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My invention relates in general to auto-
matic telephone systems.

One of the ‘objects of my mventlm is to
provide a novel method for directively con-
trolling the automatic switching equlpme“
in the central exchange from the. subscriber’s
station.

Another object of my invention is to pro-
vide means for increasing the speed at which
the switching fechanism in the «central office
may be operated.

Another object is to p;ov;de means for di-
rectively controlhnor switching equipment in-

the central office in & more pos1t1ve and effi-
cient manner.

Another object is to prov1de 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 & 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 “U.bSt"!,thﬂ,

which will not be affected by change in line
conditions such as induetive m(erfe”ence, or
t‘le distance of the subscriber’ 5 uubS\,utloﬂ
from the central office.

Anbther object is to do 2 Way with all
slow-acting relays in the central office switch-

ing equips sent 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 prov1de a novel meth-
od of. directively controlling the central of-

- fce switching mechanism from- the sub-

N
it

. scriber’s substation ‘which is different from

that employed to bring about the release of
the central office mechamsm
A’ further object is to provide a novel
method of directively controlling the cen-

tml office switching mechamsm from "the

subscriber’s substation Which renders it im-

~ possible for the sabscnber to send a so-called

prehmmary 1mpulse
A further object is to provide a new and
improvad calling df=V1ce for permitting or

1927, Serial No. 190,397,

controlling the operation of the central office

eqmpment at'a much higher rate of speed.

A further object is to provide a new and
improved circuat for the subscriber’s indi-
vidual line switch.

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

Another object. is to prev1de a new and
improved repeater circuit.

Another object is prov1de an 1mproved con-
nector circuit. '

A still further.object is to prov1de means
for 1nstanmneously releasing the switching
equipment used in an estabhshed connection
at the central offiee 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 sw1tch1nrr equip-
ment or relay selecting equipment, or not.
The funaamenual prmelp]e of this so-called

“two wire” operation is timing relays.

The central office sw1tch1ng 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 aulck acting relay
serves to operate the seleculnrr mechamsm by
sending out a series of 1mpulses A slow act-
ing velay is maintained energized by this
seriés of impulses.~ When the dial is restor ed
to normal after one operation, the line is
closed for a comiparatively long period of
time, the quick’ acting relay remains ener-

_gized, and the slow acting relay, energized by

.
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the 1n1pulses sent out by the quick actmg re-

lay, is deenergized to cause the automatic
trunk selectlncr movement of the dlrectlvely
controlled sw1tch -so that the next stage of
selecting operatlon may be performed. The
switches are successively operated in this
manner. until the desired connection is estab--
lished. After the conversaticn is comnleted
the connectlon is usually released Py tha cgl
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ing subseriber hanging up. This operation
permanently opens the line until the next
call. Thisopening of the line causes the quick
acting relay under the subscriber’s control to
deenergize. A short interval of time after
this deenergization, the selecting equipment
is released upon the deenergization 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,
1s 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

-~ use of ten percent of the selecting equipment
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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 centra

35

office is dependent upon the functioning of
fast and slow acting relays, it is highly im-
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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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. Ifthe 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 oceurs at an im-
proper point. In addition, if the dial is

Torced in backward movement, impulses will

be lost. In any of these cases a wrong num:
ber, or no number at all is obtained.

Before the advent of the two wire system,
automatic telephone systems of the three wire
bype were in common use. The three wirve
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 6o directively control the

1,736,259

switching mechanism by successively ground-
ing the vertical side of the lines a plurality
of times. The automatic trunk selecting
movement 1is initiated by momentarily
grounding the rotary side of the line. The
release of the selecting equipment is secured
by grounding both sides of the line simul-
tancously. 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, many attempts have been
made to incorporate the advantages of the
three wire system into the two wire systen.
So far as I know, all these attempts have
proved 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 made slow acting, but

this system, were quick acting. The

which, in this s;
period between the impulses was taken up by
the condenser discharging into the cireuit to
maintain the quick acting relay energized
during this interval of time.

Another attempt consists in employing :
modifieation of the calling device which, at

he end of the impulses, sends a series of high

frequency impulses to which the usnal quicl
action relay at the central office would not
respond, but 2 spectal relay in eivcuit with it
would respond. This special relay in re-
sponding 1initiated 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 switeh 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
circnit from a resistance at the subscriber’s
station. The usual quick acting relay at the
central office was adjusted to respond to this
opening of the line for vemoving the shunt
avcund the resistance. However, there was
another relay at the central staticn, which
conlrolled the release, that was maintained
enevgized in series with the comparatively
high resistance at the station. After the con-
nection was completed and the subscriber
hung up, the line was completely opened so
that this relay which was maintained oper-
ated during the impulsing would be deener-
gized to release the selecting equipment. This
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was: an-attempt to eliminate: the difficulty

arising frem the so-called “preliminary irm-

pulse”..

Obvicusly, these attempts to obtain the ad-

vantages of thethree wire system in the two
wire wore unsneceessful and did not go to'the
foob of the trouble. The present invention is
designed to cbviate all the disadvantages of
the two wWire sysiem and gtill to maintain a

great advantage over the three wire system,
that of having ne ground connection at the

subscriber’s station.  In addition, the nresent

nvention provides means whereby the cen-
I y

ral office switching equipment may be direc-

. tively controlled at a much greater speed than

hias hitherto been the case. 16 also provides
means for controlling the central office-equip-
ment much more positively and in a manwer
entirely different than that which has hither-

y to been empleyed. By.the use of this princi-
ple, all slow acting relays and timing mech=
amism s eliminated:
avoids the use of impulses and works upon:

That  principle also

one of the most efficient and accuvate circuit
principles that has yet beéen devised. ,
There are many other objects than those
mentioned i the foregoing which, tegether
with the above, will be deseribed in the de-
tailed specification which is to follow, taken
in conjunction with the accompanying draw-
ingg, forming part of this specification.
While I'have shown my invehtion applied
omatie telephone system, it will be
ious that the selecting principle employed
is equally applicable in any. selecting system
such -as those employed in any telegraphy,

- supervisory eontrol, train control and; in

S

ey
-t

, the subseriber: :
the line until the- dial restores. to - normal,

fact; in any selecting system where it is neces-
sary to control the positioning of 2 device.

In practicing my invention, I provide a-

special ‘type of calling device at the sub-
scriber’s station. This calling device is adaps-
ed to throw a certain amount of resistance in
a line, depénding upon the digits dialed by
This resistance remains in

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 awtomatic

_ trubl selecting orline finding takes place; by

o

. operates the calling device, a resistance is.

[

€5

x5 first selector.

which the subscriber’s line is connected {0 a

first selector is connected to the line through
oiie 0f its windings: When the subscriber
thrown in this cireuit.- The other winding
of the differential relay is connected to-tlie
resistor assoclated - with the first selector
switch. The introduction -of resistarice in

the circuit of ‘one winding of the differential’
relay permits this relay to operate, "Thers:
tpon, an automatic movement of the switeh'

A differential rélay is-
51 employed to control ‘the operation:of the

The differential relay in the:

occilrs. . As this movement takes place, re-

sistance is introduced step by step in the cir-

cuit of the other winding of the differential

relay. ‘When sufficient resistance is intro-
duced into the eircuit’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' oceurs over “a circuit local to the
switch and is merely controlled by the bal-
ancing action, it will .occur very rapidly. It
will be seenthat the switches of the central
office are controlled from the subscriber’s sta-
tion by a balancing arrangement. This is
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 beapplied 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 circuvits have been shown by means of
the usual conventional diagrams to enable
my invention to be readily explained and
understood. - L .
- 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

callilg devicey , ,

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

Fig: 3'is a section along line 8+8 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; T ' ‘
- Fig. 4is 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. 5is a detail section along the line 5—5
of Tig. 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; - : v

Figs. 7, 8 and 9 show the necessary cireuits

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 126, inclusive, each adapted to engage a
series of 25 bark contacts, such as 727 to 729,

‘inclusive.” The ‘line switch.C is provided
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with the usual type of switching relay 710,
line relay 711 and motor magnet 719. A spe-
cial type of line relay 711 1is prov1ded hav-
ing a low resistance lower winding which is
fldapted to maintain thé relay ener«rlzed in
series with the relay 710 and motor 1 magnet
712. The wipers 724 to 726, 1nclus1ve, are
adapted to be advanced by the operation of
the motor magnet 712 upon its deenergiza-
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 Strowcrer 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 787 and
ate adanted to be rotated into engagement
with the bank contacts, such as 770 to 772,
inciusive, the terminals of an idle trunk in
the level selected, by the rotary magnet 736.
In addition to the usual wipers 763 to 765,
inclugive, 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 T67 thot 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 1s connected to the same corresponding
point in the resistor 767 that the bank con-
tact, such as 708, in the subscriber’s station,
stich as A s connected to. The selector
switch D is adapted to be released by the op-
eration of the release magnet 785. For con-
tro’ling the selector switch such as D, relays
such as 780 to 734, inclusive, are provided.
T he 1elay 730 is of the differ ential type. Re-

lav 781 is a quick acting release relay. Relay
732 is an interrupter relay. Relay 783 is a
switehing relay, and the velay 784 is a con-
txol ing rolay

The trunk lines accessible to the selector
switch B may terminate in second selectors
or in connectors, depending upon the size of
the system. If the trunk lines terminate in
second selectors and there is more than one
exchange in the system, certain of these trunk
Iines 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 773,
inclusive, to the repeater R (Fig. 8). Re-

5 peater R comprises the relays 801 to 806, in-

1,736,259

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 801 1s connccted 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 hoth
windings is in the same direction. When the
leent flow is in the same direction, the re-
lay is energized. Upon energi ing, 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 1s a differential relay.
There 1s a minor switch such as M associated
with each repeater such as R. The minor
switch M is of the usual construction hzwing
two wipers 830 and 831, each adapted to en-
gage in their rotation a series of ten hanlk con-
facts. 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 banl contacts necessible
to the wiper 830 so as to provide for a varia-
tion in resistance in the circuit of the lower
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. Simi-
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 conductors 840
and 841 extending from the repeater R ter-
minates at another exchange in an incoming
selector DY This selector has a cirenit 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
Velth‘ll and 1ot‘11‘; tvpe The conuector H is

orovided with verfical and rotary magnets
910 and 911 and a release magnet 909. The
vertical and rotary magnets are adapted to
operate the w1pew 960 to 963, inclusive, first
n a vertical and then in a rotary direction.
The connector switches H are also provided
with vertical wipers such as 964, These
wipers are adapted to engage a vertieal hank
of ten contacts, such as 965. In addition,
all the connector switches have an cxtrn
wiper, such ag at 962, for controlling the ro-
tary movement of tl 1o switches, This wiper

and the associated bank contacts are 1(1011-
tlcaUy the same as those employed on the
so-called rotary connectors manufactured by
the Automatic Electric Co, A rvesistor, suc]]
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“ing talking battery to the called line.. This
y relay is also adapted to attract its armatures

40

1,736,259

as 967, is connected to. the vertical bank con-

tacts in the manner shown; and to the rotary.
bank contacts; corresponding rotary contacfs

at various levels arve: multiplied together.

. The connector switehes H are provided with

relays, such as 901 to 908, inclusive, of the
usual telephone type. The relay 901 15 a dif-
ferential relay. The relay 902 supplies alk-
ing battery to the calling line. The relay

y 903 is what is known as a two-stép 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 905-15a 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 946, Fhe relay 907 is a
busy control relay.. The relay 908 is a switch-
ing or cut-in relay. .- - ‘

- The connector switch H has access o called

subscribers’ lines, siich as the line of the sub-

scriber at the substation A*. The substaticn
A* ig similar to the substation A previcusly.

described.” Thé line-switch €' ig 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

-called subseriber’s substation is rung inter-.

mittently by the ringing current furnished

by the ringing equipment RI. ‘These devices.
-are of the usual type and need not be

7
Ge-

scribed in detail. : .
“Referring now' to Figs. 1 to 6, inclusive,

and Fig. 10, ¥ shall now describe the novel

--calling device adapted for use in my im-

50

ity

proved system. - Like reference characters in
the various figures refer to similar parts.

57 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 ratchet 13 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
18is mounted upon a shaft 19 by a boss
9. The shaft 19 is supported between the

~bage plate. 10 and-a subbase plate 20. The

~subbase plate 20 is held in spaced relation
¢ 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 21,722 and 23 and threaded into
holesinthe baseplate 10. Mounted below the

5 stibbasé plate 20 is a series of ten bank con-

5

tacts 24, these bank contacts are of the usual
construction and may be moeunted on a fair-
Iy thick circular insulating ring 8 by means
of serews. The bank eontaet 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
insulating ring 8. The shaft 31 has'an en-
larged end spacing pertion 6 and is attached
to the dial 11 by means of the screw 7. The
shaft 31 extends at its lower end into a
recess 33 in the shaft 34. 'Fhe upper portion
of the shaft 34 is serewed into the eentering
or locking cam 35 which is provided with
the shoulders 36 adapted to rest against the
base plate 20 under tension of & spring 37,
one end of which is attached to the subbase
plate 20  and the other end to the shaft 4.
The lower end of the shaft 84 is threaded
to reeeive the wiper mounting earrying the
wiper 38, The wiper 88 is imsulated 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-
sembly is moeved up or down. The wiper

70

75

80

80

38 is adapted to engage the bank contacts

24 when rotated. The wiper is so-v}ilositi'oned
with respect to the bank econtacts that, when
the dial is operated for the digit 1, the wiper

1s moved into engagement with the first bank
contact.” A releasing meémber 40 is attached
to the shaft 81 by means of a boss 41. The”
rotatable shaft 19 and the finger stop 18

carries an. armi 44 that is adapted to operate
the spring 45 to open the contacts 47 and

to close the contaets 46 this latter eperation-

performs certain functions in. telephone sub-
station circuit as will appear. The spring
member assembly is mounted: in- position on
the base plate by tivo screws 49. The whole

-spring assembly is, of course, insulated: from-

the base plate in any well known or preved
nanner. - 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

held in its inoperative position by the spring-
54, When the shaft 19 is rotated the pawl
52 is adapted to engage the centering wheel.

85. ‘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 dial.
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  therewith. This action
serves to center the wiper 88 in engage-
ment with the proper bank contaet.. The
centering wheel 35 is-rotated when the shaft
31 is turned by the member 40 engaging a
pin 55 imbedded in the wheel 85: 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
posttion 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 1s permitted to re-
store to normal under the action of the spring
87. "Restoration of the centering wheel 35
also brings about release of the Wiper 38 as
they are mounted together,

Having described the mechanical construe-
tion of my calling device, I will now explain

~ the manner in which the various clemem

~function when the calling device is oper-

24

ated.  In order to do this, Tt will be assumed
that the subscriber desires to operate his call-
ing device. in accordance with the digit b.
The subseriber, therefore, phces his finger
in the finger hole marked 5 and brings 1% for-
ward until his finger reaches the ﬁnoel stm),
whereupon, he withdraws the finger and per-
mits the calling device dial to restore to nor-
mal position. During the forward move-

" ment of the calling device dial 11 the pawl 12

3
<

49

[
St

<
pats

GO

rides over the surface of the crown ratchet
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 35 attached
to the centering wheel 85 and the centering
wheel 35 is thereby rotated, carrying the
wiper 88 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 88 is centered into en-
gagement with the fifth banl 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 ea-
gage the spring 46 and break the electrical
connection previously existing between the
spran‘ 47 and the spring 46 This oper-
ation serves to open the transmitter axnd 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 1 the crown ratchet 18 and turns this
ratchet which in turn operates the governor
through the gears 16 and 17. In the present
ingtance the governor does not slow down
the dial very matermhy It is only provided
to prevent the dial 11 from snapping back
rapidly and causing injury to the equipment.

5 Inasmuch as the centering wheel 35 is locked

1,736,259

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 84, 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 shatt 19 is rotated to its original
posmon 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-
;Jy the telephone substation cirveuit 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 1s locked in engagement with the proper
bank contact until the dial 11 is restored to
normal. Thus, so far as the operation 1s
concerned, the calhnﬂ subscriber may inter-
rupt the baclward rotation of the dial, bring
it forward, or force it backward all without
causing any different operatlon of the call-
ing devme If the subscriber holds the dial
from returning, the wiper 88 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 wiperis locked. There-
fore, nothing the subseriber 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 penmts the proper number
to be obtained in spite of it. This will ap-
pear fully hereinafter.

In Fig. 10 T have shown a diagrammatic
view of a telephone substation equipped with
my improved calling device. This substation
consists of the usuul transmitter 75, receiver
76, bell 77, ringing condenser 78, and hool
switch 79. The callmo device is of the type
just described. The wiper and bank contacts
and springs for controlling the telephone sub-
station cireuit only have been shown. Tt will
be seen that the bank contacts are connected
to a resistor 80. Thus, when the wiper is op-
erated into eng aoement with a bank contact, a
certain funount o{ resistance in placed 1nt0
the line circuit. The points on the resistor
to which the bank contacts are connected are
determmined by the average resistance of
the line. Another determining factor is the
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‘amount of current that the differential relay

will be operated by. These factors will be
dlscussed more fully in the detailed circuit
dteseription, which is to follow.

‘While in the drawings positive + and
negat-ive. — signs have been used to indicate

the battery connections, it will be understood

that -+ indicates the usual ground connection,
while — indicates the usual negative battery
conn@cmon :

Referring now more -particularly to Tlgs
7 8 and 9, a detailed- description of the op-
eration of my improved telephone system will
be-given. Kor this purpose, it will be as-
sumed: that the subscriber ab substation A de-
sired. to call the subseriber at substation A
In order to do. this, the subscriber at substa-
tion A will vemove his receiver from- the
switch hook and will operate his calling de-
vice dial in accordance with the cholts of the
called subscriber’s number..

When the receiver at substation A is re-
moved from the switch hook, there is a cir-
euit completed that extends from gTound by
way of back contact and armature 719 over
one conductor of the line, transmltter and re-
ceiver of substation Ay spring 703 of the con-
trol springs, switch hook. sprmcrs the other
conductor of the line, armature 716 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, rvelay 7 10 ‘back congact and: arma-
ture 720, and’ motor magnet 712 to battery.
The ope: ration 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 nndway between, the motor maffnet

~ and the switching relay 710 Another re-

sult of the opemtlon of the relay 711 is that
at armature 723, a circuit is prepared for en-
ergizZing a relay in the selector switch, such
as the Iehy 731, in the selector D.

“When the rela ay 711l is energized, if the
wipers 794 to 726, inclusive, are standmcr
in engagement with bank contacts assocl-
ated with an idle trunk, the relay 710-.is im-

" mediately energized in series with the motor

60

magnet 712, Because the relay 710 is of
rela tlvely high resistance with respect to the
motor- mafmet 712, the. latter is not operated
Jn this eir cmt Ta the event. that the wipers

94 to 726, inclusive, of the line switch C are
not in engagement Wlth the bank contacts of
an idle trunk there will be a ground potential
on the bank contact that is encaoed by the
wiper 725 and the relay (1Q_W1ll be short cir-
curted and the motor magnet 712 will opemte
25 a buzzer to advance the switch wipers 724
to 726, inclusive, into enga@ement with the
bank contacts associated with an idle trunk.

5 1t will be assumed that the bank contacts 727

7

to: 729, inclusive, are the contacts of an idle
trunk &wess;ble to the line switch €. . Then,
when the switch wipers are rotated into en-
gagement with the bank contacts, the relay

710: will be energized over the cireuit previ- «

ously described. The relay 710, upon op-
erating, opens a peint in the civenit of the
motor magret 712 at armature 717, places
ground upon. the bank comtact 728 at the

Front contact of this armature, completes a

circuit. for the relay 731 in the selector D at
armature 718, opens the circuit of the upper
winding 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 bc
noted that the bank contact 728 is grounded
over a cireuit that extends:. irom ground

through the lower winding of the relay 1L,

front contact and armature 717, wiper 725
and bank contact 728. This 01rcult serves
to busy the selected trunk line, so that it is no
loenger accessible to  the individual -line
switches such as C through- its multiples.

The relay 781 in the ﬁrst selector switch
D is energized over a circuit. that extends
from o1ou.11d relay 731, normally closed
springs cont’ olled by armature 756, bank con-
tach 129 wiper 728, front contact and arma-
ture u,, and fmnt contact and: armature .
718 to-battery. The relay 731 in the selector
swigeh. 1) 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 noLmal
spl ing 745 and its resting conmct front con-

tach and armatute 740 fo the release trunk
conductor. Fhe connection of ground to the
relesise trunk conductor serves to short cir-
cuit the lower winding of the relay 71l in
the line-switceh,- and thls relay deenergizes
to open anomel point in the. circuit of the
motor magnet 712 at armature 721, to open a
pomi in the circuit of the relay 7 10 at arma-
ture 722, and to open on¢ point. in the cir-
cuit of the relay 781 at armature 723, and to
establish another circuit for this relwy at-the
normally closed springs controlled by this
armature. .

It will be noted that when the line relay
711 in- the line switch € energized, ground
is ap},hed through its lower Wmdlna to the
private normal conductor 714 to busy the ter-
minals of the calling liné in the banks of the
connector switches “Which have access to it:

" Fherelay 731 is maintained energized when
the relay 711 deenergizes over a circuit that
extends from glound relay 731, nmm‘xlly
closed ‘springs. controlled by armatme 756,
bank contact 729, wiper 726, normally closed_
springs contr olled by zumature 723, front con-
tact and armature 719, calling subscrlbers
line, armature 716 and 1ts fr ont 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 results of the operation of the relay
781 are: that at armature 741 a circuit is
completed that extends from ground by way
of armature 738 and its back contact, arma-
tare 741 and its front contact, resistance 747,
back contact and armature 769, back contact
and armature 762, 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 armafure 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 787 at armature 750. All these op-
erations occur responsive 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 desived 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 2t 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. 'Fhis 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 ohis
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 eur-
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-
ble to work with as much resistance in a line, g5
as possible, so as to make 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 civcuit, 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
dgure of 700 ohms for the combined resist-
ance of the upper winding of the differential
relays, such as 730, and for the relays, such as
731, 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- 115
sistor for the calling device :—

(=43

00

105

110

For digit 1 bank contact 1 is connected to the
resistor at a point where 208

ohms are thrown in a line. 120
Ohms
2 300
S 410
S 550

D 728 125
0 966
0 1900
8 2300
O 2632

O 4300 130
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 Ttispossible to disregard the line resistande

in cotisidering the operation of the civeiit ds
4 compensating line resistdrice is inserted mn
the cireuit of the lower winding of -the dif-
ferential relays, steh as 780. This will: be
described a little later. R .

From the foregoing, it will be seen that for
edch position of the calling device; & certain
amount of resistafice is thrown into liné suffi-

cieht to ¢cause a current variation in the Titie

circuit of 10 millidmperes for each siecessive
position. :

The prineiple of selection employed dé- -

pends upon the charges or variations in the
conductivity of the circuit causing changes in
current fow.: It i§ obvious that by changing

‘any electfical characteristics of a eircuit in
définite order, it is possible to control select-

ing .apparatus as desired.. However, it is
well known that a changé in condu'c;ti'x‘ritlylis
_ “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 obtainéd by varying any other
electrical characteristic or characteristics of
the Titre eircuit stch as the impedance, capaci-
tance, anid inductance or reactance, and pro-
viding nieans in the céntral office switching
equipienit to respond to such’ variations
either by balancing; as in the presént case,
or measuting the ¢change in the characteristic
and controlling the selectirig devicé in accord-
ance with the value measured. =~ =~
In the description of the progress of the
present call, it will be assuined that the call-
ing subscriber opérates his calling dévice in
accordance with the number of the called
substriber at’ substation A2, and it will be as-

‘sumed farther that this number consists of

Cthe digits 5482, -

45

50

St
[

60

ing.

When the calling device is operated in-aé-

cordarnce with the fiest digit 5, the wiper 701

of the calling device is placed in engagément
with the fifth bank contact, whetreupon; when

the shusit springs 702 and 708 dré operated,

the transmitter and receiver are disconmected
from the calling line circuit, afid 4 certain
amount of resistance is thrown in the*line.
In thisinstance, 728 ohms. = -
Referring now to the operation of the se-
lector switch D, when the relay 781 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 cecurs: with the line relay
711 in the line switch: énérgized; there is no

circuit completéd for the upper winding of
the differential relay 730, and the differéntial
relay 7301z erergized through its lower wind-
Howeter, its operation urider these con-
ditions is without function;except to open the

5

circuit of the relay 782 at armature 728.
When the line relay 711 is deenergized, a

circuit is completéd for the upper winding of-
-the differential relay, which serves to balance
‘the current flow through its lower winding,

&nd pérmits the retraction of the armature
138 to comiplete the previously traced circuit
for the velay 782, - The resistor 778 of the se-

leetor switch D serves to balance the re-

gistaniee of the calling line and that of the
transniitter and recever. A

‘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 fenioval of the fesistatics of the
transhvitter dnd the receiver, the resistance
709 is substituted in-series with thé resistor
705 that is cenmected to the various bank
contacts. With the values of line resistance
assumed, there are 70 milliamiperes of cur-

rent flowing throtgh the line and the upper

winding of the relay 730 at this time. In the

Jower winding of the differentisl relay 730,

there aré approximstely 148 iilliamperes
of eurrent-flowing. - The relgy 730 therefore
operates to attract the armature 738 and 739,

"By the operation of the armature 738 & point

1 thie cireuit of the relay 782 is opened, while

at the fromit contact of the armature 738 there

is a circuit established for making amother
ground connection to-the release trunk. By
the operation of the armature 789, a point in
the cireuit of the rotary magnet 736 is opened,
while; at the front contact of this armature,
there is a circuit completed that extends
from growid by way of said armature and its
front contact; vertical magnet 737 and front
-contact and drmature 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 opération of
the vertical magnet 737 also interrupts the
locking cireuit of the relay 732 at -armature
762. The relay 732 is deenergized to open

-anocther péint 1n its locking citeuit at arma-

‘tufe 749, and to 6pen the ciréuit of the vertical
magnet dt armiature 750, and to complete a
point in the grournd connection to the release
trunk at armature 748. - The vertical magnet
737 will be energized to position its pawl and
to’comipléte & circuit' at grmature 762 f6r the

relay 732,  This circuit extends fromi ground -
by way of arn

ature 757 and its back eontaet,
back contact and armature 752, off nowmisl
spring 745 and its working contsct, back con-
tact and arinatiive 762, armature 761 and its
‘back éontact, and rekay 732:t0 battery. )
- Upon the first vertical movement of the
switeh shaft, the off normal springs are
shifted #1id one grovwnd cénnection is renioved
For‘the release truink, thotigh' ground is still
mpintained:

armature 738 andl-its front contact. Upon

connectéd: thereto by - way of
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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 780. The value of

-this resistance is equal, to the value that is

placed in the circuit of the upper winding of

-the relay 731 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 782, 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 787,
and front contact and armature 750 to bat-
tery. The vertical magnet 787 is operated to
advance the switch shaft carrying the switch
wipers 763 to 763, 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 782 at armature 762. The interrupter

732 1s 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 732 and the
vertical magnet 787 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 hoth the
upper and lower windings of the differential
relay 780, 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 C energized over a path that extends
from ground by way of armature 748 and its
front contact, relay 784, and front contact
and armature 740 to the release trunk. The
relay 734 is therefore energized. This relay
has not been previously energized because 1t
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 784 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 782 at armature
769, to establish a locking circuit for itself
at-armature 758 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 736 at armature 759 over a path that
extends from greund by way of armature 739
and its back contact, armature 759 and its
front contact, rotary magnet 786 and arma-
ture 750 and 1ts front contact to battery.

The rotary magnet 736 is immediately ener-
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 deenergized to open a poing
in the circuit of the rotary magnet. The ro-
tary magnet is also deenergized.

It 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 wipers
are in engagement with a busy trunk. Tn this
event, there will be a ground potential pros-
ent upon the private bank contnet that is
engaged by the private wiper 764. A cireuit
will therefore be completed from ground
by way of the private wiper 764, armature
758 and its back contact, back contact and
armature 762, armature 761 and its back con-
tact, and interrupter relay 732, to hattery.
The interrupter relay 732 is immediately en-
ergized to establishing a locking cireuit for
itself at armature 749, and to complete u
cireuit for the rotary magnet 736 ai arma-
ture 750. The rotary magnet 736 is encr-
gized to rotate the switch wipers another
step and to open the circuit of the interrupter
relay 782 at armature 761. The interrupter
relay is deenergized to open the cireuit of the
rotary magnet. The interrupter relay 732
and the rotary magnet 736 continue to operate

I
ai

.alternately until the wipers 763 to 765, in-

clusive, engage the bank contacts associated
with an idle trunk.

80

[e2]
[

g0

160

120



.10

“isin enoacrement

1,736,250

Tt wall be assumed that the bank contacts

70 to 772, inclusive, are the bank.contacts

associated with an idle trunk: Under these
conditions: when the wipers of the selector
switch' D engage: these bank contacts, there

-will be no: oround present upon the bank con-

tacts 771 with which the private wiper 764
Under ‘these conditions
there is a .circuit completed for the switch-
ing relay 733. The circuit for energizing

‘the relay 733 extends from: the 0'round by

way of armature 743 and its front. contact,

- relay 734, front contact and -armature 7 58

15

)

T
<t

=30

140

‘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 re’lay 732 to battery. The relay
733 is energized over this circuit though the
relay 732 remains deenergized. This Is true
because-of the relative hi Oh resistance:of the
winding of the relay 7 733. Upon operating,

the relay 733 opens a point in the circuit of
-the release magnet.735..at armature 755 to

closea mamtalnlng circuit foritself at arma-

-ture 754 to make its:own circuit.independent

of the deenergization: of the relay 731, to

prepare a holding:circuit for itself at arma-
‘ture 758, 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 hasbeen selected by the trunk: se-
lecting operation of the selector D.

* The relay 731 is deenergized to- open the

“cireéuit of the differential relav 780:at arma-

ture 742,-to open one peint in the circunit of

‘the relay 733 at armature 743, and to prepare
a release cireuit at the back contact of this

armature.

‘When - the: calhng lineis extended to the
repeater R in the manner -deseribed, there
is a-circuit completed for the relay 804 over
a path that extends frem ground: through
the upper winding of said ‘relay, normally

. closed §prings controlled by armature 812

‘50

‘of relay 801, trunk conductor ‘775, bank
“contact 772, wlper 765, “front: contact and
‘armature 760 and. -armature..

55 -and - its
front ‘contact to battery Relay 804 is en-
ergized ‘over ~this -ecircuit and: operates ‘to
place ground tipon the release trunk conduc-
tor 774. “The -grounding of release trunk
conductor T4 -establishes -a circuit for the
relay 783 in ‘the selector switch D #nd for
the relay 710 in the Tine switch C exclusive
of the ground connection: supphed through
the relay 784. The relay 734 is thus short-
circuited and’deenergizes. “The relay 734 1s
deenergized to open its locking circuilt at

' armatme '758,to ‘open a point-in the eircuit

“of the rotary magnet 736 at armature 759,

t0' open the previ ously traced éircuit for’ the

-rélay 804 at -armature 760, and to-estiblish

'("Llhnrr device is restored -to normal.
these condltlons if special provision is not
‘made,-a false: operatlon avould-be the result.
“This is true because ‘there will be ‘a certain
‘amount of resistance ‘inserted in the calling

-eare. of will now be described.
‘that.a trunk lineleading to a second selector
- sw1tch is selected mstead ofatrunk linelead-
ing to the 1epeater R, the vesult of such pro-
‘ cedure, if the calling device is not yet restored

11

another circuit for this relay at its nermally
closed springs over a path that extends from
ground, upper winding: of relay 804, nor-
mally closed springs controlled by -armature

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 calhng
hne, armature 716-and its front contact, wiper
724, bank contact 727, front contact -and
armature 751, w1pe1 7 63 bank contact 770,

trunk conductor 77 3, normally closed springs
controlled by almature 814, upper VVlIldlIlO't;
‘of differential relay 808, armature 822 and its

front contact to battery. The relay 804 is
maintained energized over this cireuit.
It will be seen that the directively con-

‘trolled movement of the vertical magnet 787

takesplace underthe control ef the differential

~ire1ay 780. Thevertical magnet 737 is operated

together with relay 732 over a local-circuit to

raisetheswitch shaft vertically. Tt willbe ap-
preciated that this vertical ‘movement takes

placeveryrapidly andisonly limited by the me-
chanical construetion and adjustments of the
switch. “The-speed of-this-vertical movement
is comparable to the speed of a-finder switch.

In fact the selector switoh: operatesin-identi--
‘cally the samé manner.as a finder in both- its

vertical and rotary:movements. Sincethe di-
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 come:-back very, very rapidly. Ifthe dial

~should be adjusted ‘to a relatively slow back-
ward movement, the selector switch may com- 1
nplete this vertical nmovement and trunk select-

ing movement before the wiper 701 of the

Under

line when theext selectlno ‘device is connect-
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ed with. The manner:in: Wthh this is taken -

In theevent

to normal, will be consndered 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-

Jar to the relay 731 is enero'lzed to throw the
‘differential relay 730 into the line circuit, ‘If -

the calling device has not been restored to
normal, the differential relay is energized,

'consequently there is no eireuit for the relav
/782.- Until the relay, such as 782 is energized,
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no vertical operation of the switch can oceur.
The resistance 747 is inserted in series with
the relay 732 to make it slower to operate.
The armature 741 is also adjusted to engage
its contact after the otlier armatures have
contacted with their front contacts so as to
give the relay 730 time to operate befcre the
circeuit for the relay 782 is closed. When the
calling device restores to normal the resist-
ance is removed from the line circuit and the
relay such as 780 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 gwitch 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. 1t is obvious that
if the subseriber retards the return move-
ment of the dial, the resistance placed in the
line cireuit 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 subseriber force the
dial of the calling device during its back-
ward movement, the result, if any, 18 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
braling effect when the dial i 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 B are that battery is connected
to the mid-point of the differential relay 808
at armature 822, a cireuit is prepared for the
relay 805 at armature 820, a point in the cir-
cuit of the release magnet 808 is completed

1,786,259

at armature 836, a circuit for the lower wind-
ing of the electropolarized relay 801 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 823 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 cireuit
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 cceur 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 isthereby

completed for the relay 805 over a path that

extends from ground by way of armature 819
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 802 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 armature 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 ismoved 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 cireuit
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

baek 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
locking cirveuit foritself at armature 838. The
stepping magnet 807 of the minor switch M is
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 deenergized.- Upon:the first
moveiment of the minor switeh, the off normal
springs 828 and 829 are shifted, whereby the
cireuit of the lower winding of the relay 801 is

opened, while a ecircuit is prepared for the -

lower winding of the relay 806.

Tt will be seen that there is.-a resistor con-
nected to the bank contacts aecessible 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 808. 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 cirouit extend-

- ing in bridge of the trunk conductors 840

35

40
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and 841 which may be traced from conductor
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 conduetor 841,

the differential relay, such as 730.in the selec-

“tor D*, which is the incoming selector at the

second exchange. ‘This initiatés the operation

“of'the selector D*in identically the same man-

ner as has been described
selector D.-" ST e

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-

with respect to the

- 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 M are 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--
- ed in circuit with the lower winding of the-

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

The conneet-:
- ing of this resistance in bridge of the trunk
conductors 840 and 841 serves to unbalance-

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

({J

75

of the trunk conductors 840 and 841, as was™

inserted in the circuit of the upper winding
of the differential relay 808 by the operation
of a calling device of substation A in accord-
ance with the digit 4. - v
The incoming second selector D is-thereby

operated until it has positioned  its wipers.

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 730, in the
selector Dt is deénergized to initiate the ro-
tary movement of the switch. Now, when
the vertical movement of the selector switch

D ceases, the relay similar to the relay 734

in this selector is -operated. When an idle
trunk has been found, the relay similar to
the relay 788 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 H is operated, the trunk:linie compris-
ing conductors 840 and 841 is opened to the
connector switch H at a point in the selector
switch Dt .

The relay 806 in the repeater R is thereby -

deenergized, since its cireuit is opened. Upon
deenergizing, the relay 806 operis the locking

circuit of the relay 805 at armature 827 and

completes-a -circuit for:the release ragnet
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 com-

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 arc thereupon shifted and the relay

. 806 may be operated when the relay such as

734 in the selector switch D' is deenergized 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
1s 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 808 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
827 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 deenergized. When the
calling device restores to normal the relay
805 is energized over a previously traced cir-
cult 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
the stepping magnet 807 at armature 816.
The stepping magnet 807 is operated to open
the circuit of the mterrupter 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

1,738,259

placed in the upper winding by the operation
of the calling device at subsfation A. The
differential relay 803 is thereupon deener-
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 H is
energized in the manner before described, the

operation of this relay serves to conmnect

ground to the release trunk at armature 918,
to connect battery to the mid-point of the
differential relay 901 at armature 919 to com-
plete a circuit at armature 920 that extends
from ground by way of said armature and its
front contact, armature 916 and its back con-
tact, armature 926 and its back contact, back
contact and armature 947, vesistance 940 and
lower winding of the relay 906 to battery.
The relay 906 is energized, to prepare a cir-
cuit Yor 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 cirenit 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 difler-
ential relay 901 in the connector H is unbal-
anced and attracts its armatures 915 and 916.
By the operation of the armature 916 o circuit
is completed that extends from ground by
way of armature 920 and its front centact,
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 armatuie 950 and its
back contact, front contact and armature 938,
armature 915 and front eontact, back contact
and armature 954, back contact and amnature
929 and relay 904 to battery.

The operation of the relay 907 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 armature 918
and its front contact, normally closed springs
controlled by armature 956, normally closed
springs controlied by armature 955, front
contact and armature 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 oceurs
upon the first off normal step of the switch.

The relay 904 is energized to establish a
locking cireuit for itself at armature 930 over
a circuit which extends from ground upon re-

80

86

90

160

110

130




10-.

15

20

84

60 -

651

1,736}359

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. Amother result of the op-

_eration of the relay 904 is that at armature
931 a circult is completed that extends from:.

ground by way of armatire 93T and its frone
contact, armature 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 switeh -wipers 960

to 963, inclusive, oppesite the first. level of

bank contacts. By this operation also, the

vertical wiper 964 is raised into engagement - ¢
with - the - second vertical bank - eontact..

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 t¢ open the circuit of the
vertlcal maanet 910. - The vertical magnet

910 is deenerglzed to position its pawl “and.

to complete a eireuit for the relay 904. The
operation of the vertical wiper 964 serves to
insert-a resistance into the circuit of the lower

- windiiig' of the differential relay 901." This

resistance is-insufficient to balance the cur-
rent-flow in theé twe windings of relay 901
and it remains energized to again complete a
cireuit forthe relay 904, The interrupter re-

" lay 904 and the vertical magnet 910 are alter-

nately operated until the switch wipers 960
and 963, inclusive, are raised opposite the
third leV el 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 catses
the insertion of approximately 410 ohms re-
sistance into the circuit of the lower winding

7~ 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 deenergized to

“open the circuit of the interrupter relay -904.

The vertical operation of the switch wipers
ceases.
the relay 901, the circuit of ‘the relay 907 is
opéned and- this relay is ‘deenergized, and at

“ the back contact of this armature a 01rcu1t is”
- 921 serves to re-establish a circuit for the re--

prepared for energizing the relay 906. By

the operation of the armature ‘915 there is a°

circuit completed which exténds from ground

by way of armiature 950 and its back contact,

fiont contact and-armature 938, armature 915
and it¢ 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 ener gization of the upper wind-
ing of the relay-903 servesto-attract the arma-

By the operation of armature 916 of

tures 923, 924 and 926. The operation of the
armature 926 of the relay 903 serves to open
a point irv the original energizing circuit of
the relay 906. The operation of the armature
923 o 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 90% through vertical wiper 964, to com-
plete & new circuit for the lower Wmdmg of

relay 901 over a path that extends from-

ground by way of armature 920 and its front

contaet, front contact and armature 924, rest-
ng 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-

off rermal springs 956 and 957 are of the usual
construction and are adapted to be operated
upon the first rotary step of the switch. Tt
will be noted that the circuit for the lower
winding of the relay 908 is ineffective at the
present time for the redason that it is short
cirenited by the circuit previously traced for
its upper winding. Censequently, the arma-
tures 921,922, 920 and 927 of the relay 903 re-
main in their normal p081t10n for the present.
By the deenergization of the relay 907, the
armature 946 of this relay is retracted to open
the cirenit of the lower winding of the relay

902. The relay 902 is not deenergized because.

there isa eireuit ecompleted for its upper wind-

ing: over a path that extends from ground -

upen 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 '

15

“wH

83

%

100

1056

The opening of the circuit of the lower

winding of the relay 902 serves to open the

cireuit ‘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-
ing of the relay 908.

upper. and lower .windings in series. "As a
result of this, all the armatures of the relay
are attracted. -The operation of the armature

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
forithe 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-

110
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: The relay 9031s now en- . -
ergized over.a circuit that includes both its:
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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 deenergized. This is true, because of
the functioning of the repeater R responsive
to the deenergization 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-
nect ground to the armature 915 of the relay
901 at armature 938 and to establish a lock-
ing circuit for itself at armature 989,
Referring now to the repeater R, when the
relay 806 is deenergized 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 deseribed
following the deenergization 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 800 ohms.
The relay 803 in the repeater R is thereupon

operated to bring about the interaction of the’

relay 802 and the stepping magnet 807 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 8083, 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 deenergized 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-
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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 armature 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 cireuit
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 armature 938, armature 915 and its front
contact, back contact and armature 954, back
contact and armature 929, and relay 904 to
battery. The relay 907, 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 94,
prepares a circult 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 981 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 deenergized to position its pawl and to com-
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 I designated by the bank contacts 970
to 973, 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

70

8¢

90

100

110

120

128

130




10 .

15

1,736,259

digit 2 has been dialed by the calhng sub-

scrlber the rotation of the wiper 962 into en-

anfrement with the second bank contact will

cause the insertion of the proper amount of
r(,s1st‘1nce into the circuit of the lower wind-
ing of the relay 901. The relay 901 is there-
upon deenuglzed to open the circuit of the
interrupter relay 904 and to open the circuit
of the Iefay 907.

Should the cailed line be i busy at Lh'b time,
there will be a ground potential present upon
the bank copt&ct 971 which is engaged by the
private wiper 961 of the colmccwr H. As-
suming this to be the ¢ase, when the wipers
960 to 908 inclusive , are rotated into eng gage-
ment with this set of bank contacts, there is
a circuit completed  which extends from
ground on.the bank contact 971, \v1per 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 talki Ing circuit at armature 932, closes
a locking circuit for itself at armamr 933,

* opens a point in the circult of the relay 904

to
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at armature 934 and at armature 935 com-
pletes a circuit for connecting the bus
from the busy machine BM to the line of the
calling subscriber. . The relay $07 is deener-
gized following the deenergization of the re-
lay 901, to open a point in “the civeuit of the
rotary maonet 911 at armature 944, to es-

tablish the. locking circuit of the rels vy 505

at armature 943, to open a point in its own
circult at armature 945, and to open the cir-

cuit of the lower Wlndlno of the relay 902
at armature 946, and to close a circuit for
the upper Wmdmg of the relay 902 at the
normally closed springs controlled by this
armature.

Another result of the operation of the re-
1ay 905 is that an armature 955, the locking
circuit, of the upper winding of the relay Xy
902 is opened, and a circuit is s simultaneous] y
completed for the lower winding of this re-
lay. In this manner the relay 902 is again
placed under the control of the calling “ub-
seriber.

When the ealling subscriber hears the busv
tone, he will replace his receiver upon the

switch hook to bring about the relemse of
the selecting eqmpment in a manner that will
be described more fully hereinafter.

Referring to the connector H, it will be
noted that the circuit of the relaV 907 1is
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 1s closed through armature 944
and its front contact on the reIaV 907, it will
be sﬂﬂparen1L 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 1‘elay 804 in
the repeater R is deenergized to open one

their normal position,
the bridge across the trunk conductors 840 g
and 841, the relay 806 is deenergized to open

tone

point in the original energizing circuit of
the relay 805 at ru“ma,ture 870 to remove
ground from the release trunk conquctor T4
at armature 821, to disconnect battery ﬂom
the differential relay 803 at armature 822,
to open the bridge across the trunk con-
ductors 840 and 841 at armature 823 and to
complete a circuit for the release magnet 808

17

70

of the minor switch M over a circuit swhich -

-extends from ground by way of back contact

75

and armature 817 off normal spring 829 and -

-its working contact, armature 836 and its

back contact and release magnet 808 to bat

tery.  The release magnet 808 is er.ergized
to restore the switch wipers 830 and 831 to
normal.
1s opened by the shlf’mm of the off normal
springs when the wipers 830 and 831 reach
By the opening of

the loclxmor circuit of the rOhy -805.

In the connector H, the removal of the
bridge across the trunk conductors 940 and
841 in the repeater R opens the circuit of the

The circuit of the. w}ease magnet -

80

90

velay 902, and this relay is deenergized to ™

open the lecking cireuit of the relay 905 at
armature 917, to removep"round from the re-
Eease trunk confhlctor‘ 849 at armature 918, to
remove the battery connection from the mld
point of the differential 1e1aV 901 at armature
919 and to open a point in the original ener-
gizing circuit of the relay 908 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 fo restore the switch shaft
carrying the wipers 960 to 964, inclusive, to
its normal positionr. The circuit of the re-
lay 903 is-alsoopened by the retraction of the

armature 920. ~The relay 903 is thereby de-

energized to restore the circuits that it con-
trols to mormal.  The relay 905 is deener-
gized to restore the circuits which it controls
to their normal condition. The relay 905 is
also deenergized to remove the busy
from the m]hnrr subseriber’s  line. By re-
moval of ground from the release trunk con-
ductor 849, the circuit of the switching relay,
suchas the switching relay 733 of the selector
Dis 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 {o the selector D.

When ground is removed from the release
trunk condvctor 774 by the deenergization of
the relay 804 in the repeater R, the holdinv
circuit of the switching relay 783 in the selec-
tor D and 710 in the line switch C, is opened.
The relay 738 in the first selector D is deener-
gized to prepare a circuit for the relay 731 at
armatures 751 and 7 56, and.to comp1et a.¢cir-
cuit for the release maO‘net 735 > OVer ‘path .
that extends from battery by way of arma-
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ture 755 and its back contact, release magnet
785, working contact of off normal spring
744 and seid 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 774 is that the
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 atf 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,
oceurs substantially instantaneously.

It will now be assumed that when the con-
nector I 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 971
with which the wiper 961 of the connector ¥
is in engagement and the velay 905 will not
be energized at this time. Now, when the
differential relay 901 retracts its armature
916, the circuit of the relay 907 is opened and
this relay is deenergized 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 rvelay 806 in
the repeater R, and to close a locking circunit
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 808, back contact and armature 943,
private wiper 961, bank contact 971, relay
975 and motor magnet 977 in the called line
switch O to battery. The relay 908 is en-
ergized over this circuit at least sufiiciently
to bring the armature 951 into engagement
with its front contact, thereby establishing
& locking circuit for itseld.

The relay 975 in the line switch C is en-

ergized over this circuit, but, because of a

mechanical interlocking device controlled by
the armature of the line relay 976, the relay

1,736,259

975 can only attract its armature sufficient
to disconnect the called line from the bat-
tery and ground connections in the line
switch O7.

The relay 908, upon energizing, disconnects ...

the upper winding of the differential relay
901 from the trunk conductor 848 at arna-
ture 948, and at this same armature connects
this trunk conductor to battery through the
upper winding of the relay 902, to complete
one point in the ringing circuit at arma-
ture 949, to remove ground from the armna-
ture 915 of the relay 901 and to open the
locking circuit at the relay 906 at the back
contact of armature 950 and to place ground
directly upon the wiper 961 at the front con-
tact of this armature. Wurther results of
the operation of the velay 908 are that at
armature 942 one point in the circuit by
which the relay 905 applies a Lusy tone to
the calling line is opened, and at armature
947 the original energizing civeuit for the
relay 806 is opened. At armature 952 the
trunk conditctor 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 armature 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 circuib
of the upper winding of the relay 902 and
to simultaneously complete a cireuit 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 deenergized
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
I retracts its armature as deseribed. The
operations in the repeater following the deen-
ergization of the relay 806 are the same as
before described.

Ringing current is now applied to the
called line over a cirveuit which extends from
the generator G, front contact and arma-
ture 983, back contact and armature 936,
armature 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 970, wiper 960, front contact and
avmature 849, armature 982 and its hack con-
tact, and upper winding of ring cut-off re-
lay 905 to ground. Inasmuch as there is a
condenser in the above ringing cireuit at the
substation A, only alternating current fows
over the cireuit. 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.

It
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‘When the. called subscriber removes his re-
ceiver, a direct current path is provided, ex-
tending from 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 relay 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 raverse
the connections of the relay 902 with respect
to the trunk conductors 848-and 850, that is,
the current flow: in these conductors is. ve-
versed. o - - »

- The results of this reversal of current flow
in the repeater R.will now be considered:
The electropolarized relay 801 in the repeat-
er i is now energized since the current flow
in both its winding is in the same direction.
The relay 801, upon operating, short circuits
the resistance that 15 1n, 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 778 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 condictors 840 and 841 to.increase the

transmission efficiency of the talking circuit.

The reversal 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

19

in repeater I while the called line is,supplied
with. talking kattery from the windings o.

the back ridge relay 906 in the connector

switch Hi.. The talking circuit is shown in the
drawings by the heavy lines, '

Adter the conversation ig terminated the
whole connection is released by the calling
subscriber replacing his receiver upon the
switch hook. This brings about the deenergi-
zation of the relay 804 in the repeater R, and
the release of the. selecting apparatus takes
place in substantially the same manner as
hag been described before.

Should, the called subscriber at substation
A zeplace his receiver before the calling sub-
scriber at substation A, the back bridge relay
906 in the connector switch H is deenergized
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 deenergized to re-
verse the connections of the relay 804 with
respect to the trunk. conductors 778 and 775.
Now, when the calling subscriber hangs up,
the reiease tales place as before. deseribed:

Tfor 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 subseriber
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 Dy may be released at any point in
their operation since the. relay, such as 781,
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 766
and its front contact, and wiper 765. This
eircuit 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 784 is short cirenited 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 deenergization 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 X, 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 armature 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 emergized 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 deenergized 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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stich as 838, and the manner in which it is con-
nected to the bank contacts accessible to the
wiper 831 of the minor switch M, 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 manuer 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 divectively
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 sclecting
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 ns-
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 hy the
operators if any are employed, that the
amount of switching equipment necesary may
be considerably reduced. This reduction ig
somewhat added to by the speed at which the
selecting equipment may be veleased after the
calling subseriber replaces his receiver upon
his switch hook.

Since no slow acting relays are employed in
any of the switching devices to perform any
functions whatever, it will be apprecinted
that all the time margins are eliminated and
the operations are rendered nmuch more Fatis-
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
arrangement, a cumulative effect is sent over
the line for a plurality of impulses. Tt takes
no longer to transmit this effect for the digit
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 nieans azve pro-
vided in the switching mechanism for con-
trolling the switching mechanism responsive
to this modified line characteristic. By the
use of this balancing principle of selection,
1t is possible to eliminate a great many of the
marginal operations and circuits that have
heretofore been emploved. In addition,
since for any given number only a certain
characteristic of the line is changed, it is pos-
sible to send a number of designations, such
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as are necessary in call indicator 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 emploved 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 electmcal cha,racterlstm can cause a, ge-

lecting operation is practically unlimited.
It Wlll be understood that while I have
shown my invention operating as a vesult of i

a change in conductance of the line circuit,

that the change of any other electrical chfu-
acteristic of the line may be employed for
such control.

Tt is also obvious that 1nsteacl of the method

of makmg a call disclosed in the present in-

vention, the so-called ‘translator or director
may be used to make a call. = In thisevent the
balancing: principle of selection may, of
course, be employed to very great advantage.

Since selecting apparatis. is directly con-
trolled from the subscr1ber s station by modi-

fying one of the electrical characteristics of

the l1ne, 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
selectmfr devices at the central office by re-
moving the switch hook or working it up and
down in ANy manner.
so-called “preliminary impulse” dificulty

~ with- which there has been. so much trouble

55

in automatic telephone systems. In fact, the

present practice has gone so far as to do s ‘tway.

with all selection that begins with a No, I.
Thus; should a prehmmary impulse -occur,
the subscrlber may- be trunked to an operator

who will inform: him to hantT up his receiver

and call again. Not only is this very waste-
ful of the selecting equipment, but in the event
that two prellmlnary impulses are sent there

-is no solution to the difficulty. ~ In addmon,

60
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the subscriber finds it unsatxsfactory to be in-
formed to hang up again and call his num-
ber. ~In the present 1nvent10n, any number
of operations of the switch hook cause noth-
ing but the release. The only way that the
selectmg apparatus at the central office may be
controlled is by the operation of his calling
device.
culty is obviated. .

This ehnunates the.

Thus all prelmunary 1mpulse d1fﬁ-'

21

Wh1le T 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

nmodifications, changes, variations and devia-
tions as come within the scope .of the ap-
pended claims.

T claim :—

1. The method of controlhncr a selectm(r
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 controlhng an automatic

telephone switch having a primary and sec-

ondary movement, which consists i n produc-
mg a single modiﬁcatiOn of the conductance
of a eircuit 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 operatmfr said device
in 1ts primary movement, another circuit as-
sociated with said dev1ce, 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 ether cireuit 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. 1Ina telephone system, the combination
with a calling line, an automatic switch,
means for connecting said line to said sw1tch
a telephone substatmn associated  with sa1d

line, of means at said substation for mod1fy-

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 trunk lines.
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5. In a telephone system, the comblnamon ‘

with a telephone line, a substation associated

therewith, an automatic switch, trunk lines

accessible thereto, and automamc means
for connecting saicl line to said switch, of a
calling dev1ce at such substation for varying
the. electrical conductance of said line while
mmntmmn & contmuous c1rcmt of said line
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through said sub-station, and means ve-
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
therewith, 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 cireuit 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 trunk lines, 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 vesistor 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
therewith, 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 therewith 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 sald 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

1,736,259

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 cirenit 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
mn its trunk selection by impressing a prede-
termined unvarying current flow on said cir-
cuit to thereby direct the group selection and
to start the trunk selection in that group.

18. In a telephone system, an automatic
switch, trunk lines divided into groups ac-
cessible to said switeh, said switch having a
group selecting movement and a trunk select-
ng movement, a circuit leading from said
switch, means for producing a single varia-
tion in conductance of said cirenit, and means
in sald 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 con-
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-
seriber’s line, means for connecting said line
to said switch through a closed loop cireuit
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 switeh in its primary movement,
means in the switch responsive to said change
in line 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 call on 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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