. 

Further objects and advantages of this inven 
tion will be apparent from the following Specifica 
tion, and from reference to the annexed draw 
ings, and will be pointed out in the appended 
clains. 

Referring to the drawings: 
Figure 1 is a circuit diagram of a control circuit 

embodying the principles of this invention; 
Fig. 2 is a schematic representation of an auto 

matic water level control device or indication, 
employing the control circuits of this invention; 

Fig. 3 is a circuit diagram of a light-respon 
sive circuit employing a control circuit embody 
ing the present invention; and 

Fig. 4 is a circuit diagram of another light 
responsive circuit employing this invention. 
In order to obtain improved sensitivity char 

acteristics such as have not been heretofore ob 
tained in cold cathode tubes, a cold cathode tube 
of substantially different construction is provided 
in accordance with and embodying the present 
invention. This improved cold cathode type tube 
is provided with the same elements found in a 
conventional cold cathode type tube, namely: a, 
main anode, a cathode, and a starter electrode, 
and has in addition, another electrode, preferably 
located externally of the glass envelope contain 
ing the other tube elements. 
The novel and preferred construction may be 

obtained by modifying a conventional type tube. 
This is accomplished by the addition of an ex 
ternal electrode which may be suitably provided 
by externally coating a major portion at least of 
the glass envelope of a conventional cold cath 
Ode type tube with a suitable conducting nate 
rial, such, for example, as a layer of colloidal 
graphite or a metal or other conductive layer or 
film as might be provided by metal spraying. A 
minor part of the glass envelope of the tube may, 
if desired, be left uncoated to permit visual ob 
servation of the tube elements and to permit 
visual observation of the aforementioned glow, as 
indicative of the main discharge. The external 
electrode may be conveniently connected to one 
terminal of the tube. This connection may be 
accomplished by extending a narrow band or 
streamer of the same conducting material over 
the Surface of the usual non-conducting base of 
the tube so as electrically to connect the external 
electrode to the terminal to be used. In the coat 
ing Operation, and in the application of the con 
ducting material over the base of the tube, it is 
desirable to avoid leading the coating over sharp 
edges, as this, may tend to break the circuit. To 
overcome this difficulty it is preferred that the 
edges of the base be bevelled, in order to eliminate 
Such sharp edges. In addition, the external elec 
trode when formed of sensitive materials could 
easily be damaged by rubbing or other contact in 
handling. The application of several layers of 
shellac or other non-conducting plastic material 
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4. 
over the external electrode is preferred for pro 
tective purpoSeS. 
In the specific construction set forth herein, the 

external electrode functions in part as an aid to 
a means for ignition and also serves to increase 
the sensitivity of the tube by causing a partial 
ionization of theinert gas contained therein, and 
in addition serves to shield the tube from the 
effects of external electrical fields. Thus the ex 
ternal electrode functions to cause partial ioniza 
tion and to pre-condition the tube for extremely 
sensitive response characteristics. The internal 
or starting electrode is employed to increase the 
amount of ionization and furthermore provides 
a ready means to control the initiation of the 
main discharge between the main anode and the 
cathode 

It is of considerable importance that proper 
potential and phase relationships be established 
between the internal and external electrodes. 
Improved results have been obtained when the 
potential applied to the external electrode is in 
phase with the main anode supply. It has also 
been found advantageous to keep the potential 
applied to the starter electrode 180° out of phase 
with the potential applied to the external elec 
trode at all times. Thus the Starter electrode po 
tential is negative with respect to the cathode 
potential; while at the same time, the external 
electrode potential and the main anode potential 
are positive with respect to the cathode poten 
tial. This status is maintained While the tube is 
conducting. By the use of an external electrode 
and by employing varied phase relationships, the 
sensitivity of the tube and the stability of tube 
performance are greatly enhanced. The employ 
ment of the external electrode greatly reduces, 
and in many cases eliminates, the fluttering which 
is frequently common in the operation of pre 
viously known cold cathode type tubes, and which 
leads to unstable operation of Such tubes and to 
poor control characteristics. 
The novel construction of the cold cathode type 

tube described above yields improved character 
istics with respect to the potential required by 
the-starter electrode and with respect to the per 
missible resistance which may be included in the 
starter circuit. When employing the novel types 
of tubes according to the present invention, there 
is required only approximately 65 volts to be ap 
plied to the starter electrode to “trigger' the 
main discharge. In an arrangement as above 
described it is furthermore possible to include re 
sistances in the neighborhood of 100. negohms in 
series with the starter electrode, which result in 
very. Small currents flowing through the starter 
electrode circuit. In addition, the novel con 
struction provides a trigger tube circuit having 
greater sensitivity and stability, and requiring 
a much. Smaller amount of electrical energy for 
Starting purposes than has been required in the 
case of previously conventional circuits. 
In Fig. 1, there is illustrated a preferred em 

bodiment of a control circuit embodying the prin 
ciples of this invention. Transformer O. pro 
vides a convenient method of deriving the requi 
site potentials and phase relationships from pow 
er sources of the type usually encountered, name 
ly 110 volts or 220 volts, alternating current. Pri 
mary winding: is designed to have 220 volts im 
pressed across the outer terminals 2 and 3 
thereof, and is provided with a center tap A, So 
that 110, volts may be impressed between this tap 
and each of the main terminals. When the full 
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primary winding it is utilized, the transformer 
iO has substantially a 1:1 ratio; and when used 
upon a 110 volt supply, i.e. utilizing the center 
tap 4, it has a step-up ratio of 1:2. Thus when 
properly connected to a power source of either 
110 or 220 volts A. C., the secondary winding 5 
delivers about 220 volts between the terminals 6 
and thereof, while the center tap 8 provides 
a potential for the tube operating circuit of 110 
volts and a potential for the tube starting cir 
cuit of 110 volts, the latter potential always being 
180° out of phase with the potential applied to 
the operating circuit. 
A gas-filled, cold cathode, relay tube 9, which 

may be a type OA4G or 1C21 modified in accord 
ance with this invention or may be an integral 
unit embodying the construction of this inven 
tion, has its cathode 28 directly connected to the 
center tap 8 of the transformer Secondary and 
its anode 8' connected to one terminal of the 
energizing coil of the relay 20, the other terminal 
of this relay coil being returned to end-tap 6. 
The external electrode 9 of the tube 9 is con 
nected to the movable arm of a potentiometer 
P1, which in turn is connected across the 110 volt, 
Supply between center tap 8 and end-tap 6 of 
the transformer Secondary. This arrangement 
serves to provide the external electrode 9 with 
a potential in phase with the main anode poten 
tial and having a value determined by the po 
tentiometer setting. Relay coil 20 is shunted by 
a holding circuit comprising condenser 2 in Se 
ries with a resistor 22. As the tube 9 only con 
ducts during the portion of the cycle during 
which the main anode is positive, the energy 
stored in condenser 2 maintains the relay coil 
in an energized condition, by slowly discharging 
through resistor 22 when the tube 9 is non-con 
ducting. Resistor 22 likewise safeguards the tube 
from an abnormal flow of plate current, which 
may occur through an accidental lowering of the 
in pedance of Some of the circuit elements here 
inafter described. 
The starting circuit, connected across termi 

nals T and 8 of the secondary of the trans 
former, comprises impedances 23 and 24, which 
may be either resistances or capacitances, or by 
other circuit elements composed of a combina 
tion of the two. When the switch 25 is closed, 
these two impedances are connected in series 
across the starting winding, i. e. the portion of 
the transformer secondary included between taps 

and 8, so that they function as a voltage di 
viding network, providing a voltage of less than 
110 volts between the tap 8 and a point inter 
Imediate the two impedances. Impedance 24 is 
preferably greater than one-half the value of in 
pedance 23 for the voltages and the types of 
tubes mentioned above. The terminal of im 
pedance 23 not, connected to the terminal T of 
the transformer 9 is permanently connected 
through a resistor 26 to the starting electrode 
2 of the tube 9. 
The control circuit illustrated in Fig. 1 op 

erates as follows: 
A voltage of proper magnitude and in phase 

With the nain anode potential is applied to ex 
ternal electrode 9 of the tube 9. Switch 25 
is a SStrined to be closed and thus the potential 
difference between the starter electrode 2 and 
Ca$hode 23 of the tube 9 is equivalent to the po 
tential drop across impedance 23. It is also 
aSSuned that Substantially no current flow takes 
place through resistor 28, so that the potential 
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by any Voltage drop in this resistor. It is to 
be noted that the voltage applied to the starter 
electrode is 180° out of phase with the voltage 
applied to the external electrode 9 and to the 
main anode 8', i. e. the starter electrode 27 is 
negative When the external electrode and main 
anode are positive. Owing to the voltage di 
viding action of the two impedances 23 and 24, 
the peak voltage impressed upon the starting 
electrode 2 is not of sufficient magnitude to 
initiate the main tube discharge, being in the 
case of the novel tube types of the present inven 
tion, below 65 volts. However, when the switch 
25 is opened, the voltage dividing network ceases 
to be effective, and the full 110 volts derived from 
transformer terminals and 8 is applied to the 
starting electrode 27 via impedance 23. Thus 
When the Switch 25 is opened, a potential dif 
ference of 110 volts appears between the start 
ing electrode 27 and the cathode 28. This po 
tential of the starting electrode 2 is sufficient 
to cause a current flow from the cathode to the 
Starting electrode, which current flow initiates 
ionization of the gaseous filler, and the resulti 
ing ionization permits the formation of the main 
discharge between the main anode 8' and the 
Cathode 28. 
The relay function of tube 9 is as follows. The 

Voltage applied to the starting electrode 2 is 
Sufficient to trigger the tube, thereby initiating 
the nain tube discharge between cathode 28 and 
Jain anode 8. The value of resistor 26 is usual 
ly so high relative to impedance 23, that no 
Voltage drop of appreciable magnitude occurs in 
this impedance. 
Upon the occurrence of the main tube dis 

charge, relay coil 20 is energized. When the 
voltage cycle alternates, making anode 8' nega 
tive, the tube discharge will, of course, cease. 
However, during the interval of no-current fiow, 
holding condenser 2 serves to maintain the re 
lay coil 2 energized, by discharging therethrough, 
via resistor 22. Thus relay coil. 2) will remain in 
an energized condition during the non-conduct 
ing half cycle as long as the Switch 25 remains 
Open. 

Upon the closure of Switch 25, the circuit re 
Slimes the condition originally described, in 
pedances 23 and 24 constituting a voltage divider, 
and the Voltage consequently impressed upon 
starter electrode 2 is reduced below a value suf 
ficient to initiate the main tube discharge, the 
main discharge ceasing during the next alterna 
tion of the cycle rendering anode 8' negative. 
During the operation of this device, the presence 
or absence of the characteristic flow discharge in 
tube 8, affords a visual indication of the ener 
gization or non-energization of the relay coil. 2). 

in Fig. 2 there is illustrated an automatic boil 
er control or indicator means employing an elec 
trical control circuit of the type illustrated in 
Fig. 1. 
The employment of a gas-filled cold cathode 

relay tube of the Specific construction taught 
herein, and included in an electrical control cir 
cuit wherein the voltage applied to the starter 
electrode is 180° out of phase with the potential 
applied to the external electrode and the main 
anode, provides a device peculiarly sensitive to 
currents of small amperage passing through an 
aqueous medium, even. When Suich medium has 
a relatively high resistance value. The illus 
trated circuit will operate with a minimum of 
fluctuation and variation irrespective of the vary 

upon the Starter electrode 27 is not diminished 75 ing resistance fluctuations inherent in the Water 
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39. Consequent opening of contacts 38 will cause 
a cessation of the operation of heater 34, there 
by saving the boiler from possible harm due to 
a dangerously low water level therein. The Si 
multaneous closure of contacts 53 will complete 
the circuit to the primary of transformer 54, 
thereby actuating siginal device 55, Switch 57 
being normally closed and resistor 56 being ad 
justed to any suitable desired operating point. 
Manual opening of Switch 5 will stop the alarm 
Signal. 
When the foregoing series of operations due to 

a dangerously low water level have taken place, 
refilling of the boiler with water Will cause relay 
tube 47 to extinguish, when contact 65 has again 
been covered by the rising Water level, thus re 
establishing the voltage divider circuit including 
resistor 6, in the manner already described in 
connection with the operation of relay tube 50. 
Such extinguishing of tube 47 Will de-energize 
relay 39, thereby permitting the manual closure 
of Switch 57 without causing the alarm means 
55 to operate and causing heater 34 again to 
function. 
The filling of the boiler proceeds as follows. 

Since the water level is still below electrode 67, 
the circuits of gas tube relay 50 are Still func 
tioning as previously described, so that filling 
valve 33 does not close until the Water level has 
once more reached electrode 66, at which time 
relay tube 53 is again extinguished in the man 
ner previously described, thereby closing valve 33 
and restoring the entire System to a normal Op 
erating condition. 
The various electrical values of the compo 

nents of this device are in accordance With the 
principles discussed in connection with Fig. 1, 
so that a repetition of the detailed description 
thereof is not deemed here necessary. For ex 
ample, transformer 44 may have a tapped pri 
mary winding, to allow the use thereof upon 
power circuits of various voltages. Likewise, 
since voltage divider resistors 6 and 66 have 
much higher values of resistance than do the 
respective Water paths completed via the various 
electrodes in the boiler, the resistance ratios 
discussed in connection With the circuit of Fig. 1 
are here Satisfied. The visible glow discharges 
of the two relay tubes afford visual monitoring 
Of the System. 

Figs. 3 and 4 illustrate two light-responsive 
electrical control circuits utilizing the principles 
of this invention. In Fig. 3 all elements are sim 
ilar to those in Fig. 1, and bear similar reference 
characters, except that the voltage dividing cir- i.; 
cuit has in lieu of impedance 24 of Fig. 1, a re 
sistance 24'; and in lieu of impedance 23 of Fig. 
1, a photo-electric cell 23. Variable tap 25 sub 
titutes for SWitch 25 of Fig. 1 and is adjusted so 
that the portion of 24' thereabove bears to the 
part therebelow, and to the dark photo-cell in 
Series thereWith, an impedance ratio satisfying 
the conditions discussed in connection with Fig. 
1. The previously discussed sensitivity of the 
Circuit of this invention allows the use of rela 
tively high resistance for 24, thereby increasing 
the effective output of the cell, and thereby the 
Overal Sensitivity of the device. 
The operation of the light-sensitive relay cir 

cuit is according to that already described in Fig. 
1, in that an increase of out-of-phase voltage 
upon the starting electrode 2 triggers the gas 
filled tube. The voltage divider circuit is adjust 
ed, according to the characteristics of the photo 
cell, the voltage between f7 and 8 being reduced, 
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10 
if needed, as in the case of gas type photo-cells. 
Tap 25 is adjusted to apply less than starting 
Voltage to tube 9, When the cell is dark. Illu 
mination of the cell lowers the impedance there 
of increases the IR drop across resistor 24, and 
consequently raises the voltage at tap 25' to a 
value Sufficient to fire the gas relay tube. Tap 
25 may be adjusted to give either a small or a 
great difference of potential from the firing volt 
age, thereby determining the degree of excitation 
of the cell 23' which Will be needed to trigger the 
tube. 

Fig. 4 is identical With Fig. 3, except that ele 
mentS 23' and 24' have been reversed in position. 
In this form, the photo-cell 23, is normally illu 
minated, and tap 25' adjusted to place upon 
Starting electrode 27 a potential below that need 
ed to fire the tuige, by a degree corresponding to 
the Sensitivity desired. Darkening of cell 23' in 
creases the impedance tilereof and raises the po 
tential upon tap 25, so as to trigger tube 9, 
thereby making the device operative upon de 
Crease of illumination, instead of upon an in 
crease thereof, as was the case in Fig. 3. In both 
Figs. 3 and 4, the relay holding circuit functions 
as previously described for Fig. 1, resistor 26 here 
acting additionally to safeguard the photo-cells. 
While I have shown and described certain 

forms and uses of this invention, many others 
Will be apparent to those skilled in the art, and 
I Wish to be limited only by the scope of the ap 
pended claims, which are to be construed validly, 
as broadly as the state of the prior art permits. 
What is claimed is: 
1. An electrical control circuit, COmprising a 

gas filled cold cathode type tube including an 
anode, a cathode, a starter electrode and an ex 
ternal electrode, of the type wherein the starter 
electrode is normally used for effecting a Starting 
discharge between said starter electrode and said 
cathode, means for applying an alternating op 
erating voltage to said anode and said Cathode, 
circuit means for applying an alternating poten 
tial to said external electrode which in phase 
With the Operating Voltage applied to said anode 
and Said cathode, starting circuit means for ap 
plying an alternating potential out of phase with 
Said alternating operating voltage to the starter 
electrode and which provides a current path 
through said starter electrode and said cathode, 
and means for causing said starting circuit means 
to carry current flowing from said cathode to 
Said starter electrode and adapted to ionize gas 
in the tube Sufficiently between said cathode and 
Said starter electrode to cause the tube to become 
conductive With current flowing between said 
anode and Said cathode. 

2. An electrical control circuit, comprising a 
gas filled cold cathode type tube including an 
anode, a Cathode, a starter electrode and an ex 
ternal electrode, of the type wherein the starter 
electrode is normally used for effecting a starting 
discharge between said starter electrode and said 
cathode, means for applying an alternating Oper 
atting Voltage to said anode and said cathode, 
Circuit means for applying an alternating poten 
tial to Said external electrode for increasing the 
Sensitivity characteristics of said tube, said alter 
nating potential being in phase with the oper 
ating voltage applied to said anode and said cath 
ode, starting circuit means, including a voltage 
dividing network, for applying an alternating 
potential 180° out of phase with said alternating 
Operating voltage to the starter electrode and 
Which provides a current path through said 
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starter electrode and said cathode, and means for 
causing said starting circuit means to carry Cur 
rent flowing from said cathode to Said starter 
electrode and adapted to initiate Sufficient ioni 
zation of the gas within the tube between Said 
cathode and said starter electrode to cause the 
tube to become conductive with current flowing 
from said anode to said Cathode. 

3. An electrical control circuit, comprising a 
transformer having a center tapped Secondary; 
a load circuit connected between the center tap 
and a first end tap of the secondary of Said trans 
former including a gas filled cold cathode type 
tube having an anode, a cathode, a starter elec 
trode and an external electrode, of the type 
wherein the starter electrode is normally used 
for effecting a starting discharge between Said 
starter electrode and said cathode, and an elec 
trical load means which is series connected in 
the anode circuit of said tube; said transformer 
and the connections thereto providing a Source 
of alternating operating voltage for said load cir 
cuit; circuit means for applying an alternating 
potential to said external electrode in phase with 
said operating voltage including a potentiometer 
connected between said center tap and Said first 
end tap of said transformer; starting circuit 
means connected to said center tap and a second 
end tap of said transformer for applying an alter 
nating potential, 180° out of phase with Said alter 
nating operating voltage applied to Said load Cir 
cuit, to said starter electrode and which provides 
a current path through said starter electrode and 
said cathode, said starting circuit means includ 
ing a voltage dividing impedance netWork to Con 
trol the magnitude of the potential applied to the 
starter electrode, and means for causing said 
starting circuit means to carry current flowing 
from said cathode to said starter electrode and 
adapted to ionize gas in the tube sufficiently be 
tween said starter electrode and said cathode to 
cause the tube to become conductive with current 
flowing from said anode to said cathode, Said last 
mentioned current flow energizing said electrical 
load neans. 

4. An electrical control circuit, comprising a 
gas-filled cold cathode type tube including an 
anode, a cathode, a starter electrode and an ex 
ternal electrode, of the type wherein the Starter 
electrode is normally used for effecting a starting 
discharge between said starter electrode and Said 
cathode, means for applying an alternating oper 
atting voltage to said anode and Said cathode, cir 
cuit means for applying an alternating potential 
to said external electrode, said alternating poten 
tial being in phase with the operating voltage 
applied to said anode and said cathode, Starting 
circuit means for applying an alternating poten 
tial, out of phase with said alternating operating 
Voltage, to said starter electrode and which pro 
vides a current path through said starter elec 
trode and said cathode, said starting circuit 
means including a voltage dividing impedance 
network to control the magnitude of the poten 
tial applied to said starter electrode, a light 
responsive variable impedance included in said 
network for determining the magnitude of the 
potential applied to said starter electrode, and 
means for causing Said starting circuit means to 
carry current flowing from Said cathode to said 
starter electrode and adapted to ionize gas in the 
tube Sufficiently between said cathode and said 
starter electrode to cause the tube to become 
conductive With current flowing from said anode 
to Said cathode. 
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2 
5. An electrical control circuit according to 

claim 4, wherein said light-responsive variable 
impedance comprises a photo tube SO arranged 
in said network as to cause said cold cathode type 
tube to conduct when the intensity of light re 
ceived by the photo tube Surpasses a predeter 
mined value. 

6. An electrical control circuit according to 
claim 4, wherein Said light-responsive variable 
impedance comprises a photo tube So arranged 
in said network as to cause said cold cathode type 
tube to conduct when the intensity of light re 
ceived by the photo tube falls below a predeter 
mined Value. 

7. An electrical control circuit, comprising a 
gas filled, cold cathode type tube including an 
anode, a cathode, a starter electrode, and an ex 
ternal electrode, of the type wherein the starter 
electrode is normally used for effecting a start 
ing discharge between said starter electrode and 
said cathode, means for applying an alternating 
operating voltage to said anode and said cath 
ode, circuit means for applying an alternating 
potential to said external electrode which is in 
phase with the operating voltage applied to said 
anode and said cathode, said circuit means in 
cluding a potentiometer resistance connected 
Substantially in parallel With Said anode and Said 
cathode and a variable tap contacting Said po 
tentiometer resistance connected to said external 
electrode, starting circuit means for applying an 
alternating potential, out of phase With said al 
ternating operating voltage, to said starter elec 
trode to provide a current path through said 
starter electrode and said cathode, and means in 
said starting circuit neans for varying the po 
tential on said Starter electrode in respect to the 
potential of said cathode So as to provide a pre 
determined potential on Said starter electrode 
adequate to fire said tube. 

8. An electrical control circuit, comprising a 
gas filled, cold cathode type tube including an 
anode, a cathode, a starter electrode and an ex 
ternal electrode, of the type wherein the starter 
electrode is normally used for effecting a start 
ing discharge between Said starter electrode and 
Said cathode, Ineans for applying an alternating 
operating voltage to said anode and Said cath 
ode, circuit means for applying an alternating 
potential to said external electrode which is in 
phase with the operating voltage applied to Said 
anode and Said cathode, starting circuit means 
for applying an alternating potential, out of 
phase With Said alternating operating voltage, to 
Said Starter electrode to provide a current path 
through Said Starter electrode and Said cathode, 
Said Starting circuit means including a voltage 
divider circuit, an intermediate point of which 
is connected to Said starter electrode, and means 
for shifting the division of voltage in said volt 
age divider circuit, so as to increase the potential 
of Said starter electrode to a value Sufficient to 
cause the tube to fire. 

9. An electrical control circuit in accordance 
With claim 8, in which said voltage divider cir 
cuit comprises Split impedances including two 
Series-connected branches, the junction of which 
branches is connected to said starter electrode, 
One of Said branches including a photo cell, said 
impedances and the impedance of said photo cell 
being of Such value that the potential of said 
Starter electrode may be changed by change in 
the light condition to which said photo cell is 
subjected so as to fire the tube. 

10. An electrical control circuit in accordance 
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with claim 8, wherein said voltage divider circuit 
comprises a potentiometer resistance and a photo 
cell connected in series, and wherein said starter 
electrode is connected to an adjustable tap con 
tacting said potentiometer resistance, the in 
pedance of said potentiometer resistance and 
said photo cell being such that the potential of 
said starter electrode may be varied by the light 
condition to which said photo cell is Subjected 
between a potential sufficient to fire the tube and 
a potential insufficient to fire the tube, and so 
that the light condition effective to fire the tube 
is a variable which can be determined by the 
setting of said tap on said potentiometer re 
sistance. 

EDWARD D. SPIERER. 
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