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T'o all whom it may concern:

Be it known that I, Hvew D. MacPuur-
SON, a citizen of the United States, residing
at Summit, in the county of Union and State
of New Jersey, have invented certain new
and useful Improvements in Telephone Sys-
tems, of which the following is a full, clear,
concise, and exact descri an

This invention relates to telephone sys-
tems, and more particularly to such sys-
tems in which the signals for a plurality of
trunk lines extending between widely sepa-

rated stations a
signaling path common to such trunk lines.

In sy Stems of this character heretofore
employed there have been provided, at op-
posite ends of the signaling path, intermit-

'tenﬂy operated dlst“‘buuelg, of the start-

stop type generally employed in printing
telegl;qgh systcms, for 1mndividually associ-
ating the trunk lines with the common sig-
naling path, and for transmitting and receiv-
ng thereover code signals individual to the
various trunk lines. For determining the
code of the signals transmitted there have
been provided intermittently operating selec-
torswitchescomprising stationarycontactsin-

" dividual to the trunk lines and cotperating

movable contacts individual te both those
segments of the seudmo distributer which
con(ml the selection of the trunk lines at the
receiving end, and thoso segments which
control the character of the signal to be
transmitted over the signal receiving con-
ductor individual to the selected trunk line.

The principal object of this invention is
the provision of ]mprovcd means for deter-
mining the code of the signals to be trans-
mitted over .the common signaling path.
(‘thm objects will be apparent from a con-

leration of the following deseription and
the appended claims.

In the present embodiment of the inven-
tion, there is provided at each end of ths
signaling path, a sending distributer and a
receiving dist ribht“‘ common to the trunk
lines for transmitting and receiving code

signals individual to the various trunk lines.

~For determining the character of a portion

50

55

of each code signal there is provided, in as-
sociation with each sending distributer, an
intermittently operating selector —switch
comprising stationary contacts individual to
the varions trunk lines and codperating mov-
able contacts individual to only those. seg-

are controlled over a single.

ments of the sendmo distributer which con-
trol ihe selection of the frunlk line at the
receiving end. For deuelmlmno the charac-
ter of that portion of each code smnal which
controls the character of the smn‘d to be
tmnsmltued over the signal receiving con-
ductor of the selected trunk line; thele 1s
provided means comimon to the tr ‘unk lines

Thut 1ndependcnt of the selector switch. This

means preferably takes the form of" a relay
to d]recﬂy control the pohrlty of: current
connected to one of the segments of the send-
ing distributer.

Tor a more complete understanding. of
this invention, reference should be had to the
fnccomp%nymo drawings in which Figs 1, 2
and 5 with Fig. 2 phced to the 11011u of
Fig. 1 and Fig. 8 below Fig. 2 illustrate cer-
mm portions of & te]ephono sysfem embody-
ing the invention. All L appar atus shown in
Tlo 1is located at an office X ; ﬂ e apparatus
to the left of the dotted line in T1o 2 and
that in Fig. 3 is ]ocwfed at an office Y, while
that to the right of the dotted line in Fig.
2 is located at an office Z. For convemenoe
where like a ppar atus is employed at oﬁces x
and Y, it is designated by the same reference
character, that at office X withous, and that
at office ¥ with primes. In the drawings
there is shown a toll trunk line L 18 com-
prising two talking conductors extending
from a jack 66 at central office X to a pluo
219 at central office Y. At central oflice X

there is located & tol‘ cord circuit I for ex-

tending connections from a calling line, (not
shown) to the trunk lines. The trunk line
L 18 may be connected wi *h a toll switrhing
trunk cncmt M ex L(‘DLUHO from the central
office Y to a central office Z at which termi-
nates a called subscn,lbel s telephone line N
with which the toll switching trunk circuit
may be connected.  While only one toll coxd
circuit, one toll trunk line, one toll switching
trunk- and one subscriber’s telephone line
are shown, it is to be understood that this is
for the purpose of simplicity only and that
many such circuits may be and usually are
provided in actual service.

The signals for a plurality of toll trunk
lines may “be controlled over a s signaling p%h
cecmmon to_the trunk lines, congisting of
c')nducfor P, extending from office . X to
office Y and provlded with a grounded re-
turn as shown. In order that signals may be
simultaneously transmitted in both direc-
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tions over the conductor P, there is provided
the usual duplex equipment comprising dif-

ferential polarized velays 7 and 7" at op-

posite ends of the conductor, and artificial
balancing lines AL.

Within the dotted inclosure SE in Fig. 1,
there is shown signal transmitting equip-
ment located at office X, which is common
to a plurality of trunk lines and comprises
a sending distributer S, a selector switch G,
and controlling relays therefor: As the
transmitting equipment located at office Y
is identical with that at office X, it has been
represented diagrammatically by the dotted
square SE’ in Fig. 3. To the right of the
dotted line in Fig. 3 there is shown signal
receiving equipment RE located at office Y,
comprising a receiving distributer R’, lock-
ing relays 27” to 32’,-and pyramid selecting

‘relays 83" to 47’. Since the receiving equip-

ment at office X is identical with that at
office Y, it has been represented diagram-
matically by the dotted square RE in Fig. 1.
A description of the equipment SE and BE’
will, therefore, serve to describe the equip-
ment SE” and RE ag well. '

The sending distributer S and the receiv-
ing distributer R’ are of the start-stop type
well known in the art of printing telegraphy
and comprise a set of stationary rings, some
of which are continuous and some seg-
mented, brush arms 8, 16’, brushes 9, 10 and
17/, 18", carried by and insulated from the
brush arms, and release magnets SRM and
R'RM respectively. The brush arms 8 and
16 of distributers 3 and R at office X are
mounted on a continuously rotating shaft
and separated therefrom by friction clutch
mechanism (not shown) so that upon the
energization of either release magnet SRM
or RRM, the brush arm normally held against
rotation by the armature of that magnet
will make one revolution being stopped at
the end of the revolution by engagement
with the armature of the release magnet
which has been rvetracted during the rota-
tion of the brush arm. The brush arms 8
and 16" of the distributers 3 and R’ at office
Y are likewise mounted on a continuously
rotating common shaft and operate in the
same manner. Any well-known means, (not
shown) may be employed to maintain syn-
chronism between the rotating shaft at office
X and that at office Y. The face of sending
distributer & is provided with a common
sending ring 11 which is successively con-
nected during a rotation of the brush 10 to
a restoring segment 7, a start segment s and
individual sending segments 1 to 6 for con-
trolling the signals transmitted over the
conductor P.- A ring 12 which is successively
connected during a rotation of the brush 9
with segments 13, 14 and 15 is also provided
to control local circuits at office X.
of receiving distributer R’ comprises seg-

The face-
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ments 24’ and 26” which control the circuit
of release magnet R’RM, a common receiv-
ing segment 19 which is successively con-
nected by brush 18 to individual receiving
segments 17 to 6" to control relays 27" to 32’
in accordance with the signals received over
the conductor P, and segments 23’ and 25’
which complete the selected signaling cir-
cuit at office Y., A ring 20 is also provided
to coGperate with a segment 22” in control-
ling the circuit of relay 70",

The common signaling conductor P is
connected through one winding of polarized
relay 7 to the common sending ring 11 of
distributer S at office X. Negative battery
is normally connected through segment »
to the conductor P, causing polarized relay
7" at office Y to maintain closed its lower
contact. Upon the energization of release
magnet SRM, the brush arm 8 starts its ro-
tation in a clockwise direction and positive

‘battery is immediately connected through
start segment s of distributer S to conduc-

tor P to cause relay 7” to close its upper con-
tact, thereby completing a circuit for release
magnet R'REM of receiving distributer R’ at
office Y. The energization of release mag-
net R’RM releases brush arm 16 so that
arm 8 at office X and arm 16" at office Y ro-
tate in approximate synchronism.  When
negative battery is connected through any
of the sending segments 1 to 6, through ring
11 to conductor P, it will cause the closure
of the lower contact of duplex relay 7" at
office Y, thereby completinig a circuit from
grounded battery, lower .contact of relay 77,
receiving segment 19, one of the individual
segments 1° to 6" In accordance with the
position of the brush arms 8 and 167,
through the lower winding of one of the re-
lays 27 to 32" corresponding to the seg-
ments 1 to 6’ to ground. When, however,
positive battery is connected through one of
the sending segments 1 to 6 and ring 11 to
conductor P during the travel of brush arms
8" and 16/, relay 77 maintains closed its up-
per contact and no effects are produced on
the locking relays 27" to 82", It will, there-
fore, be apparent that by varying the code
of the signals transmitted over the conduec-
tor P, any desired combination of the lock-
ing relays 277 to 32" may be energized. Fach
of the first four of these relays 27" to 30/
controls the circuit for one row of the pyra-
mid selecting relays 33’ to 47/, while the fifth
locking relay 31" selects either the upper or
lower armature of relay 33’ so that the se-
lection of the signal receiving conductor B’
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to be associated with the distributer R’ de- -

pends upon the code of the signal transmit-
ted through segments 1 to 5 of distributer 3
and received through segments 17 to 5" of
distributer R’.
be transmitted cver the selected conductor
E’ depends upon the energized or inert con-

The character of signal to -
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dition of relay 32/, the sixth of the locking
relays, for if this rehy is deBnergized at the
time brush 18’ passes over seomcnts 237, 25
negative battery will be’ connected over the
lower armature ‘Lnd Lack contact of relay
327, segments 237, 25", lower armature of
relay 31/ and thence over the armatures of
other of the pyramid selecting relays to the
conductor E” which conductor is individual
to the selected trunk line. II, however, re-
lay 32" is energized at this time, posmlve
battery will be connected over the front con-
tact and lower armature of relay 32" and
over the path just traced to conductor E’.
The code of that portion of each signal

- “which conirols the selectmw of the conductor
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E’ individual to a given tr unk line is, there-
fore, determined by the polarity of currenf
connected to-segments 1 to-5 of distributer 3
while the dlstrlbuter 18 sendmo out a signal.

A selector switch G detormmes by the
position of its brushes 1 to 5, the polamty of
current connected at any t1me to segments. 1
to 5 of distributer S. The sw1tch G com-
prises seven movable contacts or brushes a,
by 1, 2, 8, 4 and 5. which -are preferably
mounted at different levels on a common
shaft. Tach brush codperates with a set of

stationary contacts, as shown, there being -

one stationary cont act in each set for cach
trunk line which may be associated with the
distributer S. The brushes of switch G may
be rotated over their contacts either by a
conunmuslv driven source of power or by a
)pmo mfmmt In the present embodi-
nﬂxt of the invention a self-interrupting
motor magnet MM is provided to move tho
brushes step -by-step over their conhcts
The switch & will be started whenever relay
48, which is common to the trunk lines, is
ized, and will be stopped by the ener-
ation of relay 50 when the brush a, en-
counters a sf‘ltmnarv contact connected over
onrs of the condrctors A to ground. There
1s provided for each trunk hne one condue-
tor A leading from a s’rauonarv contact of
the switch G to a back contact of the relay
61 which is individual to said line. - Relay
48 is controlled over a conductor C, common
to the trunk lines, by certain relays individ-
ual to each trunk line. There 1s also pro-
vided for-each trunk line, a conductor B
leading fmm the winding of individual re-
lay 60 to that stationary contact upon which
the brush b rests when the switch G has been
associated with the particular trunk line in
s10n‘111n19 condition. The stationary con-
tacts of levels 1 to 5 of the switch G are con-
nected to sources of current of positive and

necative polarity in various combinations.

such 2s to eause the selection of the proper

canduetor B at office Y whenever one of the
trunk lines at office X is in signaling condi-
tion. - While the invention is ‘ot limited to
any specific combination of polarities, nor to

‘nection from cord circuit F

8

any particular number of trunk lines which
may be served by one selector switch and set
of distributers, the combination shown in
the Followmtr table have been found satis-
factory for use with a switch G having
thirty contacts in each level to be used with
a distributer S employing five sending seg-
ments in selecting the proper signal receiv-
ing conductor B’ at the distant office.

Trunls Level No. Trunk Level No.

line 12 84 5 line 1.2 8 45
1t 16—
9 H—F 11—t
3 bd— 18—t
44—t 19—+
5 4 —+— . 20—t
6  ++t—— 21—t
T odd——— 22—
8. 4—Af4 98 ——
9 A——ht WM
10 f—f—t 2% —f—d—
o b= 26 —eb——
12 et o _————

18 . f——t— 28—
14 e — 29 ————
15 fo— 30 —d———

The code of that portion of each signal
transmitted by distributer S which controls
the character of signal to be transmitted
over the selected signal receiving conductor
E’ is determined by the pohmtv of current
connected to segment 6 of distributer 5 dur-
ing signaling. This polarity is controlled
by a relay 71 common to the trunk lines,
which normally connects positive current to
segment 6 over its right-hand ‘u‘matme wnd
back contact, but which when energized con-
nects seoment 6 to a source of current of neg-
ative polarltv Relay 71 is initially ener-
gized upon the energization of a relay 49 and
is locked up under the control of a release re-
lay 52 which will be actuated near the end
of a revolution of brush arm 8 after a sig-
nal has been transmitted. Relay 49 is con-
trolled over a conductor D common to the
trunk lines, and will be energized at such
times as the relays individual to any tronk
line determine, as will more fully appear
hereinafter.

Having in mind the foregoing description
of the ftpnaratus of the svstem shown in the
drawings, it is believed that the invention
will be reqdllv uniderstood from a considera-
tion of the following description of the op-
eration of setting up and taking down a con-
to the called
station N,

Conmection of cord civeuwit F with trunk
line L-18.
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The operator at :office X desiring to .

establish connection with the telephone line
N which termlnates at office Z, connection
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with which must be established through the
office Y, communicates over an order wire
circuit {not shown) with the operator at
office Y. The operator at office Y noting

- that trunk line 1. 18 is idle, designates this

trunk for the completion of the connection
whereupon the operator at office X inserts
plug 65 of cord circuit F in jack 66 of trunk
Iine I, 18. A circuit is thereby completed
from grounded battery through the wind-
ing of marginal relay 53, sleeve contacts of
plug 65 and jack 66, and the winding of re-
lay 55 to ground. Relay 55 is energized in
this circuit but relay 53 being marginal re-
mains inert. Relay 55 in energizing com-
pletes a circuif from ground, its armature
and front contact, back contact and outer
right-hand armature of relay 57, back con-
tact and right-hand armature of relay 59,
through the winding of relay 58, and back
contact and left-hand armature of relay 60
te grounded battery. An energizing circuit
is also completed from grounded battery,
left-hand armature and back contact of re-
lay 62, through the winding of slow release
relay 63, and front contact and armature of
relay 55 to ground. Relay 58 is energized in
this circuit and locked up through its front
contact and inner right-hand armature. In
attracting its outer left-hand armature, re-
lay 58 places a ground on conductor C there-
by causing the energization of start relay
48. Upon attracting its outer right-hand
armature, relay 58 causes the operation of
relay 56 over a circuit from ground, outer
right-hand armature and front contact of
relay 58, through the winding of relay 56 to
grounded battery. Relay 56 is thereupon
locked up to ground at the innermost left-
hand armature of relay 59. Relay 48 in at-
tracting its armature completes a circuit
from grounded battery, back contact and
armature. of motor magnet MM through the
winding of said magnet, back contact and
outer left-hand armature of relay 50, and
front contact and armature of relay 48 to
ground. Magnet MM interrupts this cir-
cuit at its armature thereby stepping the
brushes of the selector switch G in a clock-
wise direction until the terminals individual
to the trunk line L+ 18 are encountered.
When brush @ reaches the stationary con-
tact associated with conductor A 18, stop
relay 50 is energized over a circuit which
may be traced from grounded hattery, left-
hand winding of relay 50, brush @, conductor
A 18, back contact and outer left-hand
armature of relay 61, outermost left-hand
armature and back contact of relay 59, front
contact and inner left-hand armature of re-
lay 58 to ground. Relay 50 in attracting its
outer left-hand armature, interrupts the
previously traced circuit for magnet MM
thereby stopping the selector switch G. In

1,386,719

attracting its outer right-hand armature,
relay 50 completes a circuit for release mag-
net SRM of distributer S which may be
traced from ground, winding of magnet
SRM, outer right-hand armature and front
contact of relay 50, segment 13, brush 9, and
ring 12 to grounded battery. Relay 50 when
energized, was locked up over a circuit ex-
tending from grounded battery, inner left-
hand armature and front contact of said re-
lay, back contact and armature of relay 52,
through the right-hand winding of relay 50
to ground. The energization of magnet
SRM releases brush arm 8 which starts its
rotation in a clockwise direction. Consider-
ing first the results produced at office X by
this operation, 1t will be seen that upon

65

70

80

reaching segment 14, a circuit will be com- °

pleted from grounded battery, ring 12, brush
9, segment 14, through the winding of relay
51 to ground. Relay 51 will be energized in
this circuit and maintained energized until
brush 9 passes over segment 14. Relay 51
in attracting its armature, completes a cir-
cuit from grounded battery, inner left-
hand armature and front contact of relay
50, back contact and armature of relay 5%,
armature and front confact of relay 51,
brush &, conductor B 18, through the wind-
ing of relay 60 to ground. Relay 60 is en-
ergized in this circuit and in attracting its
left-hand - armature, interrupts the circuit
of relay 58, which relay in retracting its

-armatures removes the ground connected to

conductors C and A 18 and opens the origi-
nal civcuit for relay 56. Relay 60 also com-
pletes a circuit from grounded battery, left-
hand armature and front contact of said re-
lay. left-hand armature and front contact of
relay 56, through the winding of relay 57
which is made slow to release, and back con-
tact and innermost left-hand armature of
relay 59 to ground. Slow release relay 57 is
energized in this circuit and locked up under
the control of relay 59. Relay 57 in attract-
ing its right-hand armatures, interrupts the
original energizing circuit for relay 58 and
prepares a circuit for relay 59.

When brush 9 of distributer leaves seg-
ment 14 relay 51 deénergizes and in retract-
ing its armature causes the deénergization
of relay 60. When brush 9 of distributer
S reaches segment 15, a circuit is completed
from grounded battery, ring 12, brush 9,
segment 15, through the winding of relay
52 to ground. Relay 52 in attracting its

armature opens the previously traced lock-

ing circuit of relay 50 to deénergize this re-

-Jav, the original energizing circuit of which
JI o

was interrupted by the retraction of the
armatures of relay 58. Relay 50 in de-
energizing opens the previously traced cir-
cuit for magnet SRM, which magnet retracts

its armature to arrest the travel of the brush
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arm 8 at the completion of its revolution
and in refracting its outer lefthand arma-
ture, reloy 50 again places the motor mag-
net MM under the control of common start
relay 48. Brush 9 in passing from seg-
ment 15 opens the circuit of relay 52 and
the relays common to the sending equip-
ment S are now all inert.

Considering now the effects produced at
office Y by the rotation of brush arm 8,
when brush 10 reached segment s, a circuit
wag completed from the positive pole of
battery, segment s, brush 10, sending ring
11, through the upper winding of duplex
reluy 7, conductor P, through the upper
winding of duplex relay 7 to SE’. In re-
sponse to this circuit, relay 77 closed its up-
per contact, -completing. a ecireuit from
grounded battery, upper contact of relay
77, segment 24, brush 18, segment 26,
through the winding of magnet R’RM to
ground. Magnet R'RM in attracting its
armature released brush arm 16" which
started a revolution in a clockwise direction.
Upon reaching individual sending segment
1 of distributer S, brush 10 completed a cir-

cuit from the negative pole of battery,:

brush 1 of selector switch G, individual
sending segment 1, brush 10, sending ring
11, through duplex relay 7, conductor P and
relay 77 to ground thereby causing relay 77
to close its lower contact. At this time,
brush 187 was in contact with receiving seg-
ment 17 of distributer R/, and .a circuit was
completed - from . grounded battery, lower
contact of relay 7/, receiving segment 197,
brush 18’, segment 1” and through the lower
winding of relay 277 to ground.. Relay 277
is” energized -and locked up over a circuit
extending from grounded battery, upper
winding of relay 27", front contact and up-
per arimature of said relay and armature
and front -contact of relay 70" to ground.
Helay 70" was energized when brush 177
completed a circuit from grounded battery,
ring 20, brush 177, segment 22/, through
the winding of relay 707 to ground. Since
the polarity of battery connected through
brush 2 of switch G to individual sending
segment 2 is positive, relay 77 will close its
upper contact when brushes 10 and 187 are
passing over segments 2 and 27 respectively,
so that no circuit will be completed for re-
lay.28’. When these brushes reach segment
3 and 8/, however, negative battery is again
connected over the path P fo cause relay 7’
to close its lower contact to complete an
energizing circuit for relay 29" in the same
manner as -the circuit was completed for
relay 277, Relay 29" is locked up over an
obvious circuit in parallel with the locking
circult. traced for relay 277, © Since sending
segments 4 and 5 are connected to the posi-
tive pole of battery, no effect will be pro-

8

duced on relays 30 and 31, as the brushes
of distributer S and R’ pass over segments

4, 4" and 5, 5, and since relay 71 is inert

when the brushes pass from segments 6 and
6%, no effect will be produced on relay 32’.
Thus, as brush 18" leaves segments 6’ and
197 of distributer R’, only the first and third
of the locking relays, namely 27/ and 29’
will be energized. Relay 27’ in energizing,
completes a circuit which may be traced
from grounded battery, through the wind-
ings in series, of pyramid relays 40’ to 47/
inclusive and the front contact and lower
armature of relay 27’ to ground. Relay 29’
in - energizing; completes a ecireuit from
grounded battery, through the winding of
pyramid relays 84’ and 85’ in series, and
the front contact and lower armature of
relay 29” to ground. = As brush 18" engages
segments 23" and 25 a circuit will be com-
pleted from the negative pole of battery,
back contact and lower armature of relay
327, segment 23", brush 18’, segment 257,
lower armature and back contact of relay
317, lower armature and back contact of re-
lay 337, lower armature and front comtact
of relay 357, upper armature and back con-
tact of relay 39’, upper armature and front
contact of relay 467, conductor K’ 18,
through the left-hand winding of relay 200
to ground. ~ Relay 200 is energized in this
circuit and in attracting its inner armature
completes an obvious locking cirenit for it-
self. Relay 201 was also energized in par-
allel with relay 200 but as no locking eir-
cuit swvas completed for relay 201, it was im-
mediately deénergized and performed no
useful function.  Brush 17 ‘eof distributer
B’ in passing from segment 22’ interrupted
the circuit of relay 70" to deénergize this
relay. The retraction of the armature of
relay 70" opened the locking cireuit for such
of the locking relays 277 to 327 as have been
energized.  The  deénergization of these
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locking ‘relays opens the circuit of such™

pyramid relays as have been energized
thereby restoring the receiving  equipment
RE’ to its normal condition of readiness to

receive the next signal transmitted over the
conductor P.

Relay 200 in attracting its inner armature

eompleted a circuit from grounded battery,

inner armature and front contact of relay
260, conductor 237, back contact and lower
b ?

armature of relay 216, through the guard -

lamp 218 to ground. . A circuit was also
completed from ground, through the wind-
ing of slow release relay 202, back contact
and right-hand armature of relay 201 and
thence 1n parallel with the circuit just traced
to grounded battery at the right-hand arma-
ture of relay 200. The lighting of guard
lamp 218 informs the operator at office Y

that the operator at office X has connected _
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her cord circuit T to the designated toll line
L 18.

Connection of toll line L 18 with toll switch-
ing trunk cireuit M.

After the operator at office Y designated
the trunk line L. 18 for use she communicated
with the operator at office Z over an order
wire (not shown) advising the operator at
office Z the number of the called line.. The

operator at office Z noting the idle condition .
of toll switching trunk M assigns it for use’

by the operator atoffice Y. The operator at
office Y, noting the lighting of guard lamp
218, inserts plug 219 into jack 220 of toll
switching trunk M thereby completing a
circuit from grounded battery, through the
winding of sleeve relay 215, and sleeve con-
tacts of plug 219 and jack 220 to ground.
Relay 215 is energized 1n this circuit there-
by completing an obvious circuit for relay
216. Relay 216 in attracting its lower arma-
ture opens the circuit previously traced for
guard lamp 218 to extinguish such lamp.
In attracting its upper armature, relay 216
completes a circuit which may be traced
from grounded battery, through the left-
hand winding of the supervisory relay 221

of trunk circuit M, back contact of relay-

2292, tip contacts of jack 220 and plug 219,
front contact and upper armature of relay
216. upper armature and back contact of
relay 217, through the winding of super-
visory relay 223, outer armature and front
contact of relay 200, back contact and lower
armature of relay 217, ring contacts of plug
219 and jack 220, inner armature and back
contact of relay 222 through the right-hand
winding of relay 221 to ground. Xelay 221
is energized in this circuit and in attracting

its armature, completes a circuit extending .

from grounded battery through lamp 228,
the lower normal contact of relay 227, the
right-hand winding of relay 222 and the
alternate contact of relay 221 to ground.

- Lamp 228 is lighted to inform the operator

at office Z that the operator at office Y has
made connection with trunk circuit M. Relay
222, in attracting its armatures opens the
previously traced circuit for relays 221 and
223 so that although relay 223 may operate
momentarily, it immediately releases and
produces no material effect. The attraction
of the left-hand armature of relay 222 com-
pletes a holding circuit to maintain relay
2921 operated.

Connection of toll switching trunk circuit
M awith telephone line NV,

The operator at office Z afier testing the
called line in the usual manner inserts plug
224 into jack 225. A ecircuit is thereupon
completed from grounded battery, through
the winding of sleeve relay 227, the sleeve
contacts of plug 224 and jack 225 and the

winding of cut-off relay 226 to ground. Re-
lays 226 and 227 operate the former discon-
necting the line relay from the line in the
usual manner and the latter completing the
continuity of the tip conductor of the trunk
and interruping the circuit for lamp 228
and relay 222. Lamp 228 is extinguished
and the retraction of the armatures of relay
999 reéstablishes the original energizing cir-
cuit for relay 221. However, due to open
condition of the lower normal contact of re-
lay 227, relay 222 does not reoperate al-
though relay 221 remains operated. Relay
223 operates and in attracting its armatures
completes a circuit in parallel for relays
212, 213 and 214, that for relay 214 being
traceable from grounded battery through
the winding of relay 214 and front contact
and armature of relay 223 to ground. Re-
lay 214, is slow to release and vrelay 215,
while somewhat slow in releasing, is faster
in operating than relay 214 and relay 212
is a fast relay. The circuit for relay 213
may be traced from grounded battery, wind-
ing and malke-before-break contact of said
relay right-hand armature and back con-
tact of relay 208, outer right-hand armature
and back contact of relay 204; conductor
938, front contact and armature of relay
293 to ground. Upon operating, relay 213
is locked up over a cireunit from grounded
battery, winding, front contact and right-
hand armature of said relay, inner left-hand
armature and back contact of relay 206, back
contact and outer right-hand armature of
relay 204, and conductor 238 to ground at
the front contact of relay 223. Relay 213
being somewhat slower in operating, did not
attract its left-hand armature until after a
cirenit had been completed from grounded
battery, through the winding of relay 48
of sending equipment SE’, conductor C’,
(back contact and outer left-hand armature
of relay 208) through the winding of relay
212, left-hand armature and back contact ot
relay 213, and thence in parallel with the
circuit traced for relay 213 to ground at the
front contact of supervisory relay 223. Re-
lay 212 in attracting its inner right-hand
armature completed a locking circuit for re-
lays 48" and 212 independent of relay 213.
Relay 48" in energizing, caused the selector
switch G to seek with its brush, a grounded
conductor A’ in the same manner as above
described for-the sending equipment SK at
office X. Relay 212 in attracting its outer
left-hand armature, grounded conductor A’
18 to stop selector switch G’ in association
with the terminals individual to trunk line
L. 18. TFrom this point the operation of
sending equipment SE’ is identical with.
that described for the sending equipment SE
and results in the transmission of an im-
pulse of negative current over the conductor
£ 18 through the right-hand winding of re-
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lay 62 to ground at office X.
attracting 1its left-hand armature completes
a locking cireuit for itselt from grounded
battery, left-hand winding of relay 62 and
front contact and armature. of relay 55 to
ground. In attracting its right-hand ar-
mature, relay 62 completes a. cireuit from
ground, back contact and right-hand arma-
ture of relay 64, right-hand armature and
front contact of relay 62, through the resist-
ance 69, sleeve contacts of jack 66 and plug
65, through the winding of marginal relay
53 to grounded battery. . The increased flow
of current caused by the closure of this cir-
cuit a portion of which shunts the winding
of relay 55 allows marginal relay 53 to at-
tract its armature but ‘does not affect the
energized condition of relay 55. Relay 53
in energizing, completes an obvious circuit
for lamp 68 to inform the operator. at.office
X that the connection has now been set up
to the terminals of the desired line and that
the established circuit is in condition for
signaling the subscriber at the wanted sub-
station.

Upon the operation of relay 51 of send-
ing equipment SE’, a circuit was completed
from grounded battery, front contact of re-
lay 51’, brush ?’, and conductor B” 18
through the winding of relay 208 to ground
to energize this relay in the same manner
that the energization of relay 60 was brought
about during the transmission of a.signal
from office X to office Y. Relay 208 in at-
tracting its outer left-hand armature, in-
terrupted the locking circuit of relays 48’
and 219 to deénergize these relays. At the
time relay 212 was originally energized, a
circuit was completed from grounded bat-
tery, inner armature and front contact of
relay 200 through the winding of relay 205,
back contact and left-hand . armature of
relay 209, front contact and inner left-
hand -armature of relay 212 to ground
to energize relay 205. Relay 205 in en-
ergizing completed a - circuit in parallel
with that just traced through the armature
and front contact of relay 205, the winding
of relay 209 over the back contact and inner
right-hand armature of relay 204 to ground,
but relay 209 was not energized at this time
since this circuit was shunted by the connec-
tion of ground from the inner left-hand ar-
mature of relay 212 to the armature of relay
205, Upon the deénergizing of relay 212,
however, and the removal of this shunt. cir-

uit, relay 209 is cnergized but is without
effect at this time. The condition of the
relays associated with the trunk line L 18
and office Y, after the sending of the ring-
ing signal to office X, will therefore be as
follows :— relays 200, 202, 205, 209, 213, 214,
215, 216 and 223 energized and all other re-
lays inert. .

Relay 62 in

7

Operator at office X actuates ringing key.

The operator at office X upon observing
the lighted condition of supervisory lamp
68, depresses her ringing key 67 to complete

-a circuit from a source of alternating cur-

rent, lower. alternate contact of key 67, ring
contacts of plug 65 and jack 66, through
the winding of alternating current relay 54,
tip contacts of jack 66 and plug 65, and up-
per alternate contact of key 67 to ground.
Relay 54 is energized in this circuit and
completes an obvious circuit for slow release
relay 61. Relay 61 in attracting its vight-

70

75

hand armature completes a circuit from -

ground, armature and {front contact of relay
55, front contact and right-hand armaturs of
relay 61, through the winding of relay 58,
back contact and left-hand armature of ve-
lay 60 to grounded battery.  Relay 58 is
energized in this circuit and applied ground
to conductors C and A 18 in exactly the same
manner as when relay 58 was energized upon
the insertion of plug 65 into jack 66.  Since,
however, relay 61 has opened these conduc-

-torg at its left-hand armatures, no effect is

produced through the continued depression
of the ringing key by the operator at office
X. Upon the release of this key by the op-
erator at office X, relay 54 is deénergized to
open the circuit of relay 61 which, in retract-
ing its right-hand armature opens the orig-
inal "energizing circuit of relay 58. This
relay, however, is locked up as before, being
under the control of relay 60 and since con-
ductors C and A 18 are now grounded, the
same sequence of operations is produced in
sending equipment SE as was previously
described upon the insertion of plug 65 into
jack 66 and results in the sending of a code
signal over conductor P to select the signal
receiving conductor B’ 18 at office Y and to
transmit an impulse of negative polarity
over this conductor through the right-hand
winding of relay 201 to ground. Relay 201,
in energizing, completes a locking circuit
for itself which may be traced from ground-
ed battery, left-hand winding front contact
and armatuve of relay 201, armature and
front contact of slow release relay 202 to
ground. After the transmission of the im-
pulse of negative current over conductor
E’ 18, sending equipment SE at office X and
receiving equipment RE’ at office Y, are re-
stored to mormal condition in the manner
previously described, and of the relays in-
dividual to the tell line L. 18 at office X, re-
lays 55, 56, 57 and 62 will be energized and

“the other relays individual to this toll line

will be inert.

Relay 201, which was energized and locked
up in response to the ringing sighal received
from office X, in attracting its right-hand
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battery, inner armature and front contact of
relay 200, right-hand armature and front
contact of relay 201 through the winding of
slow release relay 203 to ground, and opened
the circuit of slow release relay 202 so that
after a short interval, relay 202 is deéner-
gized to open the locking circuit of relay

201 which thereupon retracts its armatures.

Relay 203 in attracting its left-hand arma-
ture, connects ground to conductor 238 to
maintain relays 218 and 214 energized upon
the deénergization of supervisory relay 223.
In attracting its right-hand armature relay
208 completes an obvieus circuit for slow
release relay 207. Relay 207 in attracting
its armature completes circuits for ringing

relay 217 and slow release relay 211 which -

may be traced from grounded battery,
through the windings of said relays, front
contact and armature of slow release relay
207 to ground. Relay 211 connects ground
to conductor 238 to replace the ground con-
nected thereto on the left-hand armature of
relay 203 which is removed upon the deéner-
gization of relay 203 which takes place af-
ter a short interval, due to the retraction of
the right-hand armature of relay 201." Re-
lay 217 in opening its back contacts; inter-
rupts the circuits of relays 223 and 221,
but relay 221 does not dednergize owing to
the completion of a substitute circuit as will
appear later. Relay 217 in closing its front
contacts completes a circuit from a source
of alternating current 234, front contact and
lower armature of relay 217, ring contacts
of plug 219 and jack 220, through ringing
response relay 230, tip contacts of jack 220
and plug 219, front contact and upper arma-
ture of relay 216, upper armature and front
coutact of relay 217 to ground.  Relay 230
is energized in this cirenit to complete a
circuit from ground, armature and front
contact of relay 230, through the winding of
relay 283 and the left-hand winding of relay
299 to grounded battery. = Relay 222 in ener-
gizing completes a holding circuit for relay
221 which may be traced from grounded
battery, left-hand winding of relay 221,
front contact and outer armature oi relay
222 to ground. Relay 233, in attracting its
armatures, completes a circuit from a source
of alternating current 232, front contact and
upper armature of relay 233, ring contacts of
plug 224 and jack 225, through the ringer
at the called substation N, tip contacts of
jack 225 and plug 224, front contact and up-
per armature of relay 227, lower armature
and front contact of relay 233 to ground,
thereby causing the operation of the call
bell at the called substation. )

Until the called subscriber answers, the
lamp 68 remains lighted before the operator
at office X, and if after a reasonable interval
this lamp is not extinguished, she will again
actuate her key 67 to cause another ringing

1,386,719

P

signal to be transmitted over the path
to again actuate the relays at offices Y and
Z to ring the call bell at substation N. In
case the called subscriber does not answer
within a reasonable time, in response to re-
peated actuations of key 67 the operator at
office X will report this fact and abandon
the call. 'When, however, the subscriber ab

-station N. answers, a circuit is completed
which may be traced from grounded battery, 7

through the winding of called line super-
visory relay 281, back contact and upper
armature of relay 233, ring contacts of plug
224 and jack 225, apparatus at substation N,
tip contacts of jack 225 and plug 224, front
contact and upper armature of relay 227,
lower armature and back contact of relay 233
to ground. Relay 2311s energized in this cir-
cuit and completes a circuit frem grounded

battery, through the left-hand winding of

relay 222, front contact and armature of re-
lay 231, right-hand winding of relay 222,
front contact and armature of relay 221 to
ground to hold relay 222 energized during

such time as the subscriber at station N is- ¢

tains his receiver away from its switchhook.
During the intervals between ringing, relay
223 was alternately energized upon the ve-
traction of the armatures of relay 217 which

caused the deénergization of ringing re-.9:

sponse relay 230 and of relay 222 so that re-
lay 221 was connected ‘in the supervisory
circuit previously traced to maintain relays
221 and 223 energized, but upon the perma-
nent energization of relay 222 due to the
answering of the called subscriber, the super-
visory circuit is permanently opened at the
outer armature and make-before-break con-
tact of relay 222 and no circuit wiil be com-
pleted for supervisory relay 228.  When,
therefore, relay 203 is deénergized, after a
short interval, relay 207 will be deénergized
to interrupt the circuits of relays 217 and 211
so that no ground will now be connected to
conductor. 238 to maintain relays 218 and
214 energized and these relays will retract
their armatures. Relay 214 in retracting its
armature completes a circuit from ground,
armature and back contact of relay 223 back
contact of relay 214, front contact and right-
hand armature of relay 209, back contact and
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outer right-hand armature of relay 212,

through the winding of relay 204, back con-
tact and inner left-hand armature of relay
208 over conductor C’, through the winding
of relay 48" of sending equipment SE’ to
grounded battery to cause the energization of
relays 204 and 48’. Relay 204 in attracting
its 1mner right-hand armature completes a
locking circuit for relays 204 and 48" which
may be traced from ground, inner right-hand
armature and front contact and winding of
relay 204, left-hand armatures and back con-
tacts of relay 208 and conductor €/, through
the winding of relay 48" to grounded bat-
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tery. In opening its inner right-hand back
contact, relay 204 mterﬂu“ml the eircuits
of rel ays 205 and 209 to cause the deénerg
tion of these relays. Relay 204
ing its left-hand ture con
ductor A7 18 to cond: xcuor D g0t
the arrival of brush ¢’ of swite 11 G 0
3¢ to the ene

i

arma

acTy
respons

rotation was started in
gization of relay 48" and m,n/?uw
a circuit will be eoupleae d
bautery through the feft ,
elay 507, brush o, cohductrr
contact and left-hand armaty )
conductor D’, through the \vwnd_nﬂ
49’ to crround Rel%y% 49" and 50 ¢
ergiz sed in this circuit, relay 5 597 eu 1
selecto*' switch G’ and starting th
distributer 8’ in the same man wner L
I'QLW 50 started the operation of
S when signals were tmmmit"'ei from
X to office Y. Relav 497 comp let
from ground, armature and fro nt conts
this relay, through the winding of “ﬁr“(,f
armature and back contact of 7’@1
left-hand armature and upper e )m
lay 507 to grounded battery to enm'
lay 717, L\uel(w 71" in attracting its 1
armature completes a locking cir ca nit for
itsel? independent of relay 49" and in at
tracting its right-hand armatuve disco
posfﬁve battery and connects negative bat
tery to individual se gment 6" of chst ributer
<" The distributer u and receiving di
tributer R at office X, now operate in th
same Imanner prevmusly described to se
a code signal consisting of six currvent i
pulses of ‘which the 4 first, third and
of negative polarity. In response to thi
nal, locking relays 27, 29 and 32 at
are energized and locked up so
brush 18 reaches segments 28 and 25
tributer R an impm ulse of current
polarity will be transmitted fron
tive pole of grounded mﬂ'ar !
and lower fu' mature of relay
over the circuit Drukus!y tra
ductor E 18 through the udw
ing of relay 62 to ground. 1
membered that the transmission of an
pulse of negative polarity through the vighi
hand winding of relay 62 canses a negat
flux of such a direction as to aid thag
by the current dowing th'OuO11 the loft
locking winding of this relay to cau
enerolmtlon of this relay. Mow, however
Jmpulse of current of pogitive poimlu
ceived over conductor E 18 and frans:
through the rwm‘u-hanﬂ vu‘\ ing o

from

e

O
Z
U

nittefl

elay G2.

tha

amount and oppogw't in dwe the
caused by-the current flowing * the
locking winding of relfw 82, to o differentialize
this rehy so that rel lay 62 is rendered inert
In retracting its left-hand armature, 1‘“11 v
62 again compietes the previously traced cir-

S
48]

O

cuit for slow release relay 63 while in retract-

ing its rlght hand armature, relay 62 in-
terrupts the shunt cirvcuit thrm 2h resistance
49 and the winding of mar gmm relay 53 to

decrease the current flowing through mar-
ginal relay 53 to a pomt at "*mcb this veln ay
:e‘”acm its armature to extinguish super-
visory Llanp 65. The operntor at office . is
thereby informed that the called subseriber
has answered the call and that the conversa-
tion is now in m'o vess. 1t will be remar
bered that upon the engage ‘m“né by brush 8
of sending digtributes - 147,
2 circuit was complete ?o reiay 517,
in turn completed a cireuit f
bawexy, inner left-hand :
ontact of re Aay 00’? bacy_ con*t@ct a
turs of relay 527, armature and frent con-
tact of relay 517, "brus sh Z’ conductor B 1 8’
through the winding of relay 208 to ground
ehy 208 was energized in this cireuis and
in attracting its left-ha 2nd atures, in-
ternmte the locking cr’ﬂun re\;m,usly
traced for relays 204 and 48 deénergize
these relays. Upon the engagement by by 11sh
9 of segment 15" of distributer &’ a cir-
cuit was comp eted for relay 527 which in at-
tracting its armature opencd the civeuit _f ust
traced for relay 208 to defnergize this relay.
It is, therefore, apparent ¢ ha during the
conversation, relays 200, 215 and 218 ‘mll Le

(.‘f 4
kJ

oy 3
il

0 o

mmed energiz efl 2nd that all other re
cL 1l to toll line L, 18 and located
7 wi 1] be inert.
’i“@placas

contact of
i bi-“‘vﬂ
‘2\)\,,

6 canses
1 by send-
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ing equipment 'SE’ and to be received by
receiving equipment RE. It will be remem-
bered that the result of this signal was to
send a nega‘flve impulse of current over con-
ductor X 18 to cause the energization and
locking up of relay 62, Unereby complet: g
a shunt circuit in parallel with that o ve-
ay 55 through the winding of marginal re-
lay 53 to cause the lm'humn* of the super-
visory lamp 68. Asin The previous case
lays 200, 205, 209, 213, 214, 215, 216 and 223
will be maintained in an e‘lewmed condi-
tion at the conclusion of the transmission
of the signal, all other relays individual to
toll line L 18 at office Y being inert.

, 18

The operator at oﬁz"ca X disconnects toll
cord circuit F from toll line L 18.

The operator at office X noticing the illu-
mination of the st melwsory lamp 68 is in-
formed that the conversation has been ter-
minated and disconnects plug 65 from juck
66 thereby interrupting the circuits of re-
lays 53 and 55. Relay 53 in deénergizing
extinguishes lamp 68. Relay 55 in opening
its front contact, interrupts the locking cir-
cuit of reLn/ 62 to deonerouﬂ this relay. In
closing le back contact, rehv 55 completes
a cireuit from (rlound, armature and back
contact of relay 55, front contact and inner
right-hand armature of relay 57, through
the winding of rehy 59, back contact and
right-hand armature of ?‘ehy 60 to ground-
od battery. Relay 59 is enﬂr(rlmrl in this
cirenit and locked up to ground at its it
most left-hand armature and front co
under the control of rela v 60. In att

11
5
3]

its innermost left-hand armature, rvclay 59
miu‘*'upug the locking circuits of relays 56
and 57 to dcener«ruﬂ these rel: 1LyS. In at-
tracting its middle left-hand armatuve 8, re-

1'1\7 59 connects ground to conductor U to
cause the eneromamoj of start 1“1“‘,7 48,
\vhz]e in :Ltt;,fmtm; its outermost left-hand
armature, relay 59 connects conductor A 18
to conductor D so that when brush ¢ en-
gages conductor A 18, a circuit will be com-
pleued from grounded battery, through the
left-hand winding of relay 50, brush ¢, con-
ductor A 18, back contact and outer left-
hand armature of relay 61, outermost left-
hand armature and front contact of relay
59, conductor D, through the winding of re-
lay 49 to ground. Relays 49 and 50 will be
energized in this circuit and the semhnﬂ
nqumment SE and receiving equipment B RE’
will be operated in exaody the same man-
ner as was described for the operation of
sending equipment S’ and receiving equip-
ment RE, in response to the answering of
the called subscriber at substation N. It
will be remembered that the result of this
operation was to send an impulss of current
of positive polarity over the selected signal-
ing receiving conductor I 18. Relay 200 is

1,386,719

in us windings to relay 62
so that the 1‘ef*e1pt of this impulse of positive
polayity over the similarly selecte signal-
ing 1ece1mno conrhlcuol 3 18, will differ-
entialize relay 200 and cause it to retiact its
armature. ﬂl et cting its outer armature,
relay 200 will interrupt “the circuit of reiz“'s

exactly similar

223 and 221, Relay 221 in retracting its
armaturve  will complete a  clvcuit irom

gzﬁonnded battery, through lamp 228, D'on+

contact and lower armature oi ehy 227
resistance 229, back contact and armature
of relay 221 £ ground, to h.oh~ lamy 228,

"‘he opemtor at office Z notlunfr the lighted
condition of hmp 928 is informed of the
termination of the conversation and removes
plug 224 from jack 225 thereby causing the
deBnergization of relays 227 and 226.

L

Relay 200 in re tmming its inner right-
hand armature. completed a clrcuit i’rom

grounded battery, inner right-hand arma-
ture and back contact of elay 200, front
contact and lower armature of relay 216
through the.}am‘) 218 to ground, to light
the lamp 218. In f>pen11 g its- inner front
contact, relay 200 interrupted the circuits
of velays 202, 205 and 209 to detnergize
these velays. Relay 223 in delnergizi mr
opened the circuits of relays 213 and 2

The operator at office ¥ observing the
lighted condl’mon of lamp 218 withdraws
plug 219 from jack 220 thereby inter:t ipting
the circuit of relay 215. Rehy 215, in de-
energizing opens the circuit of rela ] 218 ¢
extinguish lftmp 218 and all apparatus em-
ployed at offices X, ¥ and 7 in completing
the connection is now completely restored.

Hubs

at

at substetion N recalls
at office

ciiber

operator

‘;.

at substation M,
connection ho
nn offive l\ by the way of
toll switching trunk ecir-
mal the operator, Lic may
at officc X by v“\‘ﬂﬂly
ing his swite booaad contact,
i1 oﬂ Tem emooro(t Lh‘u af ber ﬂ e answer

t b e su??s*c

Iy 48 ‘m(‘

. msh o

oa !

ing ’Jj e conversation, ‘1]1 the relays connec te~l
with the infoming end of toll Tine L 18 at
offire ¥ are contrelled by signals received
over the conductor ©718 and the operation
# the called live supervisory relay 293 until
MLWS 200 and 202 are cnergized.  When the
1‘7 recalling fhe operator at office X,

o)

},)1' ﬂ he g ’Hﬂ)ol 2, Jhe cirvenit for ve-
1s 1S -inée z]’"?pmd to defnergize this
rolay and conse s relay 292, Relay 2292
in rotia weting its - tures- energizes reb.v
221 in the previously traced civenit thmlwh
the ta lzing conduetors of the toll switching
trunk M and the incoming end of the line
I, 18 which circuit operates supervisory
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relay 228. When the re“a‘ling ubseriber
closes his switchhook contacts by releasing 1
the gwitchhook, the cirenit for relay 231 and
consequently relay 222 is again completed.
Relay 222 in retracting its armatures closes
the holding cirenit throuan the left-hand
winding of rehy 221 to namtmn this relay
enezgmed but opens the circuit mdl*emo
em)el visory relay 223 to deén e this re-
lay. Thus relay 223 will be alte“izeteh/ ene1 -
gizefl and defnergized so long as the sub
scriber at station N actuates his switchhock.
Pclay 214 is made slow to releass so that it
will remain energized during the intervals
when the armature of supervisory relay 223
iz retracted. Relay 210 is also made slow
to release 5o as to hold its armature attracted
during the intervals when velay 223 is ener-
017ed Relays 206 and 209 are also made
slow o releas0 to aid in sending the recaill
signal to office X ag will more fmly appear
hereinafter.

. Upon the energization of relay 293 in ve-
sponse £o the depression of the swit chhon?r
at subsmtlon N, the previously traced cir
cuits for 1‘elays 487,212, 213 and 214 ave
completed and these relays are energized
and locked up in the same manner as was
described in the case when the operator at
office ¥ inserted plug 219 into jack 220 upon
the first illumination of the guard lamyp 218,
It will be remembered that these operated
to send a code signal consisting of six im-
pulses, namely —-}—-----, which resulted
1 the transmission of an impulse of nega-
tive current over the conductor E 18 to
oize signal rvecelving rehv 62 at office
Ag in the former case, the energization
of relay 62 completed the c"'cmt to shunt
relay 58 thereby causing the operation of
marginal relay 53 and consequently illumi-
nating lamp 68 before the operator. Relay
52 in attracting its left-hand armature in-
terrupted the 'IfClili of slow re 1’>'1se relay
83 so that a subsequent impulse of current

e \\W‘ I)Ver sonductor ¥ 18 will find &
parsllel path to ground throw“b the right-
ha)nd Wwir ng of signal receiving velay 64

as well as zhroagh the 1'13111-.1and X\flnd},ng
of '“e‘:,ay 62.

Buring the (mem ion of
ammc*ﬁ‘ SE in transmitting the
desrribed, 1t will be ves w“qoe:fvl that
Lw 2083 svas ener maed to In tew Pt Jwe cm

the
gy tho

sending
gio*p al

just
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cuits of "e‘aja 487
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209, the b‘xeb contact and inner |
armatare of velay v 204 to ground.
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remembered that the cireuit for relay 208 is
intery uptna during the sending out of a
signal 50 hat after the signal has been sent
only rels Lys 200, 202, 2()07 209, 213 and 214
will be in an ener giz ed condition.

In response to “the first closing of the
switch-hook contacts after their opening,
relay 223 is deénergized opening its front
contact which mterrums the previously

traced locking circuit for relay 213. Relay -

213 1thoafrh somewhat slow in operating
and 1e1easmg, is fast enough to deenerdl.ae
during the interval that the front contact of
relay 993 remains open. In closing its back
contact, relay 223 completes an energizing
cireuit for slow release relay 210 which may
be traced from grounded battery, winding
of relay 210, armature and front contact of
relay 214, and back contact and armature of
relay 223 to ground. Relay 210 in attract-
ing its ar ature prevents the connection of
zrround to conductor 239 for as long as the
reealhncr subscriber continues to actuate his
switchhook. Before the opening of the
front contact of relay 223 has had time to
cause the closure of the normal contacts of
rehy 214 which would have applied ground
to conductor 289, the subscriber again opens
his switchhook contacts to energize rel%y 2923,
Relay 223 in energizing again completes the
circult for relays 48’ 212 913 and 214. The
energization of relays 212 and 48’ again
causes the sending equipment SE’ to send
a signal resulting in the transmission of an
1mpulse of current of negative polarity over
signal receiving conductor E 18 at office
X. This impulse is transmitted in parallel
through the right-hand windings of relays
62 and 64. Since relay 62 is already ener-

gized and locked up, no effect is produced
on this relay. Relay 64, however, is ener-
gized and a locking circuit is compleued
from grounded bmtely, left-hand armature
and front contact and winding of relay 64,

and - front contact and armmture of relay

55 to ground. Relay 64 in attracting its
righ‘u—hand armature disconnects from the
armature of relay 64, the steady ground
WDIC'h has caused the continuous illumina-
tion of lamp 68 and replaces this ground
connection by an intermittent connection to

ground through the interrupter 72.. The-

circuit thus completed causes the intermit-
tent operation of marginal relay 53 by in-
termittently shunting the winding of relay
55 ond thereby causes the lamp 63 to flash.
It will be remembered that the interval be-

ween the original energization of relay 62
and consequent illumination of Iamp 68 and
the energization of relay 64 which causes
the ﬂashing of lamp 68 will be measured
by the time between the first and second
openings of the switchhook contacts at sub-
station N so that an operator observing the
condition ‘of lamp 68 would scarcely note
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its illumination before it began to flash and
therefore would not be in dqnoeL of mistak-
mg the recall signal for the steady illumina-
tion of lamp 63 which would indicate to
her the termination of the call

‘thn relay 212 at office ¥ was energized
to cause the sending of uhe second swnal
a cireuit was Uomple*efi for relay 208 which
may be traced from groun ded battery, inner
armature and front contact of relay 200,
through the winding of slow reloase re lay
206, noh‘r -hand normal contact of said relay,
front contact and left-hand armature of
slow release relay 209, the front contact and
inner left-hand 'u'mﬂtnre of relay 212 to
ground. Relay 206 in attracting ifs inmer
left- hand armature, ooens the ome‘Ll lock-
ing circuit of "e1ay 218, which vela vy is ener-

7eL1 at this time and completes new lock-
mo circuit for relay 213 which relay owing
to its slow releasing character remains ener-
gized. This lockmc circuit may be traced
I'"om grounded batte ery, Wmdmcr front con-
tact and right-hand armature of relay 213
inne1 left-hand armature and front contac
of relay 206, back contact and inner right—
hand armature of relay 204 to ground.
When, therefore, the switchhook contact at
substation N is next closed to cause the de-
energization of the front contact of relay
293, “the only effect produced is the con-
tinued operation of relay 210 over the cir-
cuit. previously traced. Upon the mnext
opﬂnlncr of the switchhook contacts at sub-

a‘mon N and consequent energization of
relay 223, the closure of the front contact
of relay 223 will maintain slow release relay

214 energized but will not affect relay 212

since uhe circuit previously traced for this
relay is interrupted at the left-hand arma-
ture of relay 213 which is now Jocked up
under the control of relay 204. Thus, sub-
sequent actuation of the switchhook at sub-
station M maintains slow releass relays 210
and 214 energized but is withont effect on
the sending equipment S¥’ so that no fur-
ther-signals are transmitted over the path
P to office X and lamp 68 continues to flash
before the operator notifying her of the re-
call.  From the foregoing description it will
be apparent that in recalling the. operator
at office X, the subscriber at substation N
opens and closes his switchhook contacts
in a more or less irregular manner causing
the sending of only two code signals over
the path D which result in the ﬂﬂshmrr of
the lamp 68 at a steady rate to notlfy the
operator that her attention is desired.

T£, after repeatedly opening and closing
his switchhook conthcts to vecall the op-
01 ator ot office X, the subscriber at station
N should retain his receiver off its switch-
hook thereby causing the continued closure
of the contacts, supervisory relay 223 would
remain deénergized. After a short interval

1,386,719

relay 214 would retr act its armature thereby
Lompietmv a circuit from ground, armature

1 back contact of velay QMJ, normal con-
tacbs ot relay Sli, front contact and right-
hand ar ma*u\e of relay 209, back contact

and outer right-hand armature of relay 212,
throngh the Swindiz ¢ of relay 204, back con-
tacts and km hand armatures of relay 208,

cenductor 7, through the winding of relay
48" to gz meleu bltt“lj Relays 48" and 204
ale ener O"'zcﬂ in this cirenit and locked up

through the front contact and inner Ilohu-

hand armature of relay 204.  Relay 9204 in
g its inner right-hand back contact
1”1 errupts the previoy sl y traced locking cir-
cuits for relays 206 and 213 to de'*nelowe
these relays. In attracting its left- hand a
mature, relay 204 connects conductor A’ 18
V(, conductor D’ so that upon the stopping

v
of the selector sw'tch G’ with its brush ¢
resting upon the contact individual to con-
ductor A’18, the ’alevmusly traced circuit
for renV“ 49 and 50’ will be completed.
Belay 49" will cause the enprmz%lon of re-
lay 71’ in the manner pleVlOUSly described
so that the signal sent out by distributer
& will consist of six impulses of current
of the following polarities: — 4- — + +
the receipt of this sion‘ﬂ at office X will
cauge the transmission of an impulse of cur-
rent of 13051 ive polarity over receiving con-
ductor ¥ 18 This positive 1rnpulse passing
through the right-hand windings of relwys
62 and 64 to f“round will cause a magnefic
flux of oppost ite direction and equal amount
to that caused by the curvent flowing
through the left-hand locking windings of
thegs mlfws and will Lhereby cause the dif-
i‘e?ent].aa}mahon and retraction of the arma-
tures of relays 62 and 64. Relay 62 in re-
u:wnﬂ 1*5 right-hand armature 1nterrupts
the shunt cireuit about relay 55 which had
previcusly caused the infermittent operation
of marginal relay 53 to render this relay
inert. BHelay 53 1n refracting its armature
extinguishes lamap 68 so that the operator
at office X is now notified that the call is
still in progress.

It will be remembered that durmor the
transmission of the signal which caused the
cessation of the flashing of lamp 68, relay
208 at office ¥ was energized in response to
the energization of relay 51”. Relay 208
in energizing interrupts, at its left-hand ar-
matures, the circuit of relays 48" and 204.
Relay 214 in refracting its armatures opens
the circuit of relay 210 to deénergize this
relay se that only relays 200 and 202 of the
relays under the control of the supervisory
relay 223 and signal receiving conductor
118 are now energized and the condition
at office Y is the same as before the recalling
of the operator at office X.

Tf after repeatedly opening and closing
the switchhook contacts to recall the spera-
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tor at office X, the subscriber at station N
should leave the switchook contacts perma-
nently open as by replacing his veceiver on
its ,swltehhook the supervisory relay 223
would remain energized. After a short in-
terval, the conmtinued opening of the back
contact of relay 223 would cause the deén-
ergization of slow release velay 210. Relay
210 in retracting its wrmature completes a
circuit which may be traced from ground,
armature and back contact of 1elay 210
outer left-hand armature and front contwct
of relay 206, front contact and right-han
armature of relay 209, back contact and
outer right-hand armature of relay 212
through the winding of relay 204, back con-
tacts and left-hand armatures of rela Ly 208,
conductor €7, through the winding of relay
48’ to oroun ded battery Relays 48" and
204 are energized in this circuit. Relay 48’
starts the selector switch G’ to seek its ter-
minals individual to line L 18, and relay 204
in closing its inner right- hand front con-
tact completes an obvious locking circuit for
relays 48 and 204, Relay ¢ 204 in opening
its inner right-hand back contact interrupts
the previously traced locking circuits for
relays 205, 209, 206 and 213 to det énergize
these 1“e1ays. Tn attracting its left-hand ar-
mature, relay 204 connects conductors A’
18 and D’ so that in the manner previcusly
deseribed, relays 497 and 71’ will be ener-
gized when brush a, of selector switch G’
comes to rest on the terminal of conductor
A’ 18. The energization of common relay
71’ will cause the signal sent over the
conductor P in response to the energiza-
tion of relay 48" to consist of six im-
pulses of current of the following polari-
ties: — -} — -+ + —  This signal will, in
the manner previously -described, cause an
impulse of current of positive polarity to
be transferred over conductor B 18 at office
X, through the right-hand windings of re-
lays 62 and 64 to ground, thereby differen-
tializing these relays and extinguishing
lamp 68. As in the previous cases, rela ay 208
\\711 be energized during the transmission
of the signal to 1nterrupu the circuit for re-
lays 48" and 204 so that upon the deénergi-
zation of relay 208, in response to the at-
traction of the armature of relay 527, only
relays 200, 202, 214 and 223 of the relays
individual to line L: 18 at its incoming end
and under the control of supervisory relay
223 and signaling conductor E’18 will be
in an energized condition. = Although relay
993 has been maintained enerpued through-
out the cycle of operations just clece'flbed
the energizing circuit for relay 213 was held
xtermpted at the outer ri ight-hand arma-
ture of relay 204 while this armature was at-
tracted and thereafter at the right-hand ar-
mature of relay 208 so that upon the deén-
ergization of .relay 204 and thereafter of

i8

relay 208, the original traced energizing cir-
cuits for rehys 48’ 212 and 213, will be com-
pleted and a second signal will be trans-
rnuted over conductor P. Since, however,
there is now no circuit completed for relay
204 and consequently none “for relays 49" or
717, the sixth impulse of ohe code signal
which controls the polarity of current to be
transmitted over the selected signal receiv-
ing conductor will be of pos1t1ve polarity
and thereby causing the transmission of an
impulse of negative polarity over conductor
B 18 at office X. It will be remembered
that upon the defnergization of relay 62 in
response to the signal transmitted, just pre-
viously to this one, relay 63 was energized
to interrupt the swnahncr circuit throucrh
the right-hand Wmdmo of relay 64 so that
no 1mpulse of negatlve current will pass
through the winding of reiay 62 to energize
this rehy Relay 62 in attracting its noht—
hand armature again completes a circuit
from ground, back contact and right-hand
armature of wehy 64, right-hand armature
and front contact of 1’ehy 62, resistance 69,
sleeve contacts of jack 66 and plug 65,
through the winding of marginal relay 53
to grounded battery, thereby allowing suffi-
cient current to fow through the Wlndln(r
of relay 53 to operate this rehy and main-
tain. lamp 68 steadily illuminated. The
steady illumination of lamp 68 is an indi-
cation to the operator at office X that the
call has been terminated by the replacement
of the receiver at station N on, its switch
heook. As in the case described when the
operator at office Y inserted plug 219 into
jack 220, the transmission of the signal
which hOhted the lamp 68 at office X re-
sulted in “the energization of relay 208 to de-
energize relays 48" and 212 thereby leaving
rehys 200, 202, 205, 209, 218 and 214 en-
ergized.

The operator at office X upon noting the
termination of the call removes plug 65 From
jack 66, thereby causing the sequence of
opemtlone previously described in connec-
tion with the breaking down, which results
in the sending of an impulse of positive po-
larity over bwnal recelving conductor poY
18 to dlfferentlah?e relay 900. Relay 200
in opening its inner front contact, inter-
rupts the circuits of relays 202, 205 and
209, and in opening its outer right-hand
contact interrupts the circuits of relays 223
and 221 in the manner previously described.
1%elay 223 in deBnergizing interrupts the

ircuits of relays 913 and 214 and relay
214 after an interval, opens its frout- con-
tact to detnergize relay 210 so that all the
relays associated with the incoming end of
the line L 18 are now in normal condition.
The operators at office ¥ and office Z are
notified of the termination of the connection
in the manner previously described and re-
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move plugs 219 and 224 from their respec-
tive jacks 220 and 225, whereupon all the
apparatus employed in building up the con-
nection is restored to normal condition.

Use of busy back jacks at offices ¥ and Z.

At the time when the operator at office X
in inserting the plug of cord circuit ¥ in
the jack of the designated toll line & 18
caused the illumination of guard lamp 218
before the operator at office ¥, it will be re-
membered that only relays 200 and 202 of
those associated with the incoming end of
toll line 1. 18 were energized. If the opera-
tor at office Y had, in the meanwhile, deter-
mined over the order wire circuit (nof
shown) that thers were no idle trunks
ing to office Z, she would, upon the illumi-
nation of lamp 218 have inserted plug 219
into the busy back jack 235. Relays 215 and
216 would have thereupon been energized
over obvious circuits, and relay 223 would
be intermittently energized and detnergized
in exactly the same manner as was described
in connection with the recalling of the op-
erator at office X by the subscriber at sta-
tion N. The first energization of relay 223
would have sent out a signal to cause the
steady illumination of lamp 68 before the
operator at office X, but before this opera-
tor could have interpreted this signal as a
ringing signal, relay 223 would have been
defnergized to send a second signal of ex-
actly the same character as was described in
connection with the recalling of the opera-
tor at office X which would have resulted
in the energization of relay 64 to cause the
intermittent operation of lamp 68. The
flashing of lamp 68 following next in succes-
sion to the insertion of the plug of her cord
civeuit in the jack of the designated toll line
is an indication to the operator at office X
that she will be unable to complete the desired
connection on account of the busy condition
of either a link in the circuit or in the called
line and she may so inform the calling sub-
seriber, therenpon removing the plug of the
cord circuit from its.associated jack to cause
the sending of a signal to office Y which will
light lamp 218 to notify the operator at
office ¥ that the connection has been aban-
doned.

In case the operator at office Z, after as-
signing toll switching trunk circuit for use in
connection with office Y to office Z, should find
the called line busy,she would insert plug 224
in busy back jack 236 before her position,
thereby causing the operation of relays 226
and 227. Relay 227 in attracting its upper
armature completes an obvious circuit o
cause the intermittent operation of relay
231. Relay 231 in intermittently closing
and opening its front contact would inter-
mittently energize and defnergize relay 222
o as to alternately exclude and include the

lead-
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windings of relay 221 in the end of toll
switching trunk circuit M leading to the
tip and ring contacts of jack 220. Thus,
when the cperator at office Y inserts plug
919 into jack 220 upon the illumination of
guard lamp 218, relay 223 will be intermit-
fently energized and detnergized in the cir-
cuit including relay 221 and the two signals
previously described will be transmitied to
sffice X to cause the flashing of lamp 68 be-
fore the operator. As in the case when the
operator at office ¥ employed busy back jack
935, the operator at office X is thereby noti-
Sed of the busy condition of some part of
the circuit desired for completing the con-
necticn and may thereupon abandon the call.

The operation described above with refer-
ence to building up a connection over the
trumk line L 18 through toll switching trunk
cirenit M to station I and the breaking
down of such a connection is typical of that
taking place in building up and breaking
down a connection over any one of the trunk

lincs o which the signaling path P is com-
mon. The only essential difference In op-
eration, so far as the establishment of a con-

nection over the different toll lines is con-
cerned, it that different code signals are em-
ploved for the different trunk lines, and
while this invention is not limited to any
paiticular arrangement of code signals, the
codes shown in the following tables have
Leen found to be very satisfactory for a
total of thirty lines served by the same com-

mon signaling path.
: - s Signals from office Y to
Signals from office X to office Y. g office X.
. Re- .
Trunk e Dis- P Receiver. | Tlash-
Jine No. | Guard- Bing  eonnect. | SGE0 | off hook. | ing.
1 3 3 36 36 3
2 4 4 46 46 4
3 5 5 56 56 5
4 34 34 346 346 a4
5 35 35 356 356 35
6 45 45 456 456 45
7 345 345 3456 3156 31h
8 2 2 26 26 2
9 23 23 236 36
10 24 24 246 216
11 25 25 26 250
12 234 234 2345 2346
13 235 235 2356 2356
14 245 245 2456 2456
15 2345 2345 23456 23456
16 1 1 16 16
17 12 12 128 126
18 13 13 136 136
19 4 14 146 146
20 15 15 155 156
21 123 123 1236 1236
22 124 124 1246 1246
23 125 125 1256 1256
24 134 134 1348 1346
25 135 135 1358 1356
26 145 145 1456 1456
27 1234 1234 12346 12346
28 1235 1235 12356 12356
29 1245 1245 12456 12456
30 1345 1345 13456 13456

In this table, the numbers in the first col-
umn indicate the numbers assigned to the
trunk lines, while the numbers in the re-
maining columns indicate the order of the
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impulses of each group of six. The numbers
1, 3 appearing in the first, second, fourth,
and sixth columns of the horizontal row
associated with trunk line 18 indicate that
the first and third impulses of the code sig-
nal transmitted in response to the guard,
ring, receiver on hook, and flashing signals
will be negative, while the numbers 1, 3, 6
appearing in the third and Afth columns
opposite line 18 indicate that the first, third
and sixth impulses of the code signals trans-
mitted are negative. The various code sig-
nals represented in the table are determined
by the polarities of current connected with
the contacts of the levels one to five of the
automatic selector switches G and G, and by
the energized or inert condition of relays 71
and 717 during signaling.

What is claimed is:

1. In a telephone system, in combination,
a plurality of trunk lines and a signaling
path common thereto emeﬁdm@ between two
stations, means af one station for transmit-
ting over the signa hn(r path. code signals
individual to the dlﬁele"ﬂ: truok lines, each
code signal comprising a plurality f of current
ur*pmsas means common to the trunk lines
for determining the characier of certain of
the impulses of each code signal, additional
independent means common to the trunk
lines for determining the character of other
of the impulses of each code signal, and
means individual to each trunk line for con-
trolling the operation of said additional
means.

2. Ina telepnone system, in combination,
a plurality of trunk lines and a signaling
path common thereto extending between two
stations, means at one station for tmnsmlt-
ting over the signaling path code signals in-
dividual to the diff erent trunk hnes, each
code signal comprising a phuaht y of cur-
rent 1mpulses a nmmwlly inactive switching
device common to the trunk lines for deter-
mining the character of some of the impulses
of each code signal, a relay common to the
trunk lines for determining the character of
other of the impulses of each code signal, and
means individual o each trunk line for con-
trolling the operation of said relay.

3. In a telephonn system, in combination,
a plurality of trunk lines and a cwnabnfr
path common thereto ezktenmncr between two
stations, means at one station for ura,nsrmt-
ting over the signaling path code signals in-
dividual to the dlffelen‘e trunk hnes each
code signal comprising a plurality of Currant
1rppulseq, a normally inactive switching de-

viee common to the Lrunk Tines for determin-

ing the character of some of the 1mpulses of
each code signal, a relay common to the

1S

trunk lines for determining the character of
other of the impu]ises of each code signai,
means individual to each trunk line respon-
sive to certain changes in condition of said
trunk line for associating said switching de-
vice with said truk 1111@, and a Lehy indi-
vidual to each trunk hnn regpongive to other
chah.ﬁes in condition of said trunk line for
agsooiating said switching device with said
trunk line and causing the operation of said
impulse character determining relay.

4. In a telephone system, in combination,
a plurality of trunk lines and a signaling
pauh common thereto extending between two
stations, means at cne station for transmit-
ting over the signaling p%h code signals in-
dividual to the diffevent trunk hnes, each
code signal comprising a plurality of current
impulses, & normally 1nactive switching de-
vice common to the trunk lines for determin-
ing the character of certain of the impulses
of each code signal, means for operating said
switching device in response to any chanou
in condition of any trunlk line, a relay com-
mon to the trunx lines for determining the
character of another impuise of each code
signal, and means individual to each trunk
line opera ted in response to certain changes
of condition of its associated trunk line for
operating said relay.

5. In a telephone system, in comomatlon.

v plurality of trunk lines and a signaling
pafth common thereto extending between two
stations, a signaling device at one station,
means ab the other station for transmitting
over the signaling path code signals indi-
vidual to the different trunk lines, each code
signal comprising a plurality of current im- .
plﬂses7 a normally inactive switching device 100
comimon to the trunlk lines for determining
the character of some of the impulses of each
code signal, a relay common to the trunk
lines for determining the character of an-
other of the impulses of each code signal, 105
means at said other station regponsive to two
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rapid changes in the condition of one of said

trunk lines to successively actuate said
Wtc‘mnfr device twice to send two code sig-
nals over said signaling nat to cause the in- 110
bemm%bm opera wion of said signaling de-
vice, said %\VltChll’lO" device bﬂlno unaffected
by fndch’mon@l I“lpld changes, and means re-
sponsive to the cessation of such rapid
"'hc( vloes to actuate sald switching device and 115
gaid common relay to send a s1n01e code sig-
;-al of different character over sa 1d swnahnrr
path to render said signaling device inert.
In witness Whmeof I hereunto subscribe
my name this 17th flay of July A. D., 1920,

HUGH D. MacPHERSON.
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