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This invention relates to telephone systems
and particularly to small capacity intercom-

municating systems having central office

service. | | -
In accordance with one feature of the in-

vention each line i1s provided with a connect-

ing relay per trunk and a pair of connecting
relays per link, one for incoming and the
other for outgoing service. The line is also
provided with a switching point which may
be termed a line circuit and which comprises
a line relay, a cut-off relay and a link cut-off

relay. The line relay and the cut-off relay
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‘the connecting relays for a f

are well known in the art and are arranged

to perform their usual functions but the link
cut-off relay and its function is deemed to be
new. The line from the substation enters
first, the points of access to the trunks, sec-
ond, the above named line circuit, and third,
the points of access to the links and the link
cut-off relay acts as a means to entirely dis-
connect the lIine from the local link circuits
when a trunk

Looking at the line within the switching ap-

paratus as consisting of two parts, first, the
‘points ot access to the trunks and, second,

the polnts of access to the links, the link cut-
off relay acts as 2 means to cut the line in two.
Thus the line is severed from connection to
all local apparatus during a trunk connection
and the possibility of interference causing
poor transmission by local means is mini-
mized. .

In accordance with another feature of this
invention control of the trunk connecting re-
lays is placed jointly in the switchhook and a
plurality of individual trunk keys at each
gstation. - ' ~-

‘Figs. 1 to 6, when placed as indicated in
Fig. 7, diagrammatically illustrate the vari-
ous circuits comprising a dial P. B. X, em-
bodying the features of the present invention.
Fig. 1 shows three substation lines and one

trunk line leacding to a central office, Fig. 2

shows two additional trunk lines leading to

‘a central office, Fig. 3 shows a line circuit

for each of the substation lines of Fig. 1 and
_ _ first link circuit,
Fig. 4 shows the connecting relays for two

additional link circuits, Fig. 5 shows the

made from the central office to the

connection 1s established.

operation of relay 6.

operating relays for the link circuit of Fig.

Sy and Kig. 6 shows various auxiliary circuits,
stich as the ringing and timing circuit at the
lett, the tone circuit within the two broken
lines, and the alarm circuit to the right. =

Let us first assume that a eall is 'beihg |

private
branch exchange. The two conductors 1 and
2 lead from an ordinary subscriber’s line cir-
cuit at a central office and under normal con-
daitions would have ground and battery

thereon through the windings of a line relay

O

at the central office.

- We will assume that a connection has been

macde to such line at the central office and
that ringing current is being transmitted
therecover from any well known source of
ringing current under machine conditions.

| - a . :
T'his presupposes a ringing interval of ap-

proximately two seconds and a silent interval
ot approximately four seconds. The incom-
ing ringing current travels from conductor

1, through condenser 3, ringing relay 4, the

back contact and outer right hand armature

of relay 5, to conductor 2. Relay 4 is oper-

ated 1n this circuit and through its inner right
hand armature and front contact causzes the

60

ot

With relays 4 and 6 operated, ground is

placed on each of conductors 7, 8, 9 and 10.

The ground on conductor 7 comes from the
inner right hand armature and front contact
of relay 4, through the front contact and
inner right hand armature of relay 6, the left

hand armature and back contact of relay 5. *

Ground on conductor 8 comes from the outer

left hand armature and front contact of relay

6. Ground on conductor 9 comes from the

inner left hand armature and front contact -
of relay 6 and ground on conductor 10 comes

irom the outer right hand armature and

Iront contact of relay 4.

Conductors 7, 8, 9 and 10 may now be
traced directly to Fig. 6 where it will be seen
that the ground on conductor 10 energizes
relay 11 and the ground on conductor 7 is
met by another ground supplied over the
right hand armature and back contact of
relay 12. This ground maintains relay 6
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circuit is establ

‘nal of condenser 17,

2

energized when relay 4 becomes deenergized
during a silent interval.

Ground on conductor 9 now passes through
the inner right hand armature and back con-
tact of relay 13 through resistance 14, right
hand winding of IelfLy 15, back contact and
inner left hand armature of relay 13, resist-
ance 16, to battery and ground. Another
ished from the oground on con-
duetor 9, through the 1nner 110ht hand arma-
ture a,nd back contact of relay 18 to one termi-
the other terminal of
which 1s connected thrcucrh resistance 18, the
left hand winding of 1_clay 15, back ccnt‘),ct
and 1nner left hand armature of relay
resistance 16, to battery and ground. Thus,
while relay 15 is being cnclolzcd through
its right hand Wmdmo' the condenser 17 is
being charged throuoh thc leit hand winding
of relay 15, |

The proper selection of the values or re-
sistances 14, 16 and 18 and condenser 17, re-
sults 1n the slow o operation of relay 15 thl e-
by it is approximately one-half second before
relay 15 becomes ener gized. At this time a
circult 1s established from oround, the front
contact and armature of 1613"}?’ 15, wmdmﬂ of
relay 13 to battery and ﬂrcund Rehy 13
immediately energizes and through its inner
right and left h‘md armatures reverses the
current supply to relay 15 and condenser 17,
whereby relay 15 which is polarized becomes
deenergized, through the reversal of current
1n 1ts 11frht lmnd winding and the dischar ge
of the condenscl n 1ts left hand Wmdmo
The release of relay 15 opens the circuit of

relay 13 causing another reversal of current

in the right hand winding of relay 15 and the

ccndenser 17.

Thus, as long as ground 1is m‘untmned on
conductor 9, relays 18 and 15 will act and
react so that aground 1s periodically connected
to conductor 19 from the outer ]ctt hand ar-

mature and front contact of relay 13. Relays

13 and 15 and the connecting resistances and
condenser 17 are so adjusted in their values
that ground is periodically placed on conduc-
tor 19 for one-half second and taken off for
one-half second, thus requiring a full second

for a complete cycle of operations of relays

13 and 15.
In order to more clearly explain thc follow-

ing automatic action of the ringing and

t1m1ncr circuit, we shall speak of a series of
per iods as measured by the operation of relay
13. Thus, the first period will be a one-half
second operation of relay 13, the second pe-
riod will be a one-halt cecond release of relay
13, the third period a one-half second opera-
tion of relay 13, etc.

At the beﬂlnmnc‘ of the first period g oround
will be connected from conductor 19, throunh
the alternate contacts ot the left hand armna-

ture of relay 20, winding of relay 20, resist-
‘ance 21, to battely and gr cund Relav 20, will

1,747,219

operate 1n this circuit and will lock through
its left hand armature and alternate contact
to the ground on conductor 9. The ground
on conductor 19 will also be connected through
the 1nner left hand armature and front con-
tact of relay 22, to one terminal of relay 22
so that this rela 7 1s now short circuited and
prevented from operating.

At the beginning of “the second period,

cround 1s removed from conductor 19 where-
upon relay 22 becomes energized In a circuit

ifrom ground on conductor 9, the left hand
armature and alternate contact of relay 20,
winding of relay 22, resistance 23, to bautcly
and ﬂlOUS’ld Remy 20 is maintained ener-
01zcd
- At the beomnmn of the third period,
ground 1s again pl“Lccd on conductor 1‘)
wher eupon 1cla} 20 1s short circuited through
ground on conductor 19 being extended over
the inner left hand .f.umatulc and front con-
tact of relay 22 to one terminal of relay 20.
Relay 20 releases and the short circuit about
its winding is maintained through the alter-
nate ccntacts of the left hand armaturc of
relay 20. At this same time a circuit is estab-
hthd from ground, the right hand armature
and front contact of Ielay 22, the back con-
tact and right hand armature of relay 20, the
alternate contacts of the left hand almatme
of relay 24, resistance 25, to battery and
oround. Relay 24 becomes opel ated and locks
to the ground on the conductor 9 through its
left hand armature and alternate contact.

_Rc]ay 27 is short circuited throuofh 1ts left-

hand armature and back contact.

At the bccrmmng of the fourth period,
oround is removed from conductcl 19 where-
upon the circuit for relay 22 is opened and
this relay becomes deenergized.
due to the movement of the right hand arma-
ture of relay 22 the short 01rcu1t about the
winding of relay 27 is remcved an,d this I‘&l‘ly
Now beccmes ener aized 1n a circuit from
oround on ccnducml 9, the left hand arma-
tl.uc and alternate contact of relay 24, wind-
ing of relay 27, resistance 26, to battel y and
oT ound.

At the beginning of the fifth period, ground
1S again placed on conductor 19 whereupon
1c1ay 20 becomes energized as before. This,
however, has no effect on either relay 24 or 27

At the beginning of the sixth period, Ielay
22 becomes ener ﬂ'lzcd as before but this again
has no effect on either relay 24 or 27.

At the beginning of the seventh period,
oround 1s again placed on conductor 19 where-
upon 1e1w 20 becomes deenergized as before
but now since relay 22 is ener glzed a circuit
is established from ground, the right hand
armature and front ccntact of relay 22, the
back contact and right hand armature ot
relay 20, the left hand armature and front
contact of relay 27, resulting in the short

c1rc111t of relay 24, th;;cby thlq relay becomes

At this time,
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deenergized. At this time also a circuit is
established from ground, the right hand ar-
mature and back contact of relay 24, the front
contact and right hand armature of relay 27,
tne alternate contacts of the left hand arma-
ture of relay 28, resistance 29, to battery and
ground resuiting in the energization of relay
28. Relay 28 now locks through its left hand
armature and normal contact to the ground
on conductor 9, and relay 31 is short circuited
through this ground and the ground on its
left hand armature leading to its other ter-
minal. The energization of relay 28 results
in the energization of relay 32 so that relay
32 1s first energized at the beginning of the
seventh period. ' | --

At the beginning of the eighth period,
around 1s removed from conductor 19 where-
by relay 22 is deenergized as before and re-

lay 27 becomes deenergized as the result

thereoi. A circuit is now established from
ground on conductor 9, through the left hand
armature and alternate contact of relay 28,
winding of relay 31, resistance 30, to battery
and ground resulting in the operation of re-
lay 81. Relay 28 is maintained energized.

At the beginning of the ninth period,
ground 1s again placed on conductor 19
whereby relay 20 becomes operated as be-
fore. At this time a circuit is established
from ground, right hand armature and back
contact of relay 22, front contact and right
hand armature of relay 31, back contact and

right hand armature of relay 20, alternate
contacts of the leit hand armature of relay 24,

to cause the operation of relay 24 as before.

At the beginning of the tenth period, relay

22 becomes operated thus opening the origi-

L

ing in the energization of relay 27.
At the beginning of the eleventh period, re-

Jay 20 becomes deeneroized whereupon a cir-
. e .

cuit 1s established from ground, the right
hand armature and front contact of relay 22,
the back contact and right hand armature of

relay 20, the left hand armature and front

contact of relay 27, to cause the short circuit
ot relay 24 which now becomes deenergized.

With the deenergization of relay 24 while
relay 27 1s still energized, a circuit is estab-
lished from ground, the right hand armature
and back contact of relay 24, front contact
and right hand armature of relay 27, the left
hand armature and frent contact of relay 381
to cause the short circuit of relay 28 which
now releases in turn releasing relay 82. Thus,
relay 32 has been maintained energized over
the seventh, eighth, ninth and tenth periods,
a total period of two seconds. :
At the beginning of the twelfth period,

oround 1s removed irom conductor 19 where-
upon relay 22 is released, resulting in the re-

lease of relay 27. Through- the release of ve-

lay 27, relay 31 becomes deenergized and at

nal energizing circuit of relay 24 and resuit- -

3

this time all the
normal. |

At the beginning of the thirteenth period,
this entire cycle of operations begins over

relays in this group are at

again. Thus, it will be seen that out of twelve -

periods, relay 82 is energized for a total of

tour periods and deenergized for a total of

elght periods, meaning that the relay 32 op-
erates periodically to connect the source of
ringing current 33 through its armatures and
tront contacts to conductors 34 and 35 for a
period of two seconds and to connect ground

and battery through its back contacts and ar-

matures to these conductors for
four seconds. - -_

It will be seen that while relay 13 is pe-
riodically placing ground on the conductor 19
tfor half-second periods that relay 922 is also
periodically closing its left-hand outer con-

a period of

tact for one-second periods. It has been seen s -

that relay 11 is energized during the energi-
zation of relay 4. During its periods of en-
ergization an alarm 36 is operated from the

source ot current 33, through the closure of
the right hand armature and front contact of -

relay 11. Also during these periods ground
connected to conductor 37 through the closure
of the outer left hand armature and front
contact of relay 22 is disconnected from a pair

~of relays 38 and 89. In the same manner the :

ground on conductor 8 is disconnected from
the holding circuit for relays 38 and 39 and

transterred to conductor 7 for the purpose of

mamtaining an additional holding ground

for relay 6. It will be realized that relay 11 -
‘will be operated for a period of two seconds

and released for a peried of four seconds in

accordance with the ringing current incom-
These

ing from the distant central office.
periods do not necessarily correspond in point

of tume to any period defined by relay 22. We

will therefore assume the worst condition,
that 1s, when relay 11 becomes energized at
the same instant that relay 22 becomes ener-
gized and for purposes of explanation we will
now assume a new serles of periods, in this
case, each of one-second duration.

At the beginning of the first period, relay
22 will become energized and relay 11 will
operate. A .

At the beginning of the second period, re-
lay 22 will release but relay 11 will be main-

70
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tained operated through the two-second ener-

-gization which it receives under control of re-
lay 4. o o

At the beginning of the third period, relay
22 will become energized and at this time re-
lay 11 will become deenergized. Upon the
deenergization of relay 11 a circult is estab-

lished from ground on conductor 8, through.

the outer left hand armature and front con-

tact of relay 22, conductor 37, back contact
and 1nner left hand armature of relay 11, al--

ternate contacts of the left hand armature of

relay 38, winding of relay 38, resistance 40, to

190



5

10

15

20

30

39

40

45

50

&
C

60

4

battery and ground. Relay 38 becomes ener-
oized in this circuit and locks to ground on
conductor 8 through the outer left hand ar-
mature and back contact of relay 11, left hand
armature and alternate contact of relay 88.
Relay 389 1s short circuited at this time
thr ouﬁh its own left hand ar matule and back
contact .

At the beginning of the fourth pel.lod re-
lay 22 becomes deener o1zed and by removing
oround from the left hand armature of 1eluy
39 allows this relay to become energized
through the ground supplied from condiic-
tor 8 over the outer left hand armature and
back contact of relay 11, left hand armature
and alternate contact of relay 38, winding ot
relay 89, resistance 41, to battery and frround

Al the beginning of the fi fth per 1od relay
22 agaln operates, thus again placing g oround

o1 condvctm 37 Whlch 1csults n the short

circuit of relay 38 and this relay therefore
releases. Through the release of relay 38,
oround on the conductor 8 is connected
through the outer leit hand armature and
hack contact of relay 11, right hand arma-
ture and back contact of relay 38, Tront con-
tact and right hand armature of relay 389, al-
ternate contacts of the left hand armature of
relay 42, resistance 43, to battery and ground.
Relay 42 becomes enﬂrcrlzed in this circuit and
through its right h and armature places an ad-
dlthIl‘ll crround on conductor 7 |
- At the beglnnmg of the sixth period, relay
92 releases whereupon ground being removed
from conductor 37 relay 39 i1s released. With
both relays 38 and 39 released and relay 42
operated the short eircuit about the winding
of relay 12 is removed and this relay now
operates. Although by its operation relay 12
removes ground from concuctor 7, this con-
ductor is maintained grounded through the
right hand armature and front contact of re-
la,y 42 as just described.

At the beginning of the seventh period, re-
lay 11 again opemteb, resulting in the 1mme-
diate deener oization ot Iclavs 492 and 12
whereby Ieldvs 12, 38, 39 and 49 are returned
to nonnal to thus prevent the possibility of
removing oround from conductor 7. 'This
condition will be maintained as long as relay
11 is periodically operated for periods of two
seconds and released for periods of four sec-
onds. If, however, before the beginning of

the seventh period, relay 4 has become per-

manently deenergized as by the abandonment
of the connection from the central office then
the operation of relay 22 and the failure of
relay 11 to reoperate Wlll result in the exten-

sion of ground from conductor 8 through the

outer left hand armature and front contact
of relay. 22, conductor 37, back contact and
inner left hand armature of relay 11, alter-

nate contacts of the left hand armature of
relay 38, to the winding of relay 38 to cause
its operatlon Upon this second operation of

1,747,219

relay 38, ground supphed over conductor 8
throuﬂh the outer left hand armature and
back contact of relay 11, to the right hand
armature of relay 38, 1s 0pened at this point
so that relay 42 becomes deener o1zed. Upon
the deenergization of relay 42 while relay 12
15 EIleIﬂlZEd and relay 11 is deenergized,
oround will be removed from conductor 7 and
as a consequence relay 6 will be released.
From the foregoing description it will be
seen that upon the enel*olzatlon of relay 4 and
the consequent enerwization of relay 6 that
signal lamp 45 will operate and that this lamp
will remain operated so long as ringing cur-
rent comes in over conductors 1 and 2 from
the central office even though this ringing cur-
rent 1s periodically apphed for peuods of
two seconds and disconnected for periods of
four seconds. Signal lamp 45 and multiples
thereof together with assoclated signal lamps
46 and 47 for other incoming trunks, and
alarm 36 and multiples thereot are placed at
strategic points about the premises wherein
a P. B. X. of this nature is installed. Any one
of the subscribers noting the lighted condi-
tion of lamp 45 and hearing the alarm 36 may
answer the incoming call.
Let it be assumed that the subscriber at sub-
station 48 answers the incoming call. In this
case he will operate trunk key 49 which

through a well known mechanical locking ar-

mlwement will be maintained operated until
manhwlly released. The subscriber at substa-
tion 48 will then remove his receiver from its
hook whereupon a circuit will be established
irom battery, trunk relay 50, contacts 51 and
52, of key 49, resistance 53, contacts 54 and
55 controlled by hook switch 56, winding of
marginal relay 57, to ground. With resist-

~ance 53 included in this circuit, relay 50 will

become energized but relay 57 will fail to
operate. Upon the operation of relay 50 a cir-
cuit 1s established from ground, front con-
tact and right hand armature of relay 50,
winding of relay 58, normal contact and 1n-

ner 110ht hand armature of relay 58, inner

right hand armature and back contact of re-
la,y 5 to battery and ground. Relay 58 oper-
ates 1n this circuit and holds through the al-
ternate contacts of its inner right hand arma-
ture, winding of relay 5, to battery and
oround Relay 5 now becomes operated and
removes ground from conductor 7. The
trunk conductors 1 and 2 are now connected
through the front contacts and left hand

‘armatures of relay 58 to the talking conduc-

tors leacding to substatlon 48 Whereupon the
well known tr ipping relay at the central of-
fice is energized, ringing current is stopped,

and the talkmo' condltlon is established. Re-

lay 4 becomes deenermzed and since ground

1s now removed from all of conductors (,8,9

and 10, the relays of the ringing and tlmmﬂ

circuit are restored to normal and swnal lamp

45 becomes dark.
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It will be noted here that should another
subscriber now attempt to make connection
to this central office trunk, such connection
will be prevented through the removal of the
battery connection from the back contact and
mner right hand armature of relay 5. _

As an itlustration we will assume that the

subscriber at substation 160 removes his re-

cerver from his hook and operates trunk key
161 whereby relay 162 becomes energized.
Due to the fact that relay 5 is energized re-
lay 163 cannot become energized. Therefore,
a circuit will be established from ground, the
contacts of the outer left-hand armature and
front contact of relay 162, conductor 164,
winding of relay 165 to battery and ground.
Relay 165 attracts its armatures and cuts off
the connection of the subseriber’s line to line

relay 166. At the same time a circuit is es-

tablished from ground, outer left hand arma-
ture and front contact of relay 162, outer
leit hand armature and back contact of relay
163, over the loop of the subscriber’s line,
the mmner left hand armature and back con-
tact of relay 163, the inner left hand arma-
ture and front contact of relay 162, conductor
167, which may be traced through Figs. 2, 3,
5 and 6 to the winding of relay 168 and thence
to battery and ground. Relay 168 becomes
energized 1n this circuit and through its ar-
mature and front contact causes the operation
ofrelay 132. Relay 132 in turn places ground
on conductor 9 thereby starting the ringing

‘and timing circuit relays into operation. Re-

12y 132 through its inner right hand armature

and front contact also energizes the tone re-
lay 122 so that this relay now connects a

source of tone from its left hand winding,
through condenser 123, the outer right hand
armature and front contact of relay 13, dur-
1ng 1ts periods of energization, through the
outer right hand armature and front con-

tact of relay 132, condenser 169 to conductor

00

60
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167 whence 1t 1s connected to the subscriber’s
station 160.
which notifies the subseriber thereat that the
trunk reached through the manipulation of
key 161 1s busy. | . o

The subscriber at substation 48 now com-

municates with the subscriber calling over
the trunk. In the present instance we will

assume that it 1s the subscriber at substation

59 who 1s wanted. Therefore the subsecriber
at substation 48 will call the subscriber at
substation 59, inform him of the incoming
call on the first central office trunk and then
abandon the connection. >
to establish a holding condition on the trunk.
This is done by pressing key 60. It will be
noted that of the five keys 49, 60, 61, 62 and 63
at substation 48, that key No. 60 is shown in
somewhat difierent form than the others.
This1s to indicate that key No. 60 is non-lock-
ing and as soon as the finger is taken off it will
restore to.its normal condition. ‘The. other

This constitutes a busy tone

The first act is

keys, however, are mechanically arrangéd so

that the depression of one will restore any

=

other which has been previously operated and

maintain the one in operated position. When

1n the present instance key 60 is depressed re-

sistance 53 1s momentarily short-circuited.

1Thisresults in the momentary energization of

relay 57. Therefore a circuit is established

trom ground, front contact and armature of
relay 57, front contact and outer right hand
armature of relay 58, winding of relay 64 to

70

75

battery and ground. Relay 64 becomes ener-

gized and through its right hand armature

and outer left hand armature connects the

winding of relay 65 across the conductors
1and 2. Relay 65 is now energized by the cur-
rent supplied at the central office and upon
operation closes a circuit for the energization
of relay 66. Relay 66 upon energizing opens
a short circuit about the winding of relay 67
which is now serially included in the circuit
leading to substation 48. Relay 67 therefore
becomes operated and through 1ts right hand
armature completes a locking circuit for relay
b4 so that this relay does not deenergize when

key 60 is returned to normal. =
The subscriber at substation 48 now oper-

ates local key 61.  This key has no contacts

and does not produce any direct circuit

change, but its operation unlocks key 49 which

upon restoring opens the circuit of relay 50.
Relay 50 1n turn releases relay 58 so that sub-
station 48 1s now disconnected from the trunk

circuit. Upon the release of relay 58 relay 67
becomes deenergized resulting in turn in the
deenergization of relay 64. Relay 65, how-
ever, 1s maintained energized in a circuit from
conductor 1, the left hand armature and back

contact of relay 67, winding of relay 65, the

armature and Iront contact of relay 66 to con-

ductor 2. This forms a shunt across the con-

ductors 1 and 2 which will hold the connection
at the central office. - . -
Since the subscriber at substation 48 now
has his receiver off the hoock a connection is
established from ground, back contact and

right hand armature of relay 68 in the tone
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circuit 1n Ifig. 6, conductor 69 which may be

traced from Fig. 5 to Fig. 8 and thence
through the left hand winding of relay 70,
the back contact and left hand armature of

‘relay 71, the back contact and left hand arma-
ture of relay 72, conductor 73 to and through
the loop of substation 48, conductor 74, inner

right hand armature and back contact of
relay 72, right hand armature and back con-
tact of relay 71, right hand winding of relay
70 to battery and ground. Relay 70 becomes
energized in this circuit. o -

A connection is mow established from
ground, the right hand armature and contact
75 of relay 70, the left hand armature and
back contact of relay 76, contacts 77 and 78

of relay 79, right hand winding of relay 80
to battery and ground. Relay 80 becomes
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oround. _
relay 80 ground on conductor 31 connected

‘the energization of relay
through 1ts right hand armature places a

energized in this circuit whereupon a circuit

is established from oround, the winding of
relay 90, the right- hand almqtur and back
contact of relay 91, conductor 92, inner left
hand armature and front contact of relay

80, left hand winding of relay 80 to battery
whereby relay 80 becomes locked 1n a circuit
‘independent of its right hand winding.

Upon the energization of relay 90 a circuit
1s established from ground, left hand arma-
ture and front contact of relay 90, conductor

89, winding of relay 79 to battery and ground.

el.:w 79 becomes energized In th1s circult

- md 1ts armature is mecnamcally locked 1n

operated position by means of latch 93 which

“is under control of relay 94. Upon the ener-

oization of relay (9 the original energizing
circult of relay 80 1s opened, Tut this relay 1S
held in the locking circuit just described.
Also upon the enermmtmn of relay 70, con-
cluctors 81, 82 and 83 leadmng respectwely to
the left hand windings of relays 84, 85 and
36 of the three link circuits are connected to
Therefore upon the energization of

through the left hand winding of relay 84 is
now extended through the inner right hand
armature and front contact of relay 80, con-
duactor 87, back contact and armature of relay
88 to battery and ground. Relay 84 becomes

nereized and establishes a circuit from bat-

tery and ground, right hand winding of relay
84, front contact and outer right hand arma-
ture of relay 84 to ground on conductor 89
whereby 1elfw 84 becomes locked in a circuit
independent of its left hand winding.

Upon the energization of relay 34 a con-
nection is established from oground, the inner
right hand armature and Front contact of
relay 84, winding of relay 71 to battery and
oround. Relay 71 cuts off the windings of
the line lehy 70 and extends the tallrmo’ COTL-
ductors 73 and T4 to conductors 95 and 96
respec Jwe]y which now through the left hand
armature and front contacts of relay 84 are
extended to conductors 97 and 98 respec-
tively and from thence through the letft hand
winding to ground and the rlﬂht hand wind-
ing to batter 7 of relay 99 so that relay 99

upplmnrr current over the loop of substa-

tion 48 now becomes energized. Relay 99

establishes a connection from ground, arma-
ture and front contact of relfty 99, Wllldlnﬂ‘
of relay 100 to battery and 0‘1’*011116 Relay
100 becoming energized establishes a circuit
irom battel‘v and ground, winding of relay
101, front contact and armature of relay 100,
normal contact traversed by switch arm 102
normal contact of the left hand armature of

relay 91 to ground. Relay 101 becomes ener-

_m?ed mn ﬂllS circuit and through its inner

rioght hand armature establishes a cireuit for
103. This relay

oround on: the conductor 89 anid through ifs

1,747,219

left hand armature causes the ehergization of
relay 91. Relay 91 through 1ts alternate con-

tact and left hand armature now maintains
relay 101 energized through a direct connec-
tion not 1ncludmo‘ the normal contact of
brush 102. Upon “the energization ot relay

91 the circuit for relay 90 is opened and this

relay restores to normal. Relay 90 being
in series with the holding winding of relay
80, relay 80 now becomes deenerglzed

Tt will be noted at this point that should
another call now be originated whereby con-
ductor 104 is nxounded as before, that such
oround will now be extended tllrouﬂh the
left hand armature and back contact offel'av
76, contacts 105 and 106 of relay 79, back
contact and outer left hand armature of relay
80, left hand armature and back contact of
relav 107, contacts 108 and 109 of relay 110
to the rwht hand winding of relay 111.
Relay 111 1t will be noted controls the sec-
ond link circuit so that upon the energization
of relay 84 hercinbefore descrlbed the start-
ing circuif is advanced.

In this connection it will furthermore be
noted that through the energization of relay

88, battery is removed from conductor 87 o

that no one of the line finder relays such as
84 shown on a horizontal line to the right
thereof may become energized. The link cir-

cuit is now in a condition awalting reception

of dial pulses from the substation 48.
Upon the energization of relay 90 herein-

- before describad fmd the subsequent energiza-
Wherebv aground 1s placed-

tion of relay 103
on conductor 89, :-.1 circuit is estabhshed from
such ground, throu oh the normal contacts of
the armature of 1e1ay 114, brush 117 and its
normal contact, through the winding of re.laV
119, to bmttery and O‘round Relay 119 1is
lmown as the dial tone relay and tllrouﬂ'h 1ts
right hand armature connects ground to con-

ductor 120'leading through resmt'mce 121, the

back contact, armature and right hand wmd-
ing of relay 199 to battery. Since this circuit
1n0111c1_es the back contact of the relay which
becomes energized therein, the relay will vi-
brate its armature 1 apidly and throu oh induc-
tion will transmit a tone through its left hand
winding, condenser 123 over conductor 124,

thence thr"ou'LTh the front contact of the rig oht
hand ‘LI‘I’D‘ItuI‘G of relay 119, condenser 125
through the right hand winding of relay 99
to 1"*‘1131‘61‘? Thence by in &uctmn this tone
will be transmitted fo the subscriber’s station
48, notifying the subscriber that he may pro-

ceed with the dialing operation.
Tt has been assumed that the subscriber at

stibstation 48 wishes to communiéate with: the
subscriber at substation 59. He will there-
fore operate his dial to send three impulses

each of whicl will lere ¢onsist of a momel-

monientary deenergizatron ot relay 99. Upon

the first deenerglzatlen of this relay acircuit

(W]
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18 established between oround, armature md

back contact -of relay 99 outer right hand

armature and front contact of relay 101 right

hand armature and back contact of rel w 11

innermost right hand armature and back con.
tact of 1elw 113, winding of relay 114, wind-
ing of stepping magnet 11u, to mbteiy and
or ound. Relay 114 becomes energized in this
circuit and opens the circuit for dial tone re-
lay 119, whereby dial tene is cut off from the
calling subscriber’s line. Also through the
movement of 3 1ts armature, relay 114 causes
the energization of relay 126 which prepares
2 circuit for the subaequent energization of
relay 113. The ground for operating the
stepping magnet 110 is also extended through
the armature and back contact of magnet 115,
the left hand armature and frent contact of
relay 101, the winding of relay 116, to bat-
tery and 0‘1 ound. Behy 116 through its s r1ght
haﬂd armature provides a substitute ﬂround
for holding relay 100 operated, and throuﬂh
1ts right hand armature PIovic ides a oround to
supplement that from the back contact of re-

lay 99, whereby a ground is definitely main--

tained on the winding of stepping magnet 115
until it has comvletely operated. This in-

sures that the magnet 115 will take a full step
even though the momentar v deenergization of

relay 99 1s of such short duration that it

would not ordinarily produce this result. Up-

on the subsequent energization of relay 99
and when the magnet 115 has become fully
energized, 1ts circuit will then become opened
and upon its release will drive brushes 102 and
117 on to their first working contacts. Relay

114 tends to become deeperﬂw c at this t1me
but due to 1ts slow releasing characteristics
will hold its armature operated during a full
series of impulses. In this manner the mag-
net 115 1s energized three times in succession
so that brush 117 comes to rest on the terminal

connected to conductor 118.

Conductor 118 leads to relay 127 in Fig. 3,
so that upon the deenergization of slow re-
lease relay 114 a circuit is established from -

oround on conductor 89, through the normal
contacts of the armature of relay 114, brush
117, conductor 118, winding of ‘“elfw 127 to

battery and grou nd and f'hls reiay now be-

comes operated.

For purposes of illustration it will first be
asqvmed that the line leading to substation
59 1s busy. In this case the cut-off relay 128
will be operated and a ground will be found
on conductor 129. Therefore the ground on
conductor 129 will be extended thm agh the
rioht hand armature and front contact Of re-
lay 127, conductor 130, armature and front

contact of relay 126, wmdmo of relay 113

to batterv and n"round Rehy 113 responds
and locks throucrh 1ts 1nner left hand arma-
ture to arovnd on conductor 89. This action
takos place shortly after the deenergization
of relay 114, by virtue of the slow releasmg

chaled.

r4

chmrﬁcteris*tics of relay 126 which holds its
rmature operated for an instant after the

111’11{ connector relay 127 has become oper-
ated.

number oi functions. K1 irst, through its in-
nermost right hand armature it opens the

pulsing circult so that the switch will be pre-

vented from stepping should another digit be
qecondlv rela,y 113 opens the sleeve
cireuit from the back contact of relay 126 so
tn‘at relay 112 1s prevented from operatmﬂ

Thardly, reh 113 through its outermost

right hand armm re and. fr'om contact places
ground on conductor 181 which connects
thy ough the winding of relay 182 to battery

Relay 139 through its left hand
fum:ahlre places a ground on conductor 9

and ground.

which 1n tirn energlizes the ringing and tim-
ing relays in the manner herembemre cle-
seribed. Through its inner right hand arma-
ture relav 132 energizes the “tone relay 122
so that a tm‘ie 1s now contiected to conductor
124 1

ST
armature and front contact of relay 13 dur-

o 2

ing its peuorls ot energlzation, through the

outermost right hand ‘1"11’11!31116 and front

R@_ﬁuy 118 1n operating performs a

o

80

85

thence throuﬂ‘h the outer right hand

- 90

coamc* ot r emv 132, condenser 133, conductor

184 front contact and middle - rloht hand

armature ot rela“v 113, condenser 135 right
hand winding of relay 99 to battery, whence
through induction the busy tone is perlodl-

90

cally o Dﬂhef‘l through the calling subscriber’s

line and the calling subscriber is thereby noti-
fied that the mlled line 1s busy. The circuit
will remain in this condl’-'lon untll the sub-
scriver at substation 48 replaces his receiver
on its hook. At this time the link circuit will
e restored to normal.

et 1 oW
ing to substati

on HY 1s idle. In this case re-

,1{1 y 113 will fail to operate since it will be

connected to the baitery of the relay 128.

- therefore 1n a short interval relay 126 will
release and by switching conducter 130 from

'....

the winding of relay 113 to the right hand

vinding of relay 112, will now estabhsh a
connection from the b%ttery of relay 128 to

the ground of the relay 112, wher eupon both

of these rehys will become energized. Re-

ay 112 locks through its left hand winding
to the ‘ground on CO"IdHCtOI‘ 89 -and by 1ts
right hand armature onens the pulsmcr CIT-

_{,mt to prevent the switch from stepping 1f

anothoer dwlt 15 chaled. Through 1ts left

hand armature and front contacts relay 112
extends the ground on conductor 89 throuﬂh

be asc;umed that the 11ne lead—'

100

106

110

118

:120- |

the middle lowe“* armature and back Contact' |

of T'QHV' 136, through the winding of I'e]a,y
137 to pattery

comes operated, and through its inner lower
armature places a wound on conductor 130

to m*:m ate the cut-off relay 128. Gmund on-

(:’)**1 uctor 129 marks this line as busy.

Kelay 137 through its inner upper arma-

and ground. Relay 137 be-

125

ture and front contact places. a .ground on 130
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conductor @, and starts the relays of the
11110'1110* atid timing circuit in operation.
‘hroufrh its outer armatures relay 187 con-
nects tlie talking leads 138 and 139 respec-
tively to conductors 34 and 140. As con-
ductor 140 extends through the winding of

“relay 141 to conductor 35 it will be seen that

10

interrupting ringing current 1s now con-

nected to conductms 138 and 139 and thence

through the front contacts and left hand
armahu es of relay 127 to conductors 142 and

- 143 respectively and thence through the front
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contacts and armatures of cut- oft relay 128,
to the conductors leading to substation 59.
It will be noted that substfitlon 59 1s shown
in & {different manner from substation 48.
This is to iHustrate the modern circuits used
in connection with the handset. The bell at
the substatioin 59 will respond to the ringing
current now being transmitted thereto, but
relay 141 not receiving sufficient cuvlent for
its energization will fail to operate. Relay
136 at thls tlme is shunted through the back
contact of relay 141 so that it does not oper-
ate, DUrmﬂ‘ the transmission of ringing cur-
fent to thﬂ called subseriber’s llne a, small
amount 1s shunted through conductor 139,
throv oh condenser 144, the hack contact ‘mrl
middle right hand ar mqtme of relay 113,
conderf%ez 1 5, through the right hand wmd-
g of relay 99 wlience by induction the call-
Ing &rbser iber at subetatmn 48 is notified that
sibstation 59 is bemcr rung. When the hand-
set at stibstation 59 1s lifted from its stand,
the cortdcts 145 are opemtﬂd thus puutmo‘
the tr anannttel and receiver in circuit and
increasing the current flow in relay 141 to
the point “where this relay becomes operated.
The shunt around the winding of relay 136
is now removed and this relay becomes Oper-
ate(t in a circuit from battery, resistance 140,
winding of relay 136; front contacts and left
hand armature of relay 112 to ground on
conduetor 89 The
opens the cireuit of relay 137 and this latter
relity in releasing disconnects ringing cur-
rent fremr the cqlled line and removes the
oround from conductor 9. Relay 186 also
provides a substitute ground for the sleeve

conductor 180 and thlouﬂ'h its inner arma-

tiires and front contacts exte*lds the talking
circuit through from said stibstation 48 to

Atlbqta 10n 59 Talking current for substa-

tion 48 is provided thr 0110'11 the windings of
refay 99 and taltking current for substation
59 1s qup plied throucrh the windings of re-
tardation 0011 147. -
The subscriber at substatlon 48 now 11n-

forms the subscriber at substatlon 59 that he

is wanted on a call coming in over the centr al
office liné represented by “conductors 1 and .
Without further ado the subscriber at sub-
statiorn 59 presses trunk key 149 whersupon

g conmection is established from battery and
ground; winding of relay 150, contacts 151

peratmn of relay 136

1,747,219

and 152 of key 149, resistance 153, contacts
154 and 155, winding of relay 157 to ground.
Relay 150 becomes ener oized 1n this circuit
and th** ough 1ts upper Teft hand armature
places a n'round on conductor 148, which may
be traced through Fig. 2 to the wmduw of
relay 156 in I‘IO 3.

- Relay 156 1mmedmtely cuts off connection
between the substation 59 and the link cir-
cuit and through its outer right hand arma-
ture places a gr ‘ound on conductor 129 so that
when relay 197 shortly becomes deenergized,
the line leadmcr to substation 59 will be
marked as “bus

Upon the enerrrlza.tlon of relay 150, relay
158 will become energized in a circuit from
oround, the front contact and right hand
armature of relay 150, winding of relay 158,
normal contacts of the inner right hand
armature of relay 158, inner right hand arma-
ture and back contact of Ielay 5 to battery
and ground. Relay 158 becomes operated
anc Tocks through the alternate contacts of
1ts inner right hand armature to the wind-
1ng of relw 5, thereby opening the battery
connectmn so that no other relay such as 58
shown on the same horizontal line therewith

nay be operated. Relay 158 through its left
hand armatures and front contacts' connects
the substation 59 to the trunk conductors 1
and 2. Relay 67 being in the series there-
with becomes operated and by opening the
circuit of relay 65 allows this relay to be-
come deenergized. Upon the release of relay
65, relay 66 Decomes deenergized and thence
in turn short circuits the w mde' of relay
67 so that the trunk holding circuit is now
returned to normal. _

The subscriber at substation 48 now hav-
ing delivered his message replaces his re-
cerver on 1ts hook thelebv causing the de-
energization of relay 99. Ina short interval
relay 100 becomes deenergized, followed
shortly thereafter by the release of IGIELV 101.
This m turn veleases relay 103, whereby
oround 1s removed from conductor 89 and
relay 91 is allowed to return to normal. Re-
lay 91 returning to normal extends a circuit
from ground throun*h the normal contact of

its left hand armﬂture, brush 102 to the con-

tact on which this brush is now resting,
through the back contact and armature of
Sueppmﬂ' magnet 115, winding of relay 114,
winding of maﬂnet 115 to battery and
frround \hcrnet 115 1s now 1n a self-inter-
ruptmn' circuit and will automatically step

‘the brushes 102 and 117 to their normal posi-

tion. When ground has been removed from
conductor 89 and brushes 102 and 117 have
been restored to normal, then the line finder
relay 84 and the connector relay 127 are re-
leased, so that the hnk circuit 1s now entir e]y
restored to normal.

In this connection it wﬂl be noted that of
all the relays which were energized during
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the estabhshment of the link circuit connec-

tion, 79 is the only one now remaining op-
erated. Thisis, however, due to the mecham-

cal latch 93. This a,rrangement insures that

the next 100&1 call will be established through

the second link circuit, that is, the u pper
~one shown in Fig. 4 and throuo*n a9, snmlar

arrangement the thlrd link mrmut shown 1n

the lmx er part of Fig. 4 will be the next to

be used. Upon the energization of relay

148 correspondmﬂ' to relays 110 and 79 and

the deenergization of relay 149 corresnond-
ing to relays 111 and 80, a circuit is com-

pleted from battery, Wmdmc" of relay 190,
outer right-hand armature and back contact_

of relay 149, front contact and right-hand
armature of relay 148, outer right- hand arma-
ture and back contact of relay 111, contacts
191 and 192 controlled by relay 110 outer
right-hand armature and back contaob of re-
la‘g 30, contacts 193 and 194 controlled by
relay 79 to ground. Relay 190 becomes en-
ergized in this circuit and through its left

hand armature and front contact places a
ground on conductor 195 leading in multiple

to the windings of magnets 196 and 94. Mag-

‘net 196 will unlatch the armature of 1elay

110 and magnet 94 will unlatch the armature
of relay 79 so that if either or both of these

link circuits have now become idle, they will

be returned to normal condition and the cir-
cuit for relay 190 will be opened. If on the
other hand all three link mrcmts are busy,

‘then relay 190 will be maintained energized

in the circuit just traced and t1rouo*h 1ts
right-hand armature will place a Dround on
conductor 197 which may be traced thr ough
Figs. 4, 3, 5 and 6 to the winding of relay
68. This rela,y through 1its left- hand arma-
ture places a ground on the winding of relay
132 so as to sta,rt the ringing and timing
circuit relays into operatlon Through its
imner right-hand armature relay 68 removes
the O*round from conductor 69 so that any
other subscriber attempting to make a Jocal
call will find the circuit of his line relay
open. A busy tone will be connected through
the outer right-hand armature and front con-
tact of relay 132, condenser 198, the outer
right-hand armature and front contact of

- relay 68 into the windings of transformer 159

&
-]

60

65

whence by induction busy tone 1s transmitted
through the front contact and inner right-

hand ‘lllll‘LtuIe of relay 68 and thence over

conductor 69 to the tip wmdlnos of the line
relays so that the subscriber who i 1s attempt-
ing to make a local call will receive a busy

tone and will be notified thereby that all 11111
circuits are busy.

Each link circuit is pr{wlded with a relay
such as 76 and a key such as 170 so tha:t should
it become chsabled the starter wire may be

permanently advanced to the next lmk cir-

cuit, by the operation of the key and the con-
sequent energization of the relay.

Fach link circuit such as that shown in

Fig. 5 1s provlded with a separate battery
In this case fuse 171 is pro-

feed conductor.
vided in the battery feed circuit for the ap-
paratus shown in Fig. 5

but for the sake of 70

simplicity all of the connectmns thereto are -

mdicated 1n the conventional manner rathel |

than shown leading to this fuse.. The Tuse,

.IIOWGVbl 1§ of such a nature that when-1t 18-

blown a link will completea connection from
yusbar 172 to terminal 173 so that battery will

now be connected to conductor 174. Conduc-

tor 174 may be traced through Figs. 6, 5 and

3 to the normal contact of key 170 and thence

to the winding of relay 76 so that this relay

‘now becomes mt}emted and automatically ad-' "

vances the starter wire. Upon the energiza-
tion of relay 76 battery on conductor 174 is
connected through the inner rlght hand ar-
mature and front contact of relay 76 of con-

ductor 175 which may be traced through Figs.

3, & and 6, to the winding of alarm rela 17 6.

80

Relay 176 becomes energized and causes the
opemtlon of alarm 177 and signal lamp 178.

Relay 176 is also connected to busbar 17 9 s0

that 1T any one of the fuses 180, 181 or 182

leading to other apparatus.of the P B. X. op-

erates, 2 8111111&1 alarm will be given.
W/Vhat 1S claimed is: -

1. In a telephone system, hnes

plurahty |

90

of links for interconnecting said lmes , trunks
tor extendmo* said lmes and means respon-_'

one of sald trunks for opening the sald line
to S*’lld Iinks. |

2. In telephone system lines, a plurallty
ot links for mtercmmectmo* said lines, trunks

sive to the extension of one of said lines over

100

for extending said lines, each ot smd Iines

having access points to said links -and said

_ trunks and means responsive to the appro-

prmtmn of one of said trunk access points by

one of said lines for cuttmo* off s‘ud link a,c-'

cess points of the said line.

3. In a telephone system, lines, links forin-
110

terconnecting said lines, and trunks for ex-

1C5

tending sai i 1 lines, each said line extending to

a plumhty of sets of permanently paired con-

tacts for connecting said line to said trunks

and to a plumhty of sets of permanently

paired contacts for interconnecting said line !

and said links, and means responswe to a con-
nection estabhshed from said line to one of
said trunks for disconnecting said line from

sald plurality of sets of permanently palred- '

contacts for 111terconnect1n0 sald lme and
said Iink. |

4. In a telephene system, lines, a plurality

of links for 111terconnect1nﬂ said lmes trunks

for extending said line, link relays and trunk
relays for interconnecting said line and said

hnks and sald line and sald trunks, and a

relay responsive to the actuation of one of
said trunk relays for 0pen1110 said line to
said iink relays. -

5. In a telephone system a substatmn, a

120

125
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line extending therefrom to a plurality of

trunk relays, S’le line extending thereirom

to a plurality of line circurt relays including
a line relay, a cut-off relay and a link cut-
off relay, said line further extending there-
trom to a plurality of link relays, and means
responsive to the actuation of one of said
trunk relays for actuating said link cut-off
rehy

6. In a teiepﬂone system a subst.ﬂzlolrl.J a
ine, a piurality of trunks, a relay per trunk
for connecting said line to said trunks, said
line e: tendmw from said substation to said
trunk relays, a line circuit including a line
relay, a cut-off relay and a link cut-off relay,
sald line further extending from said trunk
relays to said line circuit, a plurality of links,

~an answering and a calling relay per link

for 1merconnectmcr salcl hnﬂ and said links,
sald line further enenmnﬂf irom said lme
circuit to said link Ielays and means re-

sponsive to the actuation of one of said trunk

relays for actuating said link cut-off relay.

7. In a telet)hone system, a substation, a
line, a plumhty of trunks, a relay per t_}:'unk
for connecting said line to said trunks, said
line extending from said substation to said
trunk relays, a line circuit including a line
relay, a cut- off relay and a link cut- off rel ay,
said line further extending from said trunk
relays to said line circuit, a plurality of
links, an answering and a calling relay per

hink for mterconnec ing said hﬂe and said

~links, said line further emendmn‘ from said

o
i
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line circuit to said link relays, and means re-
sponsive to the actuation of one of said trunk
relays for actuating said link cut-off relay
and for estabhshmrr a busy condition at sald
calling Iink relays.

8. In a telephone system, lines, tlunks,-(
relay per line per trunk for connectmw said
lines to said trunks, each said line having a
pair of talking conductors and a 51g11a1111g
conductor per uI‘UIlL, each said line termi-
nating in a station equipped with a hook-
SWltCh and means under joint control of
sald hooksw1tch and sard signaling conduc-
tors for selectively actuatmn' saicl relfws

9. In a telephone gystem, lmes trunks, a
relay per line per trunk for coanectmﬁ‘ said
lines to said trunks, each said line hawng 2
pair of talking conductors and a stenaling

‘conductor per L]ILII]]I each said line terminat-
1ng 1n a station equlf‘-ped with a hookswitch

and a plur ahty ot s1 0"[1.:1,]11’10' keys, and means
under joint control of said hookswitch and
said signaling keys for selectwely actuating
said relays. -

10. In a telephone Syﬁtem lines, t1 Lmlxs;

a relay per line per trunk Yor connectmg said
lines to said trunks, each said line having a
pair of talking conductors ane a swﬁah Ny

conduetor per tmnk each said line termi-

nating in a station equm?:)ed with a hook-
SWltCh and a plurality of mechanically in-

terlocked locking keys each said signaling
conductor being under control of one Of said
keys, and means under joint control of said

hooksmtch and said keys for selectively ae-
70,

relay per line per trunk for connectlnfr said

tuating said relays.
11. In a telephone system, lines, trunks,

lines to said trunks, each said line havmcr a
pair of talking conductors and 2 smnalmf’r;
conductor per tlllIlk each sard line termi-
nating in a station eqmpped with a hook-
sw1tch Iinks, an answering relay per line per
link and a. callmv relay per line per link, a

line circuit inel: 1(:11110' a line relay, a cut-off

relay and a link cut- “off relay for each said

line, and means under joint contrel of said

hooLSWltch and said signaling conductors for
seiectively actuating sald trunk relays and
for actum,mrr sald lmk cut-off leh

In witness whereof, I hereunto subserlbn'-
my name uhlS 12th day of March, 1929.
LA“‘TGF ORD J. BOVVN K.

- In w1t11es<q whereof T kereunto subseribe

name this 12th d‘1 of March, 1929.
CHARLES D. KOECHLIVG
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