E. R. TAYLOR 2,302,071

SIGNALING SYSTEM

Nov. 17, 1942,

10 Sheets-Sheet 1

Filed April 23, 1941

6914 89/ £°9/4 R
9914|594 0017 | €91 | 297 | 1914 mw.
- ” _MV,
__ /9 NN
fuis . Sy
ZimML =z ] 7
]j. ]
- h N\
T | )17 Q
wxv .
— .; U |
T, 03ZI¥VI0d
Yy \Q
_Tom
o —=" :
- —
Q\n\ fDﬁ SO/ _—_.“_l
Te—x 2=
T
- v 00! R oN quu , 102
. SHOLYIIO]
04!
. m| b
(200 . 5
- . oy Go T ==
oo _MJ T o
IJ .
—t : 110

/914

AT TORNEY -




Nov. 17, 1942, E. R. TAYLOR 2,302,071

SIGNALING SYSTEM
Filed April 23, 1941 10 Sheets-Sheet 2

24/,
)
242 )
244
{
170
249
247
T
248

24%
245)

8usy
INDICATOR
)|

o8
AMR:CINAL

A3

| S

ry—
~

—1

40~

[

{

TH|IH!

(N

I
MARGINAL
20] 22))

J

ST/

7Le/

FIG.2
235
l .

232
23/
<

=
2o
MARGINAL

K_D:m—_j_—w—g‘\DTHp
N

-4

jf?ﬁéﬁv
252
T

N

_::ji_vﬁ-llth

-~

S el
N,

A WZI- i" |

250

-
20
05

+L

/6/)
/62)
[
170
164
200

" INVENTOR
£ R TAYLOR

RO Comse

ATTORNEY




2,302,071

E. R. TAYLOR

SIGNALING SYSTEM
Filed April 23, 1941

Nov. 17, 1942.

10 Sheets-Sheet 3

. : %03 = a
e d——ey = NN A
Lol | BT WEL  $9E
748 | | dwv) - ’ . <
6 52 2| see Y MM ©
: = = -y =
= - - = Yopz /E..
=] pee =
: b
o bie ‘ .F €%, N
= A.Iun 1 W 8
— 128 :
JIGH dHr H = = £
> | "2 | b, umr lﬁ_._ -
JdH M awntons 6/ - )
pos ‘soe \ccm, = uﬁﬁ .zpl. Mﬁr_ % .%
. e .
. | t +|F /L
T
Y& . 65€
L08 60€ = _ = -
) e |4 = = =  62e X
er 130 b I_m z Hy& -
248 | |'dmy| n i m = - Tow
— S8 _ 226 68 bz evg u
«AY i . o s

ll.lmbL
|M\M .\ W | W-W;% 1974 ‘ . —
- ym | v%m@m, | ‘ bz

00€ - =
0€ 9/




Nov. 17, 1942, E R TAYLOR 2,302,071

SIGNALING SYSTEM

Filed April 23, 1941 10 Sheets—Sheet 4
3 Ny ¥
'?). 3 \ 0 : E %) \;

FlG. 4
I |
I
b
il

e 2

SR2
-
==
719
il
221
|
425
a L

-~
S
g g =TT = =
h N f: —E-||| ~N
% [P I _EIII %
('t)‘/ | v 3
S A3 )
5 [H Ifil'
| 3 'll =/ |
X [s
M]3 P
e~ 18 M QK N
H S
N 1
o .
AN R
Q - A5 Q
h L ' ]
M M’ SNE B
S | ) A3 gév
id
o SN
. L [ Qeg
N ¥l a
: ol
~ INVENTOR
E.R. TAYLOR

e K O Corell.

AT TORNEY




FIG. 5

Nov. 17, 1942,

E. R. TAYLOR

SIGNALING SYSTEM

Filed April 23, 1941

2,302,071

10 Sheets-Sheet 5

> Y
© ©
© ° 1 |9] It
~ s - 8/:'&%'
‘ < ©vy
3 g |
g .
A
" Ul
1y
- o
_E{I' S ‘hﬂ' o
| o iy e o P Y
(l & x F
~ 'l
5 N
w8 3 [ﬁ
3 R <
N
Q
N
3
~
V]
~
Uy
o
@ 000 A
(Y0700
J %
—d_['0)
1
: )
s ) | N~ _,l(\r)
T ~ N
i[5 °
O
@ Q
3 Dy
— o - &
S |§,8
~ 273 R
-~
S X9 °3
INVENTOR
E R TAYLOR

RO Goetl

AT TORNEY




E. R. TAYLOR 2,302,071

SIGNALING SYSTEM

Nov. 17, 1942,

10 Sheets-Sheet 6

1941

’

Filed April 23

9 9/4

2897 ) 089 T
] a = e R
7050 'lﬂl._._.l._w 699 & &S
, »LH”, Ny
069 689 €89~ oy w489 SR QY
569 - = W_/ &
€001, s/ =0 | T _~ L/M
—o|.969 169 | ng |n.___Tﬂ o T
| \\ 4r - by
zbor Coor ||EE 7293 ! pes ?
VA
= | pm }
Le ]
&
P W= a3z19v70d EH
p— = = oL9 _
| g IMl
- coor— -
= n = J—
205 § 100/ |
- ‘ o 059 £99
| Gror {7 )
'uoll.ol OSOR, 0007 L.
ri_ 1o olor /o Tt 7
"7 o - 049
-- ——— W m%\
VOt yru—— .
w == 099
m) oeof] .
or TE - \.Obw
cl0

AT TORNEY



Nov. 17, 1942,

et ~ ~ [\ N
Ny g %:{ l ( 3 3 \'g
X R -
Ry ) !
=0
—
| H|1H
il A= R e O
L“l (L m' l=ﬂ
I ril
— . —|
N ] =GN m&g
o o —t N Ay
~ Q .
“ X
o« J5==J ===%J N S : R
7 & Q:E-IIIHI' v%’:“a—-:——t“\ =
= = [|;7. [ —T:“, = W ——
st gl () T TR
i 8 P
8 e R | |
, T — _J
sﬂ—] l'%wh
N ) v
y 2
. N N
5 £
L ! d
S AR~ | T
I' S
8
1 > ' g-«é
= 2
INVENTOR
E.R.TAVLOR
By

E. R. TAYLOR

SIGNALING SYSTEM

Filed April 23, 1941

2,302,071

10 Sheets-Sheet 7

RO Covell.

AT TORNEY




FlG. 8

Nov. 17, 1942.

E. R. TAYLOR- 2,302,071
SIGNALING SYSTEM
Filed April 23, 1941 10 Sheets-Sheet 8
< Y : :
S ¥ g L
S S —
S ST
Q
8 8
©
\ il
> V‘MI|H|'
p N .
s Q S
" 5 ' S
_‘“SMAV © —d I "M‘: IIH|
N
Q . | h
~ © T .
; 0
@ N I'L
T © ' >_
3 : i
@«
w e
Q
m YA
8 v
N f
R
~ IHi
: i
%£
[ 1o
QU Ar S
(0005) <
& FHIH)!
5-=..l||
jo)
] 4 (?;‘
\
L ad %
P L3
S o)
< NS
3 . O
1 81 Rl s S *g —
S S| SIS 3| |38
INVENTOR' '
E.RTAYLOR

BV

RE Coretl

‘AT TORNEY



E. R TAYLOR
SIGNALING SYSTEM

2,302,071’

Nov. 17, 1942.

10 Sheets-Sheet 9

£001!

200/ ~

100/

Filed April 23, 1941

6 94

R - . N
E i
i 956 A - ] Q
- Q
RT3 . ‘ = 696 % mw
)Irl\mm , 318 P NV.
2O 696 ASRICY HLN re6 5= o
»—S( ‘66 S96 066 , : NS
C il N . .
u ws | - RS
0 | B : ||._.v._ G =y
(966 S/ 286 % ___
> {1 : —
Vo) 196 246 == wm
)
{ { T
26 ‘zzs —+= |
. gy =Y
126 ]g.~ __
v v
&L6
&AM
==~ e
o/6
i or6
. D ° 96
)
L. = g
0L6
—-— . L1 296"
y———o=F a AW = 4 |
: 096
m T omm\mr 196
%\J W q

AT TORNEY



2,302,071

10 Sheets—~Sheet 10

E. R. TAYLOR

SIGNALING SYSTEM
Filed April 23, 1941

Nov. 17, 1942,

ERTAVLOR
ATTO/?NE |4

arﬁ&an&

g

S

F:

1

@
3
Wy
AN
3
¢ gy [ 2 '\ ] ] */ ™ awr [ )
HOLIFLIA| + | INLEINIT S8 ey ONILIWIT 40133430
‘.N\_SMO\_ - - e JANTON | .
el [ { { o
\\o\v A &sor 443 ,0/€
) ™ aww o . 11 & 1 awr [
Y¥OLITLI0 ONILINIT JoG Jdq ONILIWIT HOLIFTLIC
4 noed * FHTOA e 3 l el bl TV TOA ] i 1
: { {
" \f% Lop - “oe ,60¢ .
,Z Ys S
Z J74 /1074
- vy - A -
s/ %«W W MW _ /e
— H V\\] £oc

_ J _
\‘m/.. &»W | W\ ..-.NC ‘ %W . : M»ﬂﬁf—'[\u»w



Patented Nov. 17, 1942 | : | 29302?@71

UNITED STATES PATENT OFFICE

2,302,071
SIGNALING SYSTEM

Edmund R. Taylor, Mount Vernon, N. Y., assign-
or to Bell Telephone Laboratories, Incorpo-
rated, New York, N. Y., a corporation of New
York

Application April 23, 1941, Serial No. 383,836
20 Claims.  (CL 179—27)

This invention relates to signaling systems and A further feature of the invention is the pro-
particularly to telephone systems in which voice vision of means in a signal receiver adapted to
frequency currents are used for transmitting respond to signals consisting of a sequence of cur-

signals. ) rents of two different frequencies for preventing
Objects of the invention are the provision of 5 2 signal response until the current of the second
more reliable signal transmitting and receiving of the two frequencies has continued for a pre-
means in systems employing voice freguency determined interval of time, thereby preventing
signaling, the provision of a voice frequency sig- a signal operation in response to signaling cur-
nal receiver adapted to quickly respond to seizure rents transmitted through the talking connection
of the toll line with which the receiver is asso- 10 in a tandem office on connections between two
ciated, and the prevention of false operations in lines arranged for transmitting veice frequency
response to voice currents or other interfering signals of similar character.
currents. A further feature of thé invention is the pro-
This invention is an improved signaling sys- visicn of separate volume limiting amplifiers in a

tem comprising means for transmitting signals 15 signal receiver adapted to respond to signals con-
comprising current of a first frequency followed sisting of a sequence cf currents of two different

by current of a second frequency and signals frequencies, ¢ne for each frequency, to limit the
comprising current of the second frequency fol- current applied to each of the signaling relays
lowed by current of the first frequency, and ar- independent of variations of the signaling éur-
ranged to respond to such signals without re- 20 rent over the line, thereby reducing signal dis-
sponding to vocice currents or other interfering tortion. Band-pass filters are inserted between
currents. imilar signal transmitting and re- the amplifiers and the line, one for each fre-
ceiving ‘means are connected to each end of a quency, so as to reduce the possibility of opera-

toll telephons line, different peirs of frequencies _ tion of the signal relays by veice and noise cur-
being used for signaling in each direction there- 25 rents; and the limiters are of the slow recovery

over. type so as to prevent echoes of the first fre-
According to cne feature of the invention, the quency from interfering with the release of the
signal receiver is arranged to recoghize cur- relay responsive to the first current impulse of
rent of one of two signaling frequencies as a 8 signal and operation of the relay responsive
seizure signal to effect a busy marking of the ®7 to the second current impulse of the signal.
toll line without waiting for current of the A clear and complete understanding of the

other of the two frequencies and thereafter to invention will be facilitated by considering a
effect a signal response in response to current system embodying the invention and its various
of either of the two frequencies only when imme- features, one such system being represented
diately preceded by current of the other of the schematically in the drawings which form a part

-2
-t

two frequencies. cf this specification. The invention is not lim-
According to another feature of the invention, . ited in its application to the particular system
a disconnect signal comprises current of the sec- and circuit arrangements shown in the drawings
ond of the signaling frequencies followed by cur- but is applicable, generally, to any voice fre-
rent of the first of the two frequencies, the sig- 4" guency signaling or telephone system.
nal transmitter being arranged to repeat this Referring to the drawings:
signal to make certain that release of an estab- ¥Figs. 1 to 3, inclusive, show in a first toll office
lished connection is effected. The signal re- an outgoing frunk circuit OTI, a two-way trunk
ceiver is arranged to effect relecase in response _ circutt TWT2, an incoming trunk circuit ITI, .
to the first of the two disconnect signals re- “° a'tcll line circuib TLCI, a signal transmitter ST,
caived cover the line with which the receiver is and a signal receiver SR{ all associated with a
associated. If the signal receiver fails to recog- toll line T12;
nize the first disconnect signal, due for instance Figs. 4 t0 6, inclusive, show in' a tandem toll
to interference currents in the line, it may recog- coffice a toll ling circuit TLC?2, signal receiver SR2,

nize the second of the two disconnect signals. ™9 signal transmitter ST2, two-way trunk circuid
In either case, the busy marking of the toll line TWT2, outgoing trunk circuit OT2, and a selector
with ‘which the signal transmitter and receiver T82, all associated with toll line T2, and show an
are associated is maintained at both ends of the incoming trunk circuit ITE; :

toll line until the second disconnect signal is Figs. 7 to 9, inclusive, show a toll line circuit
ended. o TLC3, signal receiver SR3, signal transmitter ST3;

it
T
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two-way trunk circuit TWTE, outgoing trunk cir-
cuit OT2 and selector TS3 all associated with a
toll line T34;

Pig. 10 shows signal receivers SRI’ and SRZ’
connected to the ends of toll line Ti2, each of
the signal receivers SRI’ and SRZ’ being modi-
fications of the signal receivers SRt and SR2 of
Figs. 3 and 4; and

Fig. 11 shows the relative position in which
Tigs. 1 to 9, inclusive, ars to be placed to form an
operative arrangement.

Reference may be had to the patent to R. E.
King et al. No. 2,209,777, granted July 30, 1840,
for a detailed disclosure of the cord and opera-
tor’s position circuits provided in each of the
toll offices for interconnecting and controlling
the completion of toll calls. The outgoing trunk
circuits OT{i, CT2 and OT3, incoming trunk
circuits. I'T! and IT2, two-way trunk circuits

TWTI!, TWT2 and TWT3 and the toll roufe se- o

lector circuits TS2 and TS3 are all similar to
corresponding- circuits -in the aforementioned
King et al. patent and also-to corresponding cir-
cuits:of the copending application of J. G. Walsh,
Ser. No: 389,835, filed April 23, 1941, The toll
line-circuits TLCI, TLC2 and TLC3 and the as-
sociated- sighal transmitting and receiving cir-
cuits STi, ST2, 873, SRI, SR2 and SR3 are ar-
ranged for -voice frequency signaling over the
associated’ toll lines; whereas: in the aforemen-
tioned King et al: patent composite signaling
circuits are associated with the toll lines.

The toll line circuit TL.Cl comprises a repeat-
ing coil 3008, a directionally selective coil 383, a
sending cut-off relay 240 for disconnecting the
talking conductors 164 and 162 of the associated
trunk circuits from coil 360 when signals are
being transmitted over line Ti{2 to the tandem
cffice; ‘a repeater termination consisting of con-
denser 251 and resistor 252 for connection across
the- talking conductors while- signals are being
transmitted  to or received from the tandem of-
fice, a transformer 239 for impressing the sig-
naling potentials acress conductors 244 and 242,
and a receiving cut-off relay 259 for disconnect-
ing the talking conductors- 161 and {62 from
coil 300 while signals are incoming over line Ti2
from-the tandem office. Signaling currents in-
coming over toll line Ti2 pass through the di-

rectionally selective coil 383- to the signal re- ;

ceiver SR{. Signaling. currents outgeing over
toll line T2 from transmitter ST! also pass
through.coil 2383, the coil-and-associated resistors
881 and 382 preventing any substantial. portion
of the signaling currents outgoing from trans-
mitter STH from passing into the signal receiver
SRI.. Each-of the toll line circuits TLC2 and
TLC3 is similar to the line circuit TLCH, the
reference .characters.of like elements having the
same tens and units digits.

The signal transmitter ST{ comprises a relay
200 which receives direct-current signals which
are.to.be.converted into voice frequency signsals
for transmission cver line TI2, relays 284, 203,
267, 2089, 213, 215, 218. and 218 for effecting the
transmission. of signals consisting of an impulse
of current of frequency sl followed by current of
frequency f2 and signals consisting of current
frequency f2 followed by current of frequency 71.
The transmitter STI further comprises sources
of signaling current 23! and 232, a transformer
or repeating coil 239; busy relays 229 and 221,
and various resistors and condensers. A seizure
signal sent by transmitter STI on an oufgoing
call and an answering supervisory or QFF-HOORK

<
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signal sent by transmitter ST! on an incoming
call consist of current of frequency f¢ for about
020 second followed by current of frequency f2
for ahout .100 second; -dial impulses consist of
current of frequency 72 for about .030 second
followed by current of frequency fi for the dura-
tion of the impulse; an ON-HQOOK signal and
a rering signal are each similar to a single dial
impulse; and a disconnect signal sent by trans-
mitter STI consists of current of frequency f2
for about .G20 second followed successively by
current of frequency fl for about .600 second,
current of frequency f2 for about .100 second,
and current of frequency f! for about 1.3 sec-
onds. Each of the signal transmitters 8T2 and
ST3 is similar to the transmitter ST, the refer-
ence characters of like elements having the same
tens and units digits. Since different frequen-
cies are used for signaling in oppcsite directions,
the sources 231 and 232 of transmitter ST! gen-
erate frequencies ft and f2, respectively, and the
sources 531 and-832 of transmitter ST2 generate-
frequencies f3 and f&, respectively. For instance,
frequencies 680 cycles and 1615 cycles may be
used for transmitting signals over tell line TI2
t0 the tandem office and freguencies 850 cycles
and 1870 cycles may be used for transmitting
signals outgoing over toll line Ti2 from the tan-
dem office. The frequencies used for signaling
over toll line T84 may be similar to or different
from the frequencies used for signaling over
line T12. As shown in Fig. 8, the sources 831
and 832 of transmitter ST3 also generate poten-
tials of frequencies fI and 72, respectively.

The signal receiver SR{ comprises an amplifier
304, a filter 385 for attenuating noise, local plant
tones - and the signaling frequencies fl and 72
used for transmitting signals outgoing over toll
line T2, a. volume limiting amplifier 366, a filter
887 tuned to pass current of frequency f3, a filter
358 tuned to pass current of frequency 4, ampli-
fier detectors 329 and 319 and signal relays 3il
and 342 for responding to-siznaling current of
frequencies 73 and f4, respectively. The output
of the volume limiter 336 is somewhat in excess
of the current needed for operating each of relays
311 and 312 but is insufficient to effect the opera-
tion of either of these relays unless substantially
all of the current is of frequency 73 or substan-
tially all of frequency f4. Although the direc-
tionally selective coil 303 allows only a small por-
tion of the signal energy from transmitter ST{
to reach the signal receiver SR{, further protec-
tion against response to oufgoing signaling cur-
rents is provided by elements of filter 385 tuned
to attenuate the energy of frequenciss f{ and 72.
Relays 318, 815, 319, 324, 325, 326, 3217, 331, 332,
383, 235, 235, 537 and 339 are controlled by relays
31 and 3{2 to effect desired closures and open-
ings of a direct current signaling circuit over
conductor 179 in response to incoming signals
consisting of current of frequency j2 followed by
current of frequency f4 or ccusisting of current
of frequency f4 followed by current of frequency
3. Each of the signal receiving circuits SR4
and SR3 is similar to the receiver SR{, the refer-
ence characters of like elements having the samea
tens and units digits. The receiver SR2 is ar-
ranged to respond only to signals consisting of
current of frequency fi followed by current of
requency f2 or to signals consisting of current
of frequency f2 followed by current of frequency
fi. 'The signal receiver SR$ is arranged to re-
spond- only to signals consisting of current of
frequency 73 followed by current of frequency f4
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or to signals consisting of current of frequency
14 followed by current of frequency f32.

Further explanation of the invention will be
facilitated by describing in detail the eircuit
operations involved in calls in both directions
over toll line TI12. Assume first that an operator
in the first toll office inserts the plug P2 of a cord
CDI in jack J2 on a call ocutgoing over toll line
Ti2. Relay 104 is operated by the connection
of battery to the sleeve conductor of jack J2 and
relay 140 is operated, as described in the afore-
mentioned patent of R. E. King et al. The opera-
tion of relay 140 closes a circuit from battery
through resistor {42 and conductor {64 for oper-
ating relay 289 of the signal transmitter STH.
Relay 200 cpens the normally closed shert circuit
around relay 2{8, closes a circuit for cperating
busy relay 221, closes a short circuit around the
winding of relay 281, and closes circuits including
the inner front contact of relay 201 and windings
of relays 283 and 249. Relay 218 is slow in oper-
ating, closing its contacts within .050 second after
relay 209 operates. Relay 201 is slow in releasing
and remains operated for about .160 second dur-
ing which interval relays 283 and 243 cperate.
The operation of relay 221 connects ground to
conductor 247 to operate a busy indicator 243
asscciated with line T12 and closes a circuit for
operating relay 220 in series with relay 333 of
the signal receiver SRI. Relay 325 slso operates
and cleses a locking circuit which is independent
of relay 338. Relay 220 disconnects the winding
of relay 218 from the back contact of relay 292
and connects this contact to the winding of the
normally operated relay 215. The cperation of
relay 2485 disconnects the talking conductors 16i
and {62 of trunk circuit OTI from conductors
241 and 242 and ccil 3898, bridges the repeater
termination comprising condenser 2%{ and re-
sistor 252 across conductors {8 and 162, and
connects the right winding of transformer 238
to and through conductors 241 and 242 to coil
300. The signaling sources 231 and 232 are nor-
mally connected through conductors 235 and 23§
and back contacts of relays 2871 and 213, to
ground alb the back contacts of relays 283 and
203, thereby short-circuiting the l=ft winding of
coil 229. When relay 283 operates, it disconnects

10
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ground from conductor 235 thereby initiating

current of frequency f{ through the left winding
of coil 238 and closes a circuit for energizing the
winding of relay 287. Relay 207 is slow in oper-
ating; and, during an interval of about .20 sec-
ond before relay 287 operates, the first part of a

seizure signal is transmitted over toll line TI12:

When relay 287 operates, it connscts ground to
conductor 235 to end the signaling current of
frequency f{ and disconnects ground from con-
ductor 235 thereby initiating current, of frequency
f2 through ¢0ils: 232 and 328 and line Ti2. When
relay 218 closes ifs contacts, within .050 second
after reiay 259 operates, it connects the winding
of relay 289 to the back contact of relay 298 and
connects ground at the cuter front contact of
relay 287, through front contacts of relays 281
and 213, and through both kack contacts of relay
213 to conductor 235, in parallel with the path
to ground at the back coentact of relay 228, When
rzlay 201 releases, about .1 second afier relay 233
operates, the operating circuits of relays 283 and
249 ars cpened. The release of relay 282 opens
the cperating civeuit cf relay 237 and connsects
ground through its back contact and inner back
contact of relay 243 to conductor 235 to prevent
current of frequency fI in coil 228 after relay

50

55

3
20T releases. Relay 207 is held operated, for an
interval of about .020 second after relay 203 re-
leases, by current charging condenser 285. Relay
240 being slow in releasing, its contacts are not
restored to normal for about .020 second after
relay 281 releases. The release of relay 207 re-
connects conductor 238 to ground at the back
contact of relay 289; and the release of relay 248
disconnects coil 239 from, and reconnects talking
conductors 181 and 162 to, coil 288 and line T12.
Thus the current of frequency 72 in coil 308 and
line T2 continues for about .1 second, that is,
until relay 287 releases, or until relay 243 releases
if relay 248 releases before relay 287 releases.
The seizure signal, thus transmitted over line
Ti2 to the signsl receiver SR2 in the tandem
office, is passed through coil 489, the left wind-
ings of directionally selective coil 483, amplifier
484, and filter 495 to volume limiting amplifier
428. The energy of frequency f1 is further trans-
mitted through flter 4871 and amplifier detector
429 to energize the winding of relay 441; and the
energy of frequency 72 is transmitted through
filter 428 and amplifier detector 413 to energize
the left, operating winding of relay 4i{2. 'The
amplitude of the ouitput of amplifier 498 is lim-
ited to a value sufficient for operating relay 4it
oitly when substantially all of the current is of
frequency fl and for operating relay 412 only
when substantially all of -the current is of fre-
quency f2. Thus relays 41! and 442 will be oper-
ated in succession in response to a-seizure signal;
but these relays will seldom or never operate in
response to noise, voice or other interfaring cur-
rents having a component of frequency f! or fre-
aguency f2. The operation of relay 41§ closes cir-
cuits including the lower winding of relay 414,
back contact of relay 4!2 and front contact of
relay 444 for operating relays 414, 4i{5 and 432.
Relay 422 locks under control of relay £32, closes
a circuit from ground at the front contact of
relay 481, through the right front contact of re-
lay 832, for operatively energizing the right wind-
ing of relay 436, and connsects the ground at the
front contact of relay 434 to conductor 610 as a
seizure signal: The coperation of relay 43§ dis-
connects battery from the winding of relay 435,
to prevent the operation of battery 485 in series
with relay 529 of transmitter ST?, and conneets
ground to.conductor 547 to opsrate a busy indi-
cator 549 associated with the line Ti2. The clos-
ing of the outer left-hand contact of relay &15
renders the continued operation of this relay in-
dependent of relay 412; and the opening of the
back contact of relay 415 prevents the operation
of relays 424 and 425 while relay 415 is operated.
Relay 415 closes a circuit for operating the slow-
to-release relay 413, Relay 419 short-cirenits re-

_sistor 413 to increase the current through the

60

65

70

75

‘for operatively energizing each of these win

biasing winding of relay 412. Relavs 411, 15 and
818 release in succession when the signaling cur-
rent of frequency i ends, but relay 4!9 is held
operated by current charging condenser 417 for
8 predetermined interval of time, for instance
020 second, after relay 445 releases. The opera-
tion of relay 412, in response to the signaling cur-
rant of frequency 12, closes cireuits including the
upner winding of relay 414, back contact of relay
441, front contact of relay 412, back contast of
relay 415 and the windings of relays 425 and 421

ndings;
and, since relay 412 operates before relay 41
released,; relay 412 also closes cirguits inc

the upper winding of relay 414, back contact of
relay 415 and right front contact of relay 418 for

including




4
operatively ensrgizing the winding of relay 42§
and the upper winding of cut-off relay 558 of the
associated tcll line circuit TL.C2. At its left con-
vact, relay £2{ short-circuits resistor 413; and, at
its right contact, relay 421 connects the winding
of relay 427 and the lower winding of relay 589
in parallel with the winding of relay £i5. Relay
425 closes a-circuit for operatively energizing the
left winding of relay £2!. Relay 42§ closes a
holding circuit for its winding in parallel with
the upper winding of relay 589 so that these re-
lays remain operated, after relay 419 releases,
until relay 412 releases. Relay 588 disconnects
the talking conductors 651 and 682 from coil 439
and bridges the repeater termination consisting
of condenser 5%{ and resistor 552 across these
conductors., When the signaling current of fre-

guency f2 ends, relay 412 releases, causing the

release of relays 425, 428, £21 and 552. Relays
221 and §58 are slow in releasing, the left wind-
ing of relay 4%Z1 being operatively energized for
about .020 second by current charging condenser
423 after relay 425 releasss. The release of relay
421 disconnecis the winding of relay 427 and
lower winding of relay 539 from the front con-
tact of relay 41{; and the release of relay 588 re-
connects line T2 and coil 423 to talking con-
ductors 88( and 652.

The aforementioned operation of relay 432, in
responsz to the first part of the seizure signal,
that is, upon operation cf relay 4if in response
to the impulse of current of frequency fi, con-
nects ground at the front contact of the normally
operated relay 8314, through conductor 676, a back
contact of relay §1t8 of ocutgoing trunk circuit
O'TZ, back contacts of relays 674 and 6¥7 of the
two-way trunk circuit TWT2 to the winding of
relay §73. Relay 6§73 operates, connecting ground
te conductor 622 to mark the line Ti2 busy in
the banks of selectors having access thereto.
Thus the operation of relays 41f, 432 and 6713 in
response to. the current of frequency fi is effec-
tive to mark the toll line T12 busy in the tandem
office without waiting for the current of fre-
quency f2, thereby reducing the time interval
after seizure at one end before it is protected
against seizure at the other end. Relay 613
closes a circuit for operating relay §75 in series
with line relay 688 of the associated toll selector

TS2; this circuit is traced from ground at the ;

back contzact of relay 431 cof signal receiver SR2,
vight front contact of relay 422, conductor 678,
back contacts of relays 618 and 674, winding of
relay 875, inner upper front contact of relay 6173,
thence in simplex through the windings of refard
coil 888 of outgoing trunk circuit OT2, outer back
contacts of relay €38, outer front contacts of re-
lay 673, conductors 681 and 832, back contacts of
relay 899 of selector circuit T82, threugh resistors
8838 and 885 to resistors 687, thence through a
back contact of relay §30 to the winding of relay
§88. Relay 875 closes a circuit through resistor
8§75 for holding relay 813 and closes a circuit for
operating the slow-to-release relay 677. Relay
5§77 closes a helding circuit for relay 673 and con-
nects ground to conductor §83 to held the suc-
ceeding circuit units through which the desired
connection is extended in the tandem office until
release is effected as hereinafter described,
When the calling operator operates the dial
key (not shown) and dials the tcll route number,
and also the called local office and subscriber’s
number in case the called line is located in an
office in which dial controlled selectors are pro-
vided for completing desired connections, relay
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{48 is alternately released and reoperated under
control of the dial (not shown), the dialing cir-
cuit including conductor {82 and the upper wind-
ing cf relay £43. The release and reoperation
of relay [&0 in response to each dial impulse
causes a like releass and reoperation of relay
208. The release of relay 2080 in response to the
first impulse of each digit dialed, causes the op-
eration of relay 289, shirt-circuits the winding
of normally operated relay 215 and opens the
short circuit across the winding of relay 281.
Since relay 215 is slow in releasing, it does not
release during the response of relay 200 to dial
impulses. Relay 221 is held operated by its
right winding and relay 249 is operated by its
upper winding, both of which windings are in
prarallel with the winding of relay 288. The op-
eration of relay 248 connects coil 238 to coil 360
and the cperation of relay 289 disconnects
greund from conductor 238 thereby starting cur-
rent of frequency f2 through coils 239 and 380,
the conductors of line T2 and through coil 480.
Relay 281 is slow in operating taking longer to
operate than the sum of the intervals of time
required for operating relays 283 and 2i3 bhut
less than the minimum dial impulse. Relay 28
remains operated while all of the imrpulses in
the train are being received and until .1 second
after relay 288 reoperates at the end of the last
impulse of the train. Relay 289 also closes the
circuit for operating the slow-to-operate relay
282, The cperation of relay 248, about .020
seccnd after the operaticn of relay 283, discon-
nects ground from conductor 235 and connects
ground to conductor 238 thereby ending the cur-
rent of freguency 72 and causing current of fre-
quency fi in coils 289 and 3090, the conductors of
ine T2, and coil 482, When relay 228 reop-
erates -at the end of the first dial impulse of a
train, relay 229 releases and relay 283 oparates.
The cperation of relay 293 closes the eircuit for
cperating relay 287 and disconnects ground at
its back contact from conductor 23%; but until
relay 287 operates, this ccnducior is connected
threugh both back contacts of relay 287, front
contacts of relays 281, 218 and 213 to ground at
a front contact cof relay 2!15. The release of
relay 288 also connects ground to conductor 228
and opens the operating circuit of relay 213.

 The winding of relay 213 remains energized for

about .020 to .030 second after relay 289 releasss,
while condenser 211 is charging, thereby prevent-
ing the rclease of relay 2183 before relay 297
operates. When relay 287 cperafes, it discon-
nects ground from conductor 238 and connects
ground to conductor 235. The connection of
ground to conductor 225 ends the current of fre-
quency f{ and starts current of frequency 72 in
coils 237, 290 and 408. When relay 280 again
releases at the beginning of the second dial im-
pulse of the train, relay 288 reoperates relay 203
releases. - 'When relay 213 reoperates, about .020
second after relay 268 reoperates, ground is dis-
connected from conductor 2353, and conduetor
238 is connected to ground at the back contact
of rclay 283; and, when relay 287 releases, ccn-
ductor 288 is also connected through bo'h back
contacts of relay 207 and front contacts of relays
231 and 218 to ground at a front contact of relay

- 218, thereby again initiating current of fre-

quency 2 and terminating current of frequency
72 through coils 289,292 and 439. When relay
228 recperates at the end of the second impulse,
relays 288 and 297 operate in succession and re-
lays 2068 and 2{3 release in succession thereby
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terminating the- current of frequency f2 and
starting current of frequency sl through coils
239, 300 and 490, Hach succeeding impulse in
the train effects a like operation of relays 208,
209, 213, 203 and 213 and the transmission of
impulse signals consisting of current of frequency
72 followed by current of frequency fi. When
relay 208 remains operated at the end of the last
impulse of the train, relay 281 again releases,
and relays 293 and 297 release to terminate the
current of frequency f2 which is transmitted at
the end of the last impulse. The releass cif
relay 281 causes the release of relay 248 to re-
connect talking conductors 161 and 162 to the
line TIi2. - The outer contacts of relays 201,
297, 243 and 2!8 are provided to prevent a short
false impulse of frequency fl in cass relay 209
opens its back contact before relay 283 closes
its back contact in response to the: release of

relay 209 and to prevent a short false impuise o

of frequency f2 in case relay 203 opens its back
contact bafore relay 209 closes its back contact;

15

that is to place control of digit impulsas affer -

the first impulse of frequency 72 in relays 281
and 213 alone.

In the signal receiver SR2, the impulse of cur-
rent of frequency f2 of each dial impulse effects
the operation and release of relay 412 and the im-
pulse. of current of frequency f1 effects the opera-
tion and release of relay 4i{.
relay 412 closes circuits, including the upper wind-
ing of relay 414 and back contacts of relays 411
and 415, for operating relays 421 and 428; but,
since relay 419 is normal, relay 426 does not op-
erate,
winding of relay 42f. Relay 421 short-circuits
resistor 413 and connects the winding of relay
4271 and lower winding of relay 550 in parallel
with the winding of relay 415. When relay 412
releases and relay 411 operates, a circuit is closed
through the lower winding of relay 414, back con-
tact of relay 412 and front contact of relay 4il,
for operating relay 415, The release of relay 412
causes the release of relay 429 but relay 421 is
held operated for about .020 second after relay
425 releases by current charging condenser 423.
Since relay 411 operates before relay 421 releases,
relays 4271 and 550 are operated in ‘parallel with
relay 415. Relay 415 closes a circuit for operating

relay 419 and connects the lower winding of relay 5

414 to the front contact of relay 411 independent
of the back contact of relay 412, Relay 419
short-circuits resistor 413 and connects the wind-
ing of relay 426 to the back contact of relay 415.
Relay 421 short-circuits the right front contact of
relay 421 so as to be held operated after relay 421
releases as long as relay 411 remains operated.
Relay 4271 opens the normally closed: circuit
through the winding of relay 431, closes a. circuit
for operatively energizing the left winding of re-
lay 436, and short-circuits the winding of relay
433. Relay 433 is slow in releasing and remains
operated while relay 4271 is responding to dial
impulses. Relay 431 is held operated for about
.020 second, after relay 427 operates, by cuirent
charging condenser 429, When relay 431 re-
leases, it disconnects ground from conductor 670.
‘When relay 411 releases at the end of the current
of frequency fi, which is the end of the dial
impulse signal, relays 415 and 421 release and the
lower winding of relay 550 is deenergized. The
release of relay 427 opens the short circuit across
the winding of relay 433, deenergizes the left
winding of relay 436 and closes the circuit for

The operation of -

Relay 425 closes a circuit through the left -
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operating relay 431, The operation of relay 431 75
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about .020 second after its operating circuit is
closed, reconnects ground to conductor 670. ‘Re-
lay 412 is reoperated by the current of frequency
f2 and relay 411 is reoperated by the current of
frequency f1 of each succeeding dial impulse sig-
nal incoming over line Ti2 from the transmitter
ST, thereby effecting the alternate disconnection
of ground from conductor 670 and reconnection
of ground to this conductor in response to each
dial impulse. The current of frequency f2 follow-
ing the last impulse of a train, effects the re-
operation of relays 412, 421, 425 and 426 and holds
relays 414 and 550 operated. When the current
of frequency f2 ends, relays 412, 414, 421, 425, 426
and 550 release and no further operation of the
signal receiver occurs until the next signal is re-
ceived.

The disconnection of ground from and recon-
nection of ground to conductor 670 by the re-
sponse of relay 431 to each dial impulse sighal of
the first train incoming over line T2, causes the
release and reoperation of relay 615 of two-way
trunk circuit TWT2 and the release and reopera-
tion of relay 688 of selector TS2. Being slow in
releasing, relay 611 remains operated during the
response of relay 615 to dial impulses, The re-
sponse of relay 688 to dial impulses effects the
operation of selector TS2 to select a corresponding
level; and the brushes of selector TS2 are there-
upon automatically advanced in the selected level
to hunt for an idle set of terminals. When an
idle set:.of terminals are engaged by the brushes,
relay 630 is operated to disconnect relay 688 from
conductor 6710 and connect this conductor
through brushes 691, 692 to the line conductors
of the trunk or selector connected to the seized
set of terminals. Reference may be had to the
aforementioned King et al. patent for a complete
OlsGaGnuis 0L stacCuls wisz and 1vs operatioun,

Assuming the call to be one which is routed
through an operator’s position in the tandem
office, the selector TSZ seiects an idle set of ter-
minals such as the set. 696 thereby..connecting
conductor §10 through brushes $9t and:e42, con-
ductors 1001 and 1042, and windings; of. retard
coil 1892 of incoming trunk circuit IT2 to the
winding of line reiay 1865. The operation of re-
lay 1848, in series with relay 679 of the two-way
trunk circuit TWT2, lights an answering lamp
(not shown) to signal the operator.. When the
call is answered by insertion of a plug P3 in jack
J10, the lamp is extinguished and relay 1834 op-
erated in the manner described in the afore-
mentioned King et al. patent. The operation of
relay 1034 connects ground tc conductor 1004,
thence through brush €94 a front contact of relay
€89, normally closed contact of the eleventh ro-
tary step springs 689, and through conductor 634,
to the winding of relay 611 of two-way . trunk
circuit TWT2.. Relay €11 operates, connecting
battery through the back confact of relay 670,
back contact of relay 648 of outgoing trunk cir-
cuit OT2 and through conductor 664 to operate
relay 590 of the signal transmitting circuit ST2.
At its back contact, relay 580 opens a normally
closed short circuit across the winding of relay
518; and relay 5{8 operates within .050 second,
connecting the upper winding of relay 549, left
winding of relay 52i and winding of relay 509,
allinparallel, to the back contact of relay 560. At
its frontcontact, relay 500 closes a circuit for opera-
tively energizing the right winding of relay 521,
closesacircuitfor operating relay 503, closes a cir-
cuit for operatively energizing the lower winding
of relay 540, and short-circuits the winding of the
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‘normally operated relay 881. Relay 82} connects
ground to- conductor 547 to maintain the opera-
fion of the busy indicator B549; but, since the
relay 436 of the signal receiving circuit SR2 s op-
erated, the operation of relay 5214 is meﬁectlvg 1o
cause the operation of relay 528 in series with
relay 435 of the receiver circuit. Relay %40 Qis—
connects line Ti2 and ccil 499 from the talking
conductors §5{ and 882, connects the repeater
termination comprising condenser 581 and re-
sistor 552 across the talking conductors, and con-
nects the left winding of coil 538 to and through
conductors 544 and 542 to coll 838, Relay 881 is
slow in releasing and remains operated for about
1 second after relay 589 operates. Relay 883
closes a circuit for operating rzlay 587 and dis-
connects ground from conductor 383 to start
current of frequency f3 through coils .539 and
450, the conductois of line T12, and coil 388 of
line cireuit TLC! in the calling teil office. 38—
lay 597 is slow in operating, the actuation of its
contacts;, about .020 second after its operating
circuit is closed, being efiective to connect con-
ductor 535 to ground at the back contact of relay
569 and to disconnect ground from conductqr
525. When relay 518 operates, conductor 335 is
slso connected through both back contacts of re-
lay 548, front contacts of relays 5i3 and 84, to
ground at a front contact of relay §37. The con-
nection of ground to conductor 5§35 ends the cur-
‘rent of frequency 3 and the disconnection of
ground frorm conductor 535 starts current of fre-
‘quency f4 through coils 539 and 486, the con-
ductors of line T!2 and coil 380, When relay
501 releases, .1 second after relay 583 operates,
telay 503 releases and the lower winding of re-
lay 540 is deenergized. Relay 883 opens t-.he op-
erating circuit of relay 587 but relay 547 is h.eld
for from .020 to .030 second by current charging
condenser 585. The release of relay 549, about
020 second after the release of relay E81, discqn—
nects coil 539 from coil 488 and reconnects line
Ti2 through coil 498 to the taiking conductors
661 and 6§82. The release of relay 8817 reconnects
conductor 528 to ground at the back contact of
relay 589. The release of relay E07, or the re-
lease of relay 548, whichever occurs first, ends
the current of frequency f4 in coils 538 and 08,
the conductors of line T2 and coil 388, Thus an
answering supervisory or “QOff-hook” signal is
transmitted over line Ti2 by an impulse of cur-
rent of frequency f& for about .020 second fol-
lowed by current of frequency f4 for about .1
second.

Tn signal receiver SRi, the signaling currgnts
are passed through coils 880 and.-?ai‘;s, ampl%ger
304, filter 868, to the volume limiting amplmgr
306. The signaling energy of frequency 3 is
passed through filter 387 and amplifier detector
308 to energize the winding of relay 311; and
the energy of frequency f4 is passed thrcough ﬁl—
ter 388 and amplifier detector 2{8 to energlze
the right winding of relay 3i2. The cutput of
amplifier 885 is limited to a value sufﬁc?ent for
operating relay 31! only when substantxally. all
of the current is of frequency f3 and sufiicient
for operating relay 82 only when substantially
all of the current is of frequency fi, thereby
preventing the false cperation of either of _these
relays in response to noise, voice or other inter-
fering currents having components of one or
both .of the signaling frequencies f3 and fd.
The operation of relay &!i, in response o the
eurrent impulse of frequency f3 of the answering
supervisory signal, closes a circuit including the
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lower winding of relay 314, back contact of relay
312 and front contact of relay 3!l for cperating
relays 218 and 215, Since relay 335 is operated,
the operation of relay 3!l doss not cause the
operation of relay §22. The closing of the outer
right front contact of relay 3{3 renders the con-
tinued operation cof this relay indepsndent of
relay 312; and the opening of the back contact
of relay 2(5 prevents the operation of relays
821 and 325 while relay 315 rermains operated.
Relay 815 closes a circuit for operating relay
318. Relay 218 short-circuits resistor 3¢{3 to in-
crease the current through the biasing winding
of relay 812. Relays 314, 2315 and 219 release
in succession when the signaling current of fre-
quency /3 ends, but relay &!9 is held operated
by current charging condenser {7 for about .020
second after relay 313 releases. 'The operation
of relay 312, in response to signaling current
of frequency /4 closes circuits including the upper
winding of relay 314, back contact of relay &1,
front contact of relay 312, back contact of relay
315, and the windings of relays 325 and 321 for
operatively energizing each of these windings;
and, since relay 19 has not released, relay 3§2
also closes circuits including the upper winding
of relay 3i4, back contact of relay 31!, front
contact of relay 3£2, back contact of relay 35
and left front contact of relay 348 for operatively
energizing the winding of relay 328 and the
upper winding -of cut-oif relay 258. At its right
contact, relay 321 short-circuits resistor 213; and,
at its left contact, relay 321! connects the wind-
ing of relay 327 and the lower winding of relay
258 in pavallel with the winding of relay 8(5.
Relay 828 closes a circuit for operatively ener-
gizing the right winding of relay 321. Relay 326
closes a holding circuit for its winding in parallel
with the upper winding of relay 258 so that these
relays remain cperated, after relay 319 releases,
until relay 312 releases. At its left front contact,
relay 328 closes a circuit including . the right
front contact of relay 233 for operating relay
332. Relay 322 locks under control of relay 333
and closes a circuit including the back contact

of relay 331 and left front confact of relay 332

for operatively energizing the left winding of
relay 325. - Relay 338 does not disconnect battery
from the winding of relay 335, since relay 335
was operated upon seizure of outgoing. trunk
circuit OTI as hereinbefore descrived. Relay
250 disconnects the talking conducters {§f and
182 from coil 388 and bridges condenser 28! and
resistor 252 across these conductors. When the
signaling current of frequency f4 ceases, relay
312 releases, causing the release of relays 321,
225, 325 and 259. Relays 821 and 259 are slow
in releasing, the energization cf the right wind-
ing of relay. 32! being maintained for about
020 second after relay 225 releases by current
charging condenser $28. The release of relay
321 disconnects the winding of relay 327 from
the front contact of relay 3!f; and the release
of relay 258 reconnects line Ti2 ang coil 388 to
talking conductors 48! and {£2.

The aforementioned operation of relsy 332, in
response to signaling current of freguency f4
following signaling current of Ifrequency 73,
closes a circuit from ground at the front contact
of normally operatzsd relay 324, through con-
ductor 178, a front contact of relay 1{8 of out-
going frunk circuit OTI, and winding of relay
185, to battery. Relay {85 cperates, disconnect-
ing ground from the lower winding of relay 124
to increase the resistarce of the circuit through
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conditctor 163 and thereby effect the extinguish-
Ing of the supervisory lamp (not shown) associ-
ated with plug P2 of cord CD!, in the manner
set forth in detail in the aforementioned King
et al. patent. . ‘

When dialing is completed, relay 130 is op-
erated in the manner described in the aforemen-
tioned King et al. patent. The talking connec-
tion between outgoing trunk circuit OTi and
incoming trunk circuit IT2 includes cenductors
101 and 102, front contacts of relay (30, con-
ductors 161 and 162, back contacts of relays 259
and 249 of toll line circuit TI.C{, conductors 244
and 242, left windings of coil 333 and resistors
301 and 302, repeating ccil 808, line T2, repeat-
ing coil 400 of toll line circuit TLCZ, right wind-
ings of coil 403 and resistors 431 and 432, con-
ductors 541 and 542, back contacts c¢f relays
540 and 553, conductors 661 sng 662, back con-
tacts of relay 638 of trunk circuit- OT2, front
contacts of relay 673 of trunk circuit TW'T2, con-
ductors 681 and 682, front contacts of relay 589
of selector T'S2, brushes 691 and 692, conductors
1001 ang 1002, condensers 1856, and conductors
1041 and 1242 of incoming trunk circuit IT2.

If the answering operator disconnects cord
CD2 from jack Ji2, relay 1824 is releassd in the
manner described in the aforementioned applica-
tion of J. G. Walsh to effect the sending of an
on-hook signal to the calling operator. The re-
lease of relay 1024 disconnects ground from con-
ductor 1894 and effects the release of relays 87!
and 509. The release of relay 500 opens the short
circuit across the winding of relay 581, closes a

short circuit across the winding of relay 5i8, .

closes circuits for operating relay 509, for holding
relay 521 operated and for operatively energizing
the upper winding of relay 540. Relay 540 con-
nects coil 539 to coil 490 and connects condenser
851 and resistor 552 in series across conductors
661 and 652. The operation of relay 509 closes
the circuit through the winding of relay 513 and
disconnects ground from conductor 536 thereby
starting current of frequency f4 through coilg 532

and 400, line T12, and coil $39. About .020 sec- |
ond after relay 589 operates, relay 513 operates, °

disconnecting ground from conductor 535 to start
current of frequency f8 through coils 539, 489
and 360 and connecting ground to conductor 535

to terminate the current of frequency f4. Relay .

§01 operates within .050 second after relay 589 re-
leases thereby connecting ground at the inner
right front contact of relay 515, through front
contacts of relays §{3, 618 and 501, and through
back contacts of relay 587, to conductor 535.
When relay 518 releases, about 1.3 second after
relay 500 releases, it causes the release of relays
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509, 52( and 540. The release of relay 539 opens

the circuit of relay 513 and connects ground to
conductor 538. Relay 5{3 is held operated for
about .020 second while condenser 511 is being
charged, the release of relay 513 being effective to
reconnect ground to conductor 535 thus termi-
nating current of frequency f3 through ceil 539.
The release of relay 549, about .020 second after
relay 518 releases, disconnects coil 539 from coil
400 and reconnects line T2 through coil 463 to
conductors 66{ and 662. Thus a signal consist-
ing of current of frequency f4 followed by cur-
rent of frequency f3 is transmitted over line T2
to the receiver SRI in response to the discon-
nection of cord CD2 from jack Ji8. In receiver
SR, relay 312 operates in response to the current
of frequency f4 thereby effecting the operation

GO

-of relays 314, 321 and 325, The release of relay s
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312 2t the end of the current of frequency 74
causes the release of relays 321 and 825. The op-
eration of relay 311, in response to the current of
frequency f3, effects the operation of relays 314,
313, and also the operation cf relays 327 and. 250,
since relay 321 is held operated for about .620
second after relay 325 releases by current charg-
ing condenser 323. Relay 827 connects its wind-
ing in parallel with relay 315 so as to remain op-
erated after relay 321 releases until relay 31t
releases. The operation of relay 315 causes the
operation of relay 219; and the operation of re-
lay 821 short-circuits the winding of relay 333
and causes the release of relay 331, the release
cf relay 331 being delayed by current charging
condenser 329. Relay 331 disconnects ground
from conductor 170 to release relay 165 of .trunk
circuit: OTI. Since the current of frequency f3
continues for about 1.3 seconds, the operation
of relay 327 causes the relezse of relay 322; and
the release of relay 333 causes the release of relay
322. When relay 31! releases, at the end of
the current of frequency s3, relays 2314, 2{5 and
327 release. The release of relay 25 causes the
release of relay 3{9; and the release of relay 321
causes. the release of relay 250 and reoperation of
relay 831. Since relay 332 has released, the
reoperation of relay 331 is ineffective to reoperate
relay 105; and, therefore, the supervisory lamp
associated with plug P2 is permanently lighted.

If the calling operator wishes to recall the an-
swering operator, operation of the ringing key,
which is not shown but is associated with cord
CDI, causes a momentary rslease of relay 140
in the manner described in the aforementioned
King et al. patent. - The release and reoperation
of relay {40 causes a release and recperation of
relay 208, whereby the signal transmitter ST
operates to send a signal consisting of current of

45 Irequency f2 followed by current of frequency fi

followed by current of frequency f2 over toll lihe
T12, the same as for a single dial impulse. The
signal receiver SR responds o the rering signal
in the manner hereinbefore described for re-
sponding to a dial impulse thereby effecting a mo-
mentary opening and rsclosure of the circuit
through conductor. 679, causing the release and
reoperation of relay 815 of two-way trunk circuit
TWT2 and relay 1085 of incoming trunk circuit
IT2. The release and reoperation of relay {005
causes the flashing of the supervisory lamp (not
shown) associated with cord CD2 until the an-
swering operator answers the recall signal, all as
described in the aforementioned application of
J. G. Walsh and patent to King et al.

If the answering operator wishes to signal the
calling operator, operation of the ringing key
(not shown) of cord CD2 causes the opening of
the circuit through. conductor 1904 in the man-~
ner described in the aforementioned application
of J. G. Walsh, to cause the release and reoper-
ation of relay 611 of two-way trunk circuit TWT?2
and a corresponding release and reoperation of
relay 500 of signal transmitter ST2. The signal
transmitter ST2 is thereupon operated to trans-
mit a ringing signal consisting of current of fre-
quency f4 followed by current of frequency 3
followed by current of frequency f4, in a similar
menner to that in which the signal transmitter
STI effects the transmission of a single dial im-
pulse signal as hereinbefore described.. The sig-
nal receiver SR{ responds to the ringing signal
in similar manner to that in which the signal re-~
ceiver SR2 responds to a dial impulse signal, as
hereinbefore described, thereby opening and clos-~
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ing the circuit through conductor 17§ to effect a
momentary release of relay {65, The release of
relay 185 connects ground to the lower winding
of relay 168 to decrease the resistance in the cir-
cuit. through conductor {82 and thereky effect the
lighting of the supervisory lamp associated with
plug P2 of cord CD!{ as:described in the afore-
mentioned King et al. patent.

If the selector TS2 encounters an all-trunks-
busy condition in the selected group, closure of
the eleventh rotary step springs €89 vonnects con-
ductor 884 to interrupter 628 thersby causing
the alternate operation of relay 87! tor .5 second
and release of relay 874 for .5 sscond until the
connection is released by the calling cperator.
Each operation and release of relay §7i causes
a- corresponding operation and release of relay
589, The first operation of relay 588 effects the
transmission over line Ti2 of a signal consigting
of current of frequency f2 followed by current
of frequency f4, similar to the answering super-
visory signal, hersinbefore described; and each
succeeding release of relay 558 effects the trans-
mission over line T2 of a signal consisting of
current of frequency f4 followed by current of
frequency f3, the operations of the various re-
lays of transmitter ST2 being similar to those
of the corresponding relays of transmitter ST
to effect the transmiszion of off-hock and on-
hook signals as hereinbefore described. In re-
celver SR, each signal comprising current of
frequency f3 followed by current of freguency
74 effects operations similar to those effected in
response to an off-hook signal and each signal
comprising current of frequency 74, followed by
current of frequency 3, effects operations simi-
lar to those efiected in response to an on-hook
signal as above described. Relay {85 is thereby
alternately operated and released to flash the
supervisory lamp associated with plug P2.

When the calling operator disconnects plug P2
from jack J2 to release the connection, relay (04
releases and causes the release of relays 18, 138
and {40 as described in the aforementioned ap-
plication of J. G. Walsh. The release of relay
145 causes the release of relay 280. At its front
contact relay 280 opens the short circuit across
the winding of relay 28! and causes the deener-
gization of the left winding of relay 221. At its

back contact, relay €83 closes circults for oper- &

ating relays 2898 and 243 and for holding relay
22%. Relay 240 operates to conunect coil 238 to
toll line T12 and relay 289 operates to discon-
nect ground from conductor 236 and thus start
a current of frequency f2 through coils 239 and
300, line T12, and coil 488, Relay 289 closes the
circuit for operating relay 213; and when relay
-213 operates, about .020 second later, it discon-
nects ground from conductor 235 and ccnnects
conductor 236 to ground, thereby ending the cur-
rent -of frequency f2 and starting a current of
frequency fi through coils 239, 300 and £88.
When relay 28! reoperates, within .G650 second
after relay 208 releases, ground at the inner left
front contact of relay 215 is connected through
front contacts of relays 213, 218 and 28¢ and
back contacts of relay 287 to conductor ?288.
About .6 second after relay 289 releases, relay
215 releases due to the short-circuiting cf its
winding at the back contact of relay 288. The
release of relay 215 causes the immediate release
of relay 243 and closes a short circuiv across the
winding of relay 21§. The release of relay 2i8
disconnects ground from conductor 236 and the
release of relay 213 connects ground to conductor
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235 thereby ending the current of frequency ff
and starting current of frsguency f2 through
coils 222, 330 and 438. About .1 second after
relay 218 releases, relay 218 releases thereby con-
necting ground at the back contact of relay 288
through the front confact of relay 223, and outer
back contact of relay 218 to short-circuit the
winding of relay 2{8. The release of relay 28
causes the reoperation of relay 245 thereby effect-
ing the reoperation of relay 2¢3. The recpera-
tion of relay 245 does not cause the reoperation
of relay 213 since the winding of relay 2{8 is
short-circuited through its inner bkack contact
and the front contact of relay 229 to ground at
the back contact of relay 288. The reoperation
of relay 213 connects ground to conducter 226
and disconnects ground from conductor 288
thereby ending the current of fregquency /2 and
starting current of frequency f! through coils
239, 350 and 488. About 1.3 seconds affer the
release of relay 2£8§ closes a short circuit across
the winding of relay 218, relay 218 releases, there-
Ly causing the release of relays 288 and 224 and
the deenergization of the upper winding of relay
248, The release of relay 289 openg the circuit
through the winding of relay 2i3; and the re-
lease of relay 2i3, about .020 second later, con-
nects ground to conductor 225 to end the cur-
rent of freguency fi. The release of relay 221
disconnects ground from conductor 247 leading
to the busy indicator 249 and causes the release
of relays 228 and 335. The release of relay 240,
about .020 second after relay 218 releases, discon-
nects coil 238 from coil 388 and reconnects coil
3065 to talking conductors {81 and {62. Thus the
release of relay 280 efiects the transmission of a
disconnect signal over line Ti2 consisting of
current of frequency f2 for about .020 second,
followed by current of frequency f{ for about .6
second, followed by current of frequency f2 for
about .1 second, followed by current of frequency
ft for about 1.3 second.

The signal receiver SR2 responds to the dis-
connect signal in the following manner. The
first current impulse cf frequency f2 causes the
cperation of relays 412, £14, 42§ and 425. Since
neither of relays £i5 or 421 are operated when
the first impulse of the disconnect signal is re-
ceived, relsy 462 is more sensitive than when
dial impulses-are keing received so that this relay
is more certain to respond in case interfering
currents are present. When the first impulse cof
frequency 72 ends, relay £12 releases and relay
428 releases but relay 421 remains operated for
about .020 second. The first current impulse of
frequency f! causss the operation of relays &14,
444, 415, 427 and §53. 'The operation of relay 415
causes the operation of relay 4i8 and the oper-
ation of relay 827 causes the release of relay 431,
Relay 431 disconnects ground from conductor
870 to release relay 6§75 of two-way trunk circuit
TWTZ and relay 1088 of incoming trunk circuit
IT2. Since relay &i2 holds relays 827 operated
and relay 421 released for about .6 second, relay
§%7 of the twe-way trunk circuit TWT2 also re-
leases disconnecting ground from ccnductor €83
to cause the release-of relay €90 of selector TS2
and the return of this selector to normal as de-
scribed in the aforementioned King et al. patent.
Relay £33 releases about .5 second after its wind-
ing is short-circuited by the operation of relay
427, thus causing the release of relay 432, If
the answering operator has disconnected cord
CD2 from jack Jif and relay. 521 is normal,
ground at the back contact .of relay 82{ is.con-
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nected through conductor 545 and the back con-
tact of relay 433 to operate relay 429. Relay 439
closes a circuit for holding relay 436, maintains
the short circuit across the winding of relay 433,
and closes a short circuit around the winding of
slow-to-release relay 431. About .4 second later,
relay 431 releases, causing the release of relay
439 and preventing its own reoperation as long as
relays 433 and 521 remain released. When the
first impulse of current of freguency fl ends,
relays 411, 415, 419 and 427 release. The release
of relay 427 is ineffective to reoperate relay 433
while relay 439 is operated. 'The opsration of
relay 412 responsive to the second impulse of
current of frequency f2 holds relays 414 and 538
and operates relays 421, 425 and 426. Since re-
lay 435 is not operated, the operation of relay 428
is ineffective to cause the reoperation of relay 432.
When the second impulse of current of frequency
72 ends, relays 412, 421, 425 and 426 release. The
operation of relay 411, in response to the second
impulse of current of frequency fi and before
relay 421 releases, holds relays 414 and 559 and
operates relays 415 and 427 but is ineffective to
cause the reoperation of relay 432 because relay
433 is released. Relay 415 closes the circuit for
operating relay 419. The operation of relay 427
causes the release of relay 431 and again connects
ground to hold relay 435 operated and relay 433
released.. Since the aforementioned release of
relay 439 does not occur until after relay 431 has
reoperated, there is no opening of the short cir-
cuit around the winding of relay 423 until the
second impulse of frequency ff has ended. When
the second impulse of frequency fi ends, the re-
lease of relay 411 causes the release of relays § 4,
415, 419, 427 and 559. The release of relay 427
causes the reoperation of relay 431, the release
of relay 43% and the reoperation of relay 433;
and the cperation of relay 433 causes the reoper-
ation of relay 431, If the first impulses of cur-
rent of frequencies f2 and fl of the disconnect
signal should fail to effect release of relay 433,
the second impulses will cause the release of re-
lays 432 and 433, the operation of relay 429 and
release of relay 427. Since the final impulse of
current of frequency fI endures for ahout 1.3
second relay 437 releases and relay 439 also re-
leases before relay 427 releases. When the final
impulse ends, the release of relay 411 causes the
release of relays 414, 415, 418, 421 and 552; the
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release of relay 427 causes the reoperation of re- -

lay 431, the release of relay 436 and the reopera-
tion of relay 433; and the operation of relay 4323
causes the reoperation of relay 431.

From the foregoing description, it is to be noted
that the busy relay 221 of the signal transmitter
STI at the calling end of toll line T!2 is cperated
by the energization of one winding whenever ra-
lay 200 is released until relay 218 recperates after
sending the disconnect signal; and busy relay
336 of the signal receiver SRI at the calling end
of toll line T2 is operated whenever a signal is
being received. At the called end of toll line T2,

the busy relay 436 of signal receiver SR2 oper- ¢

ates as soon-as relay 432 operates in response to
the seizure signal and remains operated until the
release of relay £27 when the last impulse of cur-
rent of frequency fl of the disconnect signal
ends; and the busy relay 521 of signal transmitter
ST2 is operated whenever a signal is being trans-
mitted to the calling operator.

The signal receiver SR2 may be arranged to
respond to a prolonged impulse of current of fre-
quency f1 without being preceded by an impulse
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of current of frequency f2 by disconnecting con-
ductor 434 from the right front contact of relay
427 and connecting this conductor to another
front contact of relay 415; which contact con-
nects ground to conductor §34 whenever relay 415
is operated. When so modified, the continued
operation of relay &15 in response to current of
frequency fI will short circuit the winding of
relay 433 to effect the release of relays 433 and
432 and thereby open the circuit through con-
ducter 673 to cause release as above described.
When s0 arranged the recelver SR} will respond
to either a single frequency or a sequence dis-
connect signal. :

Assume next that the cail initiated by the call-
ing operator in the first toll office is one which is
routed through the tandem office to a third toll
effice, the first digit dialed effecting the operation
of selector TS2 to select a level giving sccess to
the called toll office. The terminals 695 represent
such a level in the bank of selector TS2; and,
upen selection of these terminals and cperation.
of relay 888, the helding ground connected to
conductor €83 is further connected through a
front contact of relay 688, brush £83, conductor
§23, and through the inner lower back contact
of relay 8713 of two-way trunk circuit TWT3, to
the winding of relay 874. Relay $74 operates and
locks to conductor 823 independent of relay §713.
The aforementioned operation of relay 689 also
closes a circuit for holding relay 8§15 of two-way
trunk circuit TWT2 and for operating relay 970
of two-way trunk circuit TWTS. This circuit is
traced from ground at the front contact of relay
431 of signal receiver SR2, front contact of relay
432, conductor 678, back contact of relay 648 of
outgoing trunk circuit OT2, back contact of relay
674 of two-way trunk circuit TWT?, winding of
relay 615, front contact of relay §73, windings of
retard coil €38, outer back contacts of relay €39,
outer front contacts of relay §78, conductors §81
and 682, front contacts of relay €88, brushes 681
and 6§32, conductors 82§ and €22, outer back con-
tacts of relay 913, outer back contacts of relay
§39, windings of retard coil 869, inner upper back
contact of relay §73, through the upper operating
winding of relay 870 to battery. Relay 879 closes
a_circuit for operating relay 859 of signal trans-
mitter ST3 associated with toll line T34 leading
to the called toll office. The signal transmitier
ST3 is thereupon operated to send over toll line
T34 a seizure signal consisting of current of fre-
quency fI for about .020 second followed by cur-
rent of frequency f2 for about .1 second. When
the calling operator dials the remaining digits
of the called toll route and called subscriber’s line,
the signal transmitter ST3 will be operated under
the control of relay 481 of signal receiver SR2
and relay 879 of two-way trunk circuit TWT3
to send dial impulse signals over line T34 in sim-
ilar manner to that in which the signal transmit-
ter 8T operates to transmit these impulses over
trunk Ti2 as hereinbefore described. The re-
ceiving cut-off relay 559 of toll line circuiy TLC?
and the sending cut-off relay 848 of toll line TLC3
are operated to prevent the transmission of the
dial impulse signals consisting of ctrrents of fre-
Quencies f2 and fi through the talking connec-
tion between toll lines T2 and T34.

When an answering supervisory signal con-
sisting of current of frequency 7§ followed by
current of frequency 72 is received over toll line
T34, the signal receiver SR3 responds in like

- manner $o that in which the signal receiver SR

5

responds to such a signal as hercinbefore de-
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scribed. The receiving cut-off relay 854 is op-
erated to prevent the transmission of the answer-
ing signal through the talking cennection be-
tween toll lines T34 and Ti2. The operation of
velay 732 of signal receiver SRS in response to the
answering supervisory signal connects ground to
conductor 978, thence through a back contact of
relay 10 of outgoing trunk circuit OT3, the lower
{ront contact of relay €74, conductor 924, brush
694 of selector 'TS?2, front contact of relay €68,
back contact of springs §88, conductor 884, to the
winding of relay §7i of two-way trunk circuit
TWT2. Relay €11 closes a circuit through con-
ductor 664 for operating relay 588 of the signal
transmitter ST2 and an answering signal is there-
upon - transmitted through toil line T2 to the
signal receiver SR{ in the manner hereinbefore
described.

When the answering operator in the third toll

office or called subscriber releases the connection,

the signal receiver SR3 receives an “on-hook”
signal consisting of current of frequency f4 fol-
lowed by current of frequency f3, whereby relay
131 is momentarily operated te disconnect ground
from conductor 878 and thus cause the release
and reoperation of relays 671 and 500 in succes-
sion. The release and reoperation of relay 53§
causes the signal transmitter ST2 to send over
toll line T2 a signal consisting of current of fre-
quency f4 followed by current of freguency. f8.
The operation of receiving cut-off relay 850 of
toll line circuit TLC3 prevents the “on-hook” sig-
nal from being transmitted through the talking
connection between lines T34 and T2,

Ringing signals received over toll line T34 by
receiver SR3 are repeated over toll line Ti2 to
the signal receiver SR in similar manner to that
in which “on-hook” signals are repeated as above
described; and recall signals sent over toll line
Ti2 by the signal transmitter ST| are received
by signal receiver SR2 and repeated by relays
431, 979 and 803 to effect the operation of the
signal transmitter ST8 to send a like signal over
toll line T34.

When the calling operator disconnects, a dis-
connect signal is sent by the transmitter ST
over toll line T2 to the receiver SR2. The re-
ceiving cut-off relay 553 operates to prevent the
iransmission of this signal through the talking

connection between lines TI2 and T84. The dis- :

connect signal effects the release of relays 675
and 617 of two-way trunk circuit TWT2 and re-
turn of selector TS2 to normal, as hereinbefore
described, and causes the release of relays 8713

and 874 of two-way trunk circuit TWT3 and the -

release of relay 888 of signal transmitter ST3.
The release of relay 8§08 causes the signal trans-
mitter ST3 to operate to send a disconnect signal
over toll line T34 to the signal receiver associated
with toll line T34 in the third toll office,

It should here be noted that on calls roufed
through the tandem office, all of the first fre-
quency and a part of the second frequency of a
signal in either direction is passed through the
talking connection between lines Ti2 and T34 be-
fore the cut-off relays operate to open the talking
connecticn. Referring to the signal receiver SRA,
a false signal operation in response to the part of
a signal passed through the tandem office from
toll line T34 to toll line Ti2 before the talking
connection is opened, is prevented by making
the signal relay 331 slow in releasing. Relay 314
operates, whenever either one of relays 341 or 312
operates, to disconnect the ground at its back
contact from the direct current signal receiving
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cireuit through conductor {78 leaving this cir-
cuit under the control of relay 33i. But, since
relay 331 does not release until about .020 second
after relay 327 operates, relay 314 will have re-
jeased due to the current of frequency j! being
ended by the opening of the talking connection
in the tandem office, and the connection of
ground through the back contact of relay 314 to
conductor {78 prevents a false signal operation.
To prevent impulse distortion during the receipt
of gial impulses cn an incoming call, relay 3814 is
also slow in operating so that the closing of the
direct current signaling circuit through conduc-
tor 178 is delayed for the same interval that the
opening of this circuit is delayed. In case there
is sufficient distortion of the impulses in the voice
frequency signaling circuits to require impulse
correction, an impulse connecting repeater may
be substituted for relay 23{, the delay inherent
in such a repeater being effective to prevent false
operation in response to partial signals passed
through the talking connection in a tandem office
before this connection is opened.

Calls incoming over toll line T34 {o the tandem
office are completed to an answering operator in
the tandem office or to a toll line T{2 {o the first
tell office in similar manner to that in which like
calls originating in the first toll office are com-
pleted, as hereinbefore described. The lines Ti2
and T84 may also be seized by an operator in
the tandem office on outgoing calls in which case
the associated outgoing trunk, two-way trunk,
signal transmitter and signal receiver circuits
function in similar manner to that of the corre-
sponding circuits on calls from an operator in the
first toll office as hereinbefore described.

When a common volume limiting amplifier is
used for both signaling frequencies, as in signal
receiver SR! and SR2 above described, the
limiter aids in preventing a signal operation in
response to voice and noise currents and is also
effective at the time the signaling current is
changed from one signaling frequency to the
other to aid the release of the relay operated by

5 the first frequency. If, however, echoes of the

first frequency are received at a relatively high
level with respect to the signaling current of the
second frequency, the relay responsive to the
first frequency may be held operated and the op-
eration of the relay responsive to the second fre-
quency may be delayed long enocugh to prevent a
signal response. A high level of noise may also
cause failure to respond to either cr both of the
currents which constitute a signal. One method
of avoiding these difficulties is to provide sep-
arate volume limiting amplifiers for each fre-
quency as shown in Fig. 10. In this figure the
toll line Ti2 is shown with signal receiver SRIi’
and SR2’ connected thereto, these receivers be-
ing similar to the signal receivers SR{ and SR2
of Figs. 3 and 4 except that separate volume lim-
iting amplifiers 399, 316’, 489’ and 419’ are pro-
vided. 'The band-pass filters 307 and 308 and 497
and 488 are the same as those of like designation
in receivers SR{ and SR2; and the signal relays
24, 312, €i! and €12 and the cther relays (not
shown) are identical with corresponding relays
in receivers SR! and SR2. Each of the ampli-
fiers 309’, 3i8’, 489’ and 418’ may be of the type
disclosed in the patent to N. Bishop No. 1,863,895
of June 21, 1932, and in the patent to G. T.
Lorance No. 1,654,085 of December 27, 1927, or of
the type disclosed in the patent to E. Peterson
No. 1,830,240 of November 3, 1931.

Referring to the receiver SRI’, the band-pass
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filter 307 passes only current of frequency. f3
and the band-pass filter 308 passes only current
of frequency 74. Each of the amplifiers 309’ and
310" limits the current input to the associated
signal relay to a constant value irrespective of
variation in the level of the signaling current in-
coming over the line, thereby reducing signal dis-
tortion. The limiters are -of the slow recovery
type so that the gain of the amplifier increases
slowly, thereby preventing the holding of the sig-
naling relay 311 or 312, after the signaling cur-
rent ends. The band-pass filters 307 and 308 are
located between the line and the individual lim-
iters in order that line noises, oppositely directed
signals and local plant tones will not affect the
volume control or relay action.

While not shown in the drawings, selectors
may be provided in the first toll office; and addi-
tional selectors may be provided in the tandem
office to route incoming ealls to incoming trunks,
switching trunks to local offices, and toll lines
to other offices, ag required.

What is claimed is:

1. In combination, a line,-a signal transmitter
connected to one end of said line, a signal re-
ceiver connected to the other end of said line,
said transmitter adapted to transmit signals,
each of said signals consisting of current of one
of two signaling frequencies fellowed by current
of the other of said frequencies, said receiver
comprising a first relay, means responsive only
to current of one of said frequencies for operat-
ing said relay, a second relay, means responsive
only to current of the other of said frequencies

for operating said second relay, a signal circuit, 3

means responsive to an operation of said first
relay for closing said signaling circuit, and means
thereafter responsive to the operation of said
first relay only within a predetermined interval
of time subsequent to the operation of said sec-
ond relay for controlling said signaling circuit.
2. In combination, a line, a signal transmitter
connected to one end of said line, a signal re-
ceiver connected to the other end of said line,
said transmitter adapted to transmit signals con-
sisting of current of one of two signaling fre-
quencies followed by current of the other of said
frequencies, said receiver comprising a first relay,
means responsive only to current of cne of said

frequencies for operating said relay, a second &

relay, means responsive only to current of the
other of said frequencies for operating said sec-
ond relay, a signal circuit, means for marking
said line busy, and means responsive to an op-
eration of said first relay for closing said signal-
ing circuit and for operating said busy marking
means, and means thereafter responsive to the
operation of said first relay only within a pre-
determined interval of time subsequent to the
operation of said second relay for controlling said
signaling circuit. .

" 3. A signal receiver connected to a line for re-
sponding to signals consisting of current of either
one of two signaling frequencies followed by cur-
rent of the other of said frequencies, said re-
ceiver comprising a first relay, means responsive
only to current of one of said frequencies for
operating said first relay, a second relay, means
responsive only to current of the other of said
Irequencies for operating said second relay, a
signaling circuit, means responsive to an opera-
tion of said first relay for closing said signaling
circuit, and means responsive to a succeeding op-

eration of said first relay within a predetermined 7
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interval of time after the operation of said sec-
ond relay for opening said signaling circuit,

4. In a signaling system, a line, a signal re-
lay, means including relays responsive to each
operation of said signal relay for transmitting
a signal consisting of current of one frequency
for a predetermined interval of time followed by
current of another  frequency over said line,
means including relays responsive to each release
of said signal relay for transmitting 2 signal con-
sisting of current of said other frequency for a
predetermined interval of time followed by cur-
rent of said one frequency, and means including
relays responsive to the continued release of said
signal relay for more than a- predetermined in-
terval of time for ending th= current of said
one frequency and for repeating the signal.

5. In a signaling system, a line, a signal re-
lay, means including relays responsive to each
operation of said signal relay for transmitting a
signal consisting of current.of one frequency for
a predetermined interval of time followed by
current of another frequency over said line,
means for ending the current of said other fre-
quency at the end of a predetermined interval
of time, means including relays responsive to
each release of said signal relay for transmitting
a signal consisting of current of said other fre-
quency for a predetermined interval of time fol-
lowed by current of said one frequency, and
means including relays responsive to the con-
tinued release of said signal relay for more than
a predetermined interval of time for ending the .
current of said cne frequency and for repeating
the signal. '

6. In a signaling system, a line, a signal relay,
means including. relays responsive to each op-
eration of said signal relay for transmitting a
signal consisting of current of one frequency for
a predetermined interval of time followed by cur-
rent of another frequency over said line, means
for ending the current of said other frequency
at the end of a predetermined interval of time,
means including relays responsive to each release
of said signal relay for transmitting a signal con-
sisting of current of said other frequency for a
bredetermined interval of time followed by cur-
rent of said one frequency, and means including
relays responsive to the continued release of said
signal relay for more than a predetermined in-
terval of time for ending the current of said one
frequency for thereupon initiating a current of
said other frequency, for ending the current of
said other frequency after a predetermined in-
terval of time, for thereupon starting a current
of said one frequency, and for ending the cur-
rent of said one frequency at the end of 3 pre-
determined interval of time.

7. In a signaling system, a line, a signal re-
ldy, means including relays responsive to each
operation of said signal relay for transmitting a
signal consisting of current of one frequency for
a predetermined interval of time followed by cur-
rent of another frequency over said line, means
for ending the current of said other frequency
at the end of a predetermined interval of time,
means including relays responsive tg each release
of said signal relay for transmitting a signal con-
sisting of current of said other frequency for a
predetermined interval of time followed by cur-
rent of said one frequency, and meansg including
relays responsive to the continued release of said
signal relay for more than a pbredetermined in-
terval of time for ending the current of said one
frequency for thereupon initiating a current of
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said other frequency, for ending the current of
said other frequency after a predetermined in-
terval of time, for thereupon starting a current
of said one frequency, and for ending the cur-
rent of said one frequency at the end of a pre-
determined interval of time, each of the two last-
mentioned predetermined intervals of time heing
greater than the first two mentioned predeter-
mined intervals of time relating to the signal
transmitted in response to the release of said
signal relay.

8. A signal receiver connected to a line for re-
sponding to signals consisting of current of either
one of two signaling frequencies followed by cur-
rent of the other of said frequencies, said receiv-
er comprising & first relay, means responsive only
{o current of one of said frequencies for operat-
ing said first relay, a second relay, means re-
sponsive only to current of the other of said fre-
quencies for operating said second relay, & sig-
naling circuit, means responsive to an operation
of said second relay within a predetermined in-
terval of time after the release of said first relay
for closing said signaling circuit, means respon-
sive to an operation of said first relay within a
predetermined interval of time after the release
of said second relay for opening said signaling
circuit, and means efiective a predetermined in-
terval of time after the opening of said circuit
for preventing the closing of said circuit respon-
sive to an operation of said second relay follow-
ing an operation of said first relay.

9. A signal receiver connected to a line for re-
sponding to signals consisting of current of
either one of two signaling frequencies followed
by current of the other of said frequencies, said
receiver comprising a first relay, means respon-
sive only to current of one of said frequencies for
operating said first relay, a second relay, means
responsive only to current of the other of said
frequencies for operating said second relay, a
signaling circuif, means repsonsive to an opera-
tion of said first relay for closing said signaling
circuit, means responsive to each succeeding mo-
mentary operation of said first relay within a
predetermined interval of time after an opera-
tion of said second relay for opening and closing
said signaling circuit, and means responsive to
the operation of said first relay within a prede-

termined interval of time after the operaticn of 3

said second relay and the continued operation o
said first relay for more than a predetermined
interval of time for preventing for a predeter-
mined interval of time the closing of said circuit
responsive to an operation of said second relay
following the operation of said first relay.

10. In a signaling system, a line, a signal trans-
mitter connected to cne end of said line, & signal
receiver connected $o the other end cof said line,
a signal relay controlling the operation of said
transmitter, a signaling circuit controlled by said
receiver, said transmitter comprising means in-
cluding relays responsive to each operation of
said signal relay for transmitting over s2id line
a seizure signal consisting of current cof a first
one of two signaling frequencies for a predeter-
mined interval of time followed by current of the
second of said freguencies, means for terminat-
ing the current of said first frequency after said
signal relay hias remained operated for a prede-
termined interval, means including relays re-
sponsive to each momentary release of said sig-
nal relay for transmitting a signal consisting of
current of said second frequency for a prede-
termined interval of time followed by current of
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said first frequency until said signal relay reop-
erates, means including relays responsive to the
continued release cof said signal relay for trans-
mitting a disconnect signal consisting of current
of zaid second frequency for a predetermined in-
terval of time followed by current of said first
frequency for a longer predetermined interval of
time, followed by current of said second fre-
qguency for a predetermined interval of time
longer than the first impulse of current of said
second frequency, followed by current of said
first frequency for a predetermined interval of
time longer ‘than the first impulse of sald first
requency, sald receiver comprising a first relay,
means responsive only to current of said first
frequency for operating said first relay, & second
relay, means responsive only to current of said
second frequency for operating said second re-
lay, means responsive to the cperation of said
first relay in response to the current of said first
frequency of said seizure signal for closing said
signaling circuit without waiting for the opera-
tion of said second relay in response to the cur-
rent of said second frequency, means responsive
to the coperation of said first relay within & pre-
determined interval following & release of said
second relay for opening said signaling circuit
until said first relay releases, means responsive
to the cperation of said first relay within a pre-
determined interval of time after an cperation of
said second relay in response to the first impulse
of current of said first frequency of said discon-
nect signal for opening said signaling circuit and
for holding said circuit open while said first im-
pulse of current of said first frequency continues,
means rendered effective before said first relay
releases for preventing the closing of said signal-
ing circuit upon operation of said second relay
in response to the second impulse of said second
freguency of sald disconnect signal, and means
effective a predetermined interval of time after
the release of said first relay at the end of the
second impulse of current of said first frequency
of the disconnect signal for rendering a succeed-
ing cperation of said first relay effective to close
said signaling circuit.

11. In a telephone system, a two-way trunk
line, a signal receiver and a signal transmitter
individually asscciated with each end of said line,
the signal receiver at one end of said line adapted
to respond to signals consisting of current of a
first voice frequency followed by current of a
second voice frequency and to signals consisting
of current of said second frequency followed by
current of said first frequency, the signal trans-
mitter at said one end adapted to transmit sig-
nals consisting of current of a third voice fre-
quency followed by current of a fourth voice
frequency and signals consisting of current of
said fourth frequency followed by current of said
third frequency, the signal receiver at the other
end of said line adapted to respond to signals
consisting of current of said third frequency
followed by current of said fourth frequency and
to signals consisting of current of said fourth
frequency followed by current of said third fre-
quency, the signal transmitter at said other end
of said line adapted to transmit signals consist-
ing of current of said first frequency followed by
current of said second freguency and sigpals
consisting of current of said second freduency
followed by current of said first frequency, an-
other trunk line having like signal receivers and
transmitters associated therewith, means con-
necting said lines for conversation, means at each
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end of each of said lines for opening the talking
connection over the associated line while a sig~
nal is being transmitted or received thereover,
means responsive to a signal received over one
of said lines for transmitting a corresponding
signal over the other of said lines, and means in
each of said receivers for preventing a signal re-
sponse until the current of the second freguency
of a signal has continued for a predetermined
interval of time.

12. In a telephone system, a two-way trunk

line, a signal receiver and a signal transmitter
individually associated with each end of said
line, the signal receiver at one end of said line
adapted to respond to signals consisting of cur-
rent of a first voice frequency followed by cur-
rent of a second voice frequency and to signals
consisting of current of said second frequency
followed by current of said first frequency, the
signal transmitter at said one end adapted to
transmit signals consisting of current of a third
_ voice frequency followed by current of a fourth
voice frequency and signals consisting of current
of said fourth frequency followed by current of
said third frequency, the signal receiver at the
other end of said line adapted to respond to
signals consisting of current of said third fre-
quency followed by current of said fourth fre-
quency and to signals consisting of current of
said fourth frequency followed by current of said
third frequency, the signal transmitter at said
other end of said line adapted to transmit signals
consisting of current of said first frequency fol-
lowed by current of said second frequency and
signals consisting of current of said second fre-
quency followed by current of said first frequency,
another trunk line having like signal receivers
and transmitters associated therewith, means
connecting said lines for conversation, means at
each end of each of said lines for opening the
talking connection over the associated line while
a signal is being transmitted or received there-
over, means responsive to a signal received over
one of said lines for transmitting a correspond-
ing signal over the other of said lines, and means
in: each of said receivers for delaying the signal
response for a predetermined interval after the
beginning of current of the second frequency of
an incoming signal.
.. 13. A signal receiver adapted to respond to
signals, each of said signals consisting of current
of either one of two frequencies followed by cur-
rent of the other of said two frequencies, said
receiver comprising a first relay, means respon-
sive only to current of a first one of said fre-
quencies for operating said first relay, a second
relay, means responsive only to current of the
second of sald frequencies for operating said
second relay, a. signal circuit, means responsive
to.an operation of said first relay for closing said
circuit, a third relay, the operation of said third
relay being effective to open said circuit, and
means for operating said third relay only in re-
sponse to the successive operation of said second
and first relays in the order named.

14. A signal receiver adapted to respond to
signals consisting of current of either one of two
frequencies followed by current of the other of
the two frequencies, said receiver comprising a
first relay, means responsive only to current of
a first one of said frequencies for operating said
first relay, a second relay, means responsive only
to current of the second of said frequencies for
operating said second relay, a signal circuit,
weans including a third relay responsive to the
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operation of said second relay followed by the
operation of said first relay for opening said
circuit, and means for delaying the opening of
said circuit for a predetermined -interval of time
after the operation of said third relay.

15, A signal receiver adapted to respond to sig-
nals consisting of current of either one of two
frequencies followed by current of the other of
the two. frequencies, said receiver comprising a
first relay, means responsive only to current of a
first one of said frequencies for operating said
first relay, a second relay, means responsive only
to current of the second of said frequencies for
operating said second relay, a signal cireuit,
means -including a third relay responsive to the
operation of said second relay followed by the
operation of said first relay for opening said cir-
cuit, and means comprising g slow-to-release re-
lay for delaying the opening of said circuit for a
predetermined interval of time after the opera-
tion of said third relay.

16. In a signaling system, a signal receiver
adapted to respond to signals consisting of cur-
rent of a first voice frequency followed by current
cf a second voice frequency and to signals con-
sisting of current of said second frequency fol-
lowed by current of said first frequency, a first
relay, means responsive only to current of said
first frequency for operating said first relay, a
second relay, means responsive only to current
of said second frequency for operating said sec-
ond relay, a signal circuit, means responsive to
the operation of said second relay following the
operation of said first relay for closing said cir-
cult, means responsive to the operation of said
first relay following the operation of sald second
relay for opening said circuit, and means effec-
tive in response to the operation of either of said
first and second relays for decreasing the sensi-
tivity of said second relay. = :

17.In a signaling system, a signal receiver
adapted to respond to signals consisting of cur-
rent of a first voice frequency foliowed by cur-
rent of a second voice frequency and to signals
consisting of current of said second frequency
foillowed by current of said first frequency, a first
relay, means responsive oniy to current of said
first frequency for operating said first relay, a
second relay, means responsive only to current
of said second frequency for operating said sec-
ond relay, a signal circuit, means responsive to
the operation of said second relay following the .
operation of said first relay for clesing said cir-
cuit, means responsive to the operation of said
first relay following the operation of said second
reiay for opening said circuit, and means effec-
tive in response to the operation of said first re-
lay for decreasing the sensitivity of said second
relay and maintaining said decreased ‘sensitivity
for a predetermined interval atter said first relay
releases.

18. In a signaling system, a signal receiver
adapted to respond to signals consisting of cur-
rent of a first voice frequency followed by current
of a second voice frequency and to signals con-
sisting of current of said second frequency. fol-
lowed by current of said first frequency, a first
relay, means responsive only to current of said
first frequency for operating said first relay, a
second relay, means responsive only to current.of
said second frequency for operating said second
relay, a signal circuit, means responsive to the
operation of said second relay following the op-
eration of said first relay for closing said circuit,
means responsive to the operation of said first
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relay following the cperation of sald second relay
for opening said circuit, and means effective in
response to the operation of said second relay for
decreasing the sensitivity of said second relay and
maintaining said decreased sensitivity for a pre-
determined interval after said second relay re-
leases:

19. In ‘a signaling system, a two-way trunk
line, means at each end of said line for seizing
the line on an out-going call, a signal receiver
and signal transmitter individually associated
with ‘each end of said line, the transmitter at
one end of said line adapted to transmit and the
receiver af the other end adapted to respond fo
signals consisting of current of a first voice fre-
quency followed by current of a second voice
frequency and signals consisting of current of
gaid second frequency followed by current of said
first frequency, the transmitter at said other end
of said line adapted to transmit and the receiver
at said one end adapted to respond to signals con-
sisting of current of a third voice frequency fol-
lowed by current of a fourth voice frequency and
signals consisting of current of said fourth fre-
quency followed by current of said third fre-
quency, each cf said receivers comprising a first
relay, means responsive cnly to current of one
of the two frequencies used for signals incoming
to -the receiver for operating said first relay, a
second relay, means responsive only to current of
the other of the two frequencies used for signals
incoming to the receiver for operating said sec-
ond relay, a- first signal circuit at each end of
said line, a second signal circuit at each end of
said line, means at each end of said line for con-
trolling the associated transmitter to send seizure,
dial impulse, ringing, and disconnect signals over
said line cn- outgoing calls, means at each end
of said-line for controlling the agsociated trans-
mitter to send answering supervisory, ringing and
busy -signals over said line cn incoming calls,
means in each of said receivers for marking said
trunk busy end for clesing said first one of the
associated signal circuits in response to the initial
operation of said first relay of the receiver on an
incoming call without waiting for the operation
of the second relay of the receiver, means in each
of said receivers effective after the closing of the
associated first one of said signal circuits on an
incoming call to cpen said first signal circuit only
in response to the operation of said first relay of
the receiver within a predetermined interval of
time fellowing an operation of said second relay
of the receiver.

20. In a signaling system according to claim 18,
means at each end of said line for marking said
Jine busy upcn seizure cn an outgoing call and
for rendering the receiver at the seized end effec~
tive to close the second of the associated signal
circuits only in response to an operation of said
second relay of the receiver following an oper-
ation of said first relay.

21.-In a signaling system, a two-way trunk
line, a signal receiver agsociated with one end of
said line and adapted to respond to signals in-
coming over said line cn calls in either direction,
said signals consisting of current of either one of
two signaling fregquencies followed by current of
the other of the signaling frequencies, means at
said-end of said line for seizing said line on an
outgoing call, o signal transmitter at said line of
said line for transmitting signals over said line
on calls in either direction, said receiver -compris-
ing ‘g first relay, means for operating -said first
relay-only-in response to current of a first one of
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said freguencies, a second-relay, and means for
operatin second relay only in response to
current of the second of-said frequencies, a sighal
circuit controiled by said receiver on an incoming
call, a signal circuit controlled by said receiver on
an outgoing call, means for closing the first-men-
tioned signal circuit in response to an initial
operation of said first relay on an incoming call
without waiting for an operation of said szcond

relay, means rendered effective upon operation of
swd transmitter to send a séizure signal over said
line to enable the closure of said second signal
circuit only in response to the operation of said
second relay within a predetermined interval of
time afler an operation cof said first relay.

22.In a *gq’wl'rlﬂ system, a two-way trunk
line, & signal receiver associated with one end of
said line and adapted to respond to signals in-
coming cover said line on calls in either direction,
said signals consisting of current of either one of
two si mah% freguencies followed by current of
the other of the signaling frequencies, means at
said end of said line for seizing said line on an
outgoing call, a signal transmitter at said end of
said line for transmitting signals over said line
on ealis in either direction, said receiver compris-
ing a first relay, means for operating said first
relay only in response to current of a first one
of said freguencies, a second relay, and means for
operating said second relay only in response to
current of the second of said freguencies, a signal
conductor, means for closing a circuit over said
conducior in respense to the initial operation of
said first relay on an incoming call without wait-
ing for an cperation of said second relay, and
means for preventing the closure of a circuit over
said conductor in response to the initial operation
of said first relay on an outgoing call.

23. In a signaling system, a two-way trunk
line, a signal receiver associated with one end of
said Line and adapted to-respond to signals in-
coming over said line on calls in either direction,
said signals consisting 6f current of either one of
two signaling frequencies followed by current of
the other of the signaling frequencies, means at
said end of said line for seizing said line on'an
outgoing call, a signal transmitter at said end of
said line for transmitting signals over said line
on calls in either direction, said receiver compris=
ing a first relay, means for operating said first
relay only in response to current of a first one of
said frequencies, a second relay, and means for
operating said second relay only In response to
current of the second of said frequencies, a signal
conductor, means for closing a circuit over said
conductor in response to the initial operation of
said first relay on an incoming call without wait=-
ing for on operation of said second relay, means
for preventing the closure of a circuit over said
conguctor in response to the initial operation of
said first relay on an outgoing call, and means
for closing a circuit over said conductor on an
outgoing call in response to the operation of said
second relay within a predetermined interval. of

ime after the operation of said first relay.

924. In a signal receiver according to claim 13,
means for maintaining the closure of said circuit
while neither of said first and second relays is
operated. ’

25. In a signal receiver according to claim 14,
means for maintaining the closure of said circuit
while both of said first and second relays are nor-
mal, -
26. In a signal i réceiver-according to claim 14,
o -fourth relay, said fourth relay having a cons
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tact for maintaining the closure of said circuit
while neither of said first and second relays is
operated, and means for operating said fourth
relay whenever either one of szid first and sec-
ond relays is operated.

27. A signal receiver adapted to respond to sig-
nals consisting of current of either one of two
signaling frequencies followed by current of the
other of the two frequencies, means responsive
only to current of a first one of said frequencies
for operating said first relay, a second relay,
means responsive only to current of the second
of said frequencies for operating said second re-
lay, a signal circuit, means comprising a third
relay responsive to an operation of said first re-
lay for closing said circuit and for maintaining
the closure of said circuit after said first relay
releases, means responsive to an operation of said
second relay followed by an operation of said first
relay for opening said circuit, and means effective
while neither one of said first and second relays
is operated for maintaining the closure of said
circuit.

28. The method of preventing signal distortion
and signal failures in a communication system in
which signals are transmitted by a sequence of
impulses of current of different frequencies by
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passing to each of two signaling branches cur-
rent of only one of the signaling frequencies, and
limiting the current in each branch to a prede~
termined value independent of variations in the
level of the current impulses.

28, A signal receiver adapted to respond to
signals consisting of current of either one of two
signaling frequencies followed by current of the
other of said frequencies, a first signal relay, said
first relay for responding cnly to current of a
first one of said frequencies, a second signal relay,
said second relay for responding only to current
of the second of said frequencies, means compris-
ing a band-pass filter tuned to said first fre-
quency and a volume limiting amplifier in series
in the order named for applying signaling energy
of said first frequency to said first relay, and a
band-pass filter tuned to said second frequency
and a volume limiting amplifier in series in the
order named for applying signaling energy of said
second frequency to said second relay.

30. A signal receiver according to claim 29,
said velume limiting amplifiers being of the slow-
recovery type, so as to prevent echoes of the first
signaling frequency from interfering with re-
spense to the signal.
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