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TELEPHONE systEM 
Henry M. Bascom, Brooklyn, and Langford J. 
Bowne, Howard Beach, N. Y., and Neil Y. Priessman, Maplewood, N.J., assignors to Bell 
Telephone Laboratories, Incorporated, New 
York, N. Y., a corporation of New York 
Application October 8, 1940, serial No. 360,218 

14 Claims. (CI. 179-42) 
This invention relates generally to telephone 

systeins and particularly to direct access keying 
SysteriaS. 
A direct access keying system may be suitably 

defined as a telephone system wherein direct 
access to any of a plurality of frequently called 
Subordinate lines may be, had at an executive 
or primary station by the simple actuation of a 
key individually assigned to the particular sub 
ordinate line or station. With which telephonic 
connection is desired. 

it is the object of this invention to provide an 
improved System of this character wherein any 
of a plurality of subordinate or secondary lines 
is rendered selectively accessible to a Subscriber 
at an executive or main station over the regular 
private branch exchange extension line by a 
single key operation. 
This object is attained in accordance with a 

feature of the invention by the provision of a 
highly sensitive and novel selecting circuit in 
volving two groups of selecting relays, each group 
adapted to be controlled Over a single line Wire 
eXtending from the main station, and in the use 
of Series and shunt connected varistors, or rec 
tifiez'S, Wiich render the selecting, relays selec 
tively responsive to currents of different polari 
ties transmitted over either or both of the line 
Wires. The polarity of the current transmitted, 
and the line wire or wires utilized for such trans 
Inission are determined by means of a keying de 
vice located at the executive station which func 
tions to connect oppositely poled rectifiers, singly 
Or in combinations, to either or both of the line 
Wires. The selecting relays respond singly, or in 
combinations, depending upon the direction of 
the current transmitted over either or both of 
the line wires to cause the connection of a par 
ticular subordinate line to the calling executive 
station. 
Another feature of the invention contemplates 

placing the transmission of the unidirectional 
currents under the joint control of the selecting 
keys and the receiver Switchhook contacts at the 
primary Station, thus eliminating the possibility 
of signaling the subordinate stations when the 
Selecting keys are inadvertently or otherwise 
accidentally actuated. 
A further feature of the invention resides in 

the use of means which function to prevent the 
COInpletion of a connection to a called subordi 
nate Station until the keying device, which is 
actuated to effect the selection of the desired 
Station, has been restored to its unactuated posi 
tion. 
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These and other features of the invention Will 
be readily understood from the following detailed 
description made with reference to the accom 
panying drawings in which: 

Fig. 1 is a diagrammatic representation of an 
executive's substation equipment including the 
polarity selecting keys by which any of a plu 
rality of subordinate stations may be selectively 
Signaled; a 

Fig. 1-A illustrates an alternative keying ar 
rangement. Whereby the same number of Selec 
tions possible with the keying arrangement of 
Fig. 1 are effected with fewer keys; 

Figs. 2 and 3 when placed side by side and to 
the left of either Figs. 1 or 1-A, complete, the 
circuit arrangement involving the features of 
the present invention; 

Fig. 4 is a fifteen-button telephone handset 
which may be employed at the executive station; 
and " . - 

Fig. 5 is a table illustrating the contact oper 
ations and consequent relay operations effected 
by the actuation of each of the keys with which 
the primary station is equipped. .. 
The following description is directed to the 

operation of the System in extending calls from 
the primary station B, Fig. 1, to any of a plurality 
of subordinate stations indicated in Fig. 3, or to 
a private branch exchange by way of the line L. 
Before entering into a description of the actual 

Switching. Operations which take place in initi 
atting a call from station B to any of the sub 
Ordinate stations, a brief description Will be 
made of the fundamental control or selecting cir 
cuit. This circuit comprises two wires 10 and 
Which extend in parallel from the innermost 
front contacts of relay 2 to one of the input 
terminals of the full wave rectifier 3 by way 
of the Operating windings of selecting relays 
f4, 5, 6 and 7, the relays 4 and 5. consti 
tuting one group in parallel with the other group 
made up of relays 6- and 7. Starting at the 
point 8, it will be noted that a path for the 
positive half cycles originated at the source. 9 
passes through the positively poled rectifiers 20 
and 2 which are connected by lead. O6, and 
thence to the wire by way of the operating 
Winding of relay 4. Rectifier 22, which is nega 
tively poled, is connected in shunt with the oper 
ating Winding of relay 4 and rectifier. 2. A 
path for the negative half cycles extends from 
the point 8, through the operating winding of 
relay 5 and thence to the wire O by way of the 
negatively poled rectifiers 23 and 22, which are . 
connected by lead fo6. The positively poled 
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rectifier 20 shunts the operating Winding of re 
lay is and its serially connected rectifier 23. 
When relay 2 operates, as will be explained here 
inafter, the wire is connected to the tip con 
ductor 25 of line C extending to the substation 
B. Obviously, therefore, When Such connection 
is made, relays is and 5 will selectively respond 
to the transmission of positive and negative in 
pulses, respectively, transmitted over the tip con 
ductor 25 of line C. 

passes through the positively poled rectifiers 25 
and 27, which are interconnected by lead 07, 
and thence to the wire by way of the operating 
Winding of relay f. The negatively poled recti 
fier 28 is connected in shunt with the operating 
Winding of relay 7 and its serially connected 
positively poled rectifier 27. A second circuit 
also extends from the point 8, by way of the 
operating winding of relay f6 and the serially 
connected, negatively poled, rectifiers 29 and 28, 
which are interconnected by lead 0, to the wire 

. The positively poled rectifier 26 is connected 
in shunt with the operating Winding of relay 6 
and its serially connected rectifier 29. When re 
lay 2 operates, the Wire is connected to the 
ring conductor 9 of line C extending to the Sub 
station. BSO that, When Such connection is made, 
relays 6 and 7 will selectively respond to the 
negative and positive impulses, 
transmitted over the ring conductor of line C. 
At the executive station B there is provided a 

key-set, indicated in Fig. 4, which comprises 
fifteen buttons or keys. The structural features 
of this device do not constitute a part of the 
present invention and therefore have not been 
illustrated. Suffice it to say that the buttons of 
this key-set control the spring contacts a, b, c, d, 
e and fin such a manner that contact e is closed 
and contact f is opened. Whenever any one of the 
fifteen buttons is actuated and that contacts a, b, 
C and d are closed singly or in combinations in 
accordance With the operation of the fifteen but 
tons and in a manner indicated by the table illus 
trated in Fig. 5. 
contact a, button No. 2 closes contact b; button 
No. 3 closes contacts a, and b; button No. 4 closes 
contact c; button No. 5 closes contacts c and a: 
button No. 6 closes contacts C and b; button No. 
7 closes contacts c, d, and b; button No. 8 closes 
contact d, button No. 9 closes contacts d and a 
button No. 10 closes contacts d and b; button No. 
11 closes contacts d, a and b; button No. 12 closes 
contacts d and c; button No. 13 closes contacts d, 
c and a; button No. 14 closes contacts d, c and b; 
and button No. 15 closes contacts a, b, c and d. 
The contacts a, and b, when closed, connect the 

positively and negatively poled rectifiers 30 and 
3f, respectively, to the tip conductor 25 of line C, 
Whereas the contacts c and d, when closed, con 
nect the negatively and positively poled rectifiers 
32 and 33, respectively, to the ring conductor 9 
of line C. The contact h is part of the switch 
hook pile-up at station B and is closed whenever 
the receiver at station B is removed from its Sup 
port to furnish ground to the rectifier spring 
contacts a, b, c and d. Contact f is opened by 
the operation of any key before contact e closes 
to remove the station bridge in order to separate 
the tWo leads during the signaling period. 
When contact a is closed the positive half 

cycles generated at 9 traverse the tip conductor 
25 from the Wire 0 to ground by way of the 
Spring contacts e and h; when contact b is closed 
the negative half cycles generated at 9 traverse 

respectively, 3 

That is, button No. 1 closes 
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2,278,410 
the tip conductor 25 from the wire 0 to ground 
by Way of the Spring contacts e and h; when Con 
tact c is closed the negative half cycles from 
source 9 traverse the ring conductor 9 of line C 
to ground by Way of contacts e and h; and when 
contact d is closed the positive half cycles from 
Source 9 traverse the ring conductor 9 of line C 
to ground by way of contacts e and h. 
From the foregoing brief description it is ap 

: ; parent that the subscriber at station B can cause 
In similar manner, a path from the point f8 to be transmitted over either or both the tip and 

ring conductors of line C, positive and negative 
impulses, singly and in combinations, to cause 
the selective operation of relays 4, 5, 6 and 7, 

, Singly and in combinations. 
It will be assumed that the subscriber at execu 

tive station B desires to communicate with the 
subscriber at station III represented by the block 
in Fig. 3. Key No. 3 at station B will be actu 
ated after the receiver thereat is removed from 
its support. As hereinbefore indicated, the actu 
ation of key or button No. 3 results in the closure 
of contacts a and b as Well as of contact e, and 
the Opening of contact f. Contact f opened, re 
moves the station Subset from the line, and con 
tact h, controlled by the receiver switchhook, con 
nects ground to the various rectifiers 30, 3, 32 
and 33. 
With the receiver at station B removed from 

its switchhook, and prior to the actuation of key 
No. 3, a circuit for operating relay 4 is estab 
lished which may be traced from grounded bat 
tery, Winding of relay 4, armature and back 
contact of relay 42, back contact and outer lower 
armature of relay 44, back contact and lower 
armature of relay 2, back contact and inner 
lower armature of relay 43, ring conductor 9 of 
line C, through the closed substation loop, nor 
mal contact f, tip conductor 25 of line C, upper 
armature and back contact of relay 43, inner 
upper armature and back contact of relay f2 to 
ground, by Way of the outer upper armature and 
back contact of relay 44. Relay 4, operated, 
establishes an obvious circuit for relay 45 which, 
When operated, connects ground to the lead 46 of 
private branch exchange line L, marking this 
line busy at the associated private branch ex 
change. Relay 4, operated, locks to ground at 
the inner lower armature and back contact of 
relay 44. 
Relay f2 now operates in a circuit extending 

from grounded battery, winding of relay f2, con 
ductor 47, contacts 48 of relay 4f, conductor 49, 
outer left armature and back contact of relay T, 
back contacts and Outermost right armatures of 
relays 4, 5 and 6, conductor 50, to ground at 
the lower arnature and front contact of relay 45. 
At its Outer upper arnature, relay 2 removes 

battery from lead 5 which is included in the 
operating circuits for relays 52 to 59, inclusive, 
and 0 , so that these relays will not operate to 
extend a call to their associated subordinate sta 
tions until the keying device employed to make a 
Selection is operated and released, as will be more 
fully described hereinafter. 
At its inner upper armature and lower arma 

ture, relay 2 interrupts the continuity of the tip 
and ring conductors extending to the subordinate 
Stations, and connects the leads () and f l to the 
tip and ring conductors 25 and 9, respectively, ex 
tending to the executive station B, so that the se 
lecting relays f4, 5, 6 and , which are asso 
ciated with the leads iC and f, are now pre 
pared for Selective operation under control of 
the key-set at the executive station. 
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The operation of any of the fifteen station 

- selecting keys at the executive station causes the 
closure of one or more of the spring contacts a, 
b, c and d so that whenever any such key is op 
erated to effect the transmission of either or both 
positive and negative impulses from the Source 
1-9 and its associated full-wave rectifier 3, over 
either or both the tip and ring conductors 25 and 
9, relay 40 Will operate. At its lower armature 
relay 40 removes ground from the winding of 
relay 42 to insure the non-operation of this relay 
until the selecting key at the calling station is 
restored. With relay 42 maintained in its re-, 
leased condition, relay 4 is held locked to ground 
at the back contact and inner lower armature of 
relay 44, and with relay 4? and relay 40 op 
erated, an operating circuit for relay 2 is main 
tained to ground at the lower armature and front 
contact of relay 45. Thus it is that battery is 
removed from the conductor 5 to prevent relays 
52 to 59, inclusive, from operating until the ac 
tuated selecting key at the calling station is re 
Stored. 
With key 3 operated, contact f is open and con 

tacts a, and b are closed, as are contacts e and h, 
the last being controlled by the receiver SWitch 
hook contacts. The closure of spring contacts 
a, and b connects the tip rectifiers 30 and 3, re 
spectively, to ground, thus completing a trans 
mission path for both positive and negative half 
cycles originated at the source 9. Selecting re 
lays 4 and 5 accordingly operate. The path in 
which relay 4 operates extends from the Source 
f 9, full-wave rectifier 3 and relay 40, positive 
polled rectifiers 20 and 2, operating Winding of 
relay 4, conductor 0, front contact and inner 
upper armature of relay 2, back contact and 
upper armature of relay 43, tip conductor 25 of 
line C, positive poled rectifier 30, closed contacts 
a, e and h, to ground. The circuit in which re 
lay 5. Operates extends from source f9, rectifier 
A3, relay 40, operating winding of relay 5, nega 
tive poled rectifiers 23 and 22, conductor 0, front 
contact and inner upper armature of relay 2, 
back contact and upper armature of relay 43, tip 
3onductor 25 of line C, negative poled rectifier 
3, contacts b, e and h to ground. Thus when 
key or button No. 3 is actuated, both relays 4 and 
5 operate, the former on positive impulses gen 

erated at 9, and the latter on negative impulses 
from the same Source. 

Relays 4 and 5 lock operated in a circuit ex 
tending from grounded batteries, the left Wind 
ings, front contacts and inner left armatures of 
relays 4 and 5 in parallel, conductor 60, back 
contact and inner lower armature of relay 6, to 
ground by way of the lower armature and front 
contact of relay 45. A circuit for relay 54 is now 
partially completed, extending from ground, front 
contact and lower armature of relay 45, conductor 
50, outermost right armature and back contact of 
relay 6, outermost right armature and front 
contact of relay f S, innermost right armature 
and front contact of relay 4, winding of relay 
54, conductor 5 to the open back contact of the 
outer upper armature of relay 2. Obviously, 
relay 54 does not operate until relay 2 restores 
its armatures and connects battery to the con 
ductor 5. The release of relay 2 occurs. When 
key No. 3 at the executive station is restored to 
normal. When this is done, contacts a, b and e 
are opened and contact f closed. The opening of 
contacts a, b and e opens the circuit for the trans 
mission of the positive and negative impulses 
from source 9, so that relay 4 is no longer op 
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erated. In releasing its lower armature relay. 40 
completes an operating circuit for relay, 42 ex-. 
tending from grounded battery, winding of relay 
42, contacts: 65 of relay 4:l, back contact and 
lower armature of relay. 40 to ground. Relay 42. 
operates and opens the locking circuit for relay 
4, which relay when released, opens the operat 
ing circuit for relay f2. Battery associated with 
the outer upper armature of relay 2 is now con 
nected to the lead 51, thus completing the op 
erating circuit to relay 54. 
At its outermost right airmature and front con 

tact, relay 54 establishes an obvious operating cir 
cuit for relay. 44. At its outermost left armature 
and front contact, relay 54 completes a locking 
circuit to ground at the lower armature and front 
contact of relay, 45; by way of conductors 66 and 
59. It will be undeistood that relay 45, being 
slow-to-release, dbes not restore its arrnatures 
immediately upon the release of relay 44. At its 
other three left armatures, relay 54 completes 
the line connections to the station III. 
When relay 44 operated as described above, the 

lines conductors are: extended to the calling sta 
tion B, and since the substation loop is completed 
with the receiver removed from its support, relay, 
68 operates in an obvious circuit. At its arma 
ture and front contact, relay 68 establishes an 
obvious operating circuit for relay 6 i. 
At its inner upper armature relay 6 - completes 

an operating circuit for relay 45 which, there 
fore, remains operated. At its inner lower arma 
ture and back contact, relay 6f opens the lock 
ing circuit to relays f4 and 5, which relays re 
store their armatures. At its outer lower arma 
ture relay 6f completes, a circuit for ringing relay 
3 extending from grounded battery, winding of 

relay T3; back contact and outer armature of re 
lay T4, back contact and inner upper armature 
of relay 75, front contact and outer lower arma 
ture of relay 6, back contact and lower arma 
ture of relay 76 to ground by way of the lower 
armature and front contact of relay 45. Relay 
14 is included in this circuit in parallel with 
relay73. Relay 74 is a slow operating relay since, 
due to the capacity of condenser 77, it permits 
current to flow in both Windings which, at this 
time, are differentially connected. When the 
Condenser charges to a certain potential which 
Will be opposing the operating potential, the cur 
rent in the lower winding will be lowered to such 
a value as to permit the current in the upper 
Winding to operate the relay. When the oper 
atting circuit to the relay is opened, the condenser 
is connected in the circuit to cause the relay to 
hold operated until the condenser discharge is 
enough to release the relay. At this time the 
Windings of the relay will be series aiding. When 
relay 74 operates, the relay 73 releases. Relays 
74 and 73 continue to operate and release until 
the called party at station III answers. 
When relay 73 operates, battery at its front 

contact and inner upper armature is connected 
to the lead 78 extending to station III which 
Causes a lamp Signal corresponding to lamp 9 
associated with station WII to be lighted. 
When relay 44 operated it connected the alter 

nating current source 70 to the tube 7 which 
fires, and Since one of the electrodes thereof 
is connected to the ring side of the line by way 
of the front contact and inner lower armature of 
relay 73 and condenser 80, an audible ringing 
signal is received at the executive station B. 

Relay 73 in operating also connects the alter 
nating current'Source 8 to the called station III 
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So that the ringer (if used) associated with that 
line is Operated as an audible call signal. 
When the called party answers, relay 83 oper 

ates over the closed called station line loop. 
Relay 83 operates only during the silent period 
of the ringing cycle. Cut-off relay 76 now oper 
ates in a circuit extending from grounded bat 
tery, winding of relay 76, front contact and Outer 
upper arnature of relay 6, conductor 84, front 
Contact and arnature of relay 83, normal make 
before-break contacts of relay 75, to ground by 
Way of the lower armature and front contact of 
relay 45. Relay 76 stops the relay 4 function 
ing and prevents relay 73 from reoperating. Re 
lay 76 locks operated under control of relay 45, 
opens the circuit to relay 75 and opens the 60 
cycle ringing circuit from tube 7. The circuit 
is now in condition for talking, relays 68, 6, 
45, 44, 83, 76 and 54 being operated. 
The connection is held under control of the 

calling station B. When the handset thereat is 
replaced on its mounting at the completion of 
conversation, relay 68 will restore its armature, 
thus releasing relay 6, which in turn releases 
relay 45. Release of relay 45 causes relays 76 
and 54 to release. Release of relay 54 releases 
relay 44 and also relay 83 if the called Station has 
not disconnected. Thus the circuit is restored 
to normal. 

If the handset at station B is replaced on its 
mounting before key No. 3, or any other similar 
key is operated, relay 42 will operate after an 
approximate six-second interval. Relay 42 oper 
ated, releases relay 4f which releases relay 2 
and also relay 42, to restore the circuit to normal. 

If the called station III is busy, relay 83 Will 
operate immediately upon the operation of relay 
54. The operation of relay 83 causes relay 75 
to operate in a circuit which may be traced from 
grounded battery, winding of relay 75, Outer up 
per armature and back contact of relay T6, back 
contact and outer upper armature of relay 6, 
conductor 84, front contact and armature of re 
lay 83, normal make-before-break contacts of 
relay 5, to ground at the lower armature and 
front contact of relay 45. Relay 75 operated, 
causes relays 9, 9 and 92 to operate to cause 
an interrupted busy tone to be sent to the execu 
tive station B and prevent ringing current from 
being connected to the called line by Opening 
the circuit to relay 3. 

In Fig. 3 the subordinate stations are identified 
by the Roman numerals I to XIV, inclusive, the 
tip and ring conductors, which may be connected 
to Station XV, not disclosed, being ShoWn aS : 
loose conductors. This has been done for the 
purpose of indicating that at least one of the keys 
at the executive station may be employed for 
obtaining direct access to a private branch ex 
change or central office trunk, such as indicated 
at Li, Fig. 2. ASSunning such provision is made, 
key P. B. X, could be assigned to the trunk T. and 
when actuated, subsequent to the removal of the 
receiver from its support at station B, Spring Con 
tacts a, b, c and d would be closed in accordance 
with the table shown in Fig. 4. The closure. Of 
contact a connects the positive poled tip rectifier 
30 to ground by Way of contacts a, e and h, the 
last being closed when the receiver, at Station B is 
removed from its support. Contact b connectS 
the negative poled rectifier 3 to the tip side of 
the line; contact c connects the negative poled 
rectifier 32 to the ring side of the line; and con 
tact d connects the positive poled rectifier 33 to 
the ring side of the line. Both positive and nega 
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tive impulses therefor traverse the tip and ring 
ConductorS 25 and 9 of line C, and conductors O 
and , to be selectively transmitted through the 
Operating Windings of relays 4, 5, 6 and from 
the Source 9. Relay 4 responds to positive im 
pulses transmitted over the tip conductor; relay 
5, to negative impulses over the tip conductor; 

relay 6, to negative impulses over the ring con 
ductor; and relay f, to positive impulses trans 
mitted over the ring conductor. Relays 4, 5, 
6 and , operated, lock under control of relays 
6 and 45. Relays 4, 5 and 6 cooperate in 
preparing an operating circuit for relay 58 which 
may be traced from ground, front contact and 
lower arnature of relay 45, conductor 50, outer 
left armatures and front contacts of relays 4 and 
5, front contact and outermost left armature 

of relay f6, winding of relay 58, and thence to 
the Open. Outer upper armature contact of relay 
2. Relay i? also is prepared for operation by 

the Operation of relay 7. When relay 2 restores 
itS armatures in the manner hereinbefore de 
Scribed, battery is connected to the outer upper 
back contact of relay 2 to complete the operat 
ing circuits for relays 58 and Ol. 

Relay in operating locks under control of 
relay 5. At its outer upper and lower armatures, 
relay transfers the tip and ring conductors of 
the extension line from the left armatures of re 
layS 52 to 58, inclusive, to the right armatures 
thereof. With relay 58 operated, an obvious cir 
Cuit under control of relay 73 is completed for re 
lay 43, which relay in operating locks by Way of 
its upper Winding to ground on the lead 09, and 
at its upper and inner lower armatures transfers 
the line C from the extension line to the direct 
trunk is to the private branch exchange. Thus 
the eXecutive station B may have direct access, 
not Only to a plurality of subordinate stations but 
also to one or more trunks extending to a private 
branch eXchange or central office. With the line 
to relay 88 Opened, this relay releases, releasing 
all operated relayS except relay 43. At the end 
Of the Call, relay 43 releases by the removal of 
ground from the lead fool of the direct trunk L. 
to the private branch exchange. 
On calls Originated at a private branch ex 

Change, ground Will be connected to lead go of 
the trunk I, to cause the operation of relay 43. 
Relay 43 functions to connect the executive line 
C directly to the trunk I extending to the private 
branch exchange. 

It will be understood that more than one of the 
keys or buttons may be assigned to private branch 
eXchange or central office trunks. 

It is believed unnecessary to trace through calls 
Originating at Station B for each of the other 
Subordinate Stations. The general operation of 
the System is identical to that already described, 
and the manner in which the selecting relays 4 
to T, inclusive, and the station connecting relays 
52 to 59, inclusive, operate in response to the 
actuation of certain of the keys at the executive 
Station is clearly indicated by the table in Fig. 5. 

It may be well to indicate, however, that 
SWitching relay foll operates whenever relay 7 
is actuated to transfer the tip and ring con 
ductors from the left armatures of relays 52 to 
58, inclusive, to the right-hand armatures there 
of. In this manner each of the relays 52 to 58, 
inclusive, Serves two subordinate lines, or their equivalent. 
The line at station VIII is shown terminating 

in a jack to which connection may be made by 
neans of a jack-ended cord to which there is con 
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nected a telephone handset. All the lines may 
be thus terminated, or if desirable, they may 
be directly associated with a substation set. 
In Fig. 1-A there is disclosed an executive 

substation S equipped with but six keys which 
may be employed to obtain the results obtained 
with the fifteen keys employed at station B. 
There are five selecting keys, f', 2',3', 4' and 5' 
and a “start' key 6. The method of selecting 
a station with this telephone set differs from the 
fifteen station sets hereinbefore described, in that 
it requires the operation of one or more code keys 
and the operation of the start key. The third 
column of the table shown in Fig. 5, indicates the 
manner in which the keys of the six-buttton set 
are operated to effect the station selections. As 
therein indicated, the station codes may be Con 
posed of one to three key operations. Keys to 
5', inclusive, are of the mechanically locking type 
and are released by the actuation of the start 
key 6', but before the key is released, ground is 
connected through the start key contact and the 
receiver Switchhook contacts to the cominOn 
ground lead 2 to all of the keys. 
In order to clearly set forth the operation of 

this system it will be assumed that the executive 
at station. S desires to communicate with the 
Subscriber at Subordinate station VII. The re 
ceiver is removed from its switchhook and the 
same relay operations are effected as when the 
receiver at Station B is removed from its Support 
as hereinbefore described. Keys '', 2' and 3', in 
accordance with the table of Fig. 5, are then 
actuated and mechanically locked. Then the 
start key 6' is operated. 

It will be understood now, that relay 2 has 
operated to connect the leads to and of the 
selecting circuit to tip and ring conductors 225 
and 209, respectively, extending to the substa 
tion S. The actuation of key connects the 
tip side of the line to varistor or rectifier 230; 
key 2' connects the tip side of the line to recti 
fier 23; and key 3' connects the ring side of the 
line to rectifier 232. The Operation of start key 
6' connects ground through these rectifiers to the 
tip and ring sides of the line so that positive and 
negative impulses traverse the tip side of the line, 
conductor 0 and the operating windings of re 
lays 4 and 5, while positive impulses only will 
traverse the ring side of the line, conductor 
and the operating winding of relay 6. Relays 
f4, 5 and 6, therefore, operate and lock under 
control of relay 45 in a manner which is ap 
parent from the previous description of the op 
eration of the fifteen-button key system. 
With relays 4, 5 and 6 operated and locked, 

a circuit for the operation of relay 58 is prepared 
which extends from ground, front contact and 
lower armature of relay 45, conductor 50, outer 
left armatures and front contacts of relays 4 
and 5, front contact and outermost left arma 
ture of relay f6, winding of relay 58, to the open 
back contact and Outer upper armature of relay 
i 2 by way of conductor 5f. When relay 2 re 
leases in a manner fully explained in a preceding 
description, relay 58 operates and locks, connect 
ing the subordinate station VII to the line. 

It is believed unnecessary to describe in detail 
any further station selections since the table in 
Fig. 5 covers all key combinations and the relay 
operations effected thereby. It will be observed, 
however, that the fifteenth combination in this 
system is effected by operating key 5' and start 
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key 6', which results in the connection of ground 
to the tip and ring conductors at the station S. - - 

9 

5 
Thus both positive and negative polarities are 
transmitted over both the tip and ring conductors 
and conductors 0 and , to effect the operation 
of relays 4, 5, 6 and T. The functions per 
formed by these relays have been described in 
detail hereinbefore in connection with the opera 
tion of key No. 15 at executive station B. Suffice 
it to repeat here that relay 43 eventually oper 
ates to connect the executive line C to the direct 
trunk L to the private branch exchange or cen 
tral office. 
The particular form of selecting circuit in 

volving neutral relays with positive and negative 
varistors connected in series and shunt there 
with, results in a system, highly selective to the 
transmission of current impulses of different 
polarities, and increases the margins within 
which the selecting relays will function. It will 
be noted that each selecting relay 4, 5, 6 and 
it has two similarly poled rectifiers connected in 
series with its operating Winding, and an Oppo 
sitely poled rectifier connected in shunt with its 
operating winding and one of the Series Con 
nected rectifiers. The series connected rectifiers 
offer a very high resistance to the unwanted 
polarity, that is, the polarity, on which a certain 
relay is to non-operate, whereas the shunt con 
nected rectifier or varistor serves to by-pass the 
unwanted polarity and constitutes a relatively 
low resistance path for this purpose. It Will also 
be noted that the shunt Varistor for each relay 
is also one of the series varistors of the other 
relay. 
Though applicants have illustrated the funda 

mental relay-Varistor selecting circuit in its ap 
plication to a station or line selecting system, it 
is apparent that its use is not so limited. The 
keys at Station B, or ten of them, for example, 
might constitute the elements of a telephone 
designation Sender Which functions to transmit 
codes consisting of positive and negative impulses, 
Singly and in combinations, to characterize the 
digits of telephone numbers. In Such a System 
the selecting relays Would function to control re 
lays in a register or similar device. 
By placing the impulse transmission under the 

joint control of the selecting keys and the re 
ceiver Switchhook contacts at the executive sta 
tion, the possibility of effecting station selections 
by the inadvertent or otherwise accidental actu 
ation of a key, with the receiver on its support, 
is obviated. 
As hereinbefore specified, relay 40 operates 

whenever any station selecting key is operated at 
the executive station when the telephone thereat 
is removed from its support in order to maintain 
relay 2 operated until the selecting key is re 
Stored to normal. Relay 2, at its outer upper 
armature, controls the connection of battery to 
the conductor 5 which is included in the operat 
ing circuit for relays 52 to 59, inclusive, and for 
relay foil, and as long as this relay is operated, 
the circuit for these relays is incomplete. Ob 
Viously, therefore, no station selection can be ef 
fected until relay 2 restores its armatures which 
is accomplished when relay 40 releases upon 
restoration of a station selecting key to normal. 
Unless Such provision is made, a station selection 
might be completed when the executive subscrib 
er actuates a station selecting key and then de 
cides to abandon the call by replacing the tele 
phone on its support. 
The Selecting keys at stations B and S may be 

mounted directly on the telephone handset or, if 
desirable, in a separate key box. 
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What is claimed is: 
1. The combination in a telephone impulst 

transmitting System, of a transmitting station, a 
receiving point, a Source of positive and nega 
tive current impulses, a line interconnecting Said 
transmitting Station and Said receiving point, 
means for selectively applying the positive and 
negative inpuses of Said Source to Said line 
Singly and in combinations, and a receiving cir 
cuit for said in pulses comprising a pair of uni 
directional current conducting branches inter 
posed between said Source and said means, each 
branch including tWO Similarly poiled rectifiers 
and the Winding of a relay and a rectifier of each 
branch shunting the relay winding and One of 
the rectifiers of the other branch. 

2. The combination in a telephone System, of a 
transmitting station, a receiving point, a pair 
of Wires interconnecting said transmitting sta 
tion and Said receiving point, a Source of posi 
tive and negative current impulses at the re 
ceiving point, means at the transmitting station 
for selectively applying positive and negative 
impulses from Said Source singly or in combina 
tions to either or both of said wires, and receiv 
ing equipment at said receiving point, for said 
impulses comprising a pair of unidirectional cur 
rent conducting branches interposed between 
Said Source and each of Said Wires, each of said 
branches consisting of two similarly poled recti 
fiers and the winding of a relay, all serially con 
nected, and a rectifier of each branch shunting 
the relay winding and one of the rectifiers of 
the other branch of the same pair of branches. 

3. The Combination in a telephone system, of a 
plurality of Signal control relays, and means for 
Selectively operating said relays comprising, a 
Source of positive and negative current impulses, 
a line, means for Selectively transmitting the 
positive and negative impulses of said Source 
over said line singly and in combinations, and 
an impulse receiving circuit aSSociated with Said 
line and interposed between said transmitting 
means and Said Source comprising, a pair of 
Selecting relays, a pair of similarly poled recti 
fiers connected in Series with one of said relays, 
a Second pair of similarly poled rectifiers con 
hected in Series With the other of said relays, 
the rectifiers of one pair being poied opposite 
to the rectifiers of the other pair, and a circuit 
connection for connecting each of Said relays 
and one of its serially connected rectifiers in 
shunt With one of the rectifiers serially connected 
with the other of said relays. 

4. The combination in a telephone system, of a ; 
transmitting station, a receiving point, a source 
of positive and negative current impulses at the 
receiving point, a conductor interconnecting the 
transmitting Station and the receiving point, 
means for Selectively. applying the positive and 
negative inpulses of Said Source to Said conductor 
Singly and in combination, and a receiving cir 
cuit, at Said receiving point, for said impulses, 
comprising a pair of unidirectional current con 
ducting branches interposed between said Source 
and said conductor, each branch consisting of 
two similarly poled rectifiers and the winding 
of a relay all Serially connected, with the lead 
interconnecting the similarly poled rectifiers of 
each branch COmnon to both branches. 

5. The combination in a telephone system of a 
transmitting station, a receiving point, a source 
of positive and negative inpuses at Said receiv 
ing point, a pair of Wires interconnecting said 
transmitting Station and said receiving point, 
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2,278,410 
means at said transmitting station for applying 
the positive and negative impulses of Said Source, 
singly or in combination to each of Said wires, 
and impulse receiving means interposed between 
each source and each of Said Wires comprising, 
a pair of relayS, a pair of positive poled rectifiers 
connected in series with one of Said relays, a pair 
of negative poled rectifiers connected in Series 
with the other of said relays, and a rectifier 
shunting each of said relays and one of its 
Serially connected rectifiers and poled Oppositely 
to the serially connected rectifiers. 

6. The combination in a telephone system, of a 
primary Station, a Secondary Station, an ex 
tension line, SWitching means for connecting 
Said Secondary Station to Said extension line, a 
key at said primary station, means responsive 
to the actuation of Said key Subsequent to the 
removal of the receiver at said primary station 
for preparing Said Switching means for operation, 
and means effective upon the release of Said key 
for operating said Switching meanis. 

7. The combination in a telephone system, of 
a primary Station, a plurality of secondary sta 
tions, an extension line common to said second 
alry stations and normally associated with said 
primary Station, Switching means individual to 
Said secondary stations for connecting said sta 
tions to Said extension line, keys at said primary 
Stations, means controlled thereby when oper 
ated Subsequent to the removal of the receiver at 
Said primary station for selectively preparing an 
Operating circuit for Said individual switching 
means, and means effective upon the release of 
Said keys for completing the operating circuit 
prepared by the operation of said key controlled 
eaS. 

8. The combination in a telephone system, of a 
primary station, a plurality of secondary stations, 
an extension line common to said secondary sta 
tions normally associated with said primary sta 
tion, Switching relays for connecting said sec 
Ondary stations to said extension lines, key con 
trolled means at said primary station, means re 
Sponsive to the operation of said key controlled 
means When a particular key at said primary 
Station is actuated subsequent to the removal 
of the receiver thereat for preparing an operat 
ing circuit for a particular one of said switching 
relays, and means responsive to the release of the 
actuated key for completing the operating cir 
Cuit for the said particular one of said switching 
relays. 

9. The combination in a telephone system, of a 
primary station, a plurality of secondary stations, 
an extension line common to said secondary sta 
tions normally associated with said primary sta 
tion, Switching relays for connecting said second 
alry Stations to said extension line, an operating 
circuit for said Switching relays, a plurality of 
Selecting relays, key controlled means at said 
primary Station responsive to the actuation of a 
key thereat for selectively operating said select 
ing relays whereupon the operating circuit for a 
particular one of said switching relays is pre 
pared, and means responsive to the release of the 
actuated key at said primary station for complet 
ing the Operating circuit prepared by said select 
ing relays. 

10. In a telephone System, a telephone line 
having tip and ring conductors, a primary sta 
tion. On Said line, a plurality of secondary lines, a 
SWitching device for connecting each of said 
Secondary lines to said telephone line, and means 
for selectively actuating said switching devices 
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comprising, a source of alternating current, a 
pair of relays connected in circuit with said 
Source of alternating current and arranged to 
respond respectively to positive and negative 
current impulses, a second pair of relays con 
nected in circuit. With Said Source of alternating 
current and arranged to respond respectively to 
positive and negative current impulses, a keying 
device at said primary station, means responsive 
to the removal of the receiver at Said primary 
station for connecting the windings of said first 
pair of relays to the tip conductor of Said line 
and the Windings of Said Second pair of relays to 
the ring conductor of said line, and means con 
trolled by said keying device, when actuated, for 
selectively transmitting the positive and negative 
impulses from said Source of alternating current 
over said tip and ring conductors to prepare said 
switching devices for operation, and means ef 
fective upon the release of Said keying device for 
operating Said Switching devices. 

11. The combination in a telephone system, of 
a primary station, a plurality of Secondary sta 
tions, an extension line common to said second 
alry stations extending from said primary station, 
switching means for connecting each of said 
secondary stations to said extension line, and 
means controlled from said primary station for 
Selectively operating said Switching means com 
prising a Source of positive and negative. Current 
impulses, a selecting circuit extending therefrom 
and including a pair of selecting relays, each of 
said relays having a pair of unidirectional current 
conducting devices connected in Series thereWith 
and poled so as to pass impulses of a particular 
polarity, a unidirectional current conducting de 
vice shunting each of said relays and poled op 
positely to the series connected devices, means re 
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sponsive to the removal of the receiver at said 
primary station for connecting said selecting cir 
cuit to one of the line conductors extending to 
said Station, and means at said primary station 
for causing the transmission of either positive 
or negative impulses from said source over said 
Selecting circuit to cause the selective operation 
of Said Selecting relays. 

12. The combination in a telephone system, 
of a primary station, a plurality of secondary 
stations, an extension line common to said sec 
ondary stations and normally associated with said 
primary station, Switching means for connecting 
each of Said Secondary stations to said extension 
line, and means for selectively operating said 
Switching means comprising a group of selecting 
relays, a source of positive and negative impulses, 
a positive poled rectifier connected in series with 
one of said relays and said source, a negative 
poled rectifier connected in shunt. With said one 
of said relays and its series connected rectifier, 
a negative poled rectifier connected in series with 
another of Said relays and said source, a positive 
poled rectifier connected in shunt with said other 
of said relays and its series connected rectifier, 
means responsive to the removal of the receiver 
at said primary station for connecting said group 
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of relays to one of the line conductors extending 
to said primary station, and means at said pri 
mary station, effective subsequent to the removal 
of the receiver thereat, for causing either posi 
tive or negative impulses, or both, to be trans 
mitted over said line conductor to selectively 
Operate said group of relayS. 

13. The combination in a telephone System, of 
a primary station, a plurality of secondary sta 
tions, an extension line common to said second 
ary stations and normally associated with said 
primary station, switching means for connecting 
each of said secondary stations to said extension 
line, and means for selectively operating said 
Switching means comprising, a source of positive 
and negative current impulses, a pair of select 
ing relays connected in series With said source 
and arranged to respond selectively to current 
impulses of one or the other polarity, a second 
pair of selecting relays connected in series with 
Said source and arranged to respond selectively 
to current impulses of one or the other polarity, 
means responsive to the removal of the receiver 
at said primary station for connecting one of said 
pairs of relays to one of the line conductors ex 
tending from said primary station, and the other 
of said pairs of relays to the other line conductor 
extending from said primary station, means at 
said primary station, effective subsequent to the 
removal of the receiver thereat, for causing the 
Selective transmission of the positive and nega 
tive impulses from said source, singly or in com 
binations, over either or both the line conductors 
extending from said primary station to cause the 
selective operation of said selecting relays. 

14. The combination in a telephone system, of 
a primary station, a plurality of secondary sta 
tions, an extension line common to said second 
ary Stations and accessible to said primary sta 
tion, switching means for connecting each of said 
secondary stations to said extension line, and 
means for selectively operating said switching 
means comprising a source of positive and nega 
tive current impulses, a plurality of selecting 
relays arranged in two groups of two relays each, 
a relay of each group arranged to respond to 
positive impulses from said source and another 
relay of each group arranged to respond to nega 
tive impulses from said source, means responsive 
to the removal of the receiver at said primary 
station for connecting each group of selecting 
relays to a different line conductor extending 
from Said primary station, and means for selec 
tively transmitting the positive and negative im 
pulses from Said source over either or both of the 
line conductors, comprising a pair of oppositely 
poled rectifiers for each of said line conductors, 
and means effective subsequent to the removal 
of the receiver at the primary station for effec 
tively associating the said oppositely poled recti 
fiers with their respective line conductors singly 
Or in combination. 
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