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1. 

My invention relates to electron tube circuits 
and particularly to electron tube circuits ar 
ranged to provide safe operation of the circuits 
and apparatus associated thereWith. 

For the purposes of this disclosure, it is to 
be understood that the term "electron tube' Shall 
fiean an electron discharge device comprising 
an enclosure containing therein two or imore 
elect2'odes and being either highly evacuated or 
filled with gas at a low pressure, while the term 
'gas tube' shal Specifically mean an electron 
tube filled with gas at a low pressure. 

In certain applications of electron tube cir 
cuits such as, for example, relay control circuits 
for railway signaling Systeins, it is essential to 
insure that the relay governed by the electron 
tube Will pick up when and only when a control 
voltage of particular character is Supplied to the 
input circuit of the elect 'on tube which has the 
iteiay Winding connected to its anode circuit. A 
bias Woltage is generally provided for pieselecting 
the operating characteristics of the electron tube 
circuits, and it is necessary to provide means for 
checking the continuity of the elements by which 
the bias Voltage is supplied to the tube. 

Additionally, it has been found that under cer 
tain conditions electi'oin tubes of the gas type 
will continue to conduct, having once been ren 
dered conductive, if the input circuit to the grid 
and cathode of the tube is interrupted in such 
nanner that the grid is coupled, capacitively or 
otherwise, to a possible source of stray voltage. 
Another possible cause of improper operation 

of gas tube circuits is that of false firing or con 
duction of the tube due to leakage of current in 
the tube base or wiring between the anode and 
control grid when the normal input circuit be 
tween the control grid and cathode of the tube is interrupted. 
Accordingly, it is an object of my invention 

to provide novel and improved electron tube cir 
cuits arranged for safe Operation. 
Another object of my invention is to provide 

electron tube circuits incorporating novel means 
for checking the Supply of bias Voltage to an 
electron tube. 
A further object of my invention is to provide 

electron tube circuits incorporating novel means 
for preventing the conduction of the tube by 
leakage current if the control circuit therefor 
becomes disconnected. 
Another object of my invention is to provide 

novel and improved electron tube circuits ar 
ranged to prevent the conduction of the tube 
by stray voltages supplied to the grid of the tube 
if the grid-cathode circuit is interrupted. 
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Other objects of my invention and features of 

novelty thereof will be apparent from the foll 
lowing description taken in connection with the 
accompanying drawings. 
In practicing my invention I provide a circuit 

arrangement which includes one or more of the 
control electrodes in a multi-element electron 
tube and the Source of bias voltage in series with 
the anode circuit of the tube, and also includes 
the control circuit for the tube in series there 
With, So that the several circuits form a series 
arrangement, whereby an interruption of any 
part of the complete circuit prevents the fiow of 
Current in the anode circuit and thereby pre 
vents the operation of the relay in the anode cir 
cuit of the tube. Additionally, I provide a four 
terminal condenser connected in shunt across 
the input circuit in order to shunt stray voltages 
While the plates of the condenser are connected 
aS series elements in the input portion of the 
circuit So that an open connection to the con 
denser results in a safe failure of the apparatus. 
I shall describe two forms of apparatus em 

bodying my invention and shall then point out 
the novel features thereof in the claim. 
In the accompanying drawings, 
Fig. 1 is a diagrammatic view showing one form 

of electron tube circuits embodying my invention 
When employing a four-element electron tube, 
and 

Fig. 2 is a diagrammatic view showing a modi 
fication of the arrangement of Fig. 1, which em 
ploys a three-element electron tube. 

Similar reference characters refer to similar 
parts in each of the two views. 

Referring to Fig. 1, the reference character 
WTi designates a four-element indirectly heated 
gaS tetrode of the "thyratron' type, having an 
anode 5, a shield grid , a control grid 9, a cath 
Ode and a heater i3. The shield grid of 
tube WT is provided with two terminals 5 and 
7, and the control grid 9 is also provided with 

two terminals 9 and 24, and these grids are ar 
ranged So that the grid structure forms a series 
circuit between the terminals associated with 
each of the grids. Thus a circuit connected to 
the terminals of these grids includes the grid 
Structures and grid connections in series so that 
any break in the grids or their connections with 
in the tube will interrupt the circuit. The heater 
f3 of tube WT is supplied with energy from a 
Suitable Source, not shown. 
Power is Supplied to the anode 5 of the tuie 

WT from a suitable source, here shown as a 
Secondary winding S having terminals 25 and 
27 of a transformer PT, which has its primary 
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winding P connected to a suitable source of al 
ternating current, not shown. A second Sec 
ondary winding S2 provided with terminals 23 
and 3, provides a suitable source of bias volt 
age for the shield grid of the tube WT. The 
winding of a relay R and a limiting resistor RP 
are connected in series between terminal 25 of 
secondary winding SA and the anode 5 of tube 
VT, and terminal 27 of secondary winding Si 
is connected to terminal 5 of the shield grid i. 
Relay R is of the type having contacts which 
are slow to release, in order that the contactS 
of the relay will remain picked up during the 
alternate half cycles of the alternating current 
supplied to the anode circuit of the tube for 
which the tube is non-conductive, and the slow 
releasing feature is preferably secured by the use 
of a copper ferrule or sleeve on the core of the 
relay, which acts as a short-circuited Single turn 
winding, this type of relay structure reducing 
the value of induced voltage generated by the 
self-induction of the Winding of the relay when 
the current which flows therethrough is cut off. 
A contact 33 of relay R. governs a control Cir 
cuit, not ShoWin. 
Terminal of shield grid of the tube WT: 

is connected to terminal 3 of the Secondary 
Winding S2 through a current limiting resistOf 
RS, and terminal 29 of the secondary Winding 
S2 is connected to terminal 2 of the control 
grid 9 of tube WT. 
The tbe WT is governed by a source of alter 

nating current control energy, not shown, Which 
energy is at times Supplied to the primary Wind 
ing 35 of a control transformer CT. The Sec 
ondary winding 3 of control transformer CT is 
provided with terminals 39 and $, and terminai 
39 is connected to terminal 9 of the coatirol 
grid 9 of tube WT by a circuit which includes 
in series a grid resistor RG and one plate of a 
four-terminal condenser C, this one plate having 
terminals 43 and 45. Terminal 3 of the Sec 
Ondary Winding of transformer CT is connected 
to the cathode of tube WT by a circuit in 
cluding in series the other plate of condenser 
C, and which other plate is provided with ter 
minals 4 and 49. 
These Several circuits of tube WT are Con 

nected in series to form an anode circuit which 
may be traced from terminal 25 of secondary 
winding S of transformer PT through resistor 
RP, through the winding of relay R to the anode 
5 of tube WT, through the tube Space of tube 
WT to the cathode ii, through one plate of con 
denser C by way of terminals 69 and is to the . 
terminal of Secondary Winding 3 of trainS 
former CT, from the other terminal 39 of sec 
ondary winding 37 of transformer CT through 
the other plate of condenser C by Way of ter 
minals 33 and 35, through the limiting resistor 
RG, through control grid 9 of tube Wii by way 
of terminals 3 and 2 to the terminal 23 of the 
secondary Winding S2 of transformer PT, from 
the other terminal 3 of Secondary winding S3 
through the limiting resistor RS, and through 
the shield grid i of tube WT by way of ter 
minals it and 5 to the terminal 2 of secondary 
winding S of transformer PT. Accordingly, it 
Will be seen that during the half cycles of alter 
nating current energy Supplied by the secondary 
winding S., in which the terminal 25 is positive 
in polarity with respect to the terminal 2, if 
the bias Voltage and the control voltage are sit 
able to cause the tube to conduct, current flows 
through the circuit traced above to energize relay 
R and causes the contact 33 of relay R to be 
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4. 
picked up. As previously explained the relay R. 
is slow in releasing, so that during the alternate 
half cycles in which the tube WT is nonconduc 
tive, the relay R will continue to hold its front 
contact 33 closed. 
The conducting condition of tube Wii is pre 

determined by the proper arrangement, and pro 
portioning of the bias voltage. Supplied to the 
Shield grid of tube WT from the Secondary 
Winding S2 of transforiner PT. the bias volt 
age supplied to the shield grid from the trans 
former PT is supplied thereto by a circuit one 
side of which may be traced froin terminal 3: 
of secondary winding S2 through the limiting 
resistor RS to terraina of the Shield grid , 
and the other side of which circuit may be traced 
from the terminal 2 of secondary S2 to the 
cathode of tube Wii through the control grid 
9, by way of terminals 2i and 9, the limiting 
resistor RG, one plate of condense C by way 
of terminals 35 and A3, the secondary winding 
37 of control transformer CT loy way of terminals 
39 and , and to the cathode of tube WT 
through the other plate of condenser C by Way 
of terminals 4 and 49. The windings S and 
S2 of transforiner CT are arranged and con 
nected So that the energy Supplied to the anode 
Of the tube and the biaS voltage supplied to the 
Shield grid of the tube are of opposite polarity. 
That is, When the instantaneous polarity of the 
alternating current energy supplied from the 
Secondary WindingS Si and S2 is such that the 
anode 5 of tube WTS is positive with respect to 
the Cathode , the biasing voltage supplied from 
the Secondary Winding S2 is such that the shield 

is negative with respect to the cathode . 
From the foregoing, it will be seen that the 

circuit netWork shown in Fig. 1 is arranged and 
Constructed so that the circuit by which energy 
is Supplied to the winding of relay R, includes 
in Series thereWith all other elements of the cir 
cuit network, So that if a break develops in any 
portion of the circuit network, the supply of 
energy to the relay R. Will be interrupted, and 
its contact 33 will release, opening the circuit 
which is controlled thereby. The secondary 
Windings SA and S2 are proportioned and ar 
ranged so that normally, that is, when no control 
Voltage is Supplied to the control grid , the bias 
Voltage Supplied to the shield grid 7 of tube VT; 
is Sufficient to prevent the tube from firing dur 
ing the alternate half cycles in which the anode 

is positive with respect to the cathode . . 
It Will now be assumed that a control voltage 

of proper phase and voltage value is supplied to 
the primary Winding 35 of control transformer 
CT. Accordingly, a potential is established be 
tween the control grid 9 and the cathode of 
tube WTA, since these elements of the tube are 
connected to the secondary winding 3 of con 
trol transformer CT by the circuit including the 
plates of condenser C, as previously described in 
connection with tracing the anode circuit. If 
the polarity of the alternating current control 
Voltage Supplied at this time is such that the con 
trol grid. 9 is positive with respect to cathode 
of tube VT at the time during which the anode 
5 is also positive with respect to the cathode , 
and if the control voltage supplied to the con 
trol grid 9 of tube VT is of sufficient value to 
Overcome the biasing voltage applied to the shield 
grid , the tube will conduct and energy will be 
Supplied to the winding of relay R and its contact 
33 will be picked up. As previously explained, 
during the alternate half cycles in which the 
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polarity of the voltage supplied to the anode 5 of 
tube WT is negative, so that the tube cannot 
conduct, the relay R will remain picked up due 
to its slow releasing characteristics. Thus, it 
will be seen that when control voltage of the 
proper value and phase relationship to the volt 
age is supplied to the anode 5 and the screen 
grid of tube VTi, the relay R will be energized 
and itS. Contact 33 will be picked up and remain 
picked up as long as the alternating current con 
trol voltage is supplied to the primary winding 
35 of transformer CT. 
As previously explained, the circuit for supply 

ing energy to the Winding of relay R, includes 
the shield grid 7 and the control grid 9, the sec 
ondary winding S2, the secondary winding 37 of 
transformer CT and the plates of condenser. C in 
a Series: circuit. Accordingly, if any portion of 
the circuit is broken, whether the grids become 
openinside the tube, or if the Wire connection 
between the various elements becomes broken or 
disconnected, it will be apparent that the supply 
of energy to the winding of relay R will be inter 
rupted, so that contact 33 of relay R will release 
after a time interval, and will remain released. 
Also, if the supply of bias voltage is interrupted 
in such manner that the tube might possibly 
conduct without the presence of a positive poten 
rtial On the control grid 9, the anode circuit will 
be: open, and relay R will be released. Likewise : 
if any of the elements in the control portion of 
the circuit including the secondary winding 37 
of transformer CT, the condenser C, and their 
connections to the control grid 9 and cathode 
become open, the anode circuit including relay 
R will be interrupted, so that relay R will release. 
From the foregoing, it will be seen that vacuum 

tube circuits arranged as shown in Fig. 1 will 
provide safe Operation, and the derangement of 
any portion of the circuits will be promptly de 
tected by the failure of the relay R to pick up, 
which in itself is a failure on the side of safety, 

In the types of electron tube circuits previous 
ly proposed, if the connection between the source 
of control voltage and the Cathode of the tube 
became open while the connection between the 
control source and the control grid remained in 
tact, stray high-frequency voltages supplied to 
the grid of the tube by capacitive coupling effect 
were in some cases sufficient to cause the tube to 
become conductive. However, in a circuit air 
ranged as shown in Fig. 1 and embodying my in 
vention, I provide condenser C, which is propor 
tioned and arranged to effectively shunt any such 
stray voltages which are present in the input 
circuit including the secondary winding 37 of 
transformer CT. It is contemplated that the 
condenser C will be selected so that it will have 
sufficient reactance at the frequency of the COIl 
trol voltage to prevent it from shunting the con 
trol energy enough to prevent the tube WT from 
being properly controlled thereby, but that the 
condenser C will have sufficient capacity to effec 
tively shunt small stray high-frequency voltages 
which may appear across the secondary winding 
37, due to extraneous voltages supplied from the 
alternating current control source. In order 
that the presence of condenser C may be checked 
at all times to insure that stray voltages supplied 
from the secondary winding 37 will be shunted, 
the plates of the condenser are each provided 
ith two terminals, and the anode circuit is car 

ried through each plate of the condenser as pre 
viously traced. Accordingly, it will be seen that if 
either plate of condenser C becomes open or if 
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6 
the connections thereto are open or broken, the 
anode circuit will be interrupted, so that relay 
R. Will release if picked up or remain released if 
not picked up. 
Since the circuit for supplying the alternating 

current control voltage to the control grid 9 of 
tube WT is a portion of the series anode cir 
cuit previously described, it will be apparent that 
should the connection to the control grid 9 be 
come broken or disconnected, the anode circuit 
for the tube will be interrupted so that relay R. 
Will be released if already picked up or will fail 
to pick up. Accordingly, no possibility of false 
firing of the tube due to leakage between the 
anode 5 or its connections and the control grid 
9 or its connections can occur since any such 
leakage current will be shunted by the relatively 
low impedance winding 37 and capacity C, as long 
as the circuit is intact, so that Such leakage cur 
rent Will not develop appreciable voltage between 
the control grid and cathode sufficient to cause 
the tube to fire improperly. If the grid circuit 
connection to capacity C and winding 3i is open, 
the anode circuit Will also be interrupted at the 
Same point as previously pointed out. 
The grid protective or limiting resistor RG, 

Which is included primarily to limit the flow of 
current between the grid and cathode when the 
control grid is at positive potential, may alter 
natively be connected between the control source 
and capacitor C, that is, between terminals 39 
and 43. The capacitor C Would thus be even 
more effective in Shunting stray high-frequency 
voltages from the control grid. 
In Wacuum tube circuit.S of the type described 

it has been the practice to provide a relay which 
is rendered slow in releasing its contacts by the 
connection of a condenser, resistor, or a Snubbing 
rectifier across the winding of the relay. Such 
an arrangement may result in false operation of 
the relay, Since if the Snubbing circuit becomes 
disconnected, the inductive voltage provided by 
the self-induction of the relay winding when 
the anode circuit is interrupted may be suf 
ficient to cause the tube to remain in a con 
ductive condition and thus cause the relay to 
remain picked up. Accordingly, I prefer to pro 
vide a relay of the type which is rendered slow 
in releasing by the provision of a copper ferrule 
or sleeve Surrounding the core structure of the 
relay, Since the possibility of a short or open 
circuit in this single-turn copper winding is ex 
tremely remote, 

Referring to Fig. 2, there is shown a modifica 
tion for the arrangement shown in Fig. 1, in 
which the tube WT2 is a three-element indirectly 
heated gas triode. The parts are arranged and 
Constructed in the same manner as those shown 
in Fig. 1, with the exception that the biasing 
voltage Supplied by the secondary winding S2 of 
transformer CT is utilized to provide a negative 
potential On the control grid 9 of the tube WT2, 
So that during the time that the anode voltage 
is positive Wtih respect to the cathode, the bias 
ing voltage Supplied to the control grid 9 will 
prevent the tube from conducting. 
The anode circuit for the tube WT2 including 

the winding of relay R may be traced from termi. 
nal 25 of Secondary winding S of transformer 
PT, through the resistor RP and the winding of 
relay R to the anode 5 of tube WT2, through the 
tube Space to the Cathode of the tube, to termi 
nal 29 of the secondary winding S2 of trans 
former PT, from terminal 3 of secondary wind 
ing S2 through one plate of condenser C by way of 
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terminals 49 and 4, through the Secondary Wind 
ing 37 of the control transformer CT by Way of 
terminals 4 and 39, through the other plate of 
condenser C by way of terminals 43 and 45 to 
the resistor RG, and through the control grid 
9 of tube WT2 by way of terminals 9 and 2 f to 
terminal 2 of the secondary winding S of trans 
former PT. As explained in connection with 
Fig. 1, the anode circuit includes all of the con 
trol elements in a series arrangement, So that 
an interruption in any portion of the circuit 
will interrupt the Supply of energy to the Winding 
of relay R. The Secondary Winding S2 of trans 
former PT is arranged and Constructed to pro 
vide a biasing voltage to the control grid 9 of 
tube WT2 which is sufficient to prevent the tube 
from becoming conductive during the alternate 
half cycles in which the anode 5 of tube WT2 
is positive with respect to the cathode . AC 
cordingly, during the time in which there is no 
Control energy Supplied to the primary Winding 
35 of the control transformer CT, the tube re 
mains non-conductive and the contact 33 of re 
lay R is released. 

If an alternating current control voltage is 
now applied to the primary Winding 35 of the 
control transformer CT, the alternating current 
voltage induced in the Secondary Winding 3 of 
transformer CT will be Supplied to the grid 9 
of tube WT2, and if this voltage is of Sufficient 3 
value to overcome the biasing voltage Supplied 
from the secondary Winding S2 of transformer 
CT, the tube will conduct on alternate half cy 
cies, and the relay R. Will pick up its contact 
33. As explained in connection with Fig. 1, the 
relay R is slow in releasing so that contact 33 
remains picked up during the alternate half 
cycles in which the tube is not conducting. 
As explained in connection with Fig. 1, the 

anode circuit of the arangement shown in Fig. 
2 is a series arrangement in which all of the 
control elements and the Sources of energy for 
the operation of the tube are checked. Accord 
ingly, if one of the connections is broken or 
the Series circuit is otherwise interrupted, the 
Supply of energy to relay R. Will be interrupted 
and after a short time interval its contact 33 Will 
release. As previously explained, the release of 
contact 33 of relay R is considered a safe type of 
failure. 
From the foregoing, it will be seen that my 

invention provides electron tube circuits in which 
all of the elements are checked by a series circuit 
arrangement, and Which Series circuit, includes 
the relay controlled by the electron tube, so that 
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8 
any failure of a portion of the circuit will result 
in the relay being deenergized. 
Although the circuits have been shown and 

described as employing gas type tubes of the 
"thyratron' type, it is to be understood that my 
invention is not limited to this type of tube, and 
any Suitable type of electron tube may be used. 
Although I have herein shown and described 

only two forms of electron tube circuits embody 
ing my invention, it is to be understood that 
various changes and modifications may be made 
therein. Within the Scope of the appended claim 
Without departing from the spirit and Scope o 
my invention. 

Having thus described my invention, what I 
claim is: 

In combination, an electron tube of the gas 
type having an anode, a cathode and a control 
electrode; said tube provided with two terminals 
between which said control electrode forms a 
Series path, an anode voltage Source, a bias volt 
age Source, a condenser, the plates of which are 
provided each with two terminals and between 
which two terminals the respective plate forms 
a Series path, a control winding to which a control 
voltage is at times applied, and a circuit including 
in Series said anode voltage source, said anode 
and tube Space to said cathode, said bias voltage 
Source, One plate and its two terminals of said 
condenser, said control winding, the other plate 
and its two terminals of said condenser, and 
Said control electrode with its two terminals; 
whereby false firing of said tube due to a broken 
circuit element of Said bias voltage source or of 
Said control Winding or of said condenser is 
avoided. 

PAUL, N, MARTIN. 
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