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UNITED STATES PATENT OFFICE 
2,285,524 

TELEPHONE SYSTEM 
Mason. A. Logan, Summit, N.J., assignor to Bell 
Telephone Laboratories, Incorporated, New 
York, N. Y., a corporation of New York 
Application March 30, 1940, Seria No. 326,857 

(C. 19.--8) i4 (Caiths. 
This invention relates to telephone systems 

and particularly to the signaling, controlling, and 
Switching facilities used in these systems. 
The objects of the invention are to improve the 

Signaling and controlling operations performed 
Over telephone lines, such as subscribers' lines; 
to insure the proper operation of the signaling 
and controlling facilities despite the presence of 
line leakage or other adverse conditions; to in 
crease the effectiveness of the means for testing 
and Inaking connection with these lines; and to 
inprove these systems in other respects. 

Suggestions have been made in the past to 
improve the individual circuit associated With the 
Subscriber's line by substituting a discharge tube 
for the usual line relay. In some cases these 
tubes and the circuits provided therewith have 
been arranged to eliminate both the line and 
Cut-Off relays ordinarily used in practice. It has 
besen found, however, that these tube line circuits 
are frequently Subject to false operation in the 
presence of excessive line leakage. 
According to the present invention the ad 

vantages of using discharge tubes for performing 
the functions of a subscriber's line circuit are re 
tained, aind at the same time the disadvantage 
above noted is overconne. These results are ob 
tained by means of a line circuit in which the 
control gap of a discharge tube ionizes in re 
Sponse to a voltage produced by the line closure 
at the substation and fires the main gap of the 
tube, a relay in the main gap circuit serving to 
Start a line finder in operation; and in which two 
Sources of alternating potential of the same phase 
and frequency are connected respectively in the 
cathode and anode branches of the main gap 
circuit. The cumulative voltage of these two 
Sources acts to quench the main gap discharge 
On each alternate half cycle, while the Source in 
the cathode branch serves to oppose the voltage 
produced across the control gap by line leakage. 
This arrangenent insures that the tube is 
quenched as soon as the control gap ionizing 
voltage is renoved, since the voltage across the 
control gap resulting from leakage on the line, 
which right, otherwise be sufficient to Sustain 
the centrol gap ignization, is opposed simultane 
ously with the quenching of the main gap. Hence 
on the next opposing half cycle following the re 
moval of the ionizing voltage from the control 
gap both gaps are quenched simultaneously, and 
the tube remains deionized. This prevents false 
operation, which might otherwise occur where 
line isakage currents are excessive. 
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ing arrangement in which a differential test re 
lay receives current in one or both of its wind 
ings from the anode circuits of two discharge 
tubes, the control circuits of which are connected 
to the test conductor to discriminate between 
the different potentials present on the test termi 
nals of the Subscribers' lines. If a line is idle 
when tested by the line finder, neither of the 
tubes operates, and no current flows through 
either winding of the differential test relay. If 
the line is busy both tubes discharge, but the 
test relay does not operate since equal currents 
flow through both of these differential Windings. 
However, when the calling line is reached, only 
one of the tubes discharges, whereupon the corre 
sponding winding of the test relay is energized 
and the relay operates to stop the hunting ac 
tion of the finder SWitch. 
These and other features of the invention will 

be described in detail in the following specifica 
tion. 
In the drawings accompanying the Specifica 

tion: - 

Figs. 1 and 2 disclose a portion of an auto 
matic telephone system incorporating one form 
of the present invention. Fig. 1 shows the de 
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tails of a calling Subscriber's line and line circuit 
and a part of a line-finder Switch, and Fig. 2 
illustrates the remainder of the finder circuit, 
and also selector and connector Switches partly 
in diagrammatic form and partly in detail. Fig. 
3 is a modification of the testing circuit of the 
line finder. 
The advantages of using discharge tubes to 

perform the functions of line relays in sub 
Scribers’ line circuits have been explained above. 
There are, however, certain conditions under 
which these tubes may be exposed to false oper- . 
ation, particularly if the line is subject to leak 
age. In order that the tube may be ready to 
respond to the closure of the subscriber's loop 
when a call is made, the control electrode and 
the central office battery are connected in series 
with resistances through normal contacts of the 
cut-off relay to the subscriber's line. If the leak 
age resistance of the line is relatively low, Sub 
stantial leakage currents flow from the central 
office battery through the coupling resistance, 
producing a voltage across the control gap of the 
tube. This voltage, although too small to ionize 
the control gap of the tube, may be sufficient 
when added to the normal biasing Voltage of the 
control gap to sustain the ionization. Once it has 
started. The conditions under which this leak 

A feature of the invention is a line-finder test- 55 age voltage would, unless some provision were 
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made to the contrary, be sufficient to cause false 
Operation will now be explained. 
As Soon as the line finder has found the line 

in response to the calling condition thereon, the 
cut-off relay operates in the usual manner and 
disconnects the line tube, opening the control gap 
circuit and permitting the quenching of the anode 
gap to release the start relay connected in cir 
cuit therewith. When the called subscriber an 
SWers, the usual current reversal is made, and the 
capacity of the calling subscriber's line is charged 
in the opposite direction from the charge it re 
ceives from the central office battery connected 
thereto through the normal contacts of the cut 
off relay when the line is idle. When, therefore, 
the connection is released and the cut-off relay 
closes its back contacts to reconnect the central 
office battery to the line, a relatively heavy charg 
ing Current flows through the coupling resistance 
to discharge the line in one direction and recharge 
it in the opposite direction. This discharge cur 
rent Creates a voltage across the control gap 
Which may be sufficient to ionize it, thereby caus 
ing current to flow in the anode circuit and 
through the group start relay. If at this time the : 
leakage voltage on the line is sufficient to raise 
the total voltage across the control gap above the 
Sustaining value, the tube will remain ionized 
after the line charging current has ceased to flow, 
and the group relay will fully operate and cause 
the false starting of a line finder. 
Another condition under which false operation 

may Occur exists where the line finder is de 
signed to test in its hunting operation for a mar 
ginal potential on the sleeve conductor of the 
line, the presence of which depends upon the flow 
of current over the subscriber's closed loop. With 
an arrangement of this kind should the Subscriber 
replace his receiver after the finder has started in 
operation but before it reaches the calling line, 
the potential identifying the calling line is re 
moved and is replaced by the usual idle line po 
tential. Therefore, the finder fails to stop on 
the line that initiated the call, and the cut-off 
relay is not operated to open the control gap 
of the tube, which remains ionized because of 
the excessive leakage voltage. The result is that 
the main anode gap continues its ionization and 
the group start relay falsely indicates a calling 
condition. 

In the System disclosed herein these possible 
false operations are prevented by the use of 
Sources of alternating potential in the circuits of 
the line tube. 

Referring to the drawings, the Subscriber's line 
0 appears at the central office in the terminal 

bank of the line-finder Switch F and is provided 
with a line circuit comprising a line tube 0, 
preferably of the gas-filled tube, and a cut-off 
relay 02. The control electrode 3 of the tube 
is connected through a high resistance 4 
through normal contacts of the relay 02 and a 
coupling resistance (5 to the ring conductor 6 
of the subscriber's line. The tip conductor of 
of the line is connected through a coupling re 
sistance 08 to ground through a back contact, 
Of the cut-off relay 92. The negative pole of 
the central office battery 09 is connected through 
the left winding and normal contacts of the cut 
off relay to the junction point between resistances 
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04 and 5. The left Winding of relay 32 serves 
as a resistor for conducting the currents which 
flow over the line from battery 99 when the 

2,285,524 
present on the line. The battery iO is normally 
connected across the control gap of the tube, 
formed by the control electrode 03 and the 
cathode , through the left winding and normal 
Contacts of the cut-off relay 92. The voltage 
of the battery ff0, which may be of the order of 
55 volts, is insufficient either to ionize the con 
trol gap or to Sustain the ionization thereof. The 
main discharge circuit of the tube comprises a 
Section or branch connected to the anode 2 and 
includes the group start relay 3 and a sec 
ondary winding 4 of the transformer. The 
Other Section or branch of the main discharge 
circuit is connected to the cathode if f and in 
cludes the secondary winding f 5 of the trans 
former and batteries ) and 09 in series. The 
primary winding 6 of the transformer is con 
nected to a suitable source 7 of alternating 
Current. 

It will be noted that the main discharge circuit 
of the tube, including the gap formed by the 
anode 2 and cathode , is not provided with 
any relay or switch contacts for quenching the 
discharge and releasing the group start relay f3. 
Accordingly the source 7 is coupled to the 
anode-cathode circuit by the transformer to 
quench the anode gap once per cycle, so that the 
tube will cease to hold relay 3 as soon as the 
control gap is permanently deionized. To this 
end the Secondary Windings fill and 5 are so 
Connected in the anode and cathode branches of 
the circuit that they aid each other and cumu 
latively oppose the batteries 99 and f) suf 
ficiently during alternate half cycles of the Source 
| to quench the anode discharge. During these 
periodic interruptions of the current flow in the 
anode-cathode circuit the relay 3 retains its 
armatures attracted by reason of its sluggish 
characteristic, and the relay only releases after 
the anode discharge has been permanently 
quenched. The alternating voltage produced by 
the secondary winding 4 is considerably greater 
than that produced by the winding 5. These 
Windings may produce voltages of the Order of 40 
volts and 5 volts, respectively, and the sum of 
these two when subtracted from the total voltage 
of the batteries f 9 and ll), which may have 
the values of 48 and 55 volts, respectively, re 
duces the anode-cathode voltage below the sus 
taining value. 
The voltage of the secondary winding 5 op 

poses at each half cycle the voltage produced 
across the control gap (3- by the batteries 
09 and 9. But this opposing voltage is com 

paratively small and does not reduce the control 
gap voltage below the sustaining value as long as 
the subscriber has his receiver of the hook and 
the cut-off relay is in its normal position. When 
the cut-off relay operates in the normal man 
ner upon the seizure of the line by the finder, the 
control gap circuit is opened and the tube ceases 
to discharge. Similarly when the subscriber re 
places his receiver at the end of a call the Voltage 
across the control gap is reduced, provided the 
line leakage is not excessive, below the sustain 
ing voltage, and the tube ceases to discharge. 
Under these normal conditions the opposing volt 
age of the winding 5 is not required to effect 
the release of the tube. If, however, the line 
leakage is excessive, the tube may be held in a 
locked condition, since the additional voltage ap 
plied to the control gap may be sufficient to raise 
the total voltage to a value above the sustain 
ing Voltage of the gap even though the subscrib 

line loop is closed and when leakage paths are 75 er's loop is open. In such a case the voltage sup 
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plied by the winding f 5 becomes effective and 
opposes the voltage across the control gap at 
each alternate half cycle, reducing said Voltage 
below the value sufficient to sustain ionization. 
Since the opposing voltage of the Winding is is 
in phase with the voltage of the other Winding 

4, the control gap is quenched simultaneously 
with the quenching of the main gap, and On the 
next half cycle of the source if neither of the 
gaps reionize because the voltages across then 
are insufficient to refire the tube. 

Excepting the testing and other controlli: 
circuits, the line finder F may be of the usual 
step-by-step type having vertical and rotary no 
tions for selecting the calling subscribers' lines. 
The testing functions, whereby the finder dis 
criminates between idle lines, busy lines and call 
ing lines are performed by the discharge tubes 
f 8 and 9 operating in conjunction with the 
differential test relay 20 and also in cooperation : 
with the other circuits of the finder SWitch. The 
control electrodes 2 and 22 of these tubes are 
connected to the test, brush 23 of the switch. 
The cathode 24 of tube i8 is connected through 
the transformer winding 25 to ground through a 
batteries 26 and 27, the voltages of which 
may be 20 and 80 volts, respectively. The cath 
ode 28 of tube 9, however, extends to ground 
through the transformer winding 29 and hat 
tery 27 only. Thus, the normal potential of : 
the cathode 24 is 100 volts whereas that of the 
cathode 28 is only 80 volts. The anode 35 is 
connected through the right, Winding of the dif 
ferential relay 29 and through the transformer winding 
anode 3 is connected through the left wind 
ing of the relay and the transformer winding 33 
to the positive pole of the 20-volt, battely 34. 
The sum of the voltages in the windings 33 and 
25, induced therein by the primary winding 35 
of the transformer, which is energized by the 
source 35, is sufficient to quench the main gap 
discharge of the tube 8, and the voltage of 
winding 25 simultaneously opposes the voltage 
across the control gap to insure quenching of the 
tube in Case the control gap voltage rises to an s 
excessive value for any reason. Similarly the 
Voltages of windings 32 and 29 cause the de 
ionization of the tube 9. As will be explained 
more fully hereinafter, both of the tubes 8 and . 
9 fire when a busy line is tested, and the relay 

20, being differential, remains inert; neither 
tube fires. When an idle non-calling line is tested: 
and when a calling line is tested only tube 8 
operates, whereupon the test relay 28 attracts 
its armatures and stops the finder switch. A 
high resistance 3, connected between con 
ductor 54 and the point intermediate batteries 
26 and 27, serves to prevent, false operation of 
tubes 8 and 9 due to surges or Spurious po 
tentials on control electrodes. 
The line finder F is connected to the usual first 

selector Switch S which has access through slic 
ceeding SWitches, including selector S- and 
connector C, to the called subscribers' lines. A 
second connector switch C-, having access to 
the subscriber's line () is also illustrated to 
show the manner in which the line circuit is con 
nected thereto. 
The selector and connector switches, like the 

finder F, may be of the well-known step-by-stap 
type, although it should be understood that the 
invention is not limited to any particular type 
of System nor to the use of any particular type 
of SWitch. 

f33 directly to ground, whereas the 
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3. 
The operation of the system will now be de 

scribed in detail. Assume for this purpose that 
the subscriber of line foo wishes to converse With 
the subscriber of line D. When the calling 
subscriber removes his telephone, a circuit is 
closed from the negative pole of battery f (9 
through the left winding and normal contacts 
of cut-off relay 02, resistance to 5, conductor 66 
thence through the loop of the calling line to 
conductor f07, resistance 88 to ground through 
the normal contact of relay 02. Relay 92 is 
imarginal and does not respond to the current 
flowing from battery 9 through its left Winding 
as long as resistance 5 is in series with it. But 
the Voltage produced by the current flowing 
through the winding of relay 02 is applied in 
series with the voltage of battery C across the 
control gap 3-ft of the tube. The control 
gap ionizes, and on each aiding alternation of 
the source 7 thereafter current flows in the 
main discharge circuit, Which may be traced 
from the negative pole of battery. 0 through the 
winding 5, cathode , anode 2, winding of 
relay 3, transformer winding f 4 to the 
grounded positive pole of battery f (9. Relay i3 
Operates and applies ground potential to the 
commutator segment 3 for the level of termi 
nals in the finder switch containing the line 90. 
Relay 3 also places ground on the start con 
ductor 38 which extends through the normal 
contacts of relay 39, contact springs 40, which 
are actuated on the tenth rotary step of the 
switch, winding of slow-release relay 4 to bat 
tery. Relay 4f operates and places ground on 
the sleeve conductor f42. Relay f4 also closes 
an energizing circuit for the stepping relay f 43. 
This circuit may be traced from ground through 
the contact of relay 4, conductor 44, normal 
contacts of vertical stepping magnet 45, normal 
contacts of the rotary stepping magnet, 47, left 
Winding of the relay 43 to battery through the 
normal contacts of relay 39. Relay 43 con 
trols the vertical stepping action of the switch. 
The finder Switch is stepped in its vertical 

movement by the magnet 45 which energizes as 
Soon as relay 43 operates. The energizing cir 
cuit of the magnet may be traced from battery 
through the normal contacts of relay 39, con 
ductor 48, winding of magnet 45, normal con 
tacts of relay 49, closed contacts of relay 43 
to the grounded conductor 44. At each ener 
gization of the magnet 45 the switch is advanced 
One step, and the circuit of relay 43 is opened. 
Each time the circuit of relay 43 is opened, the 
relay releases the magnet A5, which in turn re 
closes the circuit of the relay. This action con 
tinues until the commutator brush. 5) engages 
the grounded segment 37, at which time a cir 
cuit is extended from the grounded brush 5 
through the left winding of relay 49, normal 
contacts of magnet 47, left winding of relay 43 
to battery. Relay 43 remains energized in this 
circuit and holds the magnet d5 in an ener 
gized condition to prevent further stepping of 
the Switch. Relay 49, being slow to operate, 
attracts its armatures after an interval following 
the closure of the above-traced circuit through 
the winding of the relay. Relay 49 in operating 
locks in a circuit traceable from battery through 
the contacts of relay f39, conductor 48, winding 
of vertical magnet 65, conductor 5, right 
Winding and contact of relay 49 to the grounded 
conductor 44. Relay f 49 locks, but magnet 45 
releases in series with the high resistance wind 
ing of the relay. 



4. 
Relay 49 also initiates the rotary stepping 

movement of the switch. This movement is per 
formed by the rotary magnet 47 which now 
energizes in a circuit from battery through its 
winding, front contact of relay 49, front con 
tact of relay 43 to the grounded conductor 44. 
Magnet 47 advances the brushes of the Switch 
to the first Set of terminals in the Selected level 
and also opens the circuit of the stepping relay 
43. Relay 43 in turn opens the circuit of the 
magnet, and the latter releases. On the first 
rotary step of the Switch the commutator brush 
50 disengages the grounded segment and opens 
the circuit in which relay 49 was originally 
operated and relay 43 was held at the completion 
of the vertical movement. Relay 43 now re 
Operates in the circuit previously traced through 
its left Winding, normal contacts of magnet fil 
and the normal contacts of magnet 45 to the 
grounded conductor A4. The reoperation of re 
lay 43 causes the reoperation of magnet 47, and 
the switch takes a second step. This stepping 
action continues until the test wiper 23 encoun 
ters the test terminal of the calling line 99. 
As the finder Switch hunts in the Selected level 

its brushes may encounter both idle non-calling 
lines and busy lines before reaching the calling 
line. If a line, such as the line 60, is in an idle 
non-calling condition, the full negative potential 
(48 volts) of the central office battery (9 will 
be present on the test terminal 52. This poten 
tial is applied to the terminal 52 over the path 
extending through the left Winding of the cut 
off relay 92 and sleeve conductor 53. Assum 
ing no leakage currents are flowing over the sub 
scriber's line, the full potential of the battery (9 
is present on terminal 52 since the loop of the 
line is open at the Substation and no current is 
flowing over the line through the winding of the 
cut-off relay. When, therefore, the test brush 
23 of the hunting finder engages the terminal 
52 of an idle non-calling line, a negative po 

tential of 48 volts is applied over test conductor 
54 and through the resistances 55 and 56 to 

the control electrodes 2 and 22, respectively, 
of the test tubes 8 and f 9. The resultant 
voltage of the battery 109 and batteries 26 and 
27, thus applied to the control gap of the tube 
8 is insufficient, even when aided by the voltage 

produced in the transformer winding 25, to 
ionize the control gap. Hence no current flows 
in the anode circuit of the tube, which includes 
the right winding of relay 20. Also the voltage 
resulting from batteries C9 and 27, applied to 
the control gap of the tube 9, is insufficient to 
ionize the tube, and no current flows through the 
left Winding of relay 20. Relay 20 remains de 
energized, and the finder passes over the ter 
minals of the idle line thus encountered. 
When a Subscriber's line is in a busy condition, 

the test terminal thereof, such as the terminal 
52 of the line 00, is identified by the presence 

of a ground potential thereon. This potential 
may be supplied to the terminal 52 from a line 
finder switch which previously selected the line 
over one of its multiple appearances; or the 
ground may be supplied thereto from a connector 
switch C- over the sleeve conductor 5. 
through the front contacts of the cut-off relay 
92 and conductor 53. In either case this 

ground potential is extended over the brush 23 
of the searching finder and conductor 54 to the 
control electrodes 2 and 22. Under these 
conditions the full voltage of batteries f6 and 
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27 aided by the winding 25 is supplied to the 

control gap of tube f8 and the potential of bat 
tery 27 aided by the winding 29 is applied to 
the control gap of tube if 9. Both tubes ionize, 
whereupon current flows through both windings 
of the relay 20, the circuit for the right winding 
being traceable from the negative pole of bat 
tery 26, transformer winding 25, cathode 24, 
anode 39, right winding of the relay, trans 
former 33 to ground, and the circuit for the 
other Winding being traceable from the negative 
pole of battery 27, winding 29, cathode 28, 
anode 3, left winding of the relay, winding 32 
to the positive pole of battery 34. The voltage 
of battery 34 is substantially equal to that of 
battery 26; therefore, substantially equal cur 
rents flow through the two windings of the relay 
20. Since this relay is differential and also 

marginal, the flux resulting from the current 
flowing through these windings is not sufficient 
to cause the attraction of the armature. There 
fore, the finder Switch passes the busy line and 
continues to Search for a line having a calling 
Condition thereon. 

If, as has already been assumed, the sub 
Scriber's line () is in a calling condition, the test 
terminal 52 is characterized by the presence of 
a negative potential of Some intermediate value, 
Such as 25 volts. Since the line is calling and 
the cut-off relay 02 is still in its normal condi 
tion, current flows from the battery f9 through 
the left Winding and normal contacts of the re 
lay, resistance 05 over the loop of the line as 
previously described. This current flowing 
through the winding of the cut-off relay reduces 
the normal negative potential on the terminal 
52 to the intermediate value. When the test 
brush 23 encounters this terminal, the resultant 
Voltage applied to the control gap of the tube 8 
causes the tube to ionize, whereas the voltage 
applied to the tube 9 is insufficient to ionize it. 
Therefore, current flows through one winding of 
the relay 29 alone, and the relay attracts its 
arnature. 
When relay 20 operates, a circuit is closed 

from battery through its contacts over conductor 
58, through the left winding of relay 59, nor 
mal contacts of relay 39, right winding of relay 
43 to ground at the front contacts of relay 4. 
Relay 59 operates in this circuit, and relay 43 
remains energized to prevent any further step 
ping movement of the switch. Relay 59 locks 
in a circuit from battery through its right wind 
ing and front contacts, through the closed con 
tacts of the magnet 47 to ground at the front 
contacts of relay 4. Relay 59 operates relay 
39 in a circuit from battery through the right 
winding of relay 39, front contacts of relay 59 
to ground at the off-normal springs ?o, which 
Shifted when the Switch took its first vertical 
step. With relay 39 operated a second locking 
circuit for relay 59 may now be traced from bat 
tery through the right winding and front contact 
of relay 59, front contacts of relay 39 to ground 
at the front contacts of relay 4. Relay 39 
causes the release of relays 43 and 49. When 
relay 59 operates it extends the calling sub 
Scriber's line over the tip and ring conductors 
through to the impulse relay associated with the 
first selector switch S. The operation of the im 
pulse relay causes ground potential to be applied 
to the holding conductor 42 to hold the line 
finder Switch in its operated condition after the 
release of relay 4 as explained below. Relay 
20 in operating also completes a circuit from 
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ground over its contacts, conductor 54, brush 
23, terminal 52, conductor 53 through the left 
winding of the cut-off relay O2 to battery t39. 
Now the resistance 5 is not in Series. With the 
left winding of relay 92, so relay 32 operates 
and locks in a circuit from battery i9, right 
Winding and front Contacts of reiay i32 and 
thence to ground as above traced. Relay 2 
in Operating disconnects the control electrode 
03 of the tube of from the calling line, where 
upon the Control gap of the tube becomes de 
ionized. On the next opposing alternation of 
the source if the voltage produced by windings 
4 and 5 opposes the batteries i3 and to 

quench the discharge in the main gap of the 
tube. After an interval the group start relay 
3 releases, disconnecting ground potential from 

the commutator Segment of the line finder and 
opening the original energizing circuit of relay 
4. Relay 4 is slow to release and retains its 
armatures until the calling line is extended 
through to the Selector Switch S in the nanner 
above described. When relay 2 applies ground 
potential to the conductor 54, the tube 9 also 
fires, causing the other winding of relay 23 to 
energize and release the armature. Relay 39, 
however, does not release since it is now locked 
in a circuit from battery through its right Wind 
ing and contacts, front contacts of relay i39 
over conductor A2 to ground applied at the se 
lector Switch. S. This ground potential on the 
conductor A2 is also extended over the front 
contacts of relay 39 and the front contacts of 
relay 59 to conductor 54 and the multiples of 
the calling line test terminals to hold the line in 
a busy condition and to maintain the ionization 
of tubes 8 and 9. 
The calling Subscriber manipulates his dial to 

operate the Selector Switches S and S- and the 
connector Switch C to complete the connection 
to the called Subscriber's line 3. When the 
called party answers, relay if operates and re 
verses the direction of current flowing back over 
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the connection and over the calling Subscriber's 
line. The circuit for Supplying current to the 
calling line imay now be traced fronn battery 
through the upper Winding of relay 2, upper 
front contacts of relay if, thence over the tip 
side of the connection through the brush 6 of 
the line finder over the tip conductor 87 of the 
calling line and returning over the ringing Con 
ductor is through the finder brush 62 thence 
over the ring side of the connection through the 
lower front contacts of relay if and the lower 
winding of relay 2 to ground. Current flowing 
over the calling line from this source charges the 
capacity of the calling line in the direction cor 
responding to the application of the positive pole 
of battery to the ring conductor is 8. This di 
rection, it will be noted, is opposite the direction 
in which the subscriber's line is normally charged 
by the central office battery 9 when connected 
to the line during the idle condition thereof. 
When the subscribers have finished the con 

versation, they replace their receivers, and relays 
and 2 release. In the Well-known nanner 

the holding ground potential is removed from 
conductor 42, and relay i59 releases. A circuit 
is now closed from battery through the release 
magnet 63, off-normal contacts 69, normal 
contacts of relay fé9, normal contacts of relay 
f59, normal contacts of relay 4 to ground at 
the Off-normal contacts S. The magnet 63 
releases the finder switch to its normal position, 
and the springs 6 are shifted to open the hold 
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ing circuit of relay 39 and the circuit of the 
release magnet 63. The removal of gigund po 
tential from the conductor 54 also causes the 
extinguishment of the tubes 8 and 9. 
When ground potential is removed from test 

brush 23 at the time the line finder releases, 
tile cut-off relay 62 releases and reconnects the 
negative pole of battery. e9 through resistance. 
35 to the ring conductor 6 of the subscriber's 

line. Since this side of the line is charged with 
positive potential, the reconnection of the nega 
tive pole of battery thereto causes a Substantial 
current to fioW from the battery f (9 over the line 
to recharge it in the opposite direction. This 
current fowing through the right Winding of 
relay 32 produces sufficient voltage across the 
control gap of the tube 0 to cause it to ionize. 
Thereupon current flows in the main anode cir 
cuit of the tube through the winding of relay 
E 3. As soon as the line charging current di 
minishes, the voltage across the control gap falls 
below the sustaining value, provided it is free 
from leakage paths. However, if we aSSume that 
the line has a leakage path, represented by the 
resistance element 64, the current flowing from 
the battery to 9 through the left winding of relay 
32 and thence over the line to ground through 

the resistance 64 may produce a voltage which, 
when added to the voltage of the battery 10, is 
sufficient to sustain ionization in the control gap 
of the tube after the line charging current ceases 
to flow. This continued ionization of the tube 
would cause the operation of the group start re 
lay 3 and the line-finder switch were it not for 
the opposing alternating voltages applied to the 
tube circuit by the transformer windings 4 and 
if 5. But the alternating voltage produced by 
the transformer winding 5 is in opposition to 
the voitage that tends to maintain the control 
gap ionized and is sufficient to overcome the ef 
fect of the leakage current and quench the dis 
charge of said gap. This quenching of the Con 
trol gap occurs simultaneously with the quench 
ing of the main gap to insure that the tube will 
not refire when the alternating voltage reverses 
its polarity. 
The abandonment of a call by the subscriber 

is another condition under which it is necessary 
to quench the tube of to prevent false opera 
tion. Assume that the subscriber initiates a call 
as above described; whereupon the tube ionizes, 
the group start relay 3 energizes, and a finder 
F is set in motion to hunt for the calling line. 
If the subscriber decides to abandon the call and 
replaces his receiver on the switchhook while 
the finder is still hunting the calling line, the 
potential on the terminal 52 is immediately 
raised from the intermediate value of 25 volts to 
the full value of 48 volts present on the ter 
minals of idle non-calling lines. In the mean 
time, however, the control gap and the main 
gap of the tube have ionized, and relay 3 is 
operated. If the leakage resistance 34 on the 
line is sufficiently low, the leakage current flow 
ing from battery 109 increases the voltage across 
the control gap to a value which exceeds the 
Sustaining Voltage. Hence the tube will remain 
ionized, and the finder will pass by the line and 
continue to search for a calling line which does 
not exist. This false operation, however, is pre 
vented as above explained by the opposing alter 
nating voltages set up by the transformer wind 
ings 4 and if 5, and the tube of is restored 
to its normal condition, and the group start 
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relay 3 releases to discontinue the hunting 
movement of the finder Switch. 

Fig. 3 shows an improvement in the line-finder 
test circuit whereby the discharge tubes, such 
as the tubes 8 and 9 of Fig. 2, are deionized 
during the conversational period. The advan 
tage of this arrangement is a substantial in 
crease in the life of the tubes. 
To facilitate an understanding of the test cir 

cuit shown in Fig. 3 the relays, tubes, and other 
elements are given reference characters which 
differ only in the first digit from those assigned 
to the corresponding elements in Figs. 1 and 2. 
The test conductor 354 from the test brush 23 
of the line finder F extends through the armature 
and normal contact of relay 339 and through 
resistances 355 and 356 in parallel to the control 
electrodes of the test tubes 38 and 39. The 
anode and cathode elements of these tubes are 
Connected through the windings of relay 320 and 
through the windings of the transformer, which 
is excited by the alternating current source 336, 
to battery in the manner disclosed in Fig. 2. 
When the line finder encounters a calling line, 

the potential on the test conductor 354 causes 
tube 38 alone to ionize. Current now flows 
through the right winding of relay 320, and the 
relay operates. Relay 320 closes a circuit from 
battery through its front contact, conductor 358 
through the right winding of the stepping relay 
343 thence to ground as shown in Fig. 1. This 
circuit holds the relay 343 to prevent further 
Stepping of the finder switch. Relay 320 also 
closes a circuit from ground through its front 
contacts, conductor 350, through the winding of : 
relay 359 to battery. Relay 359 operates and 
locks through the front contact of the rotary 
magnet 347. Relay 359 operates relay 339, and 
these relays lock as previously described. When 
relay 339 operates, the test and holding con 
ductor 354 is disconnected from the tubes 38 
and 39 and is extended to the corresponding 
conductor 342 leading to the selector switch. 
Tube 38 deionizes, relay 320 releases, and the 
tubes remain deionized during the conversational 
period. 

It will be understood that the invention is not 
limited to the Specific embodiments chosen to 
illustrate it herein. Numerous variations and 
changes may be made in the circuits and devices 
illustrated. For example, the tube structures 
may vary, and different values of the potential 
Sources may be used. Also different means may 
be employed for Supplying the alternating poten 
tials used in the anode and cathode circuits of 
the tubes. 
What is claimed is: 
1. The combination. With a line of a discharge 

device having a main gap and a control gap, 
circuit means controlled over said line for caus 
ing a discharge across said control gap, means 
for causing a discharge acroSS said main gap in 
response to the discharge of said control gap, 
a Source of potential acting to quench the dis 
charge of Said control gap, and a second source 
of potential connected in serial relation with said 
first Source to quench the discharge of said main 
9a). 

2. The combination. With a line of a discharge 
tube having a main gap and a control gap, cir 
cuit means including said line for causing a dis 
charge a CrOSS said control gap, means for caus 
ing a discharge across said main gap in response 
to the discharge of Said control gap, a source 
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of potential and means for applying the same to 
quench the discharge of said control gap, and a 
Second source of potential and means for apply 
ing the same in series aiding relation with said 
first source to quench the discharge of said main 
gap. 

3. The combination with a telephone line of 
a discharge device having a main gap and a con 
trol gap, circuit means including said line for 
ionizing said control gap, means for causing a 
discharge across said main gap in response to 
the ionization of said control gap, a source of 
alternating potential serving to oppose the con 
tinued ionization of said control gap, a second 
Source of alternating potential, and means for 
applying Said sources in series aiding relation 
to quench the discharge of said main gap. 

4. The combination with a telephone line of a 
discharge device having a main gap and a con 
trol gap, circuit means including said line. for 
ionizing Said control gap, means for causing a 
discharge across said main gap in response to 
the ionization of said control gap, a source of 
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alternating potential acting on each cycle to 
quench the ionization of said control gap, a sec 
Ond Source of alternating potential acting cumu 
latively with said first source to quench the dis 
charge of Said main gap concurrently with the 
quenching of said control gap. 

5. The combination with a telephone line of a 
discharge tube having a cathode, a control elec 
trode forming a control gap with said cathode, 
an anode forming a main gap with said Cathode, 
circuit means including said line for causing the 
ionization of said control gap, an operating cir 
cuit including said main gap, means responsive 
to the ionization of said control gap for Causing 
discharge current to flow across said main ga.) 
and in Said Operating circuit, a source of alter 
nating potential connected in circuit with said 
cathode for quenching the ionization of said 
control gap, and a second source of alternating 
potential connected to said anode and in phase 
With Said first source, said sources of potential 
acting in series relation for the purpOSe Of 
quenching the discharge across said main gap. 

6. The combination with a subscriber's line of 
a discharge tube having a cathode, a control 
electrode forming a control gap with said cath 
ode, an ancde forming a main gap. With said 
Cathode, an operating circuit including said main 
gap, Said Operating circuit having one section 
Connected to the anode and another section con 
nected to said cathode, means controlled over 
the Subscriber's line for causing the ionization of 
Said control gap, a source in said operating cir 
cuit for causing current to flow therein and 
acroSS Said main gap in response to the ioniza 
tion of Said control gap, a source of potential in 
Said Cathode section for acting to quench the 
ionization of Said control gap, and a second 
Source of current in Said anode branch coacting 
With the source in Said cathode branch to quench 
the discharge of Said main gap simultaneously 
with the quenching of said control gap. 

7. The combination with a telephone line of a 
Source of current, a discharge device having a 
control electrode, resistance means for coupling 
Said control electrode to said line and to said 
Source of current, a cathode for said device form 
ing a control gap with said control electrode, an 
anode for said device forming a main gap with 
Said cathode, means under the control of said 
line for closing a circuit including said source 
of current to increase the voltage across said 
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control gap above the ionizing value, means re 
sponsive to the ionization of said control gap for 
causing a discharge acroSS Said main gap, a 
source of alternating potential for opposing the 
ionizing voltage across said Control gap, and a 
second source of alternating potential connected 
in series circuit, relation. With said last-mentioned 
source for quenching the discharge across said 
inain gap. 

8. In a telephone system, a telephone line, 
means for closing Said line, a Space discharge de 
vice for said line having a control gap and a main 
gap, a source of current connected to said line, 
a resistor in series with said source for conduct 
ing from said source the current flowing over 
said line as a result of the closure thereof and 
also serving to conduct the leakage currents 
flowing over said line, the current flowing 
through said resistor as a result of line closure 
Serving to increase the voltage across said con 
trol gap above the ionizing value, means for 
CallSing Current to flow in said main gap in re 
Sponse to ionization of the control gap, a source 
of potential opposing the voltage across the con 
trol gap caused by said leakage currents to re 
duce Said control gap voltage below the sustain 
ing value when said line is opened, and a second 
Source of potential for quenching the flow of 
Current in Said main gap when the voltage across 
Said control gap is reduced below the sustaining 
Value. 

9. In a telephone system, a subscriber's line, 
means controlled by the subscriber for closing 
Said line to initiate a call, a space discharge tube 
having a control electrode and a cathode form 
ing a control discharge gap, an anode forming 
With Said cathode a main discharge gap, a source 
of current, a resistor for coupling said source to 
the line and to said control electrode, said re 
Sistor serving to conduct the current flowing from 
Said Source over said line as a result of line clo 
Sure and to conduct the leakage currents flowing 
Over Said line from said source, the current flow 
ing through said resistor as a result of line clo 
Sure Serving to increase the voltage across said 
control gap above the ionizing value, means for 
causing current to flow in said main gap in re 
Sponse to the ionization of the control gap, a 
Source of alternating potential connected to said 
Cathode for nullifying the voltage produced 
aCrOSS the control gap as a result of the leakage 
currents flowing through said resistor, and a sec 
Ond Source of alternating potential connected to 
Said anode and acting in phase with said last 
mentioned source to quench the discharge across 
said main gap. 

10. The combination. With a line of a discharge 
tube having a main gap and a control gap, cir 
cuit means including said line for causing a dis 
charge acroSS said control gap, means for caus 
ing a discharge across said main gap in response 
to the discharge of said control gap, a trans 
former having a winding for applying a voltage 
in opposition to the discharge of said control gap, 
a second winding on said transformer for apply 
ing a voltage in series aiding relation to the volt 
age of said first Winding for opposing the dis 
charge of Said main gap, and means for energiz 
ing said transformer windings. 

11. The combination with a discharge tube 
having a cathode, a control electrode forming a 
control gap with said cathode, an anode forming 
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7 
a main gap with caid cathode, circuit means for 
causing the ionization of Said control gap, an 
operating circuit including said main gap, means 
responsive to the ionization of said control gap 
for causing discharge current to flow acroSS said 
main gap and in said operating circuit, a trans 
former having a winding in circuit with said 
cathode for producing a voltage quenching the 
ionization of said control gap, a second Winding 
On Said transformer connected to said anode for 
producing a Voltage in phase with the voltage of 
said first winding for the purpose of quenching 
the discharge across said main gap, and means 
for energizing Said transformer windings. 

12. In combination, telephone lines, a switch 
having access to Said lines, two discharge tubes 
having their control electrodes connected to the 
test circuit of said SWitch for testing the condi 
tion of Said lines, means for operating said tubes 
in different combinations according to the con 
dition of the line tested, and a test relay having 
a plurality of windings energized in different 
Combinations in response to the operation of 
said tubes. 

13. In combination, telephone lines, a finder 
Switch having brushes for making connections 
with said lines, two discharge tubes having their 
control elements connected to the test brush of 
Said Switch for testing the condition of said lines, 
means for ionizing said tubes in different com 
binations according to the condition of the line, 
a differential test relay having a winding in cir 
cuit With one of said tubes and a second winding 
in circuit with the other tube, said windings 
being energized in different combinations in re 
Sponse to the ionization of said tubes, and means 
controlled by said relay for stopping said finder 
SWitch. When the line tested has a particular con 
dition thereon. 

14. In a telephone system, a subscriber's line 
Subject to the flow of leakage currents when a 
Source of current is connected thereto, means 
controlled by the subscriber for closing the loop 
of the line to initiate a call, a space discharge 
tube having a control electrode and a cathode 
forming a control discharge gap, an anode form 
ing with said cathode a main discharge gap, a 
Source of current, a resistor for coupling said 
Source to the line and to said control electrode, 
Said resistor serving to conduct the current flow 
ing from said source over said line as a result 
of line loop closure and to conduct leakage cur 
rents flowing over said line from said source, the 
Current flowing through said resistor as a result 
of line loop closure serving to increase the volt 
age acroSS Said control gap above the ionizing 
value, the current flowing in said resistor as a 
result of the leakage on said line acting to in 
crease the voltage across said control gap above 
the Sustaining value, means for causing current 
to flow in said main gap in response to the 
ionization of the control gap, a source of alter 
nating potential connected to said cathode and 
of a magnitude sufficient to overcome the volt 
age produced by the flow of leakage currents and 
to reduce the voltage across the control gap below 
the Sustaining value when the line loop is open, 
and a second source of alternating potential con 
nected to said anode and acting in phase with 
Said last-mentioned source to quench the dis charge across said main gap. 

MASON A. LOGAN. 


