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BASING POTENTAL, SWITCHING SYSTEM 

Gerald Deakin, New York, N. Y., and Henry F. 
Herbig, Summit, N. J., assignors to Inter 
national Standard Electric Corporation, New 
York, N. Y., a corporation of Delaware 
Application January 5, 1946, Serial No. 639,287 

(C. 79-18) Claims. 

This invention relates to new and useful im 
provements in signaling, switching or indicating 
systems and more particularly to circuits for 
controlling the numerical selecting operation of 
selector switches employed in automatic tele 
phone exchange systems. 
The present is an improvement on the control 

circuits disclosed in Patent No. 2,354,682, filed 
May 6, 1943, patented August 1, 1944, and in the 
various applications and patents referred to 
therein, 
One of the objects of this invention is a con 

trol circuit including a multi-electrode discharge 
device permitting the symmetrical application of 
a series of discrete potentials on both register 
and selector sides. 
Another object of this invention is a biasing 

System permitting the establishment of an ac 
curate output potential which can be used for 
switching, indicating orany other operative pur 
pose and which depends upon the application of 

, a predetermined potential difference to the con 
trol circuit. 
More specifically the biasing System includes 

a circuit or circuits superimposing a relatively 
small but constant direct current potential Over 
one or both series of discrete potentials. 
Another object of this invention is a means 

for superimposing a continuous potential Over at 
least one of the series of discrete potentials to 
maintain the output potential below its Oper 
ative value in case the discrete potentials are 
absent. 
A more specific object of this invention is to 

bias the several electron discharge paths of a ; 
twin multi-electrode tube from a common cir 
cuit. 

Still another object of this invention is the 
timing of the control operation, and more Spe 
cifically, a delay circuit preventing false Oper 
ation in gas discharge tubes operated from the 
control circuit. 
A further object is a Switching means Oper 

ated from the control circuit at appropriate 
moments to disconnect certain sources of poten 
tial from the system so as to reduce Wear on the 
battery and on any other equipment. 
These and other objects of the invention will 

more clearly appear from the claims, the fol 
lowing description and the appended drawings, 
in which: 

Fig. 1 diagrammatically illustrates as much of 
a control circuit embodying the various features 
of the present invention as is necessary for a 
clear understanding thereof; 
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Fig. 2 is a graph showing the control electrode 

voltage of a gas discharge tube plotted against 
the grid voltage of a triode; 

Fig. 3 is a circuit used in the determination 
of this graph; 

Fig. 4 shows an example of an assignment of 
test potentials for a large network office; and 

Figs. 5 to 10 are test sheets showing the break 
down potential of a gas tube as a result of the 
matching of test potentials belonging to two 
Series of discrete potentials. 

In an automatic telephone System, calling and 
called subscribers' stations f and 2 (Fig. 1) may 
be inter-connected by means including a plu 
rality of Selector Switches 3 and 4. The numer 
ical operations of the selectors are controlled by 
the calling subscriber's customary impulse sender 
or other number indicating device through the 
agency of a register provided at the central ex 
change. The calling station f is connected to 
the brushes of selector 3 by non-numerical 
switches and a connecting circuit 6, and the 
register is attached to the connecting circuit 6 
through switching means 5. 
The Selector Switches are of the customary 

type having a bank of terminals with which a 
Set of brushes cooperates. In the drawings, 
three brushes are shown for selector 3 although 
the selector may have a larger number of brushes. 
The Selector brushes are moved Over the ter 
minals while a magnet P is energized and are 
Stopped on a Set of terminals When this mag 
net becomes de-energized. 
The register may comprise a customary ar 

rangement of SWitches, relays or other electrical 
digit-storing devices successively operable by the 
Calling device in accordance with the successive 
digits of the called number. A brush and a set 
of terminals of one of these register Switches is 
shown in Fig. 1. This is the register Switch 
which responds to the digit destined for selector 
3. Register brush RB is advanced toward one 
of a series of say ten terminals (only four of 
which are shown) in accordance with the oper 
ation of the calling device at the station . 
When a register is selected in the customary 
manner, relay AR is operated (by means not 
shown) and a circuit is closed from ground over 
the armature and front contact of relay AR, 
the armature and back contact of relay GWR 
also in the register, the winding to a selector 
relay AR, the winding of the power magnet P 
of the selector. 
The magnet P starts the brushes of the selector 
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3 moving over the terminals and will continue 
until GWR becomes energized. 
The energization of relay GWR is controlled 

by a gas valve GW having a cathode C, an anode 
A and a control electrode CE. The Control 
electrode or grid CE is connected over a resist 
ance R, of "say, 300,000 ohms, to the anodes of 
twin triode Vl, W2. High tension battery HTB 
feeds over AR front 2 and resistance R3, of Say 
100,000 ohms, the anodes of twin triode V, V2 i 
and over a resistance R5, of say 1,000., ohms to... 
the anode A of gas valve GW. Cathode C is 
grounded over a relatively high; resistance, Irelay 
GVR, of about 1,000 ohms. 1. In this wayy. a po 
tential developed in the output circuit receiving. 
the electrons of the two electron discharge paths 
of the twin triode is used to control the discharge: 
of tube GW; relay GWR will be energized when 
the gas valve ionizes. As a result of the dis 
charge of tube GV, the relatively low resistance 
relay. AR- and the selector. magnet P will beside 
energized. The resistance of AR may be about: 
20 ohms and that of selector: magnet :-P - about : 
130 ohms: . 
The values of R, R3, R5 and of the resists. 

ances of GWR, AR, and D depend among other 
factors upon the characteristics of tWintriode : 
V, V2-and-gas valve GW, and may be varied with 
in wide limits without exceeding the Scope. of 
this invention. • 
Relay ARí, via back contacts 1, 2, disconnectS. 

medium tension battery, MTB and high tension 
battery HTB. The same relay. ARf, via back. 
contact 3, also removes ground from the ener 
gizing circuit for AR and P. When relay GWR is 
operated due to the ionization of gas tube. GW, it 
opens the circuit of relay-AR- and selector" mag-, -. 
net P, releasing each. Thus, the -movement of 
selector brush. SB will be controlled by the dis-, 
crete potentials.applied to the grids...of-the-twin. 
triodeV, V2. 
The circuits operating...the two grids on the 

marked, (or register) side, and the test brush (or, 
Brush R3 when selector) side are symmetrical. 

moving over its associated terminals, applies to 
gridgvi and cathode CV2 a series of discrete, 
potentials. Similarly, another series of discrete. 
potentials is applied from brush SB to grid GV2. 
and cathode CW. Thus the grid in One electron. 
path and the cathode in the other electron path 
of the twin multi-electrode tube have a predeter 
mined constant potential relationship. In the 
embodiment shown, the grid of V (or W2) and, 
the cathode of V2 (or, V) have substantially the 
same negative potential, namely, the discrete po 
tential applied by selector and register. brushes. respectively. 
The discrete potentials are. applied to CV, 

CV2 directly and to GV, GV2 over grid resist 
ances. R2, R2, of say 50,000 ohms." 

In accordance with this invention a bias cir 
cuit assures the retaining of a desired output pos. 
tential when the discrete potentials applied to: 
the different grids bear a predetermined-rela. 
tionship and preferably are substantially equal. 
Each of the registering and 'selecting grids GW, 
GW2 is biased in exactly the same-manner by. 
superimposing-a constant direct current ; pote-.. 
tial over, each of the discrete potentials applied 
to the grid. In the embodiment shown the bias 
ing-potentials applied to grids GW, GW2 are sub 
stantially, the same and have the relatively. Sinall 
value of approximately l8 volts. However, the : 
biasing potentials may differ, both absolutely and 
relatively; depending upon the tube, and circuit 
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4. 
structure, without exceeding the scope of this in 
vention. The source of bias potential may be any 
appropriate direct current Source, a battery, a 
dry cell or an A. C. fed rectifier of any desired 
construction. 
In the embodiment shown in Fig. 1, the biasing 

potential is applied from rectifier; pairs St, S2 
and “Si”, S2” to the grids 2: over balancingªresist 
ances R?, R?” of any appropriate value, say 3,000 
ohms inserted between brush RB, SB and grid re 
sistance R2, R2, respectively. 
Balancing resistances RT, RT" are shunted by 

a suitable smoothing: condenser C2, C2' of Say 
30-40 microfarad capacity which serves to elimi 
nate or reduce: any ripple passing the rectifier 
pairs S, S2 and Si”, S2”. - The latter are sup 
plied from the cathode heater circuit over trans 
formers TT, TT2. 
One end of R is connected over rectifiers S, 

S2 to the ends of the secondary of transformer 
T2: The centertap of the. Secondary is con 
nected to the other :end of resistance RY: 

Similarly, balancing resistance R7' is.' shunted, 
by another, capacitor . C2' similar to:C2; both; R7?: ". 
and C2 are connected with one end overrecti: 
fiers Si’, S2’ to the ends of the secondary: of 
transformer T. The other ends of resistance 
R’ and capacitor C2 lead to the center tap of . 
that Secondary. 
The two primaries of transformers TT2, ITT 

are connected in parallel preferably over a Small. 
rheostat i RH, of 3 say 3, 18 ohms, to the * common 
cathode heating circuit for the twin triodes V,. 
V2; and, more particularly, to the Secondary: of, 
say about 6.2 volts of cathode heater...transformer. 
TT3. - 

The invention is not limited to the resistance 
and capacity values specified and to the circuits: 
shown. In fact, it is a characteristic advantage’, 
of this: invention that these values and circuits. 
may be changed within' Widelimits and adapted 
to all types of installations and applications with- . . 
out affecting the principle of the invention land. 
the efficiency; of its operation." 

Balancingresistances R7, R7', Smoothing con-. 
densers C2, C2', rectifier pairs. S-S2, St' and : 
S2', and transformers TT2, TT, on the register-: 
ing as well as the selecting side, may be attached 
to each other 'So as...to form a detachable: unit: 
BU 4, BU2. 
The biasing unit or units are not grounded. 
If desired, and, especially when twin multi-e 

electrode structure, such as the twin triode V, 
W2 shown in Fig. 1, are used, the biasing units 
controlling the different input electrodes or grids; 
may also be combined in a...single detachable 
structure. Rectifiers and transformers may be: 
nounted on a radio-type plug-in socket of the 
kind disclosed in the copending application of 
Henry Herbig, Serial No. 628,923, filed November: 
5.1945. ???? 

As shown in Fig. the common receiving cir;. 
cuit for the : electrons:controlled; by:the :interac 
tion of two input electrodes produces an operatis. 
ing potential which is applied to the control point. 
of a gas discharge path, the receiving circuit of 
which may be used to control a switching opera. . 
tion, such as the movement of selector brush SB. 
A timing circuit consisting of resistance R6 and 
condenser C in shunt to the gas discharge path, 
serves to assure switching at exactly the moment. 
the operating potential is produced. This pre 
vents false Operation, such as premature-firing : 
due to transient voltage, while selector brush SB . 
in the course of the movement applies a series of: 
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discrete potentials to its associated input elec 
trode, grid GW2. Resistance R6 is rather high, 
say 4 megohms, and condenser C has a relatively 
low capacity of, say .001 microfarad. The ele 
ments of the timing circuit may have any appro 
priate values and connections depending on the 
characteristic of gas tube GW and other factors 
controlling its operation. In the claims herein 
R6 is designated as a bleeder resistance. 
As Selector bush. SB moves over its associated 

terminals, it will eventually arrive at a position 
where potential E2 on the register brush RB is 
the same as potential E3 on the selector brush 
SB; in this case the grids G, G2 of Vi and V2 
are both negative by approximately 1.8 volts with 
respect to their cathodes. C, C2. Under this 
condition the plate current through resistor R3 
is reduced to such an extent as to allow the po 
tential E at the control grid CE of the gas tube 
GW to rise to breakdown voltage. 
GW fires and operates relay GWR. The break 
down voltage of the gas tube is between 66 volts 
and 80 Wolts. An examination of the test sheets 
shown in Figs. 5-9 shows that when potentials 
E2 and E3 between limits of -4 volts and -42 
volts are matched, the resulting breakdown po 
tential El of the gas tube reaches a minimum of 
93 volts (See Fig. 5) and a maximum of 120 volts 
(see Figs. 10 and 8). 

Fig. 2 shows curves representing the potential 
at the control grid CE as a function of the grid 
potential on One of the two input electrodes GW, 
GW2 for different voltages of the high tension 
battery HTB, namely, for HTB=133 volts and 
145 volts. These latter voltages are the limits 
of the voltage tolerance permitted in this em 
bodiment of the invention. 
The curves have been obtained by means of a 

measuring circuit shown in Fig. 3. In this cir 
cuit, the grid of the Vf Section of a 6SL.7-GT 
twin triode is connected over a portion of a small 
balancing resistor R. and a grid resistor R2 of 
about 50,000 ohms, to the cathode of V and, si 
multaneously, to the minus pole of high tension 
battery HTB. The anode of W' is connected over 
a resistor R 2, of say 300,000 ohms, to control grid 
CE of gas valve GW. Cathode C and anode A 
of GW are connected in a manner not shown but 
Similar to that illustrated in Fig. 1. Resistor 
R4, of say 100,000 ohms, connects the anode of 
V with the positive pole of HTB. A 4.5 volt low 
tension battery bridges the balancing resistor R, 
and supplies the biasing potential. 

Resistance and battery values and their re 
spective connection are, of course, open to wide 
variations depending upon the characteristic of 
the type of tube used, the functions to be meas 
ured and other factors controlling the measuring 
circuit. 
The gas tube GW does not fire when the differ 

ence in potential between register and selector 
brushes RB and SB, respectively, in Fig. 1, E2 and 
E3, is equal to or greater than the difference be 
tween adjacent test potentials; i. e. .7 volts 
(Figs, 9 and 10), 2 volts (Figs. 5 and 6), and 2.4 
volts (Figs, 7 and 8). 
As previously stated, the gas tube will not fire 

when the potential of the control electrode is 
majntained bellOW 66 volt:S. It haS been found 
that the highest voltage E reached is 57 volts 
when the test potential separation is 1.7 volts 
with the register test potentials E2 and E3 at the 
lower end of the scale (Fig. 10). 
The calling subscriber controls potential E2 

through the register and when this potential is 

Thereupon, 

3. 
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set, AR or its equivalent operates. The circuit 
for high tension battery HTB is closed, also the 
clutch circuit of the selector. The Selector brush 
SB Commence:S to moVe O’Ver the teSt, terminals. 

It is a SSumed for the purpose of explanation 
that the potential E2 placed on RB is -22 volts. 
When SB tests -2 volts, potential E becomes 
-5 volts (Fig. 5). When SB tests -4 volts, E 
becomes -3 volts. When SB reaches -20 volts, 
potential E is increased to --32 volts but when 
it reaches -22 volts, potential E jumps to --107 
volts and the gas tube fires and operates high 
Speed relay GWR, which opens the clutch circuit 
Of the Selector, causing it to come to rest. All 
Selections are made in a similar manner. 
The potentials actually found in the selector 

bank need not be in numerical order. They may 
be mixed up in any manner since it is only when 
potentials E2 and E3 are matched that the gas 
tube can fire. The selector brush SB may rub 
With Safety over open test terminals, -44 volt 
test terminals, grounded test terminals, or those 
connected to --70 volts for metering. 
The purpose of resistor R4 and 44-volt battery 

MTB is to maintain potential E below firing 
point, when selector brush SB is disconnected 
from a bank terminal or, in other words, from a 
potential E3. Potential E is then known as the 
SBO (selector brush open) potential. The high 
est SBO potential reached under this condition 
is 49 volts (Fig. 10). 

Resistor R4A connected to -44 volts is added 
So as to maintain the potential of E below firing 
point when both SB and RB are opened. E is 
then known as the SRBO (selector register brush 
Open) potential and the highest potential reached 
under this condition is 31 volts (Fig. 9). 

In effect brush. SB when not engaging one of its 
contacts is grounded over R4. However, due to 
the relatively high resistance of R4 with respect 
to the control resistance of any source for mark 
ing a selector contact, the contacts are not short 
circuited when SB does engage them. For this 
reason R4 and similarly R4A may be designated 
aS Current limiting resistance. When RB is not 
engaging one of its contacts it is connected to 
-44 V. over R4A. This voltage is selected as a 
value which cannot be matched by the potential 
of any of the selector contacts so that the cir 
cuit is prevented from operating unless RB is in 
engagement with one of its contacts. For this 
rea,Son the -44. v. may be designated as a mis 
natched potential. 
The test potentials E2 and E3 may be assigned 

in many ways and for many purposes. A typical 
aSsignment for a large office in a large network 
is given in Fig. 4. The assignment may be differ 
ent; for line finders, group selectors and final se 
lectors and for the B and T-terminals in case of 
duplex testing. Referring to the column “Group 
Selectors,' it will be seen that for the T-terminals 
potentials -6 to -24 are assigned to two “extra.' 
digits controlled by the register; potentials -28 
and -30 are assigned for double and triple me 
tering and potentials -32 to -42 for six identi 
fication circuits, all of which may be used simul 
taneously Without confusion. 
The filament current Supply is a 60-cycle A. C. 

at 6.2 volts --5% but may be any type of alter 
nating current System of any desired frequency. 
Provision should be made for an emergency sup 
ply of prime power in case of outside power fail 
ures. The reserve equipment may be that pro 
vided for the bay motors and high tension bat 
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tery: supply and," can be driven from the main 
eXchange battery. . 

: A commercial. twin triode, such as RCA type 
6SLi-GT, may be used to produce the electron 
di Scharge paths, It has been found possibie to 
interchange RCA twin triodes. Without making 
any adjustment whatsoever in resistainces or 
potentials. 
Other twin or single multi-electrodestructures 

may be used for the purpose of this invention 
Without exceeding the scope thereof. 
A commercial three-electrode gas valve, such 

as RCA 1C2, may be used to provide the gas 
discha'ge path. The average firing potential of 
the control electrode is 73 volts with a minimum 
of 66 volts and a maximum of 80 volts. The gas 
valve should be shielded to ground to prevent, ac 
cidental firing from external causes. 
The invention is; of course, not limited to the 

use of the gas valve shown, nor to the use of a 
gas triode. Any appropriate type of gas or elec 
tron discharge device may be operated from the 
output potential of the control circuit Without 
departing from the spirit of this invention. 
The new system operates successfully with the 

individual battery cell potential varying from 1.7 
to the fully charged potential of the cell. The 
cells of the: normal negative main exchange bat 
tery may be used for test potential piiripOSes pro 
viding: the , number of potentials ' required dio" Knot 
cause the uppermost potential to foul the ex 
change bus bar potential of -48, minimum -44, 
maximum -55 volts, when the individual cells 
are at their maximum potential. 

For example, if the maximum individual cell 
voltage can be kept at 2.5 or less, fifteen test po 
tentials are available, but if twenty potentials 
are required, a small separate battery must be 
provided for test potential purposes. This bat 
tery may be of the smallest commercial type since 
the current drain is very slight and it may be 
floated off a rectifier charger. For emergency 
purposes, a twenty-one pole switch should be pro 
vided to transfer the test potential leads to the 
main exchange battery, the individual Cell poten 
tial. Of which during, the energency must be 
maintained at approximately 2 volts. 
The potential of the high tension. D. C. supply 

for the plate and gas tube, circuits should be 
maintained between 133 and 146 volts. A recti 
fier is recominended. A high tension storage bat 
tery may be used. 

It is a characteristic feature of this invention 
that the steps between discrete potentials as well 
as the biasing potentials are Small; the potentials 
inay be derived, as shown in the embodiment of 
the invention illustrated in the drawings, from 
the individual cells of a customary exchange bat 
tery. It is, however, not necessary to limit the 
invention to the specified potentials and to the 
sources of potential shown. Any appropriate 
type of current source and potentials of any 
suitable magnitude may be used for the purposes 
of this invention, without departing from its 
Scope. 

Relay GWR operated by the gas tube should 
break its back contact in not less than about 1.5 
inilliseconds. No particular form of relay is spec 
ified but it should be capable of breaking the cir 
cuit indicated in Fig. 1, which contains low re 
Sistance relay AR, of say 20 ohms, in series with 
a.cltutghr:Fmagnet P, of say 130 ohms; - both relay 
and magnet are effectively shunted by a spark 
Guenching circuit consisting of a resistance R3 
and a series connected condenser .C3. În the ein 

: 

8: 
bodiment shown, resistance:R8:has; a value of 
about 400 ohms and the condenser. C3 a capacity 
of about 1 microfarad. The invention, however, 
is not limited to the specified values or range of 
values. Any resistance and capacity. Serving; the 
purpose may be usefully applied. A back contact 
pressure of 20 grans is recommended, but slic 
cessful results have been obtained with a relay 
having a lesser. back contact pressure, of Say 10 
gram S. 
C and C í " are mica capacitors, C2 and C2’ are 

electrically polarized capacitors, but may consist 
of paper depending upon the frequency of the 
A. C. source feeding the rectifiers. C3 is a paper 
capacitor. The seven independent resistances 
R. --Ri, R. '-RA are of the radio type. 
There is ample margin in the resistances 

shown in Fig. - 1 so that relatively inexpensive 
standard stock may be used, i.e. resistor R may 
be 110,000 ohms instead of 100,000 ohms and iso 
on. Apart from that, resistance and capacitor 
values depend on the structure of the circuit.S. and 
their elements and, therefore, may assline widely 
Waying: values without exceeding the scope of this 
in Vention, 
One is not bound to apply the discrete poten 

tials to two electron discharge paths. Neither is 
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it necessary to feed the common output of these 
electron discharge paths to a Single gaS di Scharge 
ath. If required, any number of electron dis 

charge paths, including a single one, and any 
number of gas discharge paths may be provided 
to cause one or more accurate control operations. 

Election discharge may be substituted for gas 
discharge orgas discharge for electron discharge, 
gas discharge operation may also be replaced by 
an electromechanical one such as relay action, 
Without exceeding the Scope of this invention. 
What we claim is: 
1. In a switching System, means for discharg, 

ing electrons in two separate streams including 
grid, cathode and anode in each stream, a con 
mon receiving circuit connected to the an 
odes, means including magnet-operated stepping 
Switches for applying a number of discrete po 
tentials, one at a time to each grid, means for 
maintaining the discrete potentials applied to 
the grid in one stream in a constant relation. With 
the potentials applied to the cathode in the other 
stream, the potential maintaining means includ 
ing a resistance in series with each grid, a source 
of D. C. potential connected between said resist 
ance and the potential applying means, and 
means operated from said common receiving cir 
cuit to control at least one of the stepping Switch 
magnets when the discrete potentials applied to 
the different grids bear a predetermined rela 
tionship. 

2. A System according to claim 1 in which said 
D. C. Source, of potential: includes a capacity 
shunted balancing resistance, A. C. fed cathode 
heating means, rectifying; means, trailsformer 
means having a primary coupled to the cathode 
heating inaeans and a secondary coupled through 
the rectifying means to One end of the biasing 
element, Saidi Secondary having a center taip cou: 
pled to the other end of the biasing element. 

3. In a control System, an electron discharge 
tube containing two like multi-electrode struc 
tures, means for applying to an input electrode 
in each structtire a series, òf discrete potêntials, 
One at a time to each input electrode, a, common 
receiving circuit including an output electrode in 
each structure and operated when the potentials 
applied: to the input electrodes are substantially 
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equal, a balancing resistance for each input elec 
trode, rectifying means and A. C. fed transformer 
means connected to apply the Same constant 
biasing potential through said rectifying means 
and said balancing resistance to each input elec 
trode, said biasing potential being of the order 
of the potential difference between successive dis 
crete potentials. 

4. Apparatus for comparing two potentials to 
control an automatic SWitch in accordance there 
With, comprising two Sources of pluralities of dis 
Crete potentials, an automatic SWitch, electron 
discharge means for receiving a potential from 
each Source and producing an Operating Voitage 
when they are substantially equal, said means 
comprising electrodes including two cathodes, 
two control grids and at least one anode which 
afford two discharge paths, each control grid and 
each cathode being associated with one of the 
paths, means for heating the cathodes with al 
ternating current, means responsive to the oper 
ating voltage to control the automatic switch in 
cluding a gas discharge tube having a control 
electrode, a control gap and a main gap, means 
for Selecting a discrete potential from one of the 
Sources and applying it to the control grid asso 
ciated with one path and to the cathode associ 
ated with the other path, means for applying an 
ungrounded biasing potential between said grid 
and said cathode, means for applying an un 
grounded biasing potential between the other grid 
and the other cathode, means for operating said 
automatic Switch to successively apply individual 
potentials from the other source to said other 
control grid and said other cathode, a common 
output circuit for the two electron discharge 
paths including an anode resistance and a source 
of anode potential connected in series, means for 
Connecting the control electrode of the gas tube 
to said output circuit at the end of said anode 
resistance farthest from said source of anode po 
tential, a Source of energizing potential for the 
inain gap of the gas tube, the means responsive 
to the Operating Voltage also comprising means 
inciuding a relay connected in series with said 
main gap for responding to a discharge of the gas 
tube to arrest the operation of said automatic 
Switch, each of the means for applying biasing 
potential comprising a transformer including a 
primary connected to said means for heating and 
a Secondary, at least one condenser and one recti 
fier arranged in Series and connected across at 
least a portion of said secondary, and a biasing 
resistance connected across the condenser and 
connected on its one end to a control grid and 

10 

5 

20 

25 

30 

40 

50 

55 

10 
On its other end to a Cathode, Whereby when the 
potentials applied to both grids and both cath 
odes are substantially equal a gas tube will be 
ionized to arrest the operation of the automatic 
SWitch. 

5. Apparatus for comparing as in claim 4, and 
in Which Said means for Selecting a discrete po 
tential comprises a register Switch having a plu 
rality of contacts and a wiper adapted to engage 
the contacts and means for Setting the register 
SWitch, one of the sources of discrete potentials 
is connected to the register SWitch to apply dis 
Crete potentials individually to contacts of said 
SWitch, said automatic switch is a selector Switch 
having a plurality of test contacts, and a brush 
adapted to engage the test contacts, Said means 
for Operating includes means for moving the 
brush over the test contacts, the other source of 
disCrete potentials is connected to the selector 
SWitch to apply discrete potentials individually 
to test contacts, the means for responding to a 
discharge of the gas tube is adapted to disable 
Said heans for moving the brush, and there is 
included a means for preventing false operation 
of the electron discharge means comprising a 
first circuit including in series a current limiting 
resistance and a source of mismatching potential 
and a Second circuit including another current 
limiting resistance, one of said circuits being con 
nected between said wiper and ground and the 
other of Said circuits being connected between 
Said brush and ground. 

6. Apparatus for comparing as in claim 4, 
Which also includes means for preventing false 
ionization of the gas tube if a transient voltage 
Corresponding to said operating voltage should be 
applied to Said control electrode including a con 
denser Connected across the control gap and a 
bleeder resistance connected in parallel to said 
COnden Ser. 

7. Apparatus for comparing as in claim 4, in 
which the electron discharge means comprises a 
twin diode. 

GERALD DEAKIN. 
HENRY F. HERBIG. 
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