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1. 
This invention relates to an electronic circuit 

and more particularly to a regulator and protec 
tor circuit, 
In devices having a filamentary cathode and 

a bombardment heated cathode, an arc may in 
advertently occur between the two cathodes re 
Sulting in damage and possible disintegration of 
the filamentary cathode. It is proposed by this 
invention to automatically extinguish an arc 
formed between the two cathodes and simultane 
ously regulate the arc current between the bom 
bardment heated cathode and an arc block. The 
automatic extinguishing of an arc formed be 
tween the two cathodes is accomplished by utiliz 
ing the increase in current between the two cath 
odes to charge a condenser which activates an 
electronic switching arrangement to stop the flow 
of current for a short period of time, thereby 
breaking the arc. The arc regulating action of 
the circuit is accomplished by utilizing the cur 
rent flowing between the arc block and the bon 
bardment heated cathode to control the grid Volt 
age of a regulator tube, which in turn regulates 
the emission of the bombardment heated cathode. 

It is therefore an object of this invention to 
provide an electronic regulator and protector cir 
cuit for a device having a filamentary cathode 
and a bombardment heated cathode. 
Another object of this invention is to provide. 

an arrangement for automatically extinguishing 
an arc between a filamentary cathode and a bom 
bardment heated cathode. 
A further object of this invention is to provide 

an arc regulating device. 
Other objects and advantages of this invention 

will be apparent in the following description and 
claims considered together With the accompany 
ing drawing, in which: 

Figure 1 is a schematic wiring diagram embody 
ing the invention and is the sole drawing thereof. 

Referring to Fig. 1 in detail, the primary Wind 
ing of a transformer 2 is shown connected to 
a Suitable Source 3 of alternating current. One 
end of the secondary winding 4 of this trans 
former is connected to the anode of a gas triode 
tube 6, while the other end is connected to the 
anode of a gas triode tube 7. The secondary 
winding is center tapped, and this center tap is 
connected to an inductance 8 which is an ele 
ment of a filter network. The remaining portion 
of the filter network is a condenser 9 which is 
connected from the inductance 8 to the cathode 
of the tubes 6 and . The control grid of the 
tube 6 is connected to a bias resistor 2 which 
is in turn connected to a common connection be 
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2 
tween a resistor 22 and a condenser 23. The con 
trol grid of the tube T is connected to a bias re 
Sistor 24 which is connected to the junction be 
tWeen the resistor 22 and the condenser 23. This 
resistor 22 is connected to the anode of a voltage 
regulator tube 26 and to a resistor 2. The re 
Sistor 2 is further connected to the condenser 23 
and to the Cathode of the tubes 6 and . The 
cathode of the tube 26 is serially connected with 
the Secondary Winding of a transformer 28. The 
primary winding of this transformer 28 is con 
nected to a suitable Source of alternating current 
29. The secondary winding of the transformer 28 
is further connected to a potentiometer 3 which 
is in turn connected to the junction of the resistor 
27 and the condenser 23. The variable portion 
of this potentiometer 3 f is so arranged that any 
desired portion can be shorted, thereby allowing 
manual control of the resistance in this portion 
of the circuit. A connection is made from the 
lead common to the Secondary winding of the 
transformer 28 and the potentiometer 3 to the 
anode of a triode tube 32. The control grid of . 
the tube 32 is connected to the positive output. 
terminal 33 of a conventional power supply 34. 
The negative output terminal 35 of the power 
Supply 34 is connected to the negative terminal 37 
of a high Voltage power Supply 38 Which is con 
nected to a Suitable Source of A. C. 39. The input 
terminals 4 of the power supply 34 are connected 
to a variac control 42 which is in turn connected 
to a suitable Source of alternating current 43. 
The negative terminals 36 and 3 of the power 
Supplies 34 and 38 are connected to a resistor 44 
which is connected to the cathode of the tube 32. 
The common connection of the inductance f8 and 
condenser 9 is connected to a filamentary cath 
ode 45 which is heated by a suitable battery Sup 
ply 46. A connection is made from the cathode 
of the tube 32 to a bombardment cathode 4. 
The positive terminal 48 of the power supply 38 
is connected to an arc block 49 and is held at Zero. 
potential by a connection to ground. 
Consider now the normal operation of the cir 

cuit with the alternating current sources 3, 29, 
39, and 43 energized. The tubes f6 and then 
operate as a full wave rectifier, the output of 
which is Smoothed by the filter network compris 
ing the inductance 18 and the condenser 9. The 
negative side of this filtered voltage is impressed 
on the filamentary cathode, while the positive 
side is impressed on the bombardment heated." 
cathode through the potentiometer 3 and the 
tube 32. Thus a voltage difference exists be-, 
tween the filamentary cathode 45 and the bom 
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bardment heated cathode 47 Sufficient to attract 
electrons thermally emitted from the filamentary 
cathode 45 to the bombardment heated cathode 
4. The tube 32 is maintained in a normally 
conducting State by means of the positive biaS 
Supplied to its control grid by the power Sup 
ply 34, which is adjustable through the variac 42. 
A voltage difference is established Sufficiently 
large that an arc exists between the bombard 
ment heated cathode 42 and the arc block 39 by 
the power supply 38, the negative terminal 3 of 
Which is connected to the bombardment heated 
cathode 47 through the resistor 44 and the posi 
tive terminal of which is directly connected to 
the arc block 49. 
From the foregoing, it is seen that under stable 

conditions electrons emitted by the filamentary 
cathode 45 are utilized to heat the bombardment 
heated cathode 4 and thereby establish an arc 
between the bombardment heated cathode 47 
and the arc block 49. However, stable conditions 
do not always exist, as an arc may inadvertently 
occur between the filamentary cathode 45 and 
the bombardment, heated cathode 4. In order 
to extinguish this arc before the filamentary 
Cathode is damaged, the circuit comprising the 
resistor 22, the condenser 23, the resistor 27, the 
voltage regulator tube 26, and the transformer 
28 has been connected between the control grids 
and cathodes of the tubes 6 and 7. Thus 
should an arc occur between the two cathodes 
45 and 47, the accompanying increase in current 
through the rectifying tubes 6 and results 
in a proportional increase in Voltage across the 
potentioneter 3. 
tiometer 3 has been Set at a predetermined 

The resistance of the poten 
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value, So that the increased voltage across the. 
potentiometer due to the arc plus the voltage 
across the secondary of the transformer 28 dure. 
ing the half-cycles at which the cathode of the 
voltage regulator tube 26 is negative, is suff 
cient to cause this voltage regulator tube to con 

40 

duct and charge the condenser 23. The plate 
of the condenser 23 which is connected to the 
control grid of the tubes 6 and 7 is therefore 
charged negatively with respect to the plate of 
the condenser connected to the cathode of the 
tubes and the resulting negative bias on the con 

45 

trol grid in addition to the positive bias on the 
cathode is sufficient to prevent the tubes from 
conducting. Therefore, during the time neces 
Sary for the condenser. 23 to discharge through 
the resistors 22 and 27, the tubes is and are 
held in a non-conductive state. The values of 
the condenser 23 and the resistors 22 and 2 
are predetermined to allow Sufficient time for the 
arc to be extinguished between the filamentary 
cathode 45 and the bombardment heated cath 
ode 47. After the condenser 23 has discharged, 
the tubes 6 and 7 again conduct and the volt 
age: between the two cathodes 45 and 4 is re 
Stored. 
Another type of unstable condition may occur 

wherein the arc current between the bombard 
ment heated cathode 47 and the arc block 49 
fluctuates. Regulation of the arc current is ac 
complished by the interconnection between 
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power supply 38 and the control grid circuit of 
the tube 32. Thus an increase in the arc current 
between the bombardment heated cathode 4 and 
the arc block 49 increases the voltage drop across 
the resistor 44 and thereby decreases the voltage 
impressed on the control grid of the tube 32 
through the power Supply 34. This decrease in 
Voltage at the control grid of the tube 32 re 
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4. 
Sults in an increased internal resistance of the 
tube, thereby allowing less current to flow and 
decreasing the potential difference between the 
filamentary cathode 45 and the bombardment 
heated cathode 4, which in turn reduces the 
emission of the bombardment heated cathode 47 
and regulates the arc current. The arc current 
is thus reduced until it conforms with the pre 
determined value as established by manual con 
trol of the Variac 2. A decrease in the arc cur 
rent has the opposite effect in that the bias of 
the control grid of the tube. 32 increases, thereby 
raising the emission of the bombardment heated 
cathode 4 to increase the arc current to the 
predetermined value. 
While the Salient features of the invention have 

been described in detail with respect to one em 
bodiment, it will, of course, be apparent that 
numerous modifications may be made within the 
spirit and scope of this invention, and I do not 
therefore desire to limit the invention. to the 
exact details as shown, except insofar as they 
may be defined in the following claims. 
What is claimed is: 
1. In a protective systern for an electrical de 

vice having at least two elements supplied from 
a rectifier circuit, said circuit comprising a pair 
of gas triode tubes having anodes and cathodes 
interconnected as a full-Wave rectifier acroSS a 
first Source of alternating current, the combina 
tion comprising means for connecting the anodes 
of Said gas tubes to one element of Said device, 
a condenser connected between the control grids 
and cathodes of said gas tubes, a pair of Series : 
connected resistors connected in parallel with 
Said condenser, a diode gas tube having its anode : 
connected to the junction between said pair of 
resistors, a transformer having a primary wind 
ing connected across a Second Source of alter 
nating current and one terminal of a secondary 
Winding connected to the cathode of Said diode 
tube, a variable resistor connected between the 
cathodes of Said gas triodes and the other ter 
minal of Said secondary winding, and means con 
nected between the junction of said variable re 
sistor and the Secondary winding of said trans 
former and a Second eiernent of Said device. 

2. In an electrical control system for a device 
having a first cathode, a Second cathode, and an 
anode, the combination comprising means con 
nected between said Second cathode and said 
anode for establishing an arc discharge therebe 
tWeen, a Source of voltage having a pair of gas 
discharge triode tubes interconnected as a full 
Wave rectifier between said first and second cath 
Odes for establishing electron bombardment of 
Said Second cathode, and a circuit network con 
nected in Series between said Second Cathode 
and One Side of Said Source, Said circuit network 
Comprising a gaS discharge diode tube, a trans 
former having a primary winding connected 
acroSs a source of alternating current and one 
side of a secondary winding connected to the 
cathode of said diode tube, a variable resistor 
connected between the other side of said second 
alry winding and the cathodes of said rectifier 
tubes, the junction between said variable resistor 
and said secondary winding being connected to 
Said Second Cathode, a pair of Series connected 
resistors connected between the control grids and 
cathodes of Said rectifier tubes, the anode of said 
diode being connected to the junction between 
Said pair of resistors, and a condenser connected 
in shunt acroSS said pair of resistors, whereby said . 
Condenser is charged to place a negative bias on 
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the control grids of said rectifier tubes each time 
said diode tube fires in response to an increase in 
a predetermined voltage acroSS said variable 
resistor. 

3. In an electrical control system for a device 
having a first cathode, a second cathode, and an 
anode, the combination comprising a first Source 
of voltage connected between said second cathode 
and said anode for establishing an arc discharge 
therebetween, a Second source of voltage having 
a pair of gas discharge triode tubes intercon 
nected as a full-wave rectifier between said first 
and second cathodes for establishing electron 
bombardment of said second cathode, and a cir 
cuit net Work connected in Series between Said 
second cathode and one side of Said Second 
Source, said circuit network comprising a triode 
tube having its cathode connected to said second 
cathode, its control grid connected to a regul 
lating means for controlling the resistance of Said 
triode tube in response to the voltage between 
said cathode and said anode; a transformer hav 
ing a primary winding connected acroSS a Source 
of alternating current and one Side of a Second 
ary winding connected to the anode of said triode 
tube; a diode gas discharge tube having its cath 
Ode connected to the other Side of Said Second 
alry winding; a pair of series-connected resistors 
having the junction therebetween connected to 
the anode of said diode tube, one end connected 
to the cathodes of said rectifier tubes, and the 
other end connected to the control grids of said 
rectifier tubes; a variable resistor connected be 
tween the anode of said triode tube and the cath 
odes of said rectifier tubes for predetermining 
the firing voltage of said diode tube; and a con 
denser connected between the ends of Said Series 
connected resistors for storing energy when said 
diode tube conducts and applying a cut-off bias to 
the control grids of said rectifier tubes. 
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4. In a protective System for an electrical de 
vice having at least two elements Supplied from a 
rectifier circuit, said circuit comprising a pair of 
gas triode tubes having anodes and cathodes 
interconnected as a full-wave rectifier across a 
first source of alternating current, the combina 
tion comprising a filter network connected across 
the output of Said gas triode tubes, the negative 
side of said filter network being connected to one 
element of said device, a condenser connected be 
tween the control grids and cathodes of said gaS 
tubes, a resistor connected in parallel with said 
condenser, a diodegas tube having its anode con 
nected to the junction between said resistor and 
condenser, means connected to the cathode of 
Said diode tube for impressing an alternating cur 
rent, a variable resistor connected between the 
cathodes of said gas triode tubes and said alter 
nating current means, and means for connecting 
the junction between said variable resistor and 
alternating current means to the second element 
of said device. 
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