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My invention relates in 
matic telephone systems. - 
One of the objects of my invention is to 

provide a novel method for directively con 
trolling the automatic switching equipment 
in the central exchange from the subscriber's 
station. : 

Another object of my invention is to pro 

general to auto 

vide means for increasing the speed at which 
the switching mechanism in the central office may be operated. 
Another object is to provide means for di 

rectively controlling Switching equipment in 
the central office in a more positive and effi 
cient manner. 
Another object is to provide means whereby 

the central office selecting switches may op 
erate at as high a speed as their own me 
chanical construction and adjustment per 
mits, to complete a connection under the 
control of the calling subscriber. . 
Another object is to provide novel means 

of controlling the central office switching 
mechanism from the subscriber's Substation 
which will not be affected by change in line 
conditions such as inductive interference, or 
the distance of the subscriber's substation 
from the central office. - 

Another object is to do away with all 
slow-acting relays in the central office switch 
ing equip}nent and to provide a positive. 
means of control of the switching equipment 
by means of quick-acting relays. 
Another object is to reduce the amount 

of central office switching equipment needed. 
Another object is to provide a novel meth 

od of directively controlling the central of - 
fice switching mechanism from the sub 
scriber's substation which is different from 
that employed to bring about the release of 
the central office mechanism. 
A further object is to provide a novel 

method of directively controlling the cen 

- ric, 
t 

; tral office switching mechanism from the 
subscriber's substation which renders it in 
possible for the subscriber to send a so-called preliminary impulse. 
A further object is to provide a new and 

improved calling device for permitting or 

controlling the operation of the central office 
equipment at a much higher rate of speed. 
A further object is to provide a new and 

improved circuit for the subscriber's indi 
vidual line switch. 
Another object is to provide a new and inn 

proved circuit for the selector switches in 
the central office switching equipment. 
Another object is to provide a new and 

improved repeater circuit. 
Another object is provide an improved con 

Ilector circuit. - 
A still further object is to provide means 

for instantaneously releasing the switching 
equipment used in an established connection 
at the central office when the subscriber hangs up. 
The most modern automatic telephone sys 

tems of the present day employ what is known 
as the “two wire' principle, whether the sys 
tem uses the so-called Strowger switching 
equipment, the panel type switching equip 
ment or relay selecting equipment, or not. 
The fundamental principle of this so-called 
“two wire' operation is timing relays. 
The central office switching mechanism is 

operated from the subscriber's substation by 
the subscriber operating a calling device 
which produces a series of openings in the 
line. During this period of successive open 
ings, a quick acting relay at the central office 
responds, while a slow acting relay is main 
tained energized. The quick acting relay 
serves to operate the selecting mechanism by 
sending out a series of impulses. A slow act 
ing relay is maintained energized by this 
series of impulses. When the dial is restored 
to normal after one operation, the line is 
closed for a comparatively long period of 
time, the quick acting relay remains ener 
gized, and the slow acting relay, energized by 
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the impulses sent out by the quick acting re 
lay, is deemergized to cause the automatic 
trunk selecting movement of the directively 
controlled switch, so that the next stage of selecting operation may be performed. The 
switches are successively operated in this 
manner until the desired connection is estai 
lished. After the conversation is completed, 
the connection is usually released by the call. 
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ing subscriber hanging up. This operation 
permanently opens the line until the next 
call. This opening of the line causes the quick 
acting relay under the subscriber's control to 
deenergize. A short interval of time after 
this deemergization, the Selecting equipment 
is released upon the deemergization of the 
slow acting relay whose circuit is opened by 
the deenergization of the quick acting relay 
under the control of the calling subscriber. 
Another great difficulty encountered in the 

practical operation of the two wire system, 
is the production of one or more openings of 
the line when the receiver at the calling tele 
phone is removed from the Switch hook. 
These openings cause the operation of the 
Selecting equipment at the central office. This 
invariably causes a wrong number. Many 
attempts have been made to overcome this, 
the one that is used in practice involves the 

and still does not cure the difficulty entirely. 
The usual practice is to trunk the calls which 
start with the digit 1 to an operator who in 
forms the subscriber to call again. in this 
case no number can be used starting with the 
digit 1. Not only is this method unsatisfac 
tory, but it provides no solution of the prob 
lem where two preliminary impulses occur. 

In view of the fact that the proper opera 
tion of the selecting equipment at the central 

35 

office is dependent upon the functioning of 
fast and slow acting relays, it is highly in 
portant that these openings in the line circuit 
brought about by the manipulation of the 
subscriber's calling device be properly timed 

40 

both as to duration and speed of occurrence. 
It is essential that the subscriber refrain from 
interfering with the return, or impulse pro 
ducing movement of the calling device dial 
in any manner whatsoever. 
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0. it will be seen that any interference with 
this backward movement will so slow the ac 
tion of the impulse sending, that the central 
office switching equipment will fail to operate 
properly. If the movement of the dial is in 
terfered with so that the line is maintained 
open too long, the selecting equipment will 
be released. If the movement of the dial is 
stopped with the line closed, the trunk select 
ing movement of the switch occurs at an im 
proper point. In addition, if the dial is 
forced in backward movement, impulses will 
be lost. In any of these cases a Wrong hun 
ber, or no number at all is obtained. 

Before the advent of the two wire systeia, 
automatic telephone systems of the three wife 
ype were in common use. The three wire 
principle involved the use of a ground con 
nection at the subscriber's station. The 
switches at the central office are directively 
controlled by applying the ground connec 
tion to either one or the other of the lines 
leading to the subscriber's substation. The 
impulses are sent to directively control the 
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switching mechanism by successively ground 
- & ing the vertical side of the lines a plurality 

of times. The automatic trunk selecting 
movement is initiated by momentarily 
grounding the rotary side of the line. The 
release of the selecting equipment is Securel 
by grounding both sides of the line simul 
taneously. It will be seen that the three wire 
system had many advantages over the two 
wire system which was later adopted, since 
all the functioning of the selecting equip 
ment was positively controlled. However, 
the difficulties arising in providing a ground 
connection at the telephone substation and 
the troubles arising therefrom, such as vary 
ing ground potentials, was great enough to 
overcome all the advantages of the three wire 
system. 
As before stated, imany attempts have been 

made to incorporate the advantages of the 
three wire system into the two wire system. 
So far as I know, all these attempts have 
aroved unsuccessful. One of these attempts 
was simply to eliminate the use of the slow 
acting relay in the two wire system without 
deviating from the principle employed. This 
consisted in supplying condensers in the im 
pulsing circuit of the relays which, in the two 
wire system, were inade slow acting, but 
which, in this system, were quick acting. The 
period between the impulses was taken up by 
the condenser discharging into the circuit to 
maintain the quick acting relay energized 
during this interval of time. 
Another attempt consists in employing a 

:nodification of the calling device which, at 
the end of the impulses, sends a series of high 
frequency impulses to which the usual quick 
action relay at the central office would not 
respond, but a special relay in circuit with it 
would respond. This special relay in re 
sponding initiated the trunk selecting or 
switch over action of the selecting equipment 
at the central office. This was termed the so 
called “Zing impulse’ system. 

In another attempt the switch over was ob 
tained by the slow acting principle above 
discussed, but the release was somewhat dif 
ferent. The subscriber's substation circuit 
was modified so that the calling device, instead 
of opening the line, simply removed the short 
circuit from a resistance at the subscriber's 
station. The usual quick acting relay at the 
central office was adjusted to respond to this 
onening of the line for removing the shunt 
around the resistance. However, there was 
another relay at the central station, which 
conti'olled the release, that was naintained 
elergized in series with the comparatively 
high resistance at the station. After the con 
nection was completed and the subscriber 
hung up, he line was completely opened so 
that this relay which was maintained oper. 
ated during the impulsing would be deemer 
gized to release the selecting equipment. This 
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was an attempt to eliminate the difficulty 
arising from 
pulse'. . 
Obviously, these attempts to obtain the ad 

vantages of the three wire system in the two 
wire were unsicceessful and did not go to the 
foot of the trouble. The present invention is 
designed to obviate all the disadvantages of 
the two wire system and still to maintain a 
great advantage over the three wire system. 
that of having no ground connection at the 
subscriber's station. In addition, the present 
invention provides means whereby the cen 
tral office switching equipment may be direc 
tively controlled at a much greater speed than 
has hither to been the case. it also provides 
means for controlling the central office equip 
ment much more positively and in a manner 
entirely different than that which has hither 
to been employed. By the use of this princi 
ple, all slow acting relays and timing mech 
aris is eliminated. 
avoids the use of impulses and works upon 

That principle also 
one of the most eficient and accurate circuit 
principles that has yet been devised. 
There are many other objects than 

mentioned in the foregoing which, together 
with the above, will be described in the de 
tailed specification which is to follow, taken 
in conjunction with the accompanying draw 
ings, forming part of this sipecification. 
While I have shown my invention applied 

to an alatomatic telephone system, it will be 
obviolis that the selecting principle employed 
is equally applicable in any selecting system 
Stich as those employed in any telegraphy, 
Stiervisory control, train control and, in 

5 

is: i. 

fact, in any selecting system where it is neces 
say to control the positioning of a device. In practicing my invention, I provide a 
special type of calling device at the sub 
scriber's station. This calling device is adapt 
ed to throw a certain amount of resistance in 
a line, depending upon the digits dialed by 
the subscriber. This resistance remains in 
the line until the dial restores to normal, 
whereupon it is withdrawn. Associated with 
the central office switching mechanism is a 
similar resistance. 

switching equipment. When the subscriber 
removes the receiver, the usual automatic 
trunk selecting or line finding takes place, by 

operates the calling device, a resistance is. 
s 

first selector. 
which the subscriber's line is connected to a 

The differential relay 
first selector is connected to the line through 
oie of its windings. When the subscriber 

thrown in this circuit.: The other winding 
of the differential relay is connected to the 
resistor associated with the first selector 
switch. The introductions of resistance in 
the ci 

the so-called “preliminary im 

those 

A differential relay is 
employed to control the operation of the 

in the 

cuit of one winding of the differential 
relay permits this relay to operate. There 
lipon, an automatic movement of the switch' 

3 

occurs. As this movement takes place, re 
sistance is introduced step by step in the cir 
clait of the other winding of the differential 
relay. When sufficient resistance is intro 
duced into the circuit of this other winding. 
the differential relay retracts its armature. 
and the stepping movement of the switch 
ceases. The selecting switch is now in a posi 
tion corresponding to the digit dialed by the 
subscriber. Inasmuch as this movement of 
the switch occurs over a circuit local to the 
switch and is merely controlled by the bal 
ancing action, it will occur very rapidly. It 
will be seen that the switches of the central 
office are controlled from the subscriber's sta 
tion by a balancing arrangement. This is 

S. 

very accurate and corresponds to what might 
be termed a potentiometer method of control. 
While in the drawings the invention has 

been shown and described as applied to the 
so-called Strowger type of automatic tele 
phone equipment, it will be understood that 
it may be applied equally well to the so-called 
panel type, relay type, and, in fact, to all 
types of automatic telephone apparatus. 

Referring now to the drawings, comprising 
Figs. 1 to 10, inclusive, sufficient apparatus 
and circuits have been shown by means of 
the usual conventional diagrams to enable 
my invention to be readily explained and 
understood. . . . . . . . - 
- Referring now to the drawings:-- 
Figs. 1 to 6 show the mechanism of my im 

proved calling device at the subscriber's 
station; 

Fig. 1 is a top plan view of my improved 
calling device; 

Fig. 2 is a medial cross-section of the 
same; . . . . 

Fig. 3 is a section along line 3-3 of Fig. 
2 looking in the direction of the arrows show 
ing certain mechanism that has to do with 
the backward movement of the calling device 
dial; . . 
: Fig. 4 is a section along the line 4-4 of 
Fig. 2 looking in the direction of the arrows 
showing the manner in which the resistance 
is cut into the line; 

Fig. 5 is a detail section along the line 5-5 
of Fig. 3, looking in the direction of the ar 
rows and showing the so-called shunt springs; 

Fig. 6 is an enlarged cross section along 
the line 6-6 of Fig. 4 showing certain de 
tails of construction; - 

to illustrate the operation of the apparatus. 
Fig. 10 is a diagrammatic view of the sub 

scriber's telephone substation circuit; 
In Fig. 7 the substation A is of the type 

shown diagrammatically in Fig. 10. 
The line switch C is of the usual rotary 

type, being provided with three wipers 724 
to 726, inclusive, each adapted to engage a 
series of 25 bank contacts, such as 727 to 729, 
inclusive. The line switch C is provided 

7, 8 and 9 show the necessary circuits 
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with the usual type of switching relay 710, 
line relay 711 and motor magnet 712. A spe 
cial type of line relay 711 is provided hav 
ing a low resistance lower winding which is 
adapted to maintain the relay energized in 
series with the relay 710 and motor magnet 
12. The wipers 724 to 726, inclusive, are 

adapted to be advanced by the operation of 
the motor magnet 712 upon its deemergiza 
tion. The motor magnet 712 interrupts its 
own circuit and operates as a buzzer, to ad 
vance its wipers into engagement with the 
bank contacts associated with an idle trunk. 
The selector switch. D is one of a plurality 

of such switches accessible to the individual 
subscriber's line switches, such as C. The se 
lector D is of the usual Strowger type having 
a directively controlled vertical movement 
and an automatic rotary trunk selecting 
movement. The selector switch is provided 
with wipers 763-765, inclusive. These 
wipers are adapted to be moved vertically by 
the operation of the vertical magnet 737 and 
aire adapted to be rotated into engagement 
with the bank contacts, such as 770 to 772, 
inclusive, the terminals of an idle trunk in 
the level selected, by the rotary magnet (36. 
In addition to the usual wipers 763 to 765, 
inclusive, the selector is provided with a ver 
tical wiper 766. This wiper is adapted to be 
operated into engagement with vertical bank 
contacts, such as 768. There is one such ver 
tical bank contact for each level of the switch. 
The vertical bank contacts are connected to 
a resistor 767 that is similar to the resistor 
705 in the substation A. The vertical bank 
contacts are connected to the resistor 767 in 
such manner that the first vertical bank con 
tact is connected to the same corresponding 
point in the resistor 767 that the bank con 
tact, such as 706, in the subscriber's station, 
sich as A, is connected to. The selector 
switch. D is adapted to be released by the op 
eration of the release magnet 735. For con 
troling the selector switch such as D. relays 
such as 730 to 734, inclusive, are provided. 
The relay 730 is of the differential type. Re lay 731 is a quick acting release relay. Relay 
732 is an interrupter relay. Relay 733 is a 
switching relay, and the relay 734 is a con 
trolling relay. 
The trunk lines accessible to the selector 

switch D may terminate in second selectors 
or in connectors, depending upon the size of 
the system. If the trunk lines terminate in 
:econd selectors and there is more than one 
exchange in the system, certain of these trunk 
lines lead to repeaters in order that two wire 
trunk lines may be used for interconnecting 
the various exchanges. 

in the present case, the trunk line leading 
from the bank contacts 770 to 772, inclusive, 
extend by way of the conductors 773 to 775, 
inclusive, to the repeater R. (Fig. 8). Re 

5 peater R comprises the relays 801 to 806, in 
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clusive. The relay 801 is an electropolarized 
relay having an upper polarizing winding 
and a lower low resistance winding for oper 
ating the relay. The upper winding of the 
relay S01 is connected to battery in series with 
a fairly high resistance. The operation of the 
relay is such that the relay will not attract 
its armature until the current flow in both 
windings is in the same direction. When the 
current flow is in the same direction, the re 
lay is energized. Upon energizing, the re 
lay is adapted to cut out the resistance in se 
ries with its polarizing winding. The relay 
803 is a differential control relay. The relay 
804 is adapted to supply battery to the call 
ing line. The re'ay 806 is a differential relay. 
There is a minor switch such as Massociated 
with each repeater such as R. The minor 
switch M is of the usual construction having 
two wipers 830 and 831, each adapted to en 
gage in their rotation a series often bank co 
tacts. The wipers of the minor switch are 
adapted to be rotated by the stepping magnet 
807 and released by the operation of the re 
lease magnet 808. There is a resistor 832 con 
nected to the various bank contacts accessible 
to the wiper 830 so as to provide for a varia 
tion in resistance in the circuit of the love' 
winding of the differential control relay 803 
corresponding to the change in resistance Oc 
casioned in the circuit of the upper winding 
by the operation of the calling device. Sini 
larly, there is a resistor connected to the bank 
contacts accessible to the wiper 831 so that 
movement of this wiper may control the se 
lecting mechanism in the distant exchange in 
the same manner as if the switching mecha 
nism were controlled from a calling sub 
scriber's telephone. 
The trunk line comprising conductol's 840 

and 841 extending from the repeater R ter 
minates at another exchange in an incoming 
selector D. This selector has a circuit that 
is similar to the selector D and is of the 
usual Strowger type. The second selector D 
has access to the trunk lines leading to con 
nector such as H (Fig. 9). 
The connectors, such as H, are of the usual 

vertical and rotary type. The connector it is 
provided with vertical and rotary magnets 
910 and 911 and a release magnet 909. The 
vertical and rotary magnets are adapted to 
operate the wipers 960 to 963, inclusive, first, 
in a vertical and then in a rotary direction. 
The connector switches H are also provided 
with vertical wipers such as 964. These 
vipers are adapted to engage a vertical hank 
of ten contacts, such as 965. In addition, 
all the connector switches have an extra 
wiper, such as at 962, for controlling the ro 
tary movement of the switches. This wiper 
and the associated bank contacts are iden 
tically the same as those employed on the 
so-called rotary connectors manufactured by 
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ing talking battery to the called line. This 
relay is also adapted to attract its armatures 
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as 967, is connected to the vertical bank con 
tacts in the manner shown, and to the Fotary. 
bank contacts, corresponding rotary contacts 
at various levels are multiplied together. 
The connector switches H are provided with 
relays, such as 90t to 908, inclusive, of the 
usual telephone type. The relay 90i is a dif 
ferential relay. The relay, 902 supplies talk 
ing battery to the calling line. The relay 
903 is what is known as a two-step relay. 
When the upper winding of the relay 903 is 
energized, only the armatures 923, 924 and 
926 are operated. When both the upper and 
lower windings of the relay 903 are ener 
gized, all the armatures of this relay are oper 
ated. The relay 904 is an interrupter relay. 
The relay 905 is a ring cut-off relay. The 
relay 906 is a back bridge relay for supply 

when its lower winding is energized in series 
with the resistance 94.0. The relay 907 is a 
busy control relay. The relay. 908 is a switch 
ing or cut-in relay. . . 
The connector switch H has access to called 

subscribers’ lines, such as the line of the sub 
scriber at the substation A'. The substation. 
A is similar to the substation. A previously 
described. The line switch C is the called 
subscriber's line switch and is similar to the 
line switch C previously described. - 
The calling subscriber is supplied with a 

busy tone from the busy machine BM in the 
event that the called line is busy, while the 

5 called subscriber's substation is rung inter 
mittently by the ringing current furnished 
by the ringing equipment, Rii. These devices. 
are of the usual type and need not be de 
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scribed in detail. 
Referring now to. Figs. 1 to 6, inclusive, 

and Fig. 10, I shall now describe the novel. 
calling device adapted for use in Ia. inn 
proved system. Like reference characters in 
the various figures refer to similar parts. 

5. The novel calling device consists of the 
usual base plate 10, finger hold dial 11 carry 
ing on its underneath side a pawl 12 adapted 
to engage the crown ratchet13 that is adapt 
ed to operate the usual governor mechanism 
14 through the gears 15, 16 and 17. The 
above mentioned elements of the calling de 
vice are old and operate in identically the 
same manner as in the commercial calling 
device manufactured by the Automatic Elec tric Company of Chicago. A finger stop 
18 is mounted upon a shaft 19 by a boss 
9. The shaft 19 is supported between the 
base plate 10 and a subbase plate 20. The 
subbase plate 20 is held in spaced relation 

8 to the base plate 10 by means of bolts 25, 
26 and 27 passing through holes in the 
periphery of the subbase plate and the hol 
low spacers 21, 22 and 23 and threaded into 
holesin the base plate10. Mounted below the 

3 stibbase plate 20 is a series of ten bank con 

5 

tacts 24, these bank contacts are of the usual 
construction and may be mounted on a fair 
ly thick circular insulating ring 8 by means 
of screws. The bank contaet assembly is 
held in spaeed relation with respect to the 
Subbase plate by passing the bolts 25, 26 
and 27 through holes 28, 29 and 30, in the 
iRsulating ring 8. The shaft 31 has an en 
larged end spacing portion 6 and is attached 
to the dial FI by means of the screw 7. The 
shaft 31 extends at its lower end into a 
recess 33 in the shaft 34. The upper portion 
of the shaft 34 is serewed into the eentering 
or locking can 35 which is provided with 
the shoulders 36 adapted to rest against the 
base plate 20 under tension of a spring 37, 
one end of which is attached to the subbase 
plate 20 and the other end to the shaft 34. 
The lower end of the shaft 34 is threaded 
to receive the wiper mounting carrying the 
wiper 38. The wiper 38 is insulated from 
the shaft 34 in any well known or approved 
manner. This wiper may be adjusted by 
moving the nuts 39 on the threaded end of 
the shaft 34, whereby the whole wiper as 
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sembly is moved up or down. The wiper 
38 is adapted to engage the bank contacts 
24 when rotated. The wiper is so positioned 
with respect to the bank contacts that, when 
the dialis operated for the digit 1, the wiper 
is moved into engagement with the first bank 
contact. A releasing member 40 is attached 
to the shaft 31 by means of a boss 41. The 
rotatable shaft 19 and the finger stop 18 
carries an arm 44 that is adapted to operate 
the spring 45 to open the contacts 47 and 
to close the contaets 46; this latter operation 
performs certain functions in telephone sub 
station circuit as will appear. The spring 
member assembly is mounted in position on 
the base plate by two screws 49. The whole 
Spring assembly is, of course, insulated from 
the base plate in any well known or proved 
manner. The shaft 19 carries an arm 50 
that is adapted to operate the centering pawl 
52 through the link member 51. The center 
ing pawl 52 is pivoted at 53 and is normally 
heid in its ineperative position by the spring: 
54. When the shaft 19 is rotated the pawl 
52 is adapted to engage the centering wheel. 
35. A number of notches 55 are cut in the 
periphery of this centering wheel. These 
notches are ten in number, corresponding 
to the ten positions of the calling device dia. 
When the shaft 19 is rotated by the operator's 
fingers striking the stop 18, the pawl 52 is 
adjacent to one of these notches and is forced 
into engagement there with. This action 
serves to center the wiper 38 in engage 
ment with the proper bank contact. The 
centering wheel 35 is rotated when the shaft 
31 is turned by the member 40 engaging a 
pin 55 imbedded in the wheel35. The move 
ment of the wheel 35 causes the rotation of 
the wiper 38 and the tensioning of the spring 
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37. The pawl 52 is held in this operated 
position by the toggle mounting of the spring 
54. Thus the wheel 35, as well as the wiper 
38, are locked in their proper positions until 
the dial restores to normal, whereupon, the 
member 40 engages the end of the pawl 52 
and it is released from its locking position. 
The centering wheel 35 is permitted to re 
store to normal under the action of the spring 
37. Restoration of the centering wheel 35 
also brings about release of the Wiper 3S as 
they are mounted together. 
Having described the mechanical construc 

tion of my calling device, I will now explain 
the manner in which the various elements 
function when the calling device is oper 
ated. In order to do this, it will be assumed 
that the subscriber desires to operate his cali 
ing device in accordance with the digit 5, 
The subscriber, therefore, places his finger 
in the finger hole marked 5 and brings it fol'- 
ward until his finger reaches the finger stop, 
whereupon, he withdraws the finger and per 
mits the calling device dial to restore to inor 
mal position. During the forward hove 
ment of the calling device dial 11 the pawl 12 
rides over the surface of the crown 'atchet 
and this ratchet remains stationary. The 
shaft 31 attached to the dial 11 is, of course, 
rotated, thereby tensioning the spring 32. 
The arm 40 engages the member 55 attached 
to the centering wheel 35 and the centering 
wheel 35 is thereby rotated, carrying the 
wiper 38 into engagement with the fifth bank 
contact. The movement of the member 40 
also permits the locking member or pawl 
52 to be operated when the shaft 19 is ro 
tated by the finger of the calling subscriber 
engaging the finger stop 18. When this Oc 
curs the pawl 52 is forced into engagement 
with the fifth notch in the centering wheel 
35 whereby wiper 38 is centered into en 
gagement with the fifth bank contact. The 
locking pawl 52 is held in this position by 
the action of the spring 54. The rotation of 
the shaft 19 also causes the movement of the 
member 44 from engagement with the spring 
45, whereby this spring is permitted to en 
gage the spring 46 and break the electrical 
connection previously existing between the 
spring 47 and the spring 46. This oper 
ation serves to open the transmitter and re 
ceiver circuit in the telephone substation. 
When the calling subscriber removes his 

finger from the finger hold the dial 11 is 
free to return to normal under the influence 
of the spring 32. The pawl 12 now engages 
a tooth in the crown ratchet 13 and turns this 
ratchet which in turn operates the governor 
through the gears 16 and 17. In the present 
instance the governor does not slow down 
the dial very materially. It is only provided 
to prevent the dial 11 from Snapping back 
'apidly and causing injury to the equipment. 
Inasmuch as the centering wheel 35 is locked 
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by the pawl 52, the wiper 38 remains in en 
gagement with the fifth bank contact since 
the shaft 31 is revolving in the opposite di 
rection the member 40 has no connection with 
the locking wheel 35. Just before the dial 
reaches its normal position the member 40 
strikes the end of the pawl 52 and with 
draws it from engagement with the locking 
wheel 35, thereby permitting this wheel, to 
gether with the shaft 34, to restore to normal, 
thus carrying the wiper 38 to its normal po 
sition. The pawl 52 is maintained in its 
normal position by the action of the spring 
54. The shaft, 19 is rotated to its original 
position at this time and maintained there 
by the action of the spring 54; the rotation 
of the shaft causes the member 44 to operate 
the spring 45 to its original position, where 
by the telephone substation circuit is re 
stored to normal. Substantially the same op 
eration occurs when any other digit is dialed. 

It will be noted that the function of the 
calling device briefly is to position the wiper 
38 in engagement with the proper bank con 
tact at the end of its forward movement and 
permit it to remain there until the comple 
tion of its backward movement. The wiper 
38 is locked in engagement with the proper 
bank contact until the dial 11 is restored to 
normal. Thus, so far as the operation is 
concerned, the calling subscriber may inter 
rupt the backward rotation of the dial, bring 
it forward, or force it backward all without 
causing any different operation of the call 
ing device. If the subscriber holds the dial 
from returning, the wiper 38 remains posi 
tioned until he does permit it to restore. If 
he moves the dial forward and attempts to 
rotate it beyond the point at which it is set, 
he cannot because the wiper is locked. There 
fore, nothing the subscriber can do without 
actual violence can affect the prescribed op 
eration of the calling device. The manner 
in which the circuit is designed prevents any 
false operations occurring under the above 
conditions and permits the proper number 
to be obtained in spite of it. This will ap 
pear fully hereinafter. 

In Fig. 10 I have shown a diagrammatic 
view of a telephone substation equipped with 
my improved calling device. This substation 
consists of the usual transmitter 75, receiver 
76, bell 77, ringing condenser 78, and hook 
switch 79. The calling device is of the type 
just described. The wiper and bank contacts 
and springs for controlling the telephone sub 
station circuit only have been shown. It will 
be seen that the bank contacts are connected 
to a resistor 80. Thus, when the wiper is op 
erated into engagement with a bank contact, a 
certain amount of resistance in placed into 
the line circuit. The points on the resistor 
to which the bank contacts are connected are 
determ mined by the average resistance of 
the line. Another determining factor is the 
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ainouat of current that the differential relay 
will be operated by. These factors will be 
discussed more fully in the detailed circuit 
description, which is to follow. 
3. While in the drawings positive + and 
negative - signs have been used to indicate 
the battery connections, it will be understood 
that it indicates the usual ground connection, 
while - indicates the usual negative battery 
connection. . 

Referring now more particularly to Figs. 
7, 8 and 9, a detailed description of the op 
eration of my improved telephone system will 
be given. For this purpose, it will be as 
Sumed that the subscribe at substation. A de 
sired to call the subscriber at substation A'. 
In order to do this, the subscriber at substa 
tion. A will remove his receiver from the 
switch hook and will operate his calling de 
Vice dial in accordalace with the digits of the 
called subscriber's number. 
When the receiver at substation A is re 

moved from the switch hook, there is a cir 
cuit completed that extends from ground by 
way, of back contact and armature 719 over 
one conductor of the line, transmitter and re 
ceiver of substation A, spring 703 of the con 
trol springs, switch hook springs, the other 
conductor of the line, armature 16 and its 
back contact, and the upper winding of line 
relay 711 to battery. The line relay 711 is 
energized to complete a circuit that extends 
from ground through its lower low resistance 
winding, relay 71.0, back contact and arma 
ture 720, and motor magnet 712 to battery. 
The operation of the relay 711 also, serves to 
establish a shunt circuit for the one previous 
ly traced for relay 710 which extends from the 
test wiper 725 by way of armature 717 and its 
back contact, front contact and armature 721, 
to a point midway between the motor magnet 
and the switching relay, 710. Another re 

60 

suit of the operation of the relay 711 is that 
at armature 723, a circuit is prepared for en 
ergizing a relay in the selector switch, such 
as the relay 731, in the selector D. 
When the relay 711 is energized, if the 

wipers 724 to 726, inclusive, are standing 
in engagement with bank contacts associ 
ated with an idle trunk, the relay 710 is im 
mediately energized in series with the motor 
magnet 712. Because the relay 710 is of 
relatively high resistance with respect to the 
motor magnet 712, the latter is not operated 
in this circuit. In the event that the wirers 
24 to 726, inclusive, of the line switch Care 

not in engagement with the bank contacts of 
an idle trunk, there will be a ground potential 
on the bank contact that is engaged by the 
wiper 725 and the relay 710 will be short cir 
cuited and the motor magnet (12 will operate 
as a buzzer to advance the switch wipers 724 
to 726, inclusive, into engagement with the 
balak contacts associated with an idle trunk. 

5. it will be assumed that the bank contacts 727 

7 

to. 729, inclusive, are the contacts of an idle 
trunk accessible to the line switch C. . Then, 
when the switch Wipers are rotated into en 
gagement with the bank contacts, the relay 
710, will be energized over the circuit previ 
ously described. The relay. 710, upon op 
erating, opens a point in the circuit of the 
motor magnet 712 at armature. 717, places 
ground upon the bank contact 728 at the 
front contact of this armature, completes a 
circuit for the relay 31 in the selector E) at 
armature 18, opens the circuit of the upper 
Wilading of the relay 711 at armature.716 and 
719 and at the front contacts of these arma 
tures extends the conductors of the calling 
line to the selector switch. D. It will be 
noted that the bank contact. 728 is grounded 
over a circuit that extends from ground 
through the lower winding of the relay 711, 
front contact and armature 717, wiper 25 
and bank contact 728. This circuit serves 
to busy the selected trunkline, so that it is no 
longer accessible to the individual line 
SWitches such as C through its multiples. 
The relay 731 in the first selector switch is 

D. is energized over a circuit. that extends 
from ground, relay 31, normally closed 
Springs controlled by arianature 756, bank con 
tact 729, wiper 726, front contact and arma 
ture 23, and front contact and armature 
18 to battery. The relay 731 in the selector 

Switch.D. is operated over this circuit to com 
plete a circuit that extends from ground by 
way of armature 757 and its back contact, 
back contact and armature 752, off normal 
spring 745 and its resting contact, front con 
tact and armature: 740 to the release trunk 
conductor. The connection of ground to the 
release trunk conductor serves to short cir 
cuit the lower winding of the relay 711 in 
the line. Switch, and this relay, deemergizes 
to open another point in the circuit of the 
motor magnet 712 at armature 721, to open a 
point in the circuit of the relay 710 at arma 
ture 722, and to open one point in the cir 
cuit of the relay 731 at armature 723, and to 
establish another circuit for this relay at the 
normally closed springs controlled by this 
arnature. . . 

It will be noted that when the line relay 
711 in the line switch C energized, ground 
is applied through its lower winding to the 
private normal conductor 714 to busy the ter 
minals of the calling line in the banks of the 
connector switches which have access to it. 
The relay 731 is maintained energized when 

the relay 711 deenergizes over a circuit that 
extends from ground relay 731, normally 
closed springs controlled by armaature. 756, 
bank contact 729, wiper 726, normally closed 
springs controlled by armature 723, front con 
tact and armature 719, calling subscriber's 
line, arnature. 716 and its front contact, wip 
er 724, bank contact 727, normally closed 
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springs controlled by armature 751, upper 
winding of differential relay 730, and arma 
ture 742 and its front contact to battery. 
The resuits of the operation of the relay 

731 are: that at armature 741 a circuit is 
completed that extends from ground by Way 
of armature 738 and its back contact, arma 
ture 741 and its front contact, resistance 747, 
back contact and armature 769, back contact 
and armature 62, armature 761 and its back 
contact, and relay 732 to battery; to connect 
the battery to the midpoint of the differen 
tial relay 730 at armature 742, to open one 
point in the release circuit at a mature 743 
and to connect ground to the vertical wiper 
766 at the front contact of this armature. 
The relay 732 is energized to open a point 
in the ground connection to the release trunk 
at armature 748, to establish a locking cir 
cuit for itself at armature 749, and to com 
plete a point in the circuit of the vertical 
magnet 737 at armature 50. All these op 
erations occur l'esponsive to the removal of 
the receiver from the switch hook at the call 
ing Substation. 

In automatic telephone systems the voltage 
of the battery is usually maintained between 
46 and 52 volts. In order that the operation 
of my invention may be more readily un 
derstood and explained, it will be assumed 
that the voltage of the battery at the main 
exchange is 100 volts. It will be understood, 
of course, that any desired voltage may be 
employed. 
For the best operation of the system, it is 

desirable that the resistance of the subscrib 
er's lines, in any given exchange, be substan 
tially alike. This result may be obtained by 
the insertion of a resistance in the subscriber's 
line at the main exchange so that the resist 
ances of the shorter lines may be brought up 
to substantially the same as those of the 
longer lines. This is not altogether essen 
tial, as will appear from a consideration of 
the invention in the subsequent description. 
All that is necessary is that the difference 
in resistance between the shortest and the 
longest lines be considerably less than the 
change in resistance made by the steps of 
the calling device. For the moment, we will 
disregard the resistance of the line. The re 
sistance of the upper and lower windings of 
the differential relay in the selector switches, 
such as D, will be assumed to be 250 ohms 
each. The resistance of the windings of the 
relay 731 in the various selectors will also 
be assumed to be 250 ohms. Thus, when the 
receiver in removed at the calling station, 
there will be 500 ohms in series with the bat 
tery in addition to the resistance of the line 
and the transmitter and receiver at the call 
ing substation. The maximum current flow 
in milliamperes over any line will, therefore, 
be 200 milliamperes. The amount of resist 
ance that can be used in the calling device 
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depends upon the sensitivity of a differen 
tial relays, such as 730. In the present in 
stance I have assumed that a change in cul 
rent flow in one winding of the differential 
relay of 10 mills will be sufficient to maintain 
the armature of the relay attracted. Obvi 
Ously, this is a very simple matter, for, with 
the differential relay energized, there is a 
closed magnetic circuit, and only a fraction 
of the current flow is necessary in its wind 
ings to maintain the armature attracted of 
what would be required to originally attract 
the armature. 

In view of the fact that the more resistance 
there is in any circuit, the greater the amount 
of resistance that will have to be thrown into 
the circuit to bring about a constant current 
change which, in this instance, is desired to 
be 10 milliamperes. It is therefore prefera 
be to work with as much resistance in a line, 
as possible, so as to linake the system immune 
to any change in line conditions. Under the 
above conditions, it will be found that if the 
total resistance of the line and the resistance 
included for the digit 0 is 5000 ohms, there 
will be 20 milliamperes of current flowing in 
the line circuit. For 30 milliamperes of cur 
rent in a line circuit, the total resistance of the 
line and relays will be 3332 ohms; for 40 milli 
ampere current flow, the resistance will be 
3000 ohms; for 50 milliampere current flow, 
2600 ohms; for a 60 milliampere current flow, 
1666 ohms; for 70 milliampere current flow, 
1428 ohms; for an 80 milliampere current 
flow, 1250 ohms; for 90 milliampere current 
flow, 1110 ohms; for 100 milliampere current 
flow, 1000 ohms; and for 110 milliampere 
current flow, 908 ohms. 

If we assume that in the exchange under 
discussion the resistance of the average line 
is substantially 200 ohms, then we have the 
figure of 700 ohms for the combined resist 
ance of the upper winding of the differential 
relays, such as 30, and for the relays, such as 
31, plus the line resistance of 200 ohms. 
Now, if we deduct 700 ohms from the various 
resistances given above, we will have the point 
On the resistor. to which the various contacts 
of the calling device bank must be connected. 
Below is a table giving the points on the re 
sistor for the calling device:- 
For digit 1 bank contact 1 is connected to the 

resistor at a point where 20S 
ohms are thrown in a line. 

Ohms 
2------------------------- 300 
8------------------------- 40 
4------------------------- 55 () 
------------------------- 2S 

6------------------------- 966 
------------------------- 1900 

S------------------------- 2300 
9 ------------------------- 2632 
0------------------------- 4300 
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it is possible to disregard the line resistance 
in considering the operation of the circuit as 
a compensating line resisterice is inserted in 
the circuit of the lower winding of the dif 
ferential relays, such as 730. This will be 
described a little later. 
From the foregoing, it will be seen that for 

each position of the calling device, a certain 
amount of resistance is thrown into line suffi 
scient to cause a current variation in the line 
circuit of 10 milliamperes for each successive 
position. . . . . . . . . . 

The principle of selection employed de-- 
pends upon the changes or variations in the 
conductivity of the circuit causing changes in 
current flow. It is obvious that by changing 
any electrical characteristics of a circuit in 
definite order, it is possible to control select 
ing apparatus as desired. However, it is 
well known that a change in conductivity is 
the most satisfactory manner of controlling 
a device such as a telephone switch so the 
present principle has been employed. It will 
be obvious after an understanding of the 
present invention is had how the desired re 
sults may be obtained by varying any other 
electrical characteristic or characteristics of the line circuit such as the impedance, capaci 
tance, and inductance or reactance, and pro 
viding means in the central office switching 
equipment to respond to such variations 
either by balancing, as in the present case, 
or measuring the change in the characteristic 
and controlling the selecting device in accord 
ance with the value measured. in the description of the progress of the 
present call, it will be assumed that the call 
ing subscriber operates his calling device in 
accordance with the number of the called 
subscriber at substation A, and it will be as 

mber consists of 
When the calling device is operated in ac 

cordance with the first digit 5, the wiper 701 
of the calling device is placed in engagement 
with the fifth bank contact, wherettpon, when the shunt springs 702 and 703 are operated, 
the transmitter and receiver are disconnected 
from the calling line circuit, and a certain 
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amount of resistance is thrown in the line. 
In this instance, 728 ohms. 

Referring now to the operation of the se 
lector switch D. when the relay 731 energized 
it completed a circuit for the upper and lower 
windings of the differential relay 730 at arma 
tures 742 and 743. The operation of the 
relay 731 takes place immediately upon the 
selector D being seized by the line switch C. 
Inasmuch as this occurs with the line relay 
711 in the line switch energized, there is no 
circuit completed for the upper winding of 
the differential relay 730, and the differential 
relay 730 is energized through its lower wind 

However, its operation under these con 
ditions is without function, except to open the 

737 will be ene 

circuit of the relay 782 at armature 728. 
When the line relay 711 is deemergized, a 
circuit is completed for the upper winding of 
the differential relay, which serves to balance 
the current flow through its lower winding, 
and permits the retraction of the armaturé 
(38 to ?omplete the previously traced circuit 
for the relay 732. The resistor 778 of the se 
lector switch D serves to balance the re 
sistanee of the calling line and that of the 
transmitter and receiver. 
Now, when the calling device is operated in 

accordance with the digit 5, the transmitter 
and receiver at the substation A is cut out of 
the line circuit as before described. To com 
pensate for the removal of the resistance of the 
transmitter and the receiver, the resistance 
709 is substituted in series with the resistor 
705 that is connected to the various bank 
contacts. With the values of line resistance 
assumed, there are 70 milliamperes of cur 
rent flowing through the line and the upper 
winding of the relay 730 at this time. In the 
lower winding of the differential relay 730, 
there are approximately 43 millianiperes 
of current flowing. The relay 780 therefore 
operates to attract the armature 738 and 739, 
By the operation of the armature 738 a point 
in the circuit of the relay 732 is opened, while 
at the front contact of the armatire 738 there 
is a circuit established for making another ground connection to the release trunk. By 

9 

70 

75 

80 

85 

90 

195 

the operation of the armature 739, a point in . 
the circuit of the rotary magnet 736 is opened, 
while, at the front contact of this armature, 
there is a circuit completed that extends 
from ground by way of said armature and its 
front contact, vertical magnet 737 and front 
contact and armature 750, to battery. The 
vertical magnet 737 is energized to raise the 
switch shaft, carrying vertical wiper 766 and 
the wipers 763 to 765, inclusive, opposite the 
first level of bank contacts. The operation of 
the yertical magnet 737 also interrupts the 
locking circuit of the relay 732 at artinature 
762. The relay 732 is deemergized to open 
another point in its locking circuit at arina 
ture 749, and to open the circuit of the vertical 
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magnet at armiature 750, and to complete a 
point in the ground connection to the release 
trunk at armature 748. The vertical magnet 

- ized to position its pawl and 
to complete 8 circuit at armature 762 for the 
relay 732. This circuit extends from ground 
by Way of armature 757 and its back contact, 
back contact and armature 752, off normal 
Spring 745 and its working contact, back con 
tact and armature 762, airmature 761 and its 
back contact, and relay 732 to battery. 
Upon the first vertical movement of the 

switch shaft, the of normal springs are 
shifted and Ofie ground connection is removed from the release trunk, though ground is still 
maintained connected thereto by way of 
-arnature 738 and its front contact. Upon 
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the first vertical step of the switch, the 
vertical wiper 766 is shifted into engagement 
with the second vertical bank contact. By 
this operation, a certain amount of resistance 
is placed in the circuit of the lower winding 
of the differential relay 730. The value of 

... this resistance is equal to the value that is 
placed in the circuit of the upper winding of 
the relay 31 by the operation of the calling 
device at the calling station in accordance 
with the digit 1, whereby the wiper 701 is 
operated into engagement with the first bank 
contact. This is not sufficient to balance the 
differential relay 730 and it remains ener 
gized. 
The relay 732, upon operating, again com 

pletes a locking circuit for itself at armature 
749, and at armature 750 completes the cir 
cuit of the vertical magnet over a path that 
extends from ground by way of armature 739 
and its front contact, vertical magnet 737, 
and front contact and armature 750 to bat 
tery. The vertical magnet 737 is operated to 
advance the switch shaft carrying the switch 
wipers 763 to 765, inclusive, opposite the sec 
Ond level of bank contacts. The vertical wip 
er 766 is also shifted into engagement with 
the third vertical bank contact. By the latter 
operation more resistance is inserted into the 
circuit of the lower winding of the differen 
tial relay 730,--in this case 300 ohms. This 
is not sufficient to balance the relay and the 
differential relay remains operated. 
The vertical magnet, upon operating, also 

opens the locking circuit of the interrupter 
relay 732 at armature 762. The interrupter 
732 is deenergized to open a point in its lock. 
ing circuit and to open the circuit of the ver 
tical magnet, 737, which deenergizes. In this 
manner, the interrupter relay 32 and the 
vertical magnet 737 operate alternately until 
the switch wipers 763 to 765, inclusive, are ad 
vanced opposite the fifth level of bank con 
tacts. When this occurs, the vertical wipers 
766 will be in engagement with the sixth ver 
tical bank contact. 
With the vertical wiper in this position, 

728 ohms resistance are inserted in series with 
the circuit of the lower winding of the differ 
ential relay 730. Under these conditions, the 
same amount of current is flowing in both the 
upper and lower windings of the differential 
relay 730, and this relay is balanced, and, 
therefore, immediately retracts its armatures 
738 and 739. By the operation of the arma 
ture 739, the circuit of the vertical magnet 
737 is opened, and the vertical movement of 
the switch cases. The interrupter relay 732 is 
energized, of course, over the circuit through 
the off normal spring 745 previously traced. 
By the release of the armature 738 of the 

differential relay 730, the direct ground con 
nection is removed from the release trunk. 
There is a ground connection to the release 
trunk to maintain the relay 710 in the line 
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switch Cenergized over a path that extends 
from ground by way of armature 743 and its 
front contact, relay 734, and front contact 
and armature 740 to the release trunk. The 
relay 734 is therefore energized. This relay 
has not been previously energized because it 
has been short circuited by the ground 
through armature 738 and its front contact. 
In order to insure that the relay 732 is oper 
ated before the relay 734 is energized, there 
is a short circuiting ground connection to the 
release trunk that extends from ground by 
Way of armature 757 and its back contact, back 
contact and armature 752, back contact and 
armature 748, and front contact and armature. 
740. The relay 734 is energized to open an 
Other point in this short circuiting ground 
connection at armature 757, to open one point 
in the circuit of the relay 32 at armature 
769, to establish a locking circuit for itself 
at armature 58 exclusive of the armature 740 
and its front contact, to prepare a point in the 
circuit of a relay corresponding to relay 73 
in the next succeeding switch at armature 
760, and to complete a circuit for the rotary 
magnet (36 at armature 759 over a path that 
extends from ground by way of armature 739 
and its back contact, armature 59 and its 
front contact, rotary magnet 736 and arma 
ture 750 and its front contact to battery. 
The rotary magnet 736 is immediately ene 

gized over this circuit and operates to rotate 
the Switch wipers one step. In addition, the 
rotary magnet 736 opens the circuit of the 
interrupter relay 732 at armature 761. This 
relay is therefore deemergized to open a point, 
in the circuit of the rotary magnet. The ro 
tary magnet is also deemergized. 

If the wipers 763 to 765, inclusive, are in 
engagement with the bank contacts of an idle 
trunk, the switching relay 733 is energized. 
However, it will be assumed that the wiper's 
are in engagement with a busy trunk. In this 
event, there will be a ground potential pres 
ent upon the private bank contact, that is 
engaged by the private wiper 764. A circuit, 
will therefore be completed fron ground 
by Way of the private wiper T64, armature 
753 and its back contact, back contact and 
armature 762, armature 61 and its back con 
tact, and interrupter relay 732, to battery. 
The interrupter relay 32 is immediately en 
ergized to establishing a locking circuit for 
itself at al'mature 749, and to complete a 
circuit for the rotary magnet (36 at aria 
ture (50. The rotary magnet (36 is ener 
gized to rotate the switch wipers another 
step and to open the circuit of the interrupter 
relay 732 at armature 761. The interrupter 
relay is deemergized to open the circuit of the 
rotary magnet. The interrupter relay 732 

- 

2. 

and the rotary magnet 36 continue to operate 
alternately until the wiper's 763 to 765, in 
clusive, engage the bank contacts associated 
with an idle trunk. 
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It will be assumed that the bank contacts 
770 to 772, inclusive, are the bank contacts 
associated with an idle trunk. Under these 
conditions when the wipers of the selector 
switch Dengage these bank contacts, there 
will be no ground present upon the bank con 
tacts 771 with which the private wiper 764 
is in engagement. Under these conditions 
there is a circuit completed for the switch 

.0 ing relay 733. The circuit for energizing 
the relay 733 extends from the ground by 
way of armature 743 and its front contact, 
relay 734, front contact and armature 758, 
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working contact of off normal spring 746 
and said spring, relay 733, back contact and 
armature 762, armature 761 and its back con 
tact, and relay 732 to battery. The relay 
733 is energized over this circuit though the 
relay 732 remains deenergized. This is true 
because of the relative high resistance of the 
winding of the relay 733. Upon operating, 
the relay 733 opens a point in the circuit of 
the release magnet 735 at armature 755 to 
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close a maintaining circuit for itself at arma 
ture 754 to make its own circuit, independent 
of the deemergization of the relay 731, to 
prepare a holding circuit for itself at arma 
ture 753, to open a point at the previously 

- mentioned shunting circuit at armature 752, 
to open the circuit of the relay 731 and the 
upper winding of the differential relay 730 
at armatures 751 and 756 and to extend the 
conductors of the calling line to the repeater 
R which has been selected by the trunk se 
lecting operation of the selector D. - 
The relay 731 is deenergized to open the 

circuit of the differential relay 30, at arma 
ture 742, to open one point in the circuit of 
the relay 733 at armature 743, and to prepare 
a release circuit at the back contact of this 
armature. 
When the calling line is extended to the 

repeater R in the manner described, there 
is a circuit completed for the relay 804 over 
a path that extends from ground through 
the upper winding of said relay, normally 
closed springs controlled by armature 812 
of relay. 801, trunk conductor 775, bank 
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contact 772, wiper 765, front contact and 
armature 760, and armature. 755 and its 
front contact to battery. Relay '804 is en 
ergized over this circuit and operates to 
place ground upon the release trunk conduc 
tor 774. The grounding of release trunk 
conductor 774 establishes a circuit for the 
relay 733 in the selector Switch D and for 
the relay 710 in the line switch. C exclusive 
of the ground connection supplied through 
the relay 734. The relay 734 is thus short 
circuited and deemergizes. The relay 734 is 
deenergized to open its locking circuit at 
armature 758, to open a point in the circuit 
of the rotary magnet 736 at armature 759, 
to open the previously traced circuit for the 

11 

another circuit for this relay at its normally 
closed springs over a path that extends from 
ground, upper winding of relay 804, nor 
mally closed springs controlled by almature 
812, trunk conductor 775, bank contact 772, 
normally closed springs controlled by arma 
ture 760, armature 756 and its front contact, 
bank contact 729, wiper 726, normally closed 
springs controlled by armature 723, front 
contact and armature 719, over the calling 
line, armature 716 and its front contact, wiper 
724, bank contact 727, front contact and 
armature 751, wiper 763, bank contact 770, 
trunk conductor 773, normally closed springs 
controlled by armature 814, upper winding: 
of differential relay 803, armature 822 and its 
front contact to battery. The relay 804 is 
maintained energized over this circuit. 
It will be seen that the directively con 

trolled movement of the vertical magnet 737 
takesplace under the control of the differential 
relay 730. The vertical magnet 737 is operated 
together with relay 732 over a local circuit to 
raise the switch shaft vertically. It will be ap 
preciated that this vertical movement takes 
place very rapidly and is only limited by theme 
chanical construction and adjustments of the 
switch. The speed of this vertical movement 
is comparable to the speed of a finder switch. 
In fact the selector switch operates in identi 
cally the same manner, as a finder in both its 
vertical and rotary movements. Since the di 
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rectively controlled speed of the selector 
Switch is. So great it is possible to adjust the 
calling device so that the digit constituting. 
the number will be sent out very much more 
rapidly. In fact, the dial may be permitted 
to comeback very, very rapidly. If the dial 
should be adjusted to a relatively slow back 
ward movement, the selector switch may com-l 
plete this vertical movement and trunk select 

100 

ing movement before the wiper 701 of the 
calling device is restored to normal. Under 
these conditions, if special provision is not 
made, a false operation would be the result. 
This is true because there will be a certain 
amount of resistance inserted in the calling 
line when the next selecting device is connect 

ing to the repeater R, the result of such pro 
cedure, if the calling device is not yet restored 
to normal, will be considered. This second 
selector will be identically the same as the 
selector D and we will consider the operation 
with respect to the selector D. When the 
second selector switch is seized, a relay simi 
lar to the relay 731 is energized to throw the 
differential relay 730 into the line circuit. If 
the calling device has not been restored to 

10 

ed with. The manner in which this is taken 
care of will now be described. In the event 
'that a trunkline, leading to a second selector 
"Switch is selected instead of a trunkline lead 
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normal, the differential relay is energized, 
- consequently there is no circuit for the relay 

' relay '804 at armature 760, and to establish 782. Until the relay, such as 732 is energized, 
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no vertical operation of the switch can occur. 
The resistance 747 is inserted in series with 
the relay 32 to make it slower to operate. 
The arnature 741 is also adjusted to engage 
its contact, after the other armatures have 
contacted with their front contacts so as to 
give the relay 730 time to operate before the 
circuit for the relay 732 is closed. When the 
calling device restores to normal the resist 
ance is removed from the line circuit and the 
relay such as 730 in the second selector will 
retract its armature. This operation brings 
about the energization of the relay such as 732 
in the second selector. Thereafter, the se 
lector Switch may be operated in the same 
manner as before described with respect to the 
operation of the selector switch D. Thus, 
should the selector Such as D select the next 
switch before the dial of the calling device 
has restored to normal, no false operation of 
the selected switch will occur. 
At this point it will be well to discuss the 

operation of the selector switch D should the 
calling subscriber interfere with the back 
ward movement of the dial of his calling de 
vice. From the description of the Operation 
of the calling device, it will be recalled that 
the only effect of interference with the re 
turn movement of the dial is to change the 
time period during which the resistance is 
placed in the line circuit. lt is obvious that 
if the subscriber retards the return innove 
ment of the dial, the resistance placed in the 
line circuit by the calling device remains there 
until the dial is permitted to restore to nor 
mal. It will be apparent from the descrip 
tion of the effect of the selector D, seizing the 
next switch before the calling device dial re 
stores to normal, that this does not in any 
manner effect the progress of the call except 
to increase the time necessary to establish the 
connection. 
Now should the calling subscriber force the 

dial of the calling device during its back 
ward movement, the result, if any, is merely to 
reduce the time during which the resistance 
is placed in the line circuit. Since the dial 
returns very rapidly of its own accord, the 
effect of this is negligible on account of the 
speed of the selecting apparatus. However, 
by reason of the construction of the calling 
device, an attempt to force the dial in the re 
turn movement is controlled by the governor 
therein, since the governor will have greater 
braking effect when the dial is forced. 

Referring now to the operation of the re 
peater R to which we have progressed in the 
description of the connection about to be made 
by the subscriber at substation A. Other re 
sults of the operation of the relay 804 in the 
repeater R are that battery is connected 
to the mid-point of the differential relay 803 
at armature 822, a circuit is prepared for the 
relay 805 at armature 820, a point in the cir 
cuit of the release magnet 808 is completed 
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at almature 836, a circuit for the lower wind 
ing of the electropolarized relay SO1 in bridge 
of the trunk conductors 840 and 841 is com 
pleted at armature 837, and the relay 806 is 
placed in bridge of the trunk conductors 840 
and 841 over circuit that extends from the 
trunk conductor 840, normally closed springs 
controlled by armature 810, upper winding of 
relay 806, wiper 831, in engagement with its 
normal bank contact, and front contact and 
armature S23 to the conductor 841. The relay 
806 is then energized over this circuit to pre 
pare a locking circuit for the relay 805 at 
armature 827 and to open a point in the circuit 
of the release magnet 808 of the minor switch 
M at the back contact of this armature and 
Open a point in the circuit of its lower dif 
ferential winding at armature 826. 

If the calling device at the substation A 
has not yet restored to normal the differential 
relay 803 is operated immediately after the 
operation of relay 804 and the high impedance 
relay 805 is not energized. No further op 
erations occur until the calling device restores 
to normal, whereupon, both windings of the 
relay 803 will have the same amount of cur 
rent flowing through them and the armatures 
thereon will be retracted. A circuit is thereby 
completed for the relay 805 over a path that 
extends from ground by way of armature S19 
and its back contact, armature 820 and its 
front contact, normally closed springs con 
trolled by armature 824 and high impedance 
relay 805 to battery. The relay 805 is ener 
gized to prepare a circuit for the relay S02 at 
armature 825. Another result of the opera 
tion of the relay 805 is to open its original 
energizing circuit at armature 824 and to 
establish a locking circuit for itself at this 
same al'mature to ground upon the release 
trunk. 
When the calling device at the calling sub 

station A is operated in accordance with the 
next digit 4, the wiper 701 of the calling de 
vice is moved into engagement with the fourth 
bank contact. By this operation, a resistance 
of 550 ohms, with assumed values given be 
fore, is thrown into the line circuit of the 
differential relay 803. The differential relay 
803 is thereupon operated to open the circuit 
of the lower winding of the relay 801, which is 
in bridge of the trunk conductors, at armature 
818, to open another point in the circuit of 
the relay 805 at armature 819, and to com 
plete a circuit at the front contact of this 
armature that extends from ground, by way 
of armature 819 and its front contact, front 
contact and armature 825, armature 839 and 
its back contact, relay 802, and normally 
closed springs controlled by armature 811 to 
battery. 
The relay 802 is energized over this circuit 

to open a point in the circuit of the lower 
winding of relay 806 at armature 817, and to 
complete a circuit at armature 816 that ex 
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tends from ground by way of armature 821 
and its front contact, armature 815 and its 
back contact, armature 816 and its front con 
tact and stepping magnet 807 of minor switch 
M to battery. Another result of the opera 
tion of the relay. 802 is that it establishes a 
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locking circuit for itself at amature 838. The 
stepping magnet 80 of the minor switch Mis 
operated to advance the switch wipers 830 and 
831 one step. Another result of the opera 
tion of stepping magnet 807 is that at arma 
ture 839 the circuit of the relay 802 is opened 
and this relay is deemergized. Upon the first 
movement of the minor Switch, the off normal 
springs 828 and 829 are shifted, whereby the 
circuit of the lower winding of the relay 801 is 
opened, while a circuit is prepared for the 
lower winding of the relay 806. . . 

It will be seen that there is a resistor con 
nected to the bank contacts accessible to both 
the wipers 830 and 831. These resistors cor 
respond to the resistor 706 in the calling de 
vice at the substation A and to the resistor 
767 of the selector D. By the operation of 
the wiper 830 certain resistance is connected 
in circuit with the lower winding of the dif 
ferential relay 803. In this case the resist 
ance is 208 ohms, however, the relay 803 still 
remains energized because of the unbalanced 
current flow in the two windings. By the 
movement of the wiper 831 a certain amount 
of resistance is thrown in the circuit extend 
ing in bridge of the trunk conductors 840 
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and 841 which may be traced from conductor 
as 840, normally closed springs controlled by 

armature 810, upper winding of relay 806, 
second bank contact engaged by wiper 831, 
said wiper, and front, contact and armature 
823, to trunk conductor 841. The connect 

sing of this resistance in bridge of the trunk 
conductors 840 and 841 serves to unbalance, 
the differential relay, such as 730 in the selec 
tor D', which is the incoming selector at the 
second exchange. This initiates the operation 
of the selector Dinidentically the same man 
ner as has been described with respect to the 
Selector D. - . . . . . : . . . . . . . 

The relay 802 in repeater R is deenergized 
to open its locking circuit at armature 838, 
to prepare a circuit for the lower winding 
of the relay 806 at armature 817, and open 
the circuit at the stepping magnet 807 at 
armature 816. Stepping magnet 807 is de 
energized to complete a circuit for the relay 
802. The relay 802 operates to close the cir 
cuit for the stepping magnet.807. The alter 
nate operation of the relays 802 and the step-. 
ping magnet 807 continues until the wipers 
830 and 831 of the minor switch Mare moved 
into engagement with the fourth off normal 
set of bank contacts. In this position of the 
wiper 830, a resistance of 550 ohms is insert 
edin circuit with the lower winding of the 

65 
relay. 803, and the same amount of current 
then flows in each winding of the differen 

13 

tial relay 803 in opposite directions. The 
relay 803 is immediately deenergized to open 
the circuit of the relay 802. When the relay 
802 deenergizes to open the circuit of the 
magnet 807, the wipers 830 and 831 are in en 
gagement with their respective fifth bank 
contacts. There is no further movement of 
the wipers 830 and 831 for the present. 
By the movement of the Wiper 831 into 

engagement with the fifth bank contact, the 
same amount of resistance is placed in bridge 75. 

of the trunk conductors 840 and 841, as was 
inserted in the circuit of the upper winding 
of the differential relay 803 by the operation 
of a calling device of substation A in accord 
ance with the digit 4. 
The incoming second selector D is thereby 

operated until it has 
opposite the fourth level of bank contacts 
in identically the same manner as has been 
described with respect to the operation of the 
selector D. When this occurs the differen 
tial relay, similar to the relay 30, in the 
selector D is deemergized to initiate the ro 
tary movement of the switch. Now, when 
the vertical movement of the selector switch 
D1 ceases, the relay similar to the relay 784. 
in this selector is operated. When an idle 
trunk has been found, the relay similar to 
the relay 733 in the selector D is operated. 
However, since the relay, such as 734 in the 
selector D remains energized until the relay 
similar to the relay 902 in the connector 
switch. His operated, the trunkline compris 
ing conductors 840 and 841 is opened to the 
connector switch Hat a point in the Selector 
SWitch.D. 
The relay 806 in the repeater R is thereby 

deenergized, since its circuit is opened. Upon 
deenergizing, the relay. 806 openis the locking 

completes a circuit for the release magnet 
808 at the back contact of this armature. An 
other result of the operation of the relay 806 
is that at armature 826 a circuit is established 
for maintaining the armatures of the relays. 
806 in a normally inoperative condition. 
This is true because there is a circuit Con 
pleted extending from ground by Way of back. 
contact and armature 817, off normal Spring 
829, and its working contact, back contact 
and armature 826 and lower winding of relay 
806 to battery. The relay 806 cannot be ener 
gized by current flow through its upper wind 
ing in the same direction as before, for the 
reason that the lower winding of this relay. 
is wound so that the magnetic field set up by 
this winding neutralizes the magnetic field. 
set up by the current flow on the other wind 
ing. The relay 805 is deenergized to open a 
point in the circuit of the relay, 802, and to 
establish a point in its original energizing 
circuit. The relay. 806 is also adjusted so 
that the current flow through its lower Wind 
ing is not sufficient to operate its armatures. 
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The release magnet 808 of the minor switch 
M operates to restore the wipers 830 and 831 
to their normal position. The off normal 
springs are thereupon shifted and the relay 
806 may be operated when the relay such as 
734 in the selector switch D is deemergized to 
complete the line circuit to the connector H 

It will be assumed that the operation of 
the incoming selector switch. D has been such 
as to select the connector switch H. 
When the calling device at substation A 

is operated in accordance with the next digit 
of the calling subscriber's number, namely 3, 
a certain amount of resistance is placed in 
the circuit of the upper winding of the differ 
ential relay 803 in the repeater R. In the 
present case, the value of this resistance is 
410 ohms. The differential relay 803 is there 
upon operated. It will be recalled that the 
minor switch M of the repeater R was re 
leased by the operation of the relay 806. 
The operation of the relay 806 also brought 
about the deenergization of the relay 805. 
in addition, by the operation of the armature 
S27 on the relay 806, the circuit was closed 
for the release magnet 808 of the minor 
switch M. The restoration of a wiper 830 
to normal removes the resistance from the 
lower winding of the differential relay 803. 
In the event that the calling device at the 
substation. A had not yet returned to normal, 
the relay 803 would be energized. The ener 
gization of the relay 803 at this time is of no 
particular function, for the reason that the 
relay 805 is now deemergized. When the 
calling device restores to normal the relay 
805 is energized over a previously traced cir 
cuit to prepare a circuit for the interrupter 
relay 802 at armature 825 and to complete a 
locking circuit for itself at armature 824. 
This locking circuit is established when the 
relay 806 is again energized at the time that 
the off normal springs 828 and 829 are shift 
ed to their normal positions upon the release 
of the wipers 830 and 831 to their normal po 
sition. 
Now, when the resistance is inserted into 

the calling line by the operation of the calling 
device at substation A, the relay 803 is again 
energized. Since the relay 805 is now oper 
ated, a circuit is completed for the inter 
rupter relay 802. The interrupter relay 802 
serves to establish a locking circuit for itself 
at armature 838, and to complete a circuit for 

55. the stepping magnet 807 at armature 816. 
The stepping magnet 807 is operated to open 
the circuit of the interrupter relay 802. The 
alternate operation of the relay 802 and the 
stepping magnet 807 continues until the 
switch wipers 830 and 831 are advanced into 
engagement with the fourth set of bank con 
tacts. In this position the wiper 830 has 
placed a resistance in the circuit of the lower 
winding of the differential relay 803 which 
corresponds with the amount of resistance 
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placed in the upper winding by the operation 
of the calling device at substation A. The 
differential relay 803 is thereupon deemer 
gized to connect the lower winding of the 
electric polarized relay 801 in bridge of the 
trunk conductor 840 and 841. 
By the operation of the wiper 831 of the 

repeater R, a resistance corresponding to the 
resistance connected in the circuit of the up 
per winding of the differential relay 803 is 
placed in bridge of the trunk conductors 840 
and 841. 
When the relay 902 in the connector His 

energized in the manner before described, the 
operation of this relay serves to connect, 
ground to the release trunk at armature 918, 
to connect battery to the mid-point of the 
differential relay 901 at armature 919 to con 
plete a circuit at armature 920 that extends 
from ground by way of said almature and its 
front contact, armature 916 and its back con 
tact, armature 926 and its back contact, back 
contact and armature 947, resistance 940 and 
lower winding of the relay 906 to battery. 
The relay 906 is energized, to prepare a cir 
cuit for the upper winding of the relay 902 
at armature 937, to connect ground to arma 
ture 915 of the differential relay 901 at ar 
mature 938, to establish a locking circuit for 
itself at armature 939, and to prepare an 
other point in the circuit of the relay 902 at 
armature 941. 
When the wiper 831 in the repeater R is 

operated to place the resistance in bridge of 
the trunk conductors 840 and 841, the differ 
ential relay 901 in the connector H is unbal 
anced and attracts its armatures 915 and 916. 
By the operation of the armature 916 a circuit 
is completed that extends from ground by 
way of armature 920 and its front contact, 
armature 916 and its front contact, back con 
tact and armature 934, and relay 907 to bat 
tery. The operation of the armature 915 
serves to complete a circuit, which extends 
from ground by Way of armatui'e 950 and its 
back contact, front contact and al'mature 93S, 
armature 915 and front contact, back contact 
and armature 954, back contact and arnature 
929 and relay 904 to battery. 
The operation of the relay 90 serves to 

complete an additional circuit for the lower 
winding of the relay 902 over a path that ex 
tends from ground by way of ai'inature 918 
and its front contact, normally closed springs 
controlled by arnature 956, holinally closed 
springs controlled by armattire 955, front 
contact and amature 946, to one terminal of 
the lower winding of the relay 902. This 
circuit is closed in order to maintain the relay 
902 energized after the off-normal springs 
966, 967 and 968 are shifted, which occurs 
upon the first of normal step of the switch. 
The relay 904 is energized to establish a 

locking circuit for itself at armature 930 over 
a circuit which extends from ground upon re 
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lease trunk conductor 849, armature 930 and 
its front contact, back contact and armature 
954, back contact, and armature 929, and re 
lay 904 to battery. Another result of the op 
eration of the relay 904 is that at armature 
931 a circuit is completed that extends from. 
ground by Way of armature 931 and its front 
contact, almature 925 and its back contact, 
and vertical magnet 910 to battery. The ver 
tical magnet 910 is operated to raise the 
Switch shaft carrying the switch wipers 960 
to 963, inclusive, opposite the first level of 
bank contacts. By this operation also, the 
vertical wiper 964 is raised into engagement 
with the second vertical bank contact. 
Another result of the operation of the vertical 
magnet 910 is that an armature 929, the lock 
ing circuit of the relay 904 is opened and this 
relay is deenergized to open the circuit of the 
vertical magnet 910. The vertical magnet 
910 is deenergized to position its pawl and 
to complete a circuit for the relay 904. The 
operation of the vertical wiper 964 serves to 
insert a resistance into the circuit of the lower 
winding of the differential relay 901. This 
resistance is insufficient to balance the cur 
rent flow in the two windings of relay 901 
and it remains energized to again complete a 
circuit for the relay 904. The interrupter re 
lay 904 and the vertical magnet 910 are alter 
nately operated tintil the switch wipers 960 
and 963, inclusive, are raised opposite the 
third level of bank contacts and the vertical 
wiper 964 is placed in engagement with the 
fourth vertical bank contact. By the opera 
tion of the vertical wiper 964 sufficient re 
sistance is inserted into the circuit of the 
lower winding of the relay 901 so that the 
current flow in both windings of this relay is 
equal. In the present instance the operation 
of the vertical wiper 964 into engagement. 
with the fourth vertical bank contact causes 
the insertion of approximately 410 ohms re 
sistance into the circuit of the lower winding 
of the differential relay 901. This resistance 

: corresponds to the resistance that has been . 
inserted into the circuit of the upper wind 
ing of the relay 901 by the repeater R. 
The relay: 901 is thereupon deemergized to 

open the circuit of the interrupter relay 904. 
The vertical operation of the switch wipers 
ceases. By the operation of armature 916 of 
the relay 901, the circuit of the relay 907 is 
opened and this relay is deemergized, and at 
the back contact of this armature a circuit is 
prepared for energizing the relay 906. By 
the operation of the armature 915 there is a 
circuit completed which extends from ground 
by way of armature 950 and its back contact, 
front contact and armature 938, armature 915 
and its back contact, working contact of off 
normal spring 966 and said spring, and the 
upper winding of the two-step relay 903 to 
battery. The energization of the upper wind 
ing of the relay. 903 serves to attract the arma 

tures. 923, 924 and 926. The operation of the 
almature 926 of the relay 903 serves to open 
a point in the original energizing circuit of 
the relay 906. The operation of the armature 
923. Of the relay 903 opens the locking circuit 
of the relay 906, whereupon the relay 906 is 
deenergized. The operation of the armature 
924 of the relay 903 serves to open the circuit 
of the lower winding of the differential re 
lay 901 through vertical wiper 964, to com 
plete: a new circuit for the lower winding of 
relay 901 over a path that extends from 
ground by way of armature 920 and its front 
contact, front contact and armature 924, rest 
ing contact of rotary off normal spring 957, 
lower winding of relay 901, and armature 919 
to battery, and to establish a circuit for the 
lower winding of the relay 903. The rotary. 
offnermal springs 956 and 957 are of the usual 
construction and are adapted to be operated 
upon the first rotary step of the switch. It 
will be noted that the circuit for the lower 
winding of the relay 903 is ineffective at the 
present time for the reason that it is short 
circuited by the circuit previously traced for 
its upper winding. Consequently, the arma 
tures 921, 922,925 and 927 of the relay 903 re 
main in their normal position for the present. 
By the deenergization of the relay 907, the 
arrnature 946 of this relay is retracted to open 
the circuit of the lower winding of the relay 
902. The relay 902 is not deenergized because 
there is a circuit completed for its upper wind 
ing over a path that extends from ground. 
upon release trunk conductor 849, normally 
closed springs controlled by armature 956, 
normally closed springs controlled by arma 
ture 955, normally closed springs controlled 
by armature 946, and the upper winding of 
relay 902 to battery. 
The opening of the circuit of the lower 

winding of the relay 902 serves to open the 
circuit of the relay 806 in the repeater R. 
The results following the deenergization of 
this relay will be described hereinafter. The 
relay 906 is deenergized to open its locking 
circuit at armature 939 and to remove ground 
from armature 915 of the relay. 901 at arma 
ture 938. This latter operation brings about 
the opening of the circuit of the upper wind 
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ing of the relay 903. The relay 903 is now en 
ergized over a circuit that includes both its 
upper and lower windings in series. As a 
result of this, all the armatures of the relay 
are attracted. The operation of the armature 
921 serves to re-establish a circuit for the re 
lay 902 over a path extending from ground 
by way of rotary off normal spring 956 and its 
resting contact, armature 921 and its front 
contact, to one terminal of the lower winding 
of relay 902. The operation of the arma 
ture 922 serves to prepare a locking circuit 
for the relay 906. The operation of the arma 
ture. 925 serves to prepare a circuit for the 
rotary magnet 911, as well as to open the cir 
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cuit of the vertical magnet 910. The opera 
tion of the armature. 927 of the relay 903 
serves to prepare a circuit for the relay 906, 
while the operation of the armature 928 opens 
the original energizing circuit for the upper 
winding of relay 903. In the present in 
stance the relay 906 is energized because the 
current flow in both the upper and lower 
windings of the relay 901 is equal, and this 
relay is deemergized. This is true, because of 
the functioning of the repeater R responsive 
to the deemergization of the relay 806. The 
relay 906 is energized over a circuit which ex 
tends from ground by way of armature 920 
and its front contact, armature 916 and its 
back contact, armature 927 and its front con 
tact, back contact and armature 947, resistor 
940, and the lower winding of the relay 906 to 
battery. The relay 906 is energized to con 
tnect ground to the armature 915 of the relay 
901 at armature 938 and to establish a lock 
ing circuit for itself at armature 939. 

Referring now to the repeater R, when the 
relay 806 is deemergized there is a circuit es 
tablished for its lower winding over a path 
which extends from ground by way of arma 
ture 817, off normal spring 829 and its work 
ing contact, back contact and armature 826 
and the lower winding of relay 806 to bat 
tery. This circuit is to maintain the relay 806 
inoperative. The operation of the armature 
827 of the relay 806 serves to open the lock 
ing circuit of the relay 805 and to complete 
a circuit for the release magnet 808 of the 
minor switch M. The restoration of the mi 
nor switch M serves to prepare the repeater 
to receive the next digit from the calling Sub 
scriber's substation. The remaining opera 
tions in the repeater R. occur in substantially 
the same manner as has been before described 
following the deemergization of the relay 
806. 
When the subscriber at substation A oper 

ates his calling device in accordance with the 
last digit 2 of the called subscriber's number, 
a certain amount of resistance is inserted into 
the circuit of the upper winding of the dif 
ferential relay 803 of the repeater R. For 
the values given, this resistance is 300 ohms. 
The relay 803 in the repeater R is thereupon 
operated to bring about the interaction of the 
relay 802 and the stepping magnet 80 to ad 
vance the switch wipers 830 and 831 into en 
gagement with their third set of bank con 
tacts. When this occurs, the wiper 830 has 
inserted into the circuit of the lower winding 
of the differential relay 803, the same amount 
of resistance that has been inserted in the cir 
cuit of the upper winding of this relay by 
the calling device at substation A. The relay 
803 is thereupon deemergized to stop further 
movement of the switch wipers. 
By the operation of the wiper 831, a certain 

amount of resistance is inserted in bridge of 
the trunk conductors 840 and 841, corre 

1,736,259 

sponding to the amount that has been in 
serted in the calling subscriber's line by the 
operation of the calling device thereat. The 
insertion of this resistance into the line ex 
tending between the repeater R and the con 
nector H, serves to unbalance the differential 
relay 901, since its circuit has been previously 
completed by the operation of a nature 921 
of the relay 803. The relay 901 is energized, 
the operation of the armature 916 serves to 
open a point in the Original energizing circuit 
of the relay 906 and to complete a circuit 
at the front contact of this armature for the 
relay 907. The operation of the armature 915 
of the relay 901 serves to complete a circuit 
which extends from ground by way of arma 
ture 950 and its back contact, front contact, 
and almature 938, armature 915 and its front 
contact, back contact and armature 954, back 
contact and armature 929, and relay 904 to 
battery. The relay 90, upon energizing, 
connects the private wiper 961 to the lower 
winding of the relay 905, prepares a circuit 
for the rotary magnet 911 at armature 944, 
prepares a circuit for itself exclusive of the 
armature 934 of the relay 905 at armature 
945, and at armature 946 serves to prepare 
an alternative circuit for supplying ground 
to the lower winding of the relay 902. The 
relay 904, upon energizing, establishes a lock 
ing circuit for itself at armature 930, and at 
armature 931 completes a circuit which ex 
tends from ground by way of armature 931 
and its front contact, armature 925 and its 
front contact, armature 944 and its front con 
tact, and rotary magnet 911 to battery. The 
rotary magnet 911 is energized to rotate the 
switch shaft carrying the switch wipers 960 
to 963, inclusive, into engagement with the 
first set of bank contacts on the third level. 
Another result of the operation of the rotary 
magnet 911 is that the locking circuit of the 
relay 904 is opened at armature 954. The 
relay 904 is deenergized to open the circuit 
of the rotary magnet and the rotary magnet 
is deemergized to position its pawl and to colm 
plete another circuit for the interrupter relay 
904. The relay 904 is energized to complete 
the circuit of the rotary magnet which oper 
ates to advance the switch wiper 960 to 963, 
inclusive, into engagement with the second 
set of bank contacts into third level, which 
it will be assumed are the terminals of the 
line of the called substation A in the con 
nector H designated by the bank contacts 970 
to 93, inclusive. Upon the first rotary step 
of the switch, the off normal springs 956 and 
957 are shifted, whereby one ground connec 
tion is removed from the lower winding of 
relay 902 at spring 956 and the circuit of the 
lower winding of the relay 901 is shifted to 
the wiper 962 at spring 957. By the opera 
tion of the wiper 962, a certain amount of 
resistance is placed in the circuit of the lower 
winding of the differential relay 901. As the 
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digit 2 has been dialed by the calling sub 
scriber, the rotation of the wiper 962 into en 
gagement with the second bank contact will 
cause the insertion of the proper amount of 
resistance into the circuit of the lower wind 
ing of the relay 901. The relay 901 is there 
upon deemergized to open the circuit of the 
interrupter relay 904 and to open the circuit 
of the relay 907. 
Should the called ine be busy at this time, 

there will be a ground potentiai present upon 
the bank contact 91 which is engaged by the 
private wiper 96i of the connector it. As 
suming this to be the case, when the wipers 
960 to 963, inclusive, are rotated into engage 
ment with this set of bank contacts, there is 
a circuit completed which extends from 
ground on the bank contact. 971, wiper 961, 
armature 943 and its front contact and low 
er winding of the relay 905 to battery. The 
relay 905, upon operating, prepares a point 
in the talking circuit at armature 932, closes 
a locking circuit for itself at arnature 933, opens a point in the circuit of the relay 907 
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at armature 934 and at armature 935 com pletes a circuit for connecting the busy tone 
from the busy machine BM to the line of the 
calling subscriber. The relay 907 is deemer 
gized following the deemergization of the re 
lay 901, to open a point in the circuit of the 
rotary magnet 911 at armature 944 to es 
tablish the locking circuit of the relay 905 
at armature 943, to open a point in its own 
circuit at almature 945, and to open the cir 
cuit of the lower winding of the relay 902 
at armature 946, and to close a circuit for 
the upper winding of the relay 902 at the 
normally closed springs controlled by this 
armature. 
Another result of the operation of the re 

lay 905 is that an a mature 955, the locking 
circuit, of the upper winding of the relay 
902 is opened, and a circuit is simultaneously 
completed for the lower winding of this re 
lay. In this manner the relay 902 is again 
placed under the control of the calling sub 
scriber. 
When the calling subscriber hears the busy 

tone, he will replace his receiver upon the 
switch hook to bring about the release of 
the selecting equipment in a manner that will 
be described more fully hereinafter. 

Referring to the connector H, it will be 
noted that the circuit of the relay 907 is 
opened at armature 934 of the relay 905. 
This is to prevent the relay 907 being en 
ergized should the calling subscriber move 
his dial again. Since the circuit of the ro 
tary magnet is closed through arnature 944 
and its front contact on the relay 907, it will 
be apparent that the rotary magnet 911 can 
not be operated after the busy tone is heard. 
Should the calling subscriber hang up be 

fore hearing the busy tone, the relay 804 in 
the repeater R is deenergized to open one 

point in the original energizing circuit of 
the relay 805 at armature 820, to remove 
ground from the release trunk conductor 774 
at armature 821, to disconnect battery from 
the differential relay 803 at armature 822, 

ductors 840 and 841 at armature 823 and to 
complete a circuit for the 'elease inaghet, 808 

17 

"w a - 70 to open the bridge across the trunk con 

of the minor switch M over a circuit, which . 
: extends from ground by way of back contact 
and armature 817, off normal spring 829 and 
its working contact, armature 836 and its 
back contact and release magnet 803 to bat 
tery. The release magnet. 808 is energized 
to restore the switch wipers 830 and 831 to 
normal. 

springs when the wipers 830 and 831 reach 
their normal position. By the opening of 
the bridge across the trunk conductors 840 
and 841, the relay 806 is deemergized to open 
the locking circuit of the relay 805. 

The circuit of the release magnet 
is opened by the shifting of the off normal 

75 

80 

In the connector H, the removal of the 
bridge across the trunk conductor's 840 and 
841 in the repeater R opens the circuit of the 
relay 902, and this relay is deenergized to 
open the locking circuit of the relay 905 at 
arnature 917, to remove ground from the re 
lease trunk conductor 849 at armature 918, to 
remove the battery connection from the mid 
point of the differential relay 901 at armature 
919 and to open a point in the original ener 
gizing circuit of the relay '906 at armature. 
920. Another result of the operation of the 
armature 920 is that a circuit is completed 
for the release magnet 909. The release mag 
net 909 operates to restore the switch shaft 
carrying the wipers 960 to 964, inclusive, to 
its normal position. The circuit of the re 
lay 903 is also opened by the retraction of the 
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armature 920. The relay 903 is thereby de 
energized to restore the circuits that it con 
trols to normal. The relay 905 is deener 
gized to restore the circuits which it controls 
to their normal condition. The relay 905 is ... 10 
also deenergized to remove the busy tone 
from the calling subscriber's line. By re 
moval of ground from the release trunk con 
ductor 849, the circuit of the switching relay, 
such as the switching relay 33 of the selector 
D is opened in the selector D. The deener 
gization of this relay brings about the re 
lease of the selector D in a manner that will 
be better understood from the description 
given with respect to the selector D. 
When ground is removed from the release 

trunk conductor 774 by the deenergization of 
the relay 804 in the repeater R, the holding 
circuit of the switching relay 733 in the selec 
tor D and 710 in the line switch C, is opened. 
The relay 733 in the first selector D is deener 
gized to prepare a circuit for the relay 731 at 
armatures 751 and 756, and to complete a cir 
cuit for the release magnet 735 over a path 
that extends from battery by Way of arma 

5 

120 

2 5 



O 

3 

ture 755 and its back contact, release magnet 
735, working contact of of normal spring 
744 and said spring, and back contact and 
armature 743 to ground. The release magnet 
735 is energized to bring about the release of 
the selector D in a well known manner. 

In the line switch C the deenergization of 
the relay 710 disconnects the calling line from 
the selector D and prepares circuits whereby 
it may be again operated upon the removal 
of the receiver at substation A. An addi 
tional result of the removal of ground from 
the release trunk conductor 74 is that the 
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ground connection extending to the mul 
tipled private bank contacts of the calling 
line in the various connectors which have ac 
cess to it, is removed so that this line may be 
selected and connected to if it is called. 

in this manner all the selecting apparatus 
in both the firsts and second exchanges that 
has been operated by the calling subscriber to 
establish the connection with the called line, 
has been released responsive to the replace 
ment of the receiver on the switch hook at Sub 
station A after the subscriber thereat has been 
informed that the called line is busy. inas 
much as there are no slow acting relays in 
volved in the release circuit, or anywhere else 
for that matter, the release, above described, 
occurs substantially instantaneously. 

it will now be assumed that when the con 
nector H connected with the terminal of the 
line of the substation A', that this line was 
idle. In this case there will be no ground 
connection present upon the bank contact 91 
with which the wiper 961 of the connector H 
is in engagement and the relay 905 will not 
be energized at this time. Now, when the 
differential relay 901 retracts its armature 
916, the circuit of the relay 90 is opened and 
this relay is deemergized to complete a cir 
cuit for the relay 908 at armature 943, to 
open the circuit of the lower winding of the 
relay 902 at armature 946, thereby bringing 
about the deenergization of the relay 806 in 
the repeater R, and to close a locking circuit 
for the upper winding of the relay 902 at the 
normally closed springs controlled by arma 
ture 946. . 

The relay 908 is energized over a circuit 
which extends from ground by way of arma 
ture 917 and its front contact, armature 933 
and its back contact, upper winding of re 
lay 908, back contact and armature 943, 
private wiper 961, bank contact. 971, relay 
975 and motor magnet 97 in the called line 
switch C to battery. The relay 908 is en 
ergized over this circuit at least sufficiently 
to bring the armature 951 into engagement 
with its front contact, thereby establishing 
a locking circuit for itself. 
The relay 975 in the line switch C is en 

ergized over this circuit, but, because of a 
65 

mechanical interlocking device controlled by 
the armature of the line relay 976, the relay 
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975 can only attract its armature sufficient 
to disconnect the called ine from the bat 
tery and ground connections in the line 
Switch C. 
The relay 908, upon energizing, disconnects 

the upper winding of the differential relay 
901 from the trunk conductor S4S at armla 
ture 948, and at this same allmature connects 
this trunk conductor to battery through the 
uppei' winding of the relay 902, to couplete 
One point in the ringing circuit at alma 
ture 949, to remove ground from the ai'ila 
ture 915 of the relay 90i and to open the 
locking circuit at the relay 906 at the back 
contact of al'mature 950 and to place ground 
directly upon the wiper 961 at the front coil 
tact of this almature. Fulther results of 
the operation of the relay 908 are that at 
armature 942 one point in the circuit by 
which the relay 905 applies a busy tone to 
the calling line is opened, and at almature 
947 the original energizing circuit for the 
I'elay 906 is opened. At a mature 952 the 
trunk conductor 850 is connected to the lower 
winding of the relay 902, and at armature 
953 ringing current is applied to the called 
line. The circuit of the rotary magnet 911 
is opened by the operation of almature 958 
so that the magnet may not be again operated 
if the calling subscriber should operate his 
calling device. 
The operation of the armature 956 of the 

relay 908 serves to open the locking circuit, 
Of the upper winding of the relay 902 and 
to simultaneously complete a circuit for its 
lower winding. The relay 902 is thereby 
placed under the control of the calling sub 
scriber. Thus any time after the operation 
of the relay 908, the relay 902 is deemergized 
When the calling subscriber replaces his re 
ceiver upon his switch hook. 
At the repeater R the relay 806 is de 

energized when the relay 907 in the connector 
it retracts its armature as described. The 
operations in the repeater following the deen 
elgization of the relay S06 are the same as 
before described. 

Ringing current is now applied to the 
called line over a circuit, which extends from 
the generator G, front contact and arma 
ture 983, back contact and armature 936, 
almature 953 and its front contact, wiper 
963, bank contact 973, conductor 980 of the 
called line, switch hook springs, ringing 
condenser, bell coils, conductor 981, bank 
contact 90, wiper 960, front contact, and 
arinature 949, al'mature 932 and its lack con 
tact, and uppel winding of ring cut-off re 
lay 905 to ground. Inasmuch as there is a 
condenser in the above ringing circuit at the 
Substation A", only alternating current flows 
Over the circuit. The relay 905 is adjusted 
and constructed so as not to respond to alter 
nating current. It is of the usual type of 
ring cut-off relay. 
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When the called subscriber removes, his re 
ceiver, a dilect current path is provided, ex 
tending froin battery through the generator 
G during a ringing period or from battery. 
at the back contact of armature 983 during 
a silent period, and over the previously traced 
circuit through the upper winding of the 
ring cut-off relay 905 to ground. The ring 
cut-off relay 905, is immediately energized 
to establish a locking circuit for itself at 
armature 933. The operation of the arma 
ture 934 of the relay 905 serves to open a 
point in the circuit of the relay. 907. The 
Operation of the armatures 935 and 955 of 
the ring cut-off relay is without function at 
the present time because the Eelay 908 is 
operated. The ring cut-off relay 905 also 
operates to connect the two windings of the 
back bridge relay 906 to the called line. 
Battery is supplied to the called subscriber's 
telephone from the windings of the back 
bridge relay 906. 

Relay 906 is thereby energized to reverse 
the connections of the relay 902 with respect 
to the trunk conductors 848 and 850, that is, 
the current flow, in these conductors is re. 
versed. 
The results of this reversal of current flow 

in the repeater R... will now be considered. 
The electropolarized relay 801 in the repeat 
er R is now energized since the current flow 
in both its winding is in the same direction. 
The relay S01, upon operating, short circuits 
the resistance that, is in series with its lower 
Winding to permit it to attract its armatures 
810, 811, 812, 814 and 815. The operation of 
the armature 815 of the relay 801 serves to 
open a point in the circuit of the magnet 807. 
The operation of the armatures 812 and 814 
serves to reverse the battery connections of 
the relay 804 with respect to the trunk con 
ductors 773 and 775 and, in addition, con 
nects the upper winding of the relay 804 in 
the circuit extending to the calling line, so 
that the relay 804 may supply battery for 
the operation of the transmitter and receiver 
of the calling telephone substation A. The 
operation of the armature 814 also discon 
nects the upper winding of the differential re 
lay 803 from the talking circuit. The oper 
ation of the armature 810 serves to discon 
nect the upper winding of relay 806 from 
across the trunk conductors 840 and 841. The 
operation of the armature.810 and the arma 
ture 811 places the relay 802 in bridge of the 
trunk conductors 840 and 841 to increase the 
transmission efficiency of the talking circuit. 
The Feversal of battery by the connector 

Switches and by the repeater R is ordinarily. 
used to give the operator Supervision in case 
of one it employed in establishing the con 
nection, and to meter the call in the event 
that metering is used. 
The calling line is supplied with talking 

5 battery from the windings of the relay. 804 
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in repeater R while the called line is supplied 
with talking battery from the windings, O. 
the back ridge relay 906 in the connector 
Switch. H. The talking circuit is shown in the 
drawings by the heavy lines. 
Aiter the conversation is terminated the 

whole, connection is released by the calling 
Subscriber replacing his receiver upon the 
Switch hook. This brings about the deemergi 
zation of the relay 804 in the repeater R, and 
the release of the selecting apparatus takes 
place in substantially the same manner as 
has been described before. 
Should the called subscriber at substation 

A replace his receiver before the calling sub 
Scribe' at Substation A, the back bridge relay 
906 in the connector switch His deemergized 
to reverse the connection of the relay 902 with 
respect to the trunk conductors 848 and 850. 
This reversal of battery causes the current, 
flow in the two windings of the relay. 801 to 
be in opposite directions. The relay. 801 in 
the repeater R is thereby deemergized to re 
verse the connections of the relay 804 with 
respect to the trunk, conductors 773 and 775. 
Novy, when the calling subscriber hangs up, 
the release takes place as before described. 

For a more complete understanding of the 
invention, certain special situations will now 
be described. 

In the event that the subscriber at substa 
tion. A desires a connection with a subscriber 
located in his own exchange, the connection 
is established in substantially the same man 
ner as before described, with the exception 
that there is no repeater in the circuit and the 
Second selector and the connector are con 
trolled directly from the calling subscriber's 
dial in an obvious manner. 

t is apparent that the selector switches, 
Such as D, may be released at any point in 
their operation since the relay, such as 731, 
is under the control of the calling subscriber 
at all times except after the next succeeding 
Switch has been selected. Should the sub 
Scriber at substation. A hang up, just at the 
time, the Switching relay 733 is energized, it 
will be seen that the relay. 734 in the selector 
Switch. D will remain energized until it is 
short circuited by an application of direct 
ground to the release trunk in the next suc 
ceeding Switch, whether it be a selector or a 
repeater. The relay, such as the relay 731, 
in the next switch is energized over a circuit 
that extends from battery by way of arma 
ture.755 and its front contact, armature 76C 
and its front contact, and wiper 765. This 
circuit is established whether or not the call 
ing subscriber's receiver has been hung up. 
When direct ground is applied to the release 
trunk, the relay 34 is short circuited and de 
energized to open the circuit of the relay simi 
lar to the relay 731 in the next switch. The 
release of the equipment now follows in the 
usual manner. 
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If the calling subscriber should hang up at 

any time when connected with the repeater R, 
the deemergization of the relay 804 brings 
about the release of the established connec 
tion in the same manner as before described. 

Should the calling subscriber hang up 
when the connection has been extended to a 
connector switch such as H, before the call 
ing device has been operated to initiate the 
selecting operation of the connector, the re 
lease is a little bit different. To describe 
this, it will be assumed that the subscriber at 
substation. A has extended his connection to 
the connector switch H, and then he replaces 
his receiver upon the switch hook. The re 
placement of the receiver on the switch hook 
at the calling station A opens the circuit of 
the lower winding of the relay 902, but this 
relay is locked energized over a circuit which 
extends from ground by way of armature 
918 and its front contact, normally closed 
springs controlled by arnature 956, normally 
closed springs controlled by armature 955, 
normally closed springs controlled by arma 
ture 946, and the upper winding of the relay 
902 to battery. Now, when the calling sub 
scriber hangs up the circuit of the upper 
winding of the differential relay 901 is 
opened, the circuit of the lower winding of 
this relay remaining closed. The relay 901, 
therefore, attracts its armature. A circuit is 
now completed which extends from ground 
by way of armature 920 and its front contact, 
armature 916 and its front contact and relay 
907 to battery. The relay 907 is energized 
to open the previously traced locking circuit 
for the relay 902. This relay is then deen 
ergized to bring about the release of the 
connector switch in the same manner as be 
fore described. The release of the connector 
switch occurs in this manner until the relay 
905 or 908 is energized. When the relay 905 
is energized it will be seen that at armature 
955 the locking circuit of the upper winding 
of the relay 902 is opened. The same thing 
occurs when the relay 908 is energized by the 
operation of the armature 954. Thus, with 
either of these relays energized, the relay 902 
is deemergized immediately upon the calling 
subscriber replacing his receiver upon the 
switch hook. 

Attention is directed to the fact that only 
one resistor 967 is employed to control both 
vertical and rotary movements of the con 
nector switches such as H: that is, there is 
one such resistor in each connector switch. 

Since it is only necessary that the telephone 
lines in any given exchange be of substantial 
ly the same resistance, the resistance of the 
telephone lines in the different exchanges may 
vary. The selecting devices in the different 
exchanges may be controlled from another 
exchange in the same manner as described 
through a repeater, such as R. Under these 
conditions, it is necessary that the resistor, 
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such as 833, and the manner in which it is con 
nected to the bank contacts accessible to the 
wiper 831 of the minor switch Mi, be similar 
to the manner in which the resistors, such as 
985, are connected to the bank contacts ac 
cessible to the wiper 986. This is obvious, 
since the minor switch M must function to 
control the switching mechanism in the dis 
tant office in the same manner as the calling 
device of any telephone in that exchange. 

It will be appreciated that since the select 
ing devices, such as the selector D and the 
connector H are permitted to operate under 
a local circuit in all of their directively 
controlled movements, this movement will oc 
cur very rapidly and is only limited by the 
mechanical adjustment and construction of 
the switch. This means that the selecting 
mechanism will operate several times as fast 
in the present instance as it would if it were 
controlled in any other manner. In fact, the 
speed may be increased four or five times is 
ing the present mechanical construction of 
Strowger switching equipment. This high 
selecting speed permits the calling devices 
to be adjusted so that they will operate very 
quickly. It will be appricated that since con 
nections may be established very much more 
quickly by the calling subscribers and by the 
Operators if any are employed, that the 
amount of Switching equipment necesary may 
be considerably reduced. This reduction is 
somewhat added to by the speed at which the 
Selecting equipment may be released after the 
calling subscriber replaces his receiver upon 
his switch hook. 
Since no slow acting relays are employed in 

any of the switching devices to perfor any 
functions whatever, it will be appreciate 
that all the time margins are eliminated and 
the operations are rendered nuclh inore satis 
factory and positive. The use of the balanc 
ing arrangement disclosed in the present in 
vention for determining the change in con 
ductance of the line circuit responsive to the 
operation of the calling device, is very accu 
rate and is not subject to the changes in the 
line circuit to which the impulsing principle 
is subjected. By the use of this balancing 
arrangelment, a cumulative effect is sent over 
the line for a plurality of impulses. It takes 
no longer to transmit this effect for the disrit. 
10 of the calling device than the digit 1. That 
is to say, the calling device operates to modify 
a characteristic of the line and in eans are pro 
vided in the switching mechanish for co 
trolling the switching mechanisin responsive 
to this modified line characteristic. By the 
use of this balancing principle of selection, 
it is possible to eliminate a great many of the 
marginal operations and circuits that have 
heretofore been elmployed. In addition. 
since for any given number only a certain 
characteristic of the line is changed, it is poss 
sible to send a number of designations, such 
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as are necessary in callindicator systems, very 
much more rapidly and a great deal more 
positively than has been heretofore possible 
using the light and heavy positive and nega 
tive impulses. . . 

It is obvious that since all that is necessary 
to establish a connection is to modify an elec 
trical characteristic of the line in accordance 
with a predetermined plan, push buttons may 
be used for the calling device in a very simple 
manner. Many other forms of calling de 
vices will suggest themselves. 

It is obvious that this balancing principle 
of selection may be employed in various se 
lecting schemes, and may be used in a multi tude of places in automatic telephone Sys 
tems, both to increase the speed of operation, 
to save equipment, and to render the opera 
tion of the equipment more positive. In ad 
dition, the length of line over which a change 
of an electrical characteristic can cause a se 
lecting operation is practically unlimited. 

It will be understood that while I have 
shown my invention operating as a result of 
a change in conductance of the line circuit, 
that the charage of any other electrical char 
acteristic of the line may be employed for 
such control. 
It is also obvious that instead of the method 

of making a call disclosed in the present in 
vention, the so-called translator or director 
may be used to make a call. In this event the 
balancing principle of selection may, of 
course, be employed to very great advantage. 

Since selecting apparatus is directly con 
trolled from the subscriber's station by modi 
fying one of the electrical characteristics of 
the line, and the release of the selecting appa 
ratus is brought about by opening the line, 
and it is obvious that it is impossible to cause 
any movement of the directively controlled 
selecting devices at the central office by re 
moving the Switch hook or working it up and 
down in any manner. 
so-called “preliminary impulse' difficulty 
with which there has been so much trouble 
in automatic telephone systems. In fact, the 
present practice has gone so far as to do away. 
with all selection that begins with a No. 1. 
Thus, should a preliminary impulse occur, 
the Subscriber may be trunked to an operator 
who will inform him to hang up his receiver 
and call again. Not only is this very waste 
ful of the selecting equipment, but in the event 
that two preliminary impulses are sent there 
is no solution to the difficulty. In addition, 
the subscriber finds it unsatisfactory to be in 
formed to hang up again and call his num 
ber. In the present invention, any number 
of Operations of the Switch hook cause noth 
ing but the release. The only way that the 
selecting apparatus at the central office may be 
controlled is by the operation of his calling 
device. 

83 culty is obviated. 

This eliminates the 

Thus all preliminary impulse diffi 
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While I have shown one particular embodi 
ment of my invention, I am aware that many 
changes, modifications, and deviations may 
be employed, and it will be understood that I 
desire to protect by Letters Patent all such 
modifications, changes, variations and devia 
tions as come within the scope of the ap 
pended claims. 

I claim:- x...' 
1. The method of controlling a selecting 

device having a directively controlled and an 
automatic movement which consists in modi 
fying the electrical conductance of a circuit 
extending to said device while maintaining 
the circuit closed and causing a single means 
in said device to become operative responsive 
to such modification to control the operation. 
of the device in its directively controlled 
movement and to initiate its automatic move 
ment. 

2. The method of controlling an automatic 
telephone switch having a primary and sec 
Ondary movement, which consists in produc 
ing a single modification of the conductance 
of a circuit extending to said switch to a pre 
determined value and causing a single means 
in said Switch to become operative responsive 
to said modification to initiate the primary 
movement of said switch and prepare the 
switch for the secondary movement. 

3. In a selecting system, the combination 
with a selecting device having a primary and 
Secondary movement and a circuit leading 
therefrom, of means for modifying the con 
ductance of said circuit, means responsive 
to such modification for operating said device 
in its primary movement, another circuit as 
sociated with said device, means controlled 
by said device in operating for changing the 
conductance of said other circuit, and means 
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operative when the change of the conductance 
in said other circuit is equal to the modifica 
tion of the conductance in the first circuit 
for stopping the operation of said device and 
for initiating the secondary movement of said 
device. 

4. In a telephone system, the combination 
with a calling line, an automatic switch, 

110 

means for connecting said line to said switch, 
a telephone substation associated with said 
line, of means at said substation for modify 
ing the conductance of said line while main 
taining a closed circuit through said tele 
phone substation, trunk lines accessible to 
said Switch, and means for operating said 
Switch responsive to such modification to se 
lect one of said trunklines. 
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5. In a telephone system, the combination m 
with a telephone line, a substation associated 
therewith, an automatic Switch, trunk lines 
accessible thereto, and automatic means 
for connecting said line to said switch, of a 
calling device at such substation for varying 
the electrical conductance of said line while 
maintaining a continuous circuit of said line 
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through said Sub-station, and means re 
Sponsive to such variation for operating said 
Switch to select one of said trunk lines. 

6. In a telephone system, the combination 
with a telephone line, a substation associated 
there with, said line forming a continuous cir 
cuit through said substation, an automatic 
SWitch, trunk lines accessible thereto, means 
for connecting said line to said switch, of 
means at said substation for modifying the 
electrical conductance of said line while main 
taining said circuit closed, a circuit associ 
ated with Said Switch, means responsive to 
the modification of the electrical conductance 

; of Said line for operating said Switch to select 
one of said trunklines, and means controlled 
by the operation of said switch for modifying 
the same electrical conductance of said circuit. 

7. In a telephone system, the combination 
With a telephone line, and a substation associ 
ated therewith, of a resistor at said substation, 
an automatic Switch, lines accessible there 
to, means for connecting said telephone line 
to said Switch, means at said substation for 
connecting a certain portion of said resistor 
into Said line circuit without opening it, 
and means responsive to such connection for 
completely operating said switch to select a 
predetermined one of said lines. 

8. In a telephone system, the combination 
With a telephone line, a substation associated 
there with, an automatic switch, lines accessi 
ble thereto, and means for connecting said 
telephone line to said Switch, of means at 
Said substation for modifying the electrical 
resistance of said line to a single finite value. 
and a relay responsive to such modification 
for causing the operation of said switch to 
Select one of said lines. 

9. In a telephone system, the combination 
of a telephone line, an automatic switch as 
Sociated there with having a plurality of 
Wipers adapted to be moved in a single plane, 
a motor magnet for operating said wipers, 
a Switching relay, a line relay, busy and idle 
trunk lines terminating in bank contacts ac 
cessible to said Switch, means operative upon 
the removal of the receiver at the substation 
associated with the telephone line for operat 
ing said line relay to cause said motor magnet 
to operate to advance Said wipers into en 
gagement with the bank contacts of an idle 
trunk line, an automatic switch associated 
With Said trunk line, a trunk conductor ex 
tending from the first mentioned automatic 
switch to the last mentioned automatic switch, 
means in the last mentioned automatic switch 
for applying a ground connection to said con 
ductor, and a circuit for maintaining said 
line relay energized until said conductor is 
grounded. 

10. In a telephone system, a repeater, an 
automatic switch, a trunk line permanently 
connecting said repeater and said switch, 
and means in Said repeater for modifying the 
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electrical conductance, other lines accessible 
to Said Switch of said trunk line, and means 
in Said Switch operative responsive to a single 
change in electrical conductance in said 
trunk line for operating Said Switch to es 
tablish a connection with one of said other 
lines. 

11. In a telephone system, an automatic 
Switch, trunk lines divided into groups acces 
sible to said Switch, a circuit leading from 
Said Switch, means operative in said switch 
to select a trunk line in any predetermined 
group and means for controlling said opera 
tion by a single variation of the conductance 
of said circuit. 

12. In a telephone system, an automatic 
switch, trunk lines divided into groups acces 
sible to said switch, and a circuit leading to 
said switch, means for operating said Switch 
to select a trunk line in any predetermined 
group, and means for controlling said switch 
in its trunk selection by impressing a prede 
telmined unvarying current flow on said cir 
cuit, to thereby direct the group selection and 
to start the trunk selection in that group. 

13. In a telephone system, an automatic 
Switch, trunk lines divided into groups ac 
cessible to said switch, said Switch having a 
group selecting movement and a trunk select 
ing movement, a circuit leading from Said 
switch, means for producing a single varia 
tion in conductance of said circuit, and means 
in said switch responsive to said variation for 
operating said switch to select any one of 
said groups of trunk lines and one of the 
trunk lines in the group selected. 

14. In an automatic telephone system, a 
switch having reciprocating means for driv 
ing it through a plurality of steps in a pri 
mary movement, a subscriber's line, means for 
connecting said line to said switch through 
a closed loop circuit extending over the line, 
sub-station equipment on said line including 
subscriber controlled means for producing a 
single variation in conductance of the line 
without opening said closed loop to thereby 
directively control said switch in its primary 
movement, and means in the switch responsive 
to said change in line conductance for cont 
trolling said reciprocating means to step said 
switch through a number of steps determined 
by the conductance of said line, and for then 
stopping it. 

15. In an automatic telephone system, a 
switch having reciprocating means for driv 
ing it through a plurality of steps in a pri 
mary movement, and other means for driving 
said Switch in a secondary movement, a sub 
scriber's line, means for connecting said line 
to Said Switch through a closed loop circuit 
extending over the line, sub-station equip 
ment on said line including subscriber con 
trolled means for producing a single varia 
tion in conductance of the line without open 
ing said closed loop to thereby directively 
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control said switch in its primary movement, 
means in the switch responsive to said change 
inline conductance for controlling said recip 
rocating means to step said Switch through 
a number of steps determined by the resist 
ance of said lines, and for then stopping it, 
and means operated after said steps have been 
taken for operating said switch through its 
secondary movement. 

16. In an automatic telephone system, a 
subscriber's line terminating in a switch, 
trunks accessible to said Switch, a line relay 
in said Switch, means responsive to the initia 
tion of a call on said line for energizing said 
line relay, means responsive to the energiza 
tion of said line relay for operating said 
switch to establish a connection with an idle 
one of said trunks, means for sending a 
ground connection over said trunk to said 
switch to hold it operated, and means includ 
ing a winding of said line relay for holding 
it energized until said ground connection is 
received. 

17. In an automatic telephone system, a 
subscriber's line terminating in a switch, 
trunks accessible to said switch, a line relay. 
in said Switch having two windings one of 
which is energized responsive to the initia 
tion of a callon said line to energize said relay, 
means responsive to the energization of said 
relay for operating said Switch to establish a 
connection with an idle one of said trunks, 
means for sending a ground connection over 
said trunk to hold said switch, operated, and 

5 means including the second winding of said 
line relay for holding it energized until said 
ground connection is received. 
In Witness whereof, I hereunto subscribe 

my name this 9th day of May, 1927. 
JOHN E. GARDNER. 
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