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on relates to a Cigm]iwv sys-
y cireuits, such, for example,

invention velates to a signaling system to ! be
ised on .a so-called *fF

foreign exchange sub-
S"l‘lf' er’s lwne

The term “foreign nxcnﬂm_z" subscriber’s
line” requires some dofinition. A foreign ex-

-,

ch‘m(g subseriber’s line is one in which the
r‘mwlmm geb is focateéd in one telephone ex-

hange area and the circuit appears on the
switchboard serving a diffes 31‘5 e‘cd‘ ange
area.” By way of exa mylu a subs riber may
be located in ong city and have its tele sphoie
there; but at the same time nm,y for busi-
wess or other purposes, desire that telephone

to appearon Uwc switchboard ina fhs tant city.
ssume shat the subseriberlives in muy A and
wishes his teiophene to appear on the switch-
beard in city B. The sub Ql‘lb“" line ig con-
nected to the central office of ¢ity A but does

not appear on the switchboard there. It is
mervely wired through this office, being per-

hnnent?y connected to 3 Ifmn distanco line
connecting cities A and B, and at city B the
nice Jine is CODHGLue( permanently
to » wiring circuts which causes the distant
gubscriber’s lvn to appear 1n mn ¥
m(’\mn- jack group for the subscribers s
;y the te GDLL 1e exchange of c"rv 5,
when the subseriber in Uty A rvemoves his
the ‘switch hook, no signal is

ﬂ 2

j.L“nS,

1
1

receiver from
given at the central office in city A, but a light
Bppears 1111(101‘ the answering 3ack associsted
ine in ciby R,zm”"w A7 operator
Wers the call in the regular
“ugh the distant subscriber

s not
here 2 L\U"E;scrﬂmr in oie
tel‘ ephone to appear on the

ifferent city, but also m: 2y
case of a subscriber whose tele-
phone would normeally appear on the switch-
soard in exchange G, located in one part of
city and who wishes that wi aphone to
eer on the switchboard of exchange area
ed ina ﬂiﬁ":erent part of the 1t;7 An
s latter case wonld i)o Whﬁle a
hisa ofiice at houia

('d‘\r ‘\t.‘pl
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be used inthe ¢

o

ABBIC
, A CORPC

BUBSCRI

¥arch 23, 1928, Berial

1,738,519

PA WEN

e

OFFICE

GNOR TO0 AMERICAN TELEPHONE AND
RATION OF NEW TORK

IBRERY THELEPHONE CIRCUITS

To. 264,006.

dential portiou of the city, would desire his
telephone to appear on the switchboard serv-
ing the business portion of the city.

It can veadily be seen that with these
foreign exchange lines, signaling between the
foreign exchange subscriber and the central
office cumututes a much more, difficult prob-
lem than is encountered in the case of the
usual subsceriber’s cireuit, in which the tele-
phone set is located but a short distance from
the central office.  Where the foreign ex-
change subseriber is located in-one city and
his ,101\1 one circult appears in the switch-
Board in o distant city, it J.reqvelmly happmg
that the toil line used in compieting the
permanent. connection to the distant utv 1
arranged for telegraphic commumcatnn m
addition to telephonic communication, in
which case all available divect current chan-
nels would be taken up by the telegraphic
equipment. In this case, of course, the usual
divect current signaling between subscriber
and operator would have to be abandoned.
Even n cages where the direct current chan-

nels are available on such foreign subseriber’s
lmc%, it might well happen, owing to the ex-
treme length of many of such ]meu, that di-

© rect current supervision between subscriber

fmu operator would not be feasible.

The purpose of the present invention, theve-
fore, is to furnish a method of signaling over
stch foreign exchange subseriber’s lines 1 by
utilizing ﬁhemmtmg urrent 1“01 this purpose.
More specifically, the circuit is arranged to
utilize for this purpose the ot dmau‘m; ringing
current supply which is used for ringing on
subseriber’s lines. Direct current supervi-

sion is utilized between the foreign exchange
subseriber’s telephone set and the local cex
tral office, but between the local central offico
and the foreign central office the ringing cur-
rent supply i is Hblh"@u.

The civeul$ is so arranged that when the
foreign exchange subscriber removes his re-
ceived from the switchhook it causes the
signaling equipment at the local oflice to
funstion in snch a manner as to send out ring-
ing current m“-' approximately one second to
the for mfm office. This ringing current, in-
coming ok the foreign office, opevates the sig-
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naling equipment there to cause a steady
lighting of the line lamp associated with the
answer jack of the foreign exchange line.
Furthermore, when the A operator plugs in,
the foreign exchange circuit is so arranged a
to cause the supervisory apparatus in the
“A” cord circuit to function in a normal
manner. Similarly, when the foreign ex-
change subscriber flashes or hangs up, suit-
abie pulses of ringing current are transmitted
from the local to the foreign office, there to
cause the supervisory equipment to function
in the same manner as would be the case for
a local sukscriber.

It is understood, of course, that the signal-
ing current transmitted between the local
and the foreign offices need not be the low
frequency ringing current but may be any
type of signaling current which is satisfac-
tory for the particular interoffice circuit in
question. It is only required that ringing
current be used to operate the signaling ap-
paratus at the foreign and local offices, suit-
able equipment being installed of course to
transform the low frequency ringing cur-
rent sent out from one office to the signaling
current used on the interoflice cirenit and to
transform the signaling current back to a
low frequency ringing current at the distant
end. An example of this occurs where a
composite set is used to transform 16-cycle
into 185-cycle ringing current for transmis-
sion over a toll line, and at the distant end a

“similar composite set is used to change the

signaling current back again to 16 cycles.
"The exact manner in which the signaling
system of the present invention functions, 1s
best obtained from a detailed description of
its operation on various types of connections
between the foreign exchange subscriber and
a distant subscriber.  This will now be given.
In the drawings, Figure 1 shows a foreign
exchange subscriber’s telephone circuit, the
loop connecting such circuit to the local office
and the signaling equipment associated with
such circuit at the local office. Tig. 2 shows
the incoming end of the foreign exchange
line at the foreign or distant office, and shows
the signaling equipment associated with the
line at that point. . Fig. 3, reading from left
to right, shows in order an ordinary inter-
office trunk equipped for automatc ringing
and a portion of an A operator’s cord circuit,
while the dashed line portion of the extreme
right shows schematically a connection from
the'A cord circuit to a subscriber’s telephone

- set.  Figs. 1,2, and 3, arranged consecutively

60

65

from left to right in the order named, show
a complete connection between the foreign
exchange subscriber and a distant subsecriber,
the connection being established over an in-

‘teroflice trunk. Fig. 4 is a chart showing

the sequence of operation of relays 1 to 5,
inclusive, of Fig. 1 when relay 1 is connect-
ed to the interrupter 22. The functioning of

1,788,519

these relays determines the type of signal
transmitted from the local office K, Fig. 1 to
the foreign office H, Fig. 2. TFig. 5 shows
a chart similar to that of Fig. 4. The chart
of Fig. 5 shows the sequence of operation of
relays 50 to 54, inclusive, of Fig. 2 when relay
50 is connected to the interrupter lead 68.
These relays measure and interpret the sig-
naling impulses incoming from office K to
office H. .

Referring to Fig. 1, the pertion to the left
of line AA shows the foreign exchange sub-
seriber’s telephone set. The portion between
AA and BB indicates the loop connecting
the foreign exchange subseriber’s telephone
set to the local office. Fhe equipment shown
between BB and CC shows the signaling cir-
cuit of the foreign exchange line loeated at
the local office, which is designated “office K.
The portion between CC of Fig. 1 and DD
of Iig. 2 indicates the telephone cirenit con-
necting the local office X with the forcign
office I, at which the foreign exchange sub-
scriber’s line appears on the switchboard.
The portion to the right of DD, Fig. 2, shows
the signaling equipment located at oflice IT
associated with the foreign exchange sub-
seriber’s line. TIn Fig. 8 the portion to the
left of EE shows the signaling equipment
associated with the incoming end of an or-
dinary interofiice trunk, the trunk being in
this case assumed to terminate at office F1.
The portion between EE and FF designates
the connection over the interoffice trunk be-
tween the outgoing office I and the incoming
office H. Between FI and GG jack 108
designates the outgoing end of the interoflice
trunk, while 118 designates a portion of an
A operator’s cord circuit. The portion to
the right of GG shows in schematic form the
connection through intermediate apparatus
from the “A” cord circuit to a calling sub-
seriber’s cireuit.

Cireuit operation on call to foreign exchange
subscriber

Assume, now, that the subscriber at J, Fig,
3, desires to talk with the foreign exchange
subseriber 6, Fig. 1. The subseriber at .J re-
moves his receiver from the switchhook in the
usual manner, which furnishes a signal to the
“A” operator at office I. The “A” operator
plugs an “A” cord circuit into the answering
jack and takes the called number. She then
connects the other end of the “A” cord to an
idle trunk 117, which terminates at office H,
where the foreign exchange subscriber’s line
appears on the switchboard. When the “A”
operator plugs the cord 109 into jack 108, re-
lay 105 at the incoming end of the trunk op-
erates on battery supplied from the “A” cord
circuib and closes a circuit from battery
through lamp 100, front contact of relay 105,
lower back contact of relay 101, through the
lower winding of 101 to ground, thus causing
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}‘u‘ﬂp 100 to light. Relay 101 does not oper-. t

on current through its 10Wu£‘ winding.
he “A” cord supervisory relay 110 does & not
operate in series with bom windings of relay
105 since the upper winding of thlS relay is of
rgh vesistance ‘m& allows on 1y ) mnaﬂ cur-
rent {low insufiicient to operate relay 110.
The Hghting of lamp 100 furnishes d e “B7
(per:'x't(;r at “ﬁe H with a signal that a call
hm * ed on the trunk 117, After the
“pn pu' itor receives the called number she
connects the plug 116 of trunk 117 in jack 67
of the foreign exchange subseriber’s line.
Current  thereupon flows from  battery
through lamp 100, upper wmdm of relay
101 to the sleeve civeuit of jack (}J, Irig. 2,
through relay 64 to m‘oum9 therebv causing
both relays 101 and 64 to operate. The op-
aration of relay 64 mer c’*y prepares the for-
eign mchmwe lme 68 for fubtuve opwwuo
The operation of velay 101 connects the tip
lead of the trunk through to the repsati
coil and connects batte 1'\7*) -ough winding of
relay 102, back contact of rela; A(‘S? back con-
tact of relay 104, lower front contact of relay
101, front contact of relay 105, to ﬂmu‘ml
thz'cusﬂw “ﬂm upper W]l’l(d}’]“ ot 1(1 1Y 101 and
the sleeve circuit of jack 67. This connects
l'ehw .LO? in parallel with lamp 100, Whicb
educes the current through lamp 100 suft
,zent,ty to extingnish it. Hel ay 102 opera fo.g
and connects ringing current to the fo"r‘bn
exchange line 68. This circuit is u'ﬂceﬂ from
the ringing lead 120 through marginal 1’@1@
104 ont over the ring side of the trunk to the
ring side of the line €8 'n‘omh the lower
bf} -k contact of 1'@ ‘*y 60, I'ig. 2, through con-
denser 69, relay 62, up: 361 b ‘vk contact of vo-
Iny 60, to “the tip sl "10 of the ‘ine and bac.u to
contact of
LW 104 is marginal and dees
eate ot this time. Rt‘iay 62 of Fig. 2
in. synchronism with the ringing
Y Y pnlwr‘ f?")m the trunk. Re-
lay 56 is ﬂ% operated bv this ringing current,
as the 1] lings of repeating coil 88 are
short-cit ;.:'fmnl the back contacts of
he ?W*r%!or of relay 62 connects
_\,.x,mﬂ Lo oper ate 1'ehv 55 over » w*cuit from

d ol
r‘j Yy

g—

[

iy

ground thr oug b the upp‘ front
veley 102,
not « ';p

: 1n?"1' 57, front
hrough ﬂlo mm!mo of
- ‘m'\%y 5 11}6?“011130”1 op-
d connects ringing current dere ss the
ringoft hﬂfo‘ *wn«*d?aﬂomme Ge'nﬂ-

ing ringing current £ vom the foreign office H

t sffice 38, This ringing (~11J"1’e*1u,
@ L offics IE, flows ﬂl“mwh relay
1.' a‘ i é;o ope r"we in ‘*yﬂulmm m with
th ; pulses. The operation of relay 17
0 lay 16 uirc thy by lefzm of ground
thy e lower front contact of rel ay 17.
Th bion 'ell.,y 16 fur mshes Qroum. to
o} ay , circult from battery

and left

”11'011011 the winding of 7, upper back contact
of relay 8, front conta et of relay i8, to
ground at the left outer back contact of re-
1‘1*;7 4. The operation of relay 18 ‘LLJO con-
nects ground. to the winding of relay 8
through 'the right back cont act of rela ay 11,
but rela v 8 does not operate at this time on
buttery supplied Ul‘rouf,h l'esr;mnce 20 ag its
winding is u}. ort- cu'cuwed by the circuit from
the upper lead of the winding of 8, back con-
tact of 1'@_;&57 9, lﬁ\ver back contact of relay 8
to the lower lead of the winding.

The operation of relay 7 connects ringing
current to ing the bell of subseriber’s tele-
phone seb (‘ . The circuit is traced from ring-
mg current supplied over lead 20, through
m weinal relay 9, left back Contam 01 ulay

1, lower front contact of relay .7, through
the subses 1be1" s set 6,
ihﬂ line to ground at the upper froné contact
of 7. Reloy 9 does not operate at this time,
being marginal,

The subseriber answers by removing the
recelvu- from the switchhook wmch connects
& 1ow regis ance | vath through the transmitter
indue u’]'ﬂ cml winding in parallel
with the bell, Thisallows additional ringing
current o flow t 11'0119,11 relay 9, caufinr,; it to
operate during the first ringing interval atter
fb receiver is removed. The operation of

elay 9 opens the civeuit shunting the winding

of relay 8, causing relay 8 to operate over
the circuit described above. The operation
of rchy 8 optns the operating circuit at relay
7 at the up pw sack contact of relay 8. The
release of reloy 7 disconnects rin ging current
from the subscriber’s line and hence, causes
relay 9 to release. Relay 8 remains operated,
however, since the shoxrt- cu'cumm_:) Daip
ACTOHY 1Lq winding is open at the 1'1011L baclk
contact of 8, due to the up'\mmom of this refay.
The release of relay 7 permits relay 13 o op-
erate from battery thr Ouoh the winding of 13
over the ring side of the line tnrouon the
subscriber’s set and back t\) ground 111'0Lwh
the upper left w 'mdmpg m mpemtmn coil 19,
l‘he 01)01%!0& of 1‘@ ay 1“upavco & cireuit
for the operation of ] g1l and 12 uepmd—

ent on the candftvom UE rela N4 i(; wh@ 8 Te-
ceiver of subset 6 is rer 1oved from the s mtnh-

hoole.  If the receiver is 1(,*11()v“u during a
silent interval of the ringing current supply
relay 16 will be released and ) relavs il and 12
will operate nnmedmtelv, the 1 wrmu' on bat-
tery through its left winding, the latter on
battery thxouo}l its winding, both circuits
being traced to Dround through the front con-
tact of re lfzy 10, back contact of relay 16 to
ground at relay 4. If *he receiver of subset
6 is removed during a ringing interval, relay
16 will be found opera‘ted so that relays i1
and 12 will not operate until 16 releases at
the end of that particular ringing pulse. Be-
fore the next succeeding rmmho pu]se OGCUrs,
the signaling appxruus of the foreign ex-

ack over tnc G D s side of

70

¥5

8o

o
wo

109

=

[
fos
<

29

o
ey

El



-

10

4 1,738,519

chanve line will function to disconnect the

ringing current from trunk 117 and will thus

prevent the further operation of relay 16.
The signaling apparatus of the foréign ex-
change line as will be explained below func-
tions within approximately the first second
after relay 12 operates. ~Assuming the aute-
matic ringing supplied from trunk 117 to be
alternately two secondsring and four seconds
quiet it will be seen that the signaling equij p—

- ment of the foreign exchange Tine will has

15

20.

ample opportunity to function duri ing a sllent
interval of the ringing current.

"The operation of rela,y 11 releases relay 8 by
openingthe holding circuit for the latterat the
right back contact of 11. Relay Tis prevented
from operating again by the open circuit at
the front contact of relay 16. The operation
of relay 11 connects battery through its right
winding to the front cont act of reluy 16. At
the same time battery through the feft wind-

‘ing of relay 11 is connect ted to the back con-

“tact of -relay 16 throw‘n make contact of

25

30

relay 13. Thus, relay 11, after being cperated
by relay 13, will remain ,opela»efl v'nntnel
relay.16.is operated or released. The purpose
of this feature is to permit ringing on the
foreign exchange line when the 1vcelve is off
the hook, this ]oelnor a desirable feature on
certain long distance calls. Itis necessary, in
such 1nstances to insure that relay 11 be oper-
ated 1ndependent y of 1e1ay 16 in. order to

- prevent relay 8 from operating -and discon-

35

40

45 -

<t
<t

“contact of relay 14.

relay 15, back contact of relay 14, £

nectmg the ringing current from the subscrib-
er’s set 6 when the central office opem T rings

“on the circuit with the recelver off the hook

It will be noted further that when relay 11
operates, it disconnects relay 9 from rmomg
lead 20 and substitutes therefor, the current
limiting lamp 10. This is merely to protect
relay 9 from the large current value that
would otherwise flow through this relay when
ringing occurred while the receiver of subset
6 is off the hook.

Returning now to the operation of relay 12.
When this relay operates in the manner de-
scribed above, it furnishes ground to operats
relays 14 and 15, through t he back contact of
relay 16 to Ground, ab ;rela_y 4. Relay 14 is
slow to operate and release. Consequently,
as soon as relay 12 operates, a circuit is traced
from battery through thﬂ left Wmdmo of

tact of relav 12, back contact of relay 16 to
ground at relay 4 Relay 15 thereupon oper-
ates and itnmediately locks up through its

right winding and inner front contact to

ground at relay 23. - An instant later relay
14 operates and locks to ground through the
back contact of relay 16 and the right front

The operation of relay 15 connects an in-
terrupter 22 to the winding of relu ay 1. The
interrupter operates to connect the winding
of relay 1 alternately to ommm one- hah sec-

the chart of Fig. 4,

ront con-

ond and to an open circuit one-half second.
The operating circuit for relay 1 is traced
irom battery through the winding of relay
1, front contact of rel ay 15 to the mteuuptcr
The operation of relay 1 is in accordance with
where the horizontal lines
show the operated mntervalsof the relay. The
ﬁ st half-second shows relay 1 operated, the
second ha lf—% ond released, the third oper-
sted, the fourth released, and so on.  The op-
eration of relay 1 starts the functioning of
timing relays 2 to 5, inclusive. The function
cf these timing relays is to determine the
duration of & pulse of ringing current to be
transmitted from office 1 to oflice 5. The
length of this pulse determines the manner
i which the apparvatus at ofiice I will func-
ion. A one-second interval of ringing cur-
ent transmitted to I will be interpreted by
d apparatus there as a receiver-ofi-the-hook
al while a three-second interval of ring-
- current will be interpreted as a receiver-
he-hook signal. Intermittent operation
of the switchhook by the foreign exchange
subseriber will in turn, produce Tntermittent
atien of tl*e QJOD‘IIIHO appamtns at of-
fice I through ¢ unedmm of these timing re-
lays in a manner to be explained below. Phe
operation of these timing relays will now
be taken up in detail.

When relay 1 operates the first time, as
shown by the chart in Fig. 4, it closes a cir-
cuit to operate relay 3 from battery through
me left winding of relay 2 % winding of relay
3, back contact of relay 2, front contact of
Lelay 1, right outer front contact of relay 15
to oround at the left back contagt of rel¢ ay b 5.
Reiay 2 is o marginal relay and does not op-
emfg 1t this time, Upon the release of relay

1 during the second time interval, asshown by
the chart of Fig. 4, it opens the oper ating
circuit of 1e1ay 3 at the back contact of relay
1. heLW 3, however, remains operated, due
to the fact that current now flows from bat~
tery through the left winding of relay 2
winding of 1'elay 3, right outer “front u)ntact
of 1eLLy 15 to mound at the left front con-
tact of relay 3. Since current now ilows
through beth windings of 1'01:1y 2, this relay
operates. The operation of relay 2 causes
relay 5 to operate on a circuit from baftmy
through the left winding of relay 4, winding
of 1ehy , left inner bacl contact of uhy
4, right outer front contact of relay 2, vight
outer front contact of relay 15 to gr omd at
the left front contact of velay 3. Relay 4 is
a marginal relay and does not operate ab this
time. The opuauon of relay 2 also furnishes
ground to operate relays 18 and 23. DBoth
cirenits are traced from battery through the
windings of the respective relays through the

vight inner front contact of relay 2 to the
common ground at the left front contact of
relay 8. When relay 23 operates, it locks to
ground through its v 1nht front contact. The
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same operation removes the 0‘1‘01111(1 from the
right winding of relay 15 causing its release.
The other opu-aucd relays are not affected by
the release of velay 15, due to the fact that

5 the ground at relay 28 veplaces the Omaqd
obtained through the right iront cun wct ©
relay 16 prior to s release. IHwil b mum
umt ilw oround at fe nade bafore the
opera circn’;t ()';’" r thus

10 brevent elays.

I‘hc Y
the 11

tion '1{ raln : e )
therefor, ﬂ‘( oD th’m as nnects
15 Linging current tﬂ »Jb hange line
to efice F.

£ interval,
celay 1 oper-

W "?JC¢‘1L )
c:il'c uit together
2 ci ue L the
J_w- m pab-
d left front
ct ot relay 1
eﬂpfm re-
v the cur-

"y
ce uw, 2 is nov
f the

f unh tu'v al, relay 1 Te-
1ease nd ope‘v* hm&mw cvcwt oi relay
2 at Jlﬂ contacts of relay 1. Relay 2 *here-
upon releases. Meantime, velays 23 and 18
obtain ground on a cireuit traced from point
30, w;uch is common to ths two relay cir-
cuits, over lead 25 threug h Lpe make contact
of relay d and the back contact of re elay 4
to ground at the f ont e Nt bt of relay 23.

30

The velease of relay 2 opens the holding cir-
cuit for velay 5, LnL ohi:: relay remams 0per~

1t traced from :
4 tdb winding of relay 4, V» inding of relaj
5, right winding of vehy 4, right inner front
contact of rels v § to ground ab relay 23. ‘Re-
lay 4 f‘herv‘nmn ope rotes and opens the hold-
'}1;;; cireuit for relays 28 and 18 af the back
45 contact of 1'0;:1} 4, At the same ‘ume, how-
ww) tho operation of relay 4 cleses a cir-
it from lead 27 t:\.rouon the frcat contac*‘u
of relay 4 to groun relay 23. This lvr
111‘3}1\;3 an thronal ground path for relays
18 and 23, whicl ,am,l owever, is under con-
trol of 1'07zﬂ,7 12, For m?fw 25 the circuit is

ated on a ¢iy
att

SwhR i}

cul tery thrcn

{
.
relfa

]

s
i ab

a0

traced from battery through the winding of

relay AS over lead 2A lead 49 }chl 26, lower

b&d ontact of rela Ly, 12, lead 27 7, front contact
o, [932]

53 of 1'n1fn/ 4 Lo (u()hﬁf at 28. The cireuit for
batt

I'n]fw y 18 istraced 11'07"1 sattery through velay

18 1Lo poing 5)17 and thence the same as for
1'@3&7,* ‘)3 uonsemwmly if at the moment
rel ex relay 12 is released, then re-

o
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£0 lays 18 "“CL 0 will 1‘emai‘1 opal‘%ed over
thig cirvenit, JOWOVQL if ielay 12 is oper-
at ’hw 4 operates, then all pos-

mnd are opened for relays
3. ‘m'l b 1039 ralays Svill release. In
the p resent case, since the receiver of subset

LEn e

5

6 is off the hook, rela,y 13.remains operated,
in turn holding relay 12 operated, and conse-
quently, in the pre%nnt 1nstance, when re lay 4
operates, relay 23 releases. The release of
relay 28 removes the ground lead controlling
the O’p(}l‘”“()’l of the tll]”]ﬂ relays. Relays
18, 4 and § ther teupon release. Iu addition,
the release of relay 23 'v‘[::"wnoctc the inter-
rnpim' from relay 1, causing it also to re-
lease. It will be obse neo from the above
that relay 18 was operated for a period of
one second for it operated and released un-
der the coubrol of relay 2 Which, it will be
seen by referring to the chart of Fig. 4, was
operated for one second. Hence, in this cage,
ringing curr rent is transmitted over the for-
eign exchange line 'grom offices K to H for
a one-second interval.

Referring now to Fig. 2, this oz e-second
interval of ringing cvr%nt upon arriving at
office T, causes the opemmm of 1‘df1y 8.
udlw 62 is not affected owing to the fact
that the right windings of repcatum 0011 66
are bhort eirenited under the control of 1'@LW
60. The opevation of relay 56 furnishes
nl'eund through its front contact to operate
zdﬁy 57. The operation of relay 57 removes
the ground connection for l'ehy 55 at theright
inner back contact of mlay 57 so that there
is no possibility of relay 55 being operated
to send ringing current %:mh to office XX at this
time. The operation of relay 57 clomr‘ a cir-
cuif to oper ate relay 59 from battery, through
the left \demo of 1'07 ay 59, right inner fr om
contact of relay 57 to Ol'ound at relay &
Relay 59 locks to g oupd under the cont rol
of wkn;s 63 and 58 over a cireuit from bat-
tery, through the left winding and left z*mor
front contach of !'ﬂlay 59, 1’1p,ht outer back
contact of relay 63, to 01'0und at the right

ack contact of rel zy 58. The operation of
relay 59 connects resistance 61 between the
tip and ri ing leads of the foreign exchange
civenit. This cirenit is traced from the tip
side of the line through the upper back con-
tact of relay 60, through resistance 61, left
outer back contact of Tela vy 63, right outer
{ront contact of relay 59, mrmwn the lower
back contact of relay 60 to the ring side of
the cireuit.

The connection OJ_ resistance 61 between
the tip and ring leads causes ringing eurrer nd
to be disconnected from trunk 117. This is
accomplished as follows: As was emahmed
above, ringing eurrent is being supplied to
operate 1'e?av 52 oi ciretit 68 throunh mar-
ginal relay 104 of the inter- affice trunk 117,
‘Jhm hm"@\’f‘" resistance €1 is-connected in
shunt with rels lay 62 and condenseor 69, the low
registance path thus intreduded, allows an in-
creased current to flow thro mrh hmrgmal re-
lay 104 causing its ope “z'ho The operation

of relay 104 opens the short: dmmm ng path
2OTOSS

connacted s
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the winding of ‘velay 109
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102 to ground over the sleeve circuit of jack
67. Relay 108 locks up over a circuit from
battery through the front contact and wind-

ing of relay 103, to ground, as just described.

The battery thus connected to the front con-
tact of relay 103 opposes the further flow of
current through relay 102, causing this relay
to release.  The release of relay 102 discon-
nects ringing current from the tip and ring
leads of the trunk and thus causes the release
of relay 104. The supervisory lamp 100 re-

" mains extinguished, being shunted out by the

20

circuit from battery through relay 103, which
is connected in parallel with the circuit from
battery - through lamp. 100, these two cir-
cuitsobtaining a common ground in the sleeve

‘circuit of jack 67.

The release of relay 102 closes the tip and
ring leads of trunk 117 through to the re-

“peating coil 107.. This closes a direct cur-

rent path to operate relay 106, the circuit
consisting-of battery 119, relay 106 and re-

sistance 61 of Fig. 2. Relay 106 thereupon

™
L

operates the short-circuits the high resistance
winding of relay 105. This increases the cur-

- rent flow through the “A” cord supervisory

o0

&

49

i
Tt

relay 110 sufficiently to cause its operation.
The operation of relay 110 in turn connects
resistance 113 in shunt with the “A” cord
supervisory lamp 111, thus extinguishing the
lamp, -to.inform the “A” operator that the

forergn exchange subscriber has answered the-
call. ‘

Meantime, while the above is occurring, the

5 operation of relay 57, Fig. 2, also connects
" the interrupter lead 74 to relay 50, caus-

ing this relay to be periodically operated and
released for half-second intervals in the same
manner as was described for relay 1 of Fig.
1. ~The horizontal dashed lines in the chart

‘of Fig. 5 show the operated intervals of ve-

lay 50. The operation of relay 50 controls
the operation of the timing relays 51 to 54,
inclusive, the function of these latter relays
being to measure the period during which
ringing current is applied to relay 56, and
in this way to interrupt the type of signal
being transmitted from office X in order to
cause suitable functioning of the signaling

-apparatus located at office T¥. In the present

case, as described above, relay 56 is operated
for one second.: :
‘During the first timing interval, as seen

- from Fig. 5, relay 50 operates and causes the

operation of relay 52 over the circuit from
battery, through the left winding of relay
51, winding of relay 52, back contact of re-

' lay 51, front contact of relay 50, to ground

€0

at the left front contact. of relay 57 which
is operated while 56 is held up.” Relay 52
thereupon operates, relay 51 being marginal
does not operate at this time. Tle opera-
tion of relay 52 in turn causes the opera-
tion of relay 54 on a circuit from battery,

~ through the left winding of relay 53, wind-

59, right outer back contact of relay

1,788,519

ing of relay 54, left back contact of relay
53, right outer front contact of relay 52,
to ground at relay 57. Beginning the sec-
ond timing interval, relay 50 releases and
opens the holding circuit for relay 52, which
relay, however, remains operated on a cir-
cuit from battery through the left wind-
ing of relay 51, winding of relay 52, right
winding of relay 51, right inner front con-
tact of relay 52, to ground at relay 57. Re-
lay 51 now operates. During the third tim-
ing interval, relay 50 operates again, and
since relay 51 is now operated, relay 52 is
shunted out owing to the fact that a cireuit
is traced from battery, through the left wind-
ing and front contact of relay 51, front con-
tact of relay 50 to ground at relay 57. Relay
51 remains operated by this circuit. The
release of relay 52 opens the holding circuit
for relay 54 but this relay remains operated
on a circuit from battery through the left
vinding of relay 53, winding of relay 54,
right winding of relay 53, front contact of
relay 54, to ground at relay 57. Relay 53
thereupon operates. When relay 50 releases
during the fourth interval it opens the hold-
ing circuit of relay 51, causing it to release,
no other change occurring during this in-
terval.

Thus, for an interval of two seconds, the
timing relays merely measure the clapsed
time without altering in any way the signal-
ing apparatus of circuit 68 at office . In
the meantime, it should be recalled that re-
lay 56 has been operated for approximately
a one-second interval only since it was re-
celving a signaling current corresponding to
a_receiver-off-the-hook signal from office I<.
Hence, some time before relays 51 to 54 in-
clusive have completed the cycle described
above, relay 56 will release, in turn releas-
ing relay 51. The release of relay 57 dis-
connects the interrupter from relay 50 at the
left outer front contact of relay 57 and also
removes the ground connection holding the
timing relays operated at the left inner {ront
contact of relay 57. Relay 50 and all oper-
ated timing relays are thereupon restored to
normal.

Meantime, relay 59 vemains locked to
ground through its left inner front contact to
ground at relay 58. The release of relay 57
causes the operation of relay 63 over a cir-
cuit from battery through the winding and
right inner back contact of relay 63, right
winding and left outer front contact of relay
57, front
contact of relay 64. to ground at relay 58.
As soon as relay 63 operates it locks up
through its right inner front contact to
ground through the front contact of relay
64 and the back contact of relay 58. The op-
eration of relay 63 releases relay 59 by open-
ing the circuit through the left winding of
relay 59 at the right outer back contact of re-
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lay 63.  The civcuit through the right wind-
in'r of relay 59 is opened at the ti Ghv inner
back o ‘TMC of relay 63. With the opera-
hml of relay 63 ax 1d the subsequent release of
59 resistance 61 vemains connec\ed
peross hm rn and ring leads of cireuit 68,

hat the release of velay 59

<t

due to the fact that

k"!~. pary

and the mvfmo of relay G";t ransfers leads
t“ and 78 from the rt-cireuiting lead 71
to ’f% ‘m b-cireuiting 1 ad 70, Conso-
quen 1y, relay 106 of Fig. 8 remains operated

and in turn causes relay 110 in th “A” cord
circuit to remain operated so hmt the “A”
cord lamp 111 remains extinguished.

The operation of relay 63 closes the circuit
to operate :‘"k( v 60 from battery through the
Wmdw o of relay 60, 1 eft inner front contact
of relay 63, right ottter back contact of 1’01;13;7

57, front conta act of }"ﬂnv 64 to ground at re-

hv 58. The operat ion of 1'ehv 80 removes
H% fhow circuiting Jeads from around the
indings of repes wing eoil 68, The

cirer mL 15 now ready for conversation between
ﬂnbse‘fll sers.

Asgsume that the call progresses inthe nor-
mal manner to complemon. When the for-
eign exchange subseriber hangs up, a receiv-
er-on-the-hook signal Wiﬂ, be transmitted
from office K to office H.  This signal will
consist in o three-second interval of 1"3,119.;21}9;
current which will cause the apparatus at
office H to function in W'w o manner as 5
furnish & disconnect signal tothe “A™ opera-

tor. Thisis w‘emnnhsho\l as follows: When
the receiver of the subsceriber’s set 6 is |

holding cireuit
g that L(’J‘lv to
1'“’0,& rel ease o: 1e’i v 13 in turn re-
lenges relays 11 fmd M, Whmﬂ were held oper-
ated, through the front contact of relay 13 to
ground ¢ the ma he contact of relay 14, The
holding civeuit for velav 14 is oper ned b ¥t
£ velay 12, but 14, being s mOW re
perated for 2 dﬁ(wt neriod after the
f relay 12. During this short inter-
v 15 operates from lmtew tnrounh
i o and the front contact of velay
14, back contact of relay 12, to ground at relay
. Relay 15 immediately tocks up through
s right winding and right inner front con-
tact to ground at the mﬂh‘ hack contact of
relay 23, The opnmu on of relay 15 connects
the }JLQ‘”'H‘Di - {0 relay 1 in the manner de-
seribed pre vxouﬂh’ causing relay 1 to start

on th“ b(m < it will open the

10

™
1

tunaotior c(’m‘ﬂa ace Wlth J» ch'nL of
I‘ia‘
‘t“%- or W,Lh "'ﬂ‘ﬂ/ 28 fwﬂ 18 V*ﬂl

the same TManner as was prev1-
in connection with the. re-
signal,
5”'}1-! 107
t

operated 1n
ously deseribed i
ceiver-off-the-hook
tuﬂ

Tt will be’ re-
ealied pemiel n*“on

3 o 3
elays 28

b
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o
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m
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reason thay when velay 0 Was
e beginning of the fourth inter-

B ()s\n]u
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val relay 12 was operated so that there are no
aihs closed through which relays 28 and 18
ould oLhzn a rw‘ound connection. In the
pre: "‘h case, hmvwer relay 12 was released
upon the subscriber anmm up so that this
time, Whm the f’)lh th 4iming interval is
d.and reiay 2 releases, rels ays 23 and 18
will remain (),mmted over the cireuit. de-

geribed above Hﬂ‘mmh the right back contact
of veis vy 2. For l'elay 93 this circuib was
trace om battery through the winding of

r\;‘d 24, Ie@d 29, load 26, lower back
i relay 12 lead 27 , r]VguL front con-
* relay 4, which is opez ated (see chart,

‘:), to ground at the vight front con tact
23, hd(w 18 remains opemted irom
@ fw through the winding of relay 18 to

fead 26, the rem ﬂmder of the cireuit beix ng the
same as described above for relay 28. Trom

peint on the operation of the timing re-
s must be traced fo sllow how the appara-
tug ie reloased at the end of ﬂnee seconds.

During the fifth timing interval relay 1
o1 e

i
berates, causing relay 3 to opﬂmte, as de-
wiibed nbove, imm bwherv through the left
winding of relay 2, winding of relay 8 3, leit
back contact o* relay 2, front contact of rel ay
I, to ground at i‘el ay 23.

During ixth interval relay 1 releases
:'md opens the holding cireuit for 1’0L_y 3. Re-
oy 8; however, remains {)pem ated on the cir
0’% from babt vb‘-'o'm 1 Ul Teft Wmdmb
of relay 2, wind go,? v 3, right v*ﬂnd‘lng
n' 1’07%7 2. right inner flmt ctmtm of relay
3, to ﬂronnﬂ fﬂ relay 23, Relay 2 tbereupoa
operates and in turn causes mh*,ﬂ to re
iease by c,hm{‘mu it out, the holdmmg urcmt
for velay 4 being traced from battery thy ough
the left winding fwd right inver front con-
tact of relay 4 *'whm outer front contact of
relay 2, to “I‘O‘Jhd at relay 23.

Wm‘ ing the saventh timing in ;cr*ml 1'01.1 v 1
operates and v:w out relay 3, causing it
torel “Lwe, the holding el veuit for 1'@]@/ heing
traced from battery thr ough thel eut winding
and km front contact of "ohy 2 to gwund
ﬂvar x.'ﬂ}.fly 20.

During the eighth tm}mo interval l'elay 1
*‘e"@a@ef;, which opens the he olding circuit for
rel m/ 2 causing it to release. The release of
relay 2 opens the holding cirenit for 101‘137 4

hq‘, 1'5 ght outer front contact of ro lay 2, and
’dmsweim‘ 4 releases which opens the holding
circuit for rel 2ys 18 and 28, All timing ve-

L,
lays ave therefore “Mmﬂod during this intez-
val, and gince all possible patm to m‘:m‘.nd for
relays 18 and 23 ave opened, these 1'0537;/'9, now
release. "Lﬂm it vuL be seen that d“V 18
has Teen operated for an v';e“vfﬂ of thres
seconds, that is, ufermnsv‘ to the chart, from
the ’}0;}, nning of the qecmﬁ timing interval
until the b*\mnnmo of the eighth tiining in-
val. While uhy 18 is operated it ag‘r n
sends ringing current from office K to of-

fice H.
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-winding of relay 105, thus causing

Referring now to Fig. 2, it will be recalled
from the ez»:pla‘mtlon given above that the
receiver-off-the- hook swnal left relay 63
locked up to ground at the back contact of
relay 58. Also relay 60 was held up through
the left inner fron contact of relay 63 and
the right outer back contact of relay 57 to
gro und at velay 58. In the inter-office trunk
11{ relays 101, 108, 105, and 106 are still
operated and in the “A” cord cireuit relay 110
remains operated. - The three-second inter-
val of ringing cvment upon arriving at of-
fice H, ope srates relay 56 which in turn oper-
ates relay 57. The O}verwtmn of relay 57 re-
leases “relay. 60 and reoperates re lay 59
through the right. front contact of 57 to
Grounfl at 3 elay 58. - The operation of relay
59 opens ‘'the lead containing resistance 61
by disconnecting lead 72 from lead 70. The

‘direct current path between tip and ring

leads of cirenit 68 is “pcned by this latter
operation, causing the rels ease of 1e1ay 106
in trunk 117. The release of relay 106 re-
moves the shunt from the high 1es,1smnce
g the release
of re]ay 110 in the “A” cord cireuit to relight
the-“A” cord supervisory lamp 111, and fur-
nish the “A” operator with a signal that the

call is complete.

In addition to the above, the opera tion of
relay 57 connects a ground lead for operating
the timing relays and also connects the inter-
rupter to relay 50. The timing relays 51 to
54 will again start to measure off time in the

“manner c]esc ribed above in connection with

the receiver-off-the-hook signal. At that
time, the operation of these 1e1avs was traced
over the first four timing intervals, and it was
found that during this pemod they did not af-
fﬂct the operation of the apparatus at office
1 in'any manner. - At ’(h end of the fourth
interval relays 53 and 54 were found to be
operated. For the receiver-off-the-hook sig-
nal, however, relay 57 was released before the
fourth timino interval was reached and all
timing relays were restored to normal. In
the preoent case, at the end of the fourth
timing interval mlay 5{ remains operated
owing to the fact that relay* 56 is operated for
three seconds instead of one as formerly.
Consequently, relays 58 and 54 are still held
up, obtaining ground at the left i inner front
contact of l‘ehy 57. During the fifth timing
nterval, the chart of i 1g. 5 shows that 1eLLy
50 1is ope:a'ed causing the operation of re-
lay 52 again from ba tte vy through the left
winding “of relay 51, winding of rela y 52,
back contact of relay 51 monu Ccontact of re-
lay oO to ground at rolay The operation
of relay 59 shunts out relay 04 which releases,
the holding circuit for relay 53 being now
traced -from battery through the left “rind-
left front contact of relay 53, outer
front contact of relay 52, to ground at re-
lav 57. The release of relay 54, tOfre’fher with

L

‘through its left inner Front contact.

te operate and lock up followed by ¢
- ation of relay 14. The operation of relny 15

1,738,519

the fact that 1e]ay 53 remains operated,

causes the operation of relay 58 on a cirenit
frombattery thronghthe winding of 1elay 58,
right nont contact of relay 53, hack contact
of relay 54, to ground at relay 57. Relay 58
immedia teqf locks to ground at relay b7
The
opemtlon of relay 58 removes mm nd from
relavs 59 and 63, cansmg both relays to re-
lease. Ifence, the lead conta Mning resistance
61 remains open and no change cccurs in the
cord cirenit 118.

Returning again to the timing relays, when
relay 58 operuteb it discennects the inter-
rupter from relay 50 at the left outer back
contact of relay 58, thus cuusing relay 50 to
release. The release of relay 50 causes the
opelatlon of relay 51 from Dhattery throuch
the left winding of relay 51, w 1nd'in;;' of ve-
lay 52, right winding of relay 51, front con-
tact of 1el‘w 52, to ground at relay 57. Thus,
relays 51, 52 and 53 are now operated, and
these rela vys remain 01301“1ted until the con-
clusion of the three sccond-ringing interval
when relay 56 is released. When this aceurs
relay 57 releases, reimoving the ground con-
nectlon which releases all operated timing re-
lays.

Meantime, the “A” operator has noted the
s*cauy light on lamp 111, due to the release of
relay 110. She therefore disconnects plug
109 from jack 108, which in turn causes the
release of relay 105 at ofiice I The release
of relay 105 opens the holding civenit for re-
lay 103 at the contact of 1eLLy 105. Relay
103 thereupon releases and in so doing rve-
moves the shunt from around lamyp l()()
Lamp 100 thereupon relights and gives the
“B” operator a signal to disconnect. The
“B” operator thereupon disconnects plug 116
from jack 67, thus opening the cireuit for
lamp 100, which is extinguished, and remov-
ing the batter v from 1/\1‘157 64, Fig. 2, which
releases. All apparatus involved in the con-
nection 1s thus returned to its normal condi-
tion.

Odll from foreign exchange subscriber

‘When the call originates with the foreian
exchange subscriber, “the ¢ apparatus functions
as follows:

When the receiver is removed from the
switehhook of subscriber’s set 6, velay 13 at
the office K operates. The opvl.lu(n of 13
causes the operatien of velavs 11 and 12
through the front contact of 1e](1> 13 to
Oroand at relay 4. The operation of relay
11 removes the relay 9 from the ringing ciy-
cuit and also opens the operating eirenit for
relay 8. The operation of relay 12 starts the
functioning of the timing relays in the man-
ner described 2 above, fivst ) by causing 10' ay 15
1e oper-

connects the interrupter to relay 1, which in
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turn causes timing relays 2 to 5§, inclusive, to
function in accordance with the chart of Fig.
4. Since this is the receiver-off-the-hock
condition, relay 18 will be operated for one
second to send ringing cur rent from office I
to-office H; as was described above in connec-
tion with a call to the iorelon exchange sub-
scriber.

The one-second interval of ringing current
upon -arriving at office H operates relay 56
which;, in turn, causes the operacion of relay
57. = The operation of relay 57, in turn, causes
relay 59 to operate fhrmmh the rwht mnner,
front contact of relay 5T o grounl at rela Yy
58, Relay 59 11mnedutel v locks up through
its left, inner front contact and thloufrh the
right, outer, back contact of relay 63 to
(rround at relay 58, The operation of relay
59 causes the Line lamp 65 to light from baf-
tely through lamp 65, 1‘wht inner front con-
tact of 59, baak contact of rnh'y 64 to gro und
at relay 58.. The ‘operation of relay 57
connects the interrupter to relay 50 and con-
nects ground to the timing relay cirvenits to

start the functioning of the timing relays, as
was deseribed prevmu%ly The opoz ation of
relay 59 in addition to lighting the line lamp
65 also connects the resistance 61 across the
tip and ring leads of circuit 68 by connecting
lead 72 to lead 71. The tor upon
noting the lighted line lamp 65 will connect
an “AD cord mrcult, similar to 118, Fig. 3, to

reuit 68 by inserting p‘ho 109 m\,s nu‘" Ga

As soon as the cord circuit is connected to
circuit 68, the “A” cord supervisory relay 110
will operate over the direct current path
through resistance 61, and will thus pre event
the supervisory lamp 111 from ]1{31131110
The battery obtained on the sleeve of cir: cuit
68.due to-connection of “A” cord circnit will
cause the operation of relay 4. The opera-
tion of this relay opens the circ cuit to extin-
guish lamp 65. The operation of relay 64
also closes a ciréuit to ope ate relay 63 upon
the release of relay 57, through the right
winding ‘and left, outer, fmnt contact of re-
lay 59, 11frht outer, back contact of why’ 57,
h'ont contact of relav 64 to ground at 1"01‘1,\7
58, As soon as relay 63 op eratow it-locks up
through its right, front cont The opera-
sages ]‘“]’W ’) by
opening the circuits through both windings
of this relay at the right, inner and outer back
contacts of relay 63. The simultancous re-

CC}; ” "D@‘ p

lease of relay 59 and operation of relay 63

msaintains resistance 61 connected -across the
tip and ring leads of circuit 68 by connecting
leads 73 and 72 to lead 70. The operation of
relays 63 furthermore -closes’ the circuit to
operate relay 60.. The operation of relay 60
the short-circuiting leads ‘from
around- the right windings of repeating c¢oil
66, thus preparing the circuit for talking.
When' the “A” operator has obtained the

9

called number, she proceeds to establish the
connéction in the usual manner.’

When the call is complete and the sub-
scribers hang up, the apparatus functions in
the same manner as was explained above in
connection with a call to the foreign exchange
subscriber, :

Flashing by the foreign emchange subscriber

It the foreign exchange subscriber desires
the immediate sttention of an operator, he
will operate his switch-hook intemnittently
in the usual manner. - Assuming that the
subscriber has had the receiver off the hook
for a few seconds before he commences to
flash 1elays 11 to 14, inclusive, Fig. 1 will be
operated. ~ All otherrelays will be 1n the nor-
mal condition. When the flashing is started
upon first placing the receiver upon the hook
of subset 6, relay 13 releases, causing relay 19
to release. “As-soon as relay 12 releases and

vefore relay 14 releases, relay 15 will operate
throuUh the left, front contfwt of relay 14
and the left, back contact of relay 12
ground - at 1th 4. Relay 15 nnmecmtdv
Tocks to ground at relay 93 and starts the
fanctioning of the timing relays. Once the
timing ekws ave started in this fashion, at
least a one-second interval of ringing cur vent
will be transmitted from office X to office H.
Thisds due to the fact that the only control
that the foreign exchange subscriber has over
the operation “of the timing 1'ehys is through
the medium of relay 12, and once 12 has fune-
tion to start the onbmhon of the timing re
lays, in the manner described mnnechmely
above, these relays will function for the first
three ummrf intervals of the chart of Fig. 4
1rrespechvn “of whether rela 2y 12 is oper ated
or not during this period for the reason that,
as soon as relay 15 operates, it locks to Groand
at relay 28 and thus the ﬁmctlonmw of the
hvmno reLw° for the first three tlmnw inter-

vals is mdependmt of relay 12. T’;oonmlw“
with the fourth timing interval, lwowever, al
elrcuits to ground for relays 93 and 18 are
onened except the path through the back con-
tact of relay 12. This condition was ex-
plained above in connection with a call to
the foreign exchange subscriber. In the
present case, when' the fourth timing inter-

val iz reached, assume that the sub%('r}h
happ(\n to have the receiver on the hook dur-
ing this interval rﬂlay 12 will be released and
relays 28 and 1“3 will be held up for zmo‘LeI
three timing intervals; thus, until the end of
the seventh interval. At the beginning of
the eighth timing interval, dll timing relays
are released with the result that there is no
possible path to ground to hold relays 98'and
18 operated, irre spectlve of the conchtlon of
relay 19 Conseqiiently, relavs 18 and 23
mugt releage af this time.
any time, subsequent to the befrlmlmcr of the
ewhth interval, the subscriber removes the

I, therefore, at’
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receiver from the hoolk, the operation of the

10

timing relay will start all over again to send
a new pulse of ringing current from office X
to office H. In the case just described, the
ringing pulse transmitted was of three-sec-
ond_duration. Going back for a moment,

‘suppose that, at the beginning of the fourth

tining interval, the subscriber happened to
have the receiver off the hook. In that case,
relay 12 would be operated so that all timing
relays as well as relays 18 and 23 would be re-
leased at the beginning of the fourth timing

‘interval’ A subsequent replacement of the

15

20

30

(2]
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40

receiver on the switchhook would cause the
timing relays to start functioning again
since, as soon as relay 12 released, relay 15
would ‘operate again through the left, front
contact: of relay 14 and the back contact of

relay 12." The duration of a ringing interval

will therefore be of one or three seconds du-
ration dependent upon the operation or non-
operation of relay 12 at the next succeeding
fourth timing interval. From the above dis-
cussion, it will be seen that when the foreign
exchange subscriber flashes, ringing pulses of
one:gecond or three seconds duration will be
transmitted from - office K to office H.
Whether a given pulse will be of one second
or three seconds, duration will depend not
upon the rapidity with which the subscriber
flashes but-merely upon whether or not the
subscriber has the receiver on or off the hook
during the fourth timing interval after tim-
ing relays start to function. This, of course,
wiil be & miere matter of chance so that, on the
average, if the subscriber flashes continuousiy
fora period, a randoim mixture of one-second
and three-second interval pulses following
each other will be transmitted from office K
to-office H. A

Assume; now, that a train of impulses con-

- sisting of such a random mixture of one-see-

ond and three-second ringing intervals
caused by the flashing of the foreign ex-

“change subscriber arrive at office H. If an

“#A” cord circuit, similar to 118, is connected

“to circuit 68; this train of ringing pulses will

“~cause the “A” supervisory lamp 111 to flash
p; 1

50

341
Lt

63

intermittently. This -is accomplished as
follows’ ;

~Relays 56 and 57 operate in synchronism
with the incoming ringing pulses. As soon
as relay: 57 operates. it causes relay 59 to op-
erate to ground at the back contact of relay

-58.  With an “A” cord connected to cirenit

68, it will be ‘remembered that relay 63 is
operated -so that when. relay 59 operates, it
opens the lead containing resistance 61 con-
nected between the tip and ring leads of cir-
cuit 68. This occurs, due to the discornec-
tion of lead 72 from lead 70. The discon-

_nection of resistance 61 causes the release of
cord circuit supervisory relay 110 and re--

lights supervisory lamp 111. "The operation
of relay 57v-:‘s<tarts"timing relays. 50 to 54, in-

1,788,519

clusive, functioning. If the particular ring-
ing pulse in question is of ons-second dura-
tion, relay 57 releases before the timing re-
lays affect the circuit in any manner, since
the only effect of the timing relays is to op-
erate relay 58 and this does not occur until
relay 53 operates and relay 54 is released,
which in turn does not occur until the be-
ginning of the fifth timing interval. 'There-
fore, as soon as relay 57 releases, it causes
the release of all timing relays, as described
above, disconnects the iterrupter and also
releases relay 59, since the locking circuit of
relay 59 through the right, outer, back con-
tact of relay 63 is open due to the operation
of this latter relay. ~The release of relay 59,
again connects resistance 61 across the tip
and ring leads of circuit 68, causing the re-
operation of the “A” cord supervisory relay
110 which extinguishes lamp 111.

Assume that the next ringing pulse is of
three-second duration, relays 56 and 57 will
again operate, causing the relay 59 to operate
and disconnect resistance 61 from across the
tip and ring leads of circuit 68 which again
causes lamp 111 to relight. At the same
time, the operation of relay 57 starts the func-
tioning of the timing relays. In this case,
at the beginning of the fifth timing interval,
relay 57 will st1ll be operated so that accord-
ing to the chart of Fig. 5, when relay 54 re-
leases during this interval, relay 53 will be
operated. This will cause relay 58 to op-
erate and disconnect the interrupter from re-
lay 50. The opening of the ground lead at
the right contact of relay 58 releases relays
59 and 63, which leaves the lead containing
resistance 61 open so that lamp 111 remains
lighted. Timing relays 51, 52 and 53 remain
operated until relay 57 releases at the end of
the three-second ringing interval, at which
time the disconnection of the ground lead at
the left inner contact of relay 57 releases all
timing relays and restores that to normal, at
the same time releasing relay 58. When the
next succeeding ringing pulse arrives, relay
57 upon operating will cause relay 59 to op-
erate and since, in this case, relay 63 is re-
leased, the operation of relay 59 will connect
resistance 61 hetween the tip and ring leads
of circuit 68 which will extinguish the “A”
cord supervisory lamp 111. If this ringing
pulse is of one-second duration, relay 63 will
operate upon the release of relay 57 at the
same time releasing relay 59, leaving resist-
ance 61 connected across the tip and ring leads
so that it will require the next succeeding
pulse of ringing current to relight the super-
visory lamp 111 when relay 59 operates again
upon the operation of relay 57. On the other
hand, if the pulse in question were three sec-

_onds long, relay 58 would operate and re-

lease relay 59 before relay 63 was operated,
thus opening the lead containing resistance

61 and relighting the supervisory lamp 11. 122
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It will thus be seen that regardless of the

mmdlty with which the subscriber operates

the switchhook of subset 6, a’ random series
of ringing pulses of one- second and three-
seconds duration will be transmitted from

office K to office H. These ringing pulses up-
on arriving at office H will canse  the 51gml-
ing a*ppm'atus there to function in such a
manner as-to cause an intermittent flashing of
the “AY cord supervisory lamp.

What 18 claimed is:

1. En a telephone system in combination
?fl’m,'elggn exchange subscriber’s telephone cir-
cuit consisting of a subseriber’s telephone set,
a Lelopbom line connected theruto and ex-
tending permmanently through a first central
office and ter m'natmo in a second central of-
fice distant from the firgt, signaling means
at the first office controlled b'r thc pos1t10n of
the foreign exchange %ubscrll ser’s switebhook
and wdapted totr ‘msnht ringing current from
the first to the second office for definite inter-
vals of time in accordance with changes in
the position of the switchhock associ atcd with
the foreign exchange set, such ringing cur-

rent belno tl'ansmlttod 101 one mtnval of
time upon removal of the receiver from the
gwitchhook and for a different interval of
time upon. replacement of the receiver upon
the P\wtc] 1hook, signaling means at the. sec-
ond central office assocm_ted with the foreign
exchange line adapted to receive and inter-
pret the ringing currents transmitted from
the first office and thereby to suitably operate
supervisory mesns associated with the for-
exchange line at the second office in- ac-
cordance with the position of the switchhook
of the foreign exchange subscriber’s set, such
‘,m'mhno means- at the second office belno'

further 1dapted upon connection to the for-
n exchange subscriber’s line at the second

o

eig
office of a iolephone line extending to a dis-
tant subscriber to operate °1ﬂmlmv means
associated  with such last mentioned tele-
phom line in accordance with the position
of the swmchnook of the foreign -exchange
subscriber’? s set, thus suitabily (,ontrolhng ‘tha
progress of a eall bnmeen the foremn ex-
change subscriber and the distant Subs eriber,
means toapply ringing curieat totheforeign
exchange sub criber’s telephone set: under

control of ringing cuurent supplied from a

telephone cireu it (’onncﬂted to thesubscriber’s
hm a1 the second office, means to apply such
ringing current whether the receiver is on or
off the hook if such ringing is mannally op-
erated from the t(‘lephone cireuit connected to
the ‘foreign exchange line, means to apply
such ringing current only when the Teceiver
is on the hcgh if automatically operated.
fn a to*ephone system - n combination a
-gxchange subscriber’s telephone cir-
_nn,u.mmﬂ of a subscriber’s telephone set,
ephone line connected thereto and ex-

jonty

g permanently through a first central

11

office and terminating in a second central of-
fice distant from the first, signaling means
at the first office controlled by tho position
of the imngn exchange subscriber’s switch-
hook and adapted to tlansmﬁc ringing cur-
rent from hn first to the second office for

desinite intervals of time in accordance with
changes i the p%ltlon of the foreign ex-

change subscriber’s switchhook such ringing
(‘1'1”“1t being transmitted for a predetﬂr
wined interv val of time upon removal of the
receiver from the fsv*lt,chhool‘ and for a pre-
determined interval of time different from
that first mentioned upon replacement of the
I'(‘(wivu upon the switchhook, signaling
means at the second offic a‘ssociated with the
foreign exchange subscriber’s line adapted to
receive and interpret the pulses of ringing
currént thus transmitted, such signaling
means being adapted upon reception of the
signal corresponding to.the receiver-ofi-the-
hook to light a hmp associated with such
subseriber’s line at the second office and to
contiect o resistance between the tip and ring
leads of such-line at that point thereby com-
pleuno a direct current path between such
eads which otherwise are provided -with
means to prevent the flow of direct current
between such leads, such signaling means at
the second ofiice being qdmp#ed to disconnect
said resistance and extinguish the subscriber’s
lamp upon reception of the ringing pulse cor-
responding to the replacement of the receiver
upon the switchhook, means to extinguish
the subscriber’s lamp lighted by removal of
the rveceiver fr om the switchhook upon con-
nection to the subseriber’s line of a telephone
trank or a link drcmt means to apply ring-
10 current to the foreign exchange subscrib-

er’s set in ‘zccordancg With ringing current
supplied from a telephone trunl or Jink cir-
cuit connected to the subscriber’s
smon d office.

I‘l a /ﬂ“] hone gyste

line at the

1*\ 'comowm(,n a
temp}*'mﬂ ¢ie-
s telephone set,
cIe! *houf(‘ and ex-

a Lclcp hone line conner
tending permanently through a first central
office and terminating’in o second Cené;]lel
office distant from the ﬁzéc, sinnahﬂg mesa

at the first office controlied by the position o{
the foreign exchange ut(bg(,llb(ll, § switch-
hook and %fL.paul to transmit ‘iﬂhino cur-
reat from the frst to the second office for
definite intervak birie in ar*c{mq"\ce with
changes in the }0@1’0‘011 (n 111@ foreign
changn subserviber’s sw
current bein
mined ,.mm'

ex-

A,?_

T g pleﬁet
e nnm. removal of the

receiver from \ the ‘%’WluCthOk and for a pre-

determined interval of time different from
that first mentioned upon replacement of the
receiver  upon the switchhook, signaling
means ab the second oﬁ} e-agsociated with the

foreign exchange subscriber’s line adapted to
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receive and ‘interpret the pulses of ringing
current  thus . transmitted such signaling
means being adapted upon reception of the

signal (3011031)ondinOr to the receiver-off-the-
hook to light ‘a lamp associated with such

-subscriber’s line at the second office, means to

extinguish said lamp upon reception of the
inging pulse corresponding to the replace-

" ment of the receiver upon the switchhook,

-10

additional means to extinguish said lamp

“lighted by removal of the receiver from the

switchhool upon connection to the foreign

~exchange subscriber’s circuit of a telephone
* trunk or link circuit, means to apply ringing

current to the quchrlber s set in accordance

. with ringing current supplied from a tele-

20

30

&«
Kt

phone trunk or link circuit connected to the
subscriber’s line- at the second oﬁice such
means being adapted to apply ringing cur-
rent Whemer the recelver is on. or oﬁ the

‘hook if manually applied from the trunk or

link circuit, means at the second oflice upon
reception of the receiver-off-the-hook signal
to connect a resistance between the tip “and
ring leads of the subscriber’s line thereby es-
tftbhslnng a direct current path between said
leads, said resistance path being adapted to
disconnect: the ringing current from a tele-
phone. trunk circuit equipped for automatic
ringing where such a trunk has been con-
nected to the subscriber’s line, said resistance
path heing adapted to control means in the
trunk for extinguishing the supervisory lamp

‘of an “A” cord circuit connected to the out-

going. end of a.telephone trunk cireuit the
incoming end of which is connected to the

subscriber’s line, said resistance being adapt-
“ed further to extinguish the supervisory lamp
“of an “A” cord civeuit when connected di-

’ 40

© ‘the:subseriber’s
.signaling pulse corresponding to the receiver-
-on=the-hock signal, the disconnection of said

rectly. to the subscriber’s line, means at the

~second office to-open the direct current resist-

ance path between the tip and ring leads of
line upon 1ecept10n of the

- resistance being adapted to relight the “A”

cord supervisory lamp in either case men-

“tioned above:

o
@

44
“u

€0

“ 4, Tn a telephone system in combination a

foreign exchange subseriber’s telephonse cir-

cuit -consisting of a subscriber’s telephone
set, a telephone line connected thereto and
extending permanently through a first cen-
tral office and terminating in a “second central

" “office distant from the fir st, a telephone trunk

eirenit -equipped -for automatic ringing ex-
tending from a third central office to the

~second, an “A” operator’s cord circuit con-

nected to the trunk circuit at the third office,
means associatéd with the subscriber’s circuit

- at the second office to normally prevent the

flow: of direct current between the tip and
ring leads of said circuit, means associated
with the 'subscriber’s circuit at the second
office to send ringing current from the second

1,738,519

to the first office under control of ringing
current supplied from the trunk cirveuit upon
connection of the trunk circuit thereto, means
at the first office to apply ringing current to
the subscriber’s set in synchronism with saidl
ringing pulses received from the second office,
means at the first office under control of the
foreign exchange subscriber’s switchhook to
send ) ringing current from the first to the
second office for predetermined intervals of
time In accordance with changes in the posi-
tion of the subscriber’s switchhook, one in-
terval of current being transmitted when the
receiver is removed from the switchhook and
a different interval of current being trans-
mitted when the receiver is replaced upon
the switchhook, means at the second office to
receive and interpret the ringing pulses thus
transmitted and upon reception “of the ring-
ing pulse cerresponding to the receiver-ofi-
the-hook to connect a resistance between the
tip and ring leads of the subseriber’s circuit
at the second office such resistance serving to
complete a direct current path between snid
tip and ring leads and causing the operation
of means in the trunk to disconnect the anfo-
matic ringing from the trunk, and extinguish
the supervmory lamp of the “A” cord con-
nected to the trunk at the third office, said
means associated with the subseriber’s line
at the second office being further adapted
upon reception of the ringing cmwnt cor-
responding to the replacemont of the receiver
upon the switchhool to open the direct cur-
rent path between the tip and ring leads of
the subscriber’s eircuit at the second office
and thus cause relighting of the “A” cord
lamp at the third office.

. In a telephone system in combination a
*'o eign exchange subscriber’s telephone cir-
cuit consisting of a subscriber’s telephione set,
a telephone line connected thereto and cox-
tending permanently through a first centyal
office and terminating in a second central
office distant from the first, an “A” operator’s
cord circuit at the second oflice, means asso-
ciated with the subscriber’s civeuit at the
second office to normally prevent the flow of
direct current between the tip and ring leads,
means at the first office nnder control of the
foreign exchange subscriber’s switchhaook to
send ringing current. from the first to the
second office for predetermined intervals of
time in accordance with changes in the con-
dition of the subscriber’s switchhook a short
pulse of current being transmitted upon re-
moval of the receiver from the switchhook
a longer pulse being transmitted upon re-
placement of the receiver, means at the second
office to receive and interpret the ringing
pulses thus transmitted and therecby upon
reception of the signal corresponding to the
receiver-off-the-hook to light a l‘llnp associ-
ated with the subscriber’s s line there and to
connect a resistance between the tip and ring
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leads of such line thus establishing a direct
current path between such leads .for extin-
guishing the “A” cord supervisory lamp upon
connection of the “A” cord circnit to the
subscriber’s line, means to extinguish the
subseriber’s lamp upon  connection. of the
“A” cord to the subscriber’s line, said inter-
pretive means at the second office-upon re-
ception of the ringing pulse transmitted
upon replacement of the receiver upon the
switchhook operating to open the resistance
path between the tip and ring leads of the
subscriber’s line and thus cause the lighting
of the “A” cord supervisory lamp, said means
operating further to open the subscriber’s
lamp circuit at a point distinet from that
controlled by the “A” cord circuit to prevent
the relighting of said lamp upon disconnec-
tion of the “A” cord circuit.

6. In a telephone system in combination a
foreign exchange subscriber’s telephone cir-
cuit consisting of a subscriber’s set, a tele-
phone line connected thereto and extending
permanently through & first central office and
terminating upon the switchboard of a sec-
ond central office distant from the first, a
relay at the second office controlled by ring-
ing current supplied from a telephone trunk
or link circuit connected to the subscriber’s

Jine at the second office, said relay being oper-

ative to send ringing current over the sub-

.seriber’s line from. the second to the first

office; such ringing current in turn operating
means at the first office to-apply ringing cur-
rent to the subscriber’s telephone set; sig-
naling means at the first office consisting of
a- circuit interrupter operative to continu-

ously and periodically open and close a cir-

cuit for short equal intervals of time and a
system of relays.associated with said inter-

- rupter, said signaling means being operative

upon removal of thereceiver from the switch-
hoolc to send ringing c¢urrent from the first
to the second office for a short interval of
time, and upon replacement of the receiver
upon the switchhook to similarly tvansmit
ringing current from the first to the second
office for & longer interval of time, and upon
intermittent operation of the switchhook to
transmit a series of pulses of ringing currént
between said offices, sighaling means at the
second office consisting of an interrupter simi-
lar to that frst mentioned and a system of ve-
lays associated therewith said signaling
means being adapted to receive and interpret
the pulses of ringing current transimitted
from the first office, and upen reception of
the ringing current transmitted upon remov-
al of the teceiver from the switechhook to
light a lamp associated with the subscriber’s
line at the second office and to eonnect a re-
sistance between the tip and ring leads of said
line at said office thereby completing a divect
eurrent path between such leads, signaling
means consisting of a relay in the sleeve cix-

13

cuit of the subscriber’s line operative upon
connection of a telephotie circuit thereto hav-
ing battery on the sleeve to extinguish said
subscriber’s lamp, said interpretive signaling
means at the second oifice operative upon re-
ception of the ringing current transmitted
from the first office upon replacing the re-
ceiver upon the switehhook, to open the di-
reet path between the tip and ring leads of
the subscriber’s line, and also to open the cir-
cuit containing the subseriber’s lamp at a
point distinet from that controlled by the re-
Iay in the sleeve circuit to prevent the re-
lighting of said lamp upon disconnection of
the telephone circuit from the subscriber’s
line, said interpretive means at the second
office being further adapted upon reception
of the series of ringing pulses transmitted
from the first office upon intermittent oper-
ation of the switchhook, to. alternately open
and close the direct current path. across the
tip and ring leads of the subscriber’s line.

7. In a telephone system in combination,
a telephone circuit extending from a first.to
a second point, signaling means. under con-
trol of a relay associated with said telephone
cirenit at the first point and adapted. upon
operation of said relay to transmit ringing
current from the first to the second point over
said telephone cireuit for a definite interval
of time, and upon' the subsequent release of
said relay to similarly transmit ringing eur-
rent from the first to the second point. for a
definite intérval of time different. from that
first ‘mentioned, signaling means associated
with -said telephone circuit . at the second
point, said signaling means being adapted to
receive and interpret. the pulses of ringing
current transmitted from;the first.pointand to
produce a distinct and unique operation of the
signaling means at said second point in ac-
cordance with the length of the ringing pulse
received., L

8. In a telephone system in combination,
a telephone circuit extending from. a first
point through a sécond point and terminat-
ing at a third peint, swifching means at the
first point for connecting a-direct current
bridge across said telephone circuit at said
first point, means inserted in tlie telephone
circuit at the second point for causing the
flow of direct current over said circait be-
tween the second and first points npon con-
nection of said direct current bridge at ‘the
first point, a relay inserted in said direct
current path at-the second point and operable
by said direct current; signaling means con-
trolled by said relay and adapted upon oper-
ation of said relay to transmit ringing cur-
rent over said telephone circuit from the
second to the third point for a predetermined
short interval of time; and tpon the stbse-
quent release of said relay to similarly trans-
mitringing current for a predetermined short
interval of time different {rom that first
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“mentioned, signaling means associated with
~said- telephone circuit -at the third point
-adapted to receive and interpret said pulses

of ringing current and to produce a distinct
- and unique operation of said signaling means

“at-the.third point for each different length
- of ringing pulse received.

- 10

13

- 9. In a telephone system in combination,
a subscriber’s telephone set, a telephone cir-
cuit connected thereto and extending through
a first central office and terminating at a
second central office distant from the first,
signaling means at the first office under con-
trol of the subscriber’s switchhook and
adapted upon removal of the receiver from
the switchhook to transmit ringing current
from the first to the second office over said
telephone circuit for a predetermined short

“interval of time, and upon the subsequent

o

95

replacement of the receiver upon the switch-
hook to similarly transmit ringing current
for a predetermined short interval of time
different from that first mentioned, signaling
means at the second office associated with said
telephone circuit adapted to receive and in-

‘terpret said ringing pulses received there and

to cause a distinet and unique operation of

" said signaling means at the second office for

L

each distinct length of ringing current thus

-received. -

*10. In a telephone system in combination,

- a subscriber’s telephone set, a telephone cir-

cuit connected thereto and extending through

‘a_first central office and terminating in a

second central office, means inserted in the
telephone circuit at the first office for causing

'the flow of direct current from the first office
“and over said telephone circuit through the

-49

subscriber’s set upon the removal of the re-

‘ceiver from the switchhook, a relay inserted

“in'said direct current path and operable by

o
i

said direet current, signalitig means at the
first point under control of said relay and
adapted upon the operation of said relay to
transmit ringing current over the telephone
circuit from the first to the second office for
a predetermined short interval of time, and
upon the subsequent release of said relay to
similarly transmit ringing current for a pre-

"determined short interval of time different

from that first mentioned, signaling means

- associated with said telephone circuit at the
-second office adapted to receive and interpret
“said ringing currents and to cause a distinct

@
o1

and unique operation of said signaling means
at the second office for each distinct length

-of ringing current received.

(]

. 11. In a'telephone system in combination,

a subscriber’s telephone set, a telephone cir-
cuit éonnected thereto and extending through

‘a first central office and terminating'in a sec-

ond central office distant from the first, means
inserted in said telephone circuit at the first

-1,788,519

-set.upon removal of the receiver from the

office for causing the flow of -direct current-

-over said circuit and through the subscriber’s

switchhook, a relay inserted in said direct
current path and operable by said direct cur-
rent flow, signaling means at the first office

under control of said relay, consisting of an:

interrupter for periodically opening and
closing an electrical ecircuit and a system of
relays, said signaling means being adapted
upon removal of the receiver from the switch-

hook to transmit ringing current over sald:

telephone circuit from the first to the second
office for a predetermined short interval of
time, and upoen the subsequent replacement of
the receiver upon the switchhook to similarly
transmit ringing current to the second office
for a predetermined short interval of time
different from that first mentioned, signaling
means associated with the telephone cireuit
at the second office consisting of an inter-
rupter for periodically opening and closing
an electrical cirenit and a system of relays,
said signaling means being adapted to ve-
ceive and interpret the pulses of ringing cur-
rent received from the first office and to cause
a distinet and unique operation of said sig-
naling means at the second office for each dif-
ferent length of ringing current received.
~12. A method of signaling over a telephone
circuit which consists in arranging signaling
means under control of a relay such that
operation of said relay by closing a circuit
to cause the flow of current therethrough will
cause said signaling means to transmit ring-
ing current over the telephone cireuit for a
predetermined interval of time, and npon the
subsequent release of said relay by opening
said circuit will cause said signaling means
to transmit ringing current over said tele-
phone circuit for a predetermined interval of
time different from that first mentioned, as-
sociating signaling means with the far end
of such telephone circuit such that each dis-
tinet length of ringing current received by
said signaling means over said telephone cir-
cuit will cause a distinet and unigne opera-
tion of said signaling means.

In testimony whereof, I have signed my
name to this specification this 22nd day of
March, 1928.

HENRY H. ABBOTT.
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