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ASSIGNMENT OF TEST POTENTIALS

FOR REGISTER CIRCVIT

PN CF )
VOLTS gg LINE FINDER sg&%?:és ssfzcﬁgllzh-‘(?&s) ssisgolg?uﬁns‘,
NO.| T (PN) B(PS} | T(PN) | B (PS}| T(PN)| B(PS)| T (PN} B (PS)

-4 20| PCl | ML-K |DIGIT Y | DISIT Y

-6| || PC2 | ML-D |DIGIT I |DIGIT | DIGIT |

-8 2 PL-K |DIGIT 2 | DIGIT 2 DIGIT 2

-ie| 3 DIG!IT 3| DIGIT 3 DiGIT 3

-12] 4 DIGIT 4| DIGIT4| DiGIT 4
[ -14] 5 Di6IT 5 |DIGIT § DIGIT 5 AR SREK
-le| 6 Di6IT 6| DI6IT 6 DIGIT6|PL- £SRE
18] 1 DIGIT 7|DIGIT T Di&iT 7| PL- RORE
-20f & DIGIT 8|DIGIT 8 DIGIT 8

-2z 9 DIGIT 9|DIGIT S DIGIT ©

-24| 10| PL-A Di6IT O|DIGIT © DIGIT ©

-26| 11| PL-D DIGIT X|DI6IT X|Dles %,

-28| 12| PL-6 MM- 2| OT-U |DI6ITS % ML~ FREE
-30| 13| PL-K MM-3 | OT-5 [bi6Ts 35 M. BUSY |
-32| 14| I-1 1-1 DI6ITS 97

-34| 15| 1-2 1-2 DIGITS %

-36| 16| I-3 I-3 NE NO NE Mo

-38/ 11| 1I-4 I-4

-40| 18| I-5 I-5

-421 19| I-e6 I-6

PC~ CALLING POTENTIAL
ML~ MAIN LINE oR PBX
PL - 4 PARTY LINE

K - KEY SET

C ~ DIAL

PL- A,DG ORJ STATION IDENTIFICATION
I = CALLING LINE NUMBER IDENTIFICATION
OT- OQUTTRUNK TO UNIVERSAL |
05- OUTTRUNK TC STROWGER
MM-2 -MULTIPLE METERING TWICE
MM:-3- MULTIPLE METERING THRICE
PC1-UNRESTRICTED SERVICE
PC2- RESTRICTED SERVICE
NE - NON-EXISTING
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7 Claims,
1

This invention relates to new and useful im-
provements in signaling, switching or indicating
systems and more particularly to ecircuits 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 16

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 or any 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 1 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 | 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 1.
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 ARI,
the armature and back contact of relay GVR
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 GVR becomes energized.

The energization of relay- GVR is controlled
by a gas valve GV having a cathode C, an ancde
A and a control electrode CE. The conirol
electrode or grid CE is corinected over a resist-

ance RI, of ‘say 300,000 ohms, to-the anodes: of:

twin triode V1, V2. High tension battery HTB
feeds over ARI front 2 and resistance R3, of say

100,000 ohms, the anodes of twin triode VI, V2
and over & resistance R5, of .say.1,000. ohms t0..
the anode A of gas Valve GV. Cathode C is

grounded over a relatively high:resistance. relay
GVR, of about 1,000 ochms. In-this: way, 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 GV; relay GVR 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 be.de-

energized,- ‘The: resistance. of :AR..may be .about-
20 ohms and that of sel_e,ctor,‘, maghnet-P -about :

130 ohms.:
The values of R,
ances-of- GVR, AR :and.D depend among: other

factors upen- the: characteristlc,s of rtwin triode -

Vi; V2.and:gas valve GV, and-may be varied with-
in - wide limits , without - exceeding the -scope: of
thls mventmn

Relay ARI, via back contacts. I, 2, disconnects.

medium -tension battery MTB and.high- tension
battery -HTB: The. same-relay- AR!,

triode. V1, .V2.

The: c1rcu1ts operatmg the. two. grids on.- the.
malked «or register) side .and:the. test brush: (or.
Brush RB-when .

selector) side are symmetrical.
moving.over its associated terminals applies.to

grid;, GVI and. cathode .CV2 a series of .discrete .
Similarly, another series of discrete.
potentlals is applied from. brush SB to.grid GV2.
Thus the grid in one electron.,

and cathode. CVI.
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 Vi (or V2) and,.

the cathode.of V2 (or-VI) have substantially the
same. negatwe potentidl; namely, the discrete po-

tential.applied by.selector and register brushes.

respectively.

The .discrete. potentials are. applied.;to. CVI,

CV2 directly . and to GVI, 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-u desired’ outnut PO=.

tential *wheh the: - discrete “potentials - app‘ied to*
the- different -erids bear a- ‘predetermined-rela-:

ulonshlp -and: prefera,bly -are ‘substantially -equal.

Each'of the registering -and ‘selecting ‘erids GV,
GV2 is-blased -in-exactly the-same-manner by
superimpesing -a constant direct. current :poten-.
tial ‘'over each:of the:discrete:potentials .applied:
to-the grid.: In the embodiment shown the bias-.
ing-potentials:applied to grids GVI, GV2 are sub-.

stantially the:same-and have the relatively small
-value of approximately —1.8 volts.

relgtively;: depending -upon -the:tube and. circuit

R3, R5 and of-:the:resist«..

via- back-
contact. 3, also. removes- ground from. .the. ener- .
gizing circuit for AR -and P.. When relay GVR is:
operated due to.the ionization:of gas tube GV, it .
opens-the. mrcult of relay AR-and selector-mag--
net ‘P, releasing -each..  Thus, the -.movement.of .
selector. brush SB -will: be controlled by -the.dis...
crete. potentlals applied :to. the. grids.of-the twin .

However, the
biasing potentials may differ, both absolutely and-.
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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 :Si, S2
and+Si’; 82"-to the grids-over. balancing-resist-
ances R1, R7’ of any appropriate value, say 3,000
ohms inserted between brush RB, SB and grid re-
sistance. RZ, R2/, respectively.

Balancing resistances R7, R1’ 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’, 82’.. The latter are sup-
plied from the cathode heater circuit over trans-
formers TTI, TT2.

One-end of R7 is connected over rectifiers Sfi,
S2 to the ends of the secondary of transformer
TT2: The:center tap-of the’secondary is:con-
nected:-tothe-other-end-of resistance R7«

Similarly; balancing-resistance:R1” is-shunted-
by another capacitor C2’ similar to-C2: bothR1":
end C2!/ -are:connected: with :one:end-over reetiz:

ers Si’, S2’ to the ends:of:the:secondary: of‘
tz ansformer TTH!.  Ther-other ends of :resistance
R7’ and capacitor-C2’. lead:to the: center tap:of:
that secondary.

The two primaries-of :transformers:-TT2; TTt:
are connected in parallel preferably over a -smalli’
rheostat ‘RH, of:say-18: chms; to-the:common
cathode: heating -circuit -for -the-twintriodes -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-advantager
of vthis: invention that -these ‘values :and-circuits -
may be:changed: within'wide limits and adapted:
to-all types.of installations and applications:with-. .
out affecting the principle of the invention.and::
the-efficiency ;of-.its -operation.:

Balancing:resistances:R71;: R1’, smoothing: con=..
densers C2,: C2’; rectifier pairs SI—S2, S’ and:-
82’, and transformers TT2; TTI, on the register-:
ing as well ags the selecting side, may be attached
to-each: other so:as:to:form a .detachable unit:
BU{, BU2.

The biasing umt'or:unlts ‘arenot grounded.;

If desired, and, .especially when-twin multi=-
electrode structure, such as the twin tricde VI, .
V2. 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:
mounted:‘on - a radio-type plug-in socketof ‘the
kind: disclosed:-in: the-copending -application-: of::

. Henry Herbig;Sérial. No 628,923, filed Novemher:.

15:/1945...

As shown in Fig. 1 the common ‘receiving :cirss-
cuit for.the:electrons controled: by theinterae-
tion-of two. input electrodes produces:an- -operats -

. 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 tlmmg circuit consisting-of resistance R§ 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 selectorbiush'SB*
In the course of the movement -applies:a series.of:
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discrete potentials to its associated input elec-
trode, grid GV2. 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 GV and other factors
controlling its operation. In the claims herein
R6 is designated as a bleeder resistance.

As selector brush 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 GI, G2 of VI and V2

are both negative by approximately 1.8 volts with

respect to their cathodes CI, C2. Under this

condition the plate current through resistor R3

is reduced to such an extent as to allow the po-
tential El at the control grid CE of the gas tube

GV to rise to breakdown voltage.

GV fires and operates relay GVR. The break-

down voltage of the gas tube is between 66 volts

and 80 volts. 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

velts 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 GVI,
GV2 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 Vi section of a 6SL7-GT
twin triode is connected over a portion of a small
balancing resistor Ril and a grid resistor R(2 of
about 50,000 chms, to the cathode of Vi and, si-
multaneously, to the minus pole of high tension
battery HTB. The anode of VI is connected over
a resistor R12, of say 300,000 ohms, to control grid
CEl of gas valve GVI. Cathode C{ and anode Al
of GV are connected in a manner not shown hut
similar to that illustrated in Fig. 1. Resistor
R1i4, of say 100,000 ohms, connects the anode of
VI with the positive pole of HTB. A 4.5 volt low
tension battery bridges the balancing resistor R1 1|
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 GV 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. 1.7 volts
(Figs. 9 and 10), 2 volts (Figs. 5 and 6), and 24
volts (Figs. 7 and 8).

As previously stated, the gas tube will not fire
when the potential of the control electrode is
maintained below 66 volts. It has been found
that the highest voltage El 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, ¢

[4:1

23

3

b0

60

6
set, ARI or its equivalent operates. The circuit
for high tension battery HTB is closed, also the
cluteh circuit of the selector. The selector brush
8B commences to move over the test terminals.

It is assumed for the purpose of explanation
ihat the potentia]l E2 placed on RB is —22 volts.
When SB tests —2 volts, potential EI becomes
—b volts (Fig. 5). When SB tests —4 volts, Ef
becomes —3 volts. When SB reaches —20 volts,
potential Ef is increased to 432 volts but when
it reaches —22 volts, potential El jumps to 4107
volts and the gas tube fires and operates high
speed relay GVR 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 4-70 volts for metering.

The purpose of resistor R4 and 44-volt battery
MTB is to maintain potential El below firing
point when selector brush SB is disconnected
from a bank terminal or, in other words, from a
potential E3. Potential El 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 RAA connected to —44 volts is added
50 as to maintain the potential of El below firing
point when both SB and RB are opened. El is
then known as the SRBO (selector register brush
oven) 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 RAA 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 he matched by the potential
of any of the selector contacts so that the cir-
cuit is prevented from operating uniess RB is in
engagement with one of its contacts. For this
reason the —44 v. may be designated as a mis-
matched potential.

The test potentials B2 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 —8 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 4+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: .

~-Arcommercial twin:. triode, such as RCA type
6SL7-GT, may be used to produce the electron
discharge -paths. It has been found possibie. to
interchange RCA twin triodes without making
any - adjustment - whatsoever in resistances or
potentials. :

Other twin or single multi-electrode structures
may:-be used for the purpose of this invention
without exceeding the: scope thereof.

A commercial three-electrode gas valve, such
as:RCA 1C21, may be used to provide the gas
discharge path. The average firing potential of
the control electrode is:73 volts with a minimum
ol 66 volts and a maximum-of 80 voits. 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~
trondischarge- 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
tothe. fully charged -potential of the cell. The
cells-of -the:normal negative main exchange bat-
tery may be used for test potential purposes pro-
viding: the number of potentials required do not
cause the uppermost potential to foul the ex-
change bus bar potential-of —48, minimum —44,
maximum —55 volts, when the individual cells
are af 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 emergency 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 recomymended. - A high tension storage bat-
tery may be used. .

It is & characteristic feature of this invention
that.the steps.between diserete potentials as well
as-the biasing potentials are small; the potentials
may 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 auy
suitable magnitude may be used for the purposes
of this invention, without departing from - its
scope. *

Relay GVR operated by the gas tube should
break its back contact in not less than about 1.5
milliseconds. No particularform 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-cluteh-magnet P, of:say 130.ochms; both relay
and magnet are effectively shunted by a spark-
guenching circuit consisting of a resistance R2
and-a series connected condenser ©3. ' In theem-
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podiment 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 grams: is recommended, but suc-
cessful resulfs have been obtained with a relay
having a lesser back ccontact pressure,:of say 10
grans. :

Ci and Ci’ are mica capacitors, C2 and-C2’ are
electrically polarized capacitors; but may consist
of paper depending upon the frequency of the
&, C. source feeding the rectifiers. C3 is-a paper
capacitor: - The seven independent resistances
Ri—RT, Ri{’—R7’ 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 Ri may
be 112,000 chms instead of 100,000 ochms andiso
on. - Apart fronr that, resistance and:capacitor
values depend on the structure of the eircuits and
their elements and, -therefore, may assiumne widely
varying:values without exceeding the scope of this
invention. )

OCneris'not bound: to apply the discrete poten-

‘ tials to two electron discharge paths.- Neither is

it necessary to-feed the common -output- of :these
clectron discharge paths to a single gas discharge
path. If required, any number of electron dis-
charge paths, including -a 'single onse;-and- any
numher of gas-discharge paths may be provided
to cause one or more accurate control operations:

Electron discharge may be substituted for gas
discharge-or-gas 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 dischargs
ing electrons in two- separate streams including
grid, cathode and anode in each stream,:a com-
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 cathodeé in the other
stream; the potential maintaining means includ=
ing a resistance in series-with each grid, a source
of D. C. potential connected hetween 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. €. fed cathode
heating ..means, réctifying: means, trafisformer
means having a primary coupled to' the cathode
heating means and & secondary coupled through
the rectifying means to one end of the biasifig
element, said secondary having a center tap cous
pled to the other end of the biasing element.

3. In a control system, an glectron discharge
tube containing two like multi-electrode struc-
tures, means for applying to an input electrode
in-each structure-a series of discrete' poténtials;
one at a time to each input electrode, & cormon
receiving circuit inclidinis. 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 raeans 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 biasinig 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 anocde potential connected in series, means for
connecting the control electrode of the gas tube
to sald output circuit at the end of said anode
resistance farthest from said source of ancde po-
tential, a source of energizing potential for the
main gap of the gas tube, the means responsive
to the operating voltage 2lso comprising means
including 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
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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 adapied 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 means 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
5aid 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
correspending 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
condenser.

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