1,932,235

9 Sheets-Sheet 1

TELEPHONE SYSTEM
Filed July 13, 1831

H. H. SMITH ET AL

Oct. 24, 1933.

LESS

G6/y_ _ — ) "
T Ve 2 Pl y T. =
..W L8/ . — £#__ mw\v aats womitfd Mwu\ .m_._..mw
y = L6/ 74 La/ s el -
%W Tt ulmw& % on 5 JIH nHw 2
2
§§:\N = — e 7= e B i
il F7o £E/ = K774 e L
; =2 e oz, S i be
&/ £8/ l[»\lkk\ [otwma\ s 14T WJ
-RW\.. T_. — > o
W5 H\Hmmw e : B 17| WO Gy 921 éor N
i {12 H .
+ 6er. w\\
£t | | @ﬁ Ed : m\ 1
86/ | gzis-om1152/ m 00/
W s/ ¥ Wr&llllfrl«n
55/ 0| | 2ol . I,
dlv = — Vg7 BoTR
: gery —
oy A L0/
261~ 98/
/- 90/}
74 .
LI~ o k2 v &l go/
Tir 65/~ 7% o
(774 ML AGNE < ﬂ
“ a316 102 7zl INGL
- V\\\ T0d
JHlq 70/ —
: wwaﬁw-/m.Q\ — Y, mmwomj\owm
4 al 3 v 7 = —flea
7 Hrwde ) S > m £ m\, od
iNQ.Io“ﬂI« E
69/ 2 _ ! 96/
7 _ : N7 ] mm\\
7 %;wﬂﬂu.'lﬁ \\w\ o5/ EE] _ L|
t DR WA ; ! i 1\ 100
&/ A O ”
/ mo L HNVE 138 7704 __.%



1,932,235

H. H. SMITH ET AL

Oct. 24, 1933.

TELEPHONE SYSTEM

9 Sheets-Sheet 2

Filed July 13, 1931

8

b

e

0FTHE——

160~ T 4185

ry

o052 o

605

red

e/ §0g L

| 682 | %¢

T

¥

[icks

.[TL'IJ'EH or§———

Howrard H Statih

John

4
-

00, STLS-OML
Y
<50z
|
v I

O o
0?6 gz~ 928 4—oir 2 e
[E7
Lee ) m&wmﬁnr X o
292" P g
922" 1 ¥

= .Trm

£



1,932,235

H. H. SMITH ET AL

TELEPHONE SYSTEM

Oct. 24, 1833.

9 Sheets-Sheet 3

Filed July 13, 1931

HLIMS INIT
Vreer

w v [ 1Rt ------ 895 .
i “.NHWQMMM 68 MNN. —.Mwwm. m\\ Ev—m.lrnn.
e T Bl
bk e 7] ) %, =< ore me
= m
..... Luwl--nu LG 698 %ﬁ H%@WHﬂm ﬂH s s &
# 69 6hE: : h 1 .m.__./a_
296 [ i 22 8/ d
Vo -2
23 5 eH
S/ R ||.V.M~.I--I ey | | b EEert
NMM £ boxy 98" G Jre
0%¢, 147 <A -
Vst = e e e = ] A} ;
Wum.m ) mwl \“&. £9%
Io IS : 101 L
IL
E : b
L2E = ,
wv @ = &o 9/
T £
e meumlL Gog’
oo POE
! .._._w_T‘..J L0g™
pee) 1 \eg| |9 I 60F , rl
\Mw 618 L» 5 | we e 1hn wr| o
% ﬁ = 96 | 716 ngl
— 208—, ? e 7
o 1067~

191




20

Oct. 24, 1933.

H. H. SMITH ET AL
TELEPHONE SYSTEM

Filed July 13, 1931

1,932,235

9 Sheets-Sheet 4

\‘3 9 N
N
{ I
15 N 00000
<t
s 3
4 \t #‘

e IS N &‘_‘_} ~»
M H 3
T L os |||t

5?1_1\7‘ ) & .
S |3 ¥ N
¢
Kl
2 N
X A3
= ]
3 N
A
I =
S Lo T
N
O ‘ ©
|\ N < Nt
Vis E |
i zg
Y
= [LLD
N 00000—
N
&—W\A‘V\l\/
S
B <
R
S
[ATEninrs—
Howard H. Bmath
John Inficks

Attm.



1,932,235

H. H. SMITH ET AL
TELEPHONE SYSTEM

Oct. 24, 1933.

‘NI

\ 166 . . 1e V
; 975, =
3 o m
ot geey s o2l (.M L6 Nm.lm
25— 760 &1 vlo.__. o .5
i m— o A
* i T e MW [ mwwn "_m_
syl lEE
3 0T
o e 7 i lq,.aww__ oL T a7
1] [a ]
AT % get |
—8] 9224, 608°=
g#5 75 "o e g2
. EAM _
o == Q_ 9%¢ mum\ I
3 3 _. T MHRH \ﬁ% T i %’
- I U
et 275 | vve| 6ES m.m,.ﬂu wzi5-oms” 56| G e 005
> 7 | [t
3 5 org| | ot I3pgs 805"
¢ ¥
S =t
. s 2 o 7 o8
9764 e
‘ v g5y
wlr
INOL ASNF Zoc
dILS Lo ﬂ\-\\ﬁ NQ\M\:
e %@
o —1 4 S0%%
z ——x
oo . A 10§ eog
T\S.Qw \» L
/€& 9%
761 P R ¢z’

SANVE 73S TTOL



1,032,235

H. H. SMITH ET AL

Oct. 24, 1933.

TELEPHONE SYSTEM

9 Sheets-Sheet €

Filed July 13, 1931

Inuanzur §——

John [Wicks
157

.
[
mn
697) M
—
2 .__MVM s, , - 7M 5
o N T = T a
o o
ry 609 3
iho—t"gg7 o=y [ o—tr ™
Q\Ndl Nme.&w .
_ T | 209t
G69 > T iy
azzidviod V62 ’ - 7
._—._ ._T_ =
Y 5 : QQ mm..hm..Q\!.h
I i 3 £69 \W i =
. 3 ._T_‘ -
g9 179 | 669 | 767 %7 129 oz $09
]
12 709~ ~7
A
44 057
LE9
QQQU
999 [z
2o gz’
{48

£
Ze—




1,932,235

H. H. SMITH ET AL

Oct. 24, 1933.

TELEPHONE SYSTEM

7

9 Sheets~Sheet

Filed July 13, 1931

HOLIMS NIT
e

L %) . U
“i MV\M.WII ||||||||||||| bl rlv.
o# el . 774 — o
N L
suL
ﬂ (»1h(<
\\\U,N.vll ||||1||I||||.V uw.lllll 3 ~
= | N ) L W& Lort”
0% el YL,
Dt = mmmmmmmmme T | _
NMNI NMNI . KNN\!-N UIF
F49, 2S
@)
657 85, L5y 70
o 9., F
[=a—
99/4 OL ﬁ W”
\m.w‘
10,9910 - )
[+74
—teemm——— -
24
9L

o
¢

N
R

Frenlir s —
John llicks

Howard H Smth




Oct. 24, 1933.

Rk
3
IR
N
IR

Filed July 13, 1931

22

H. H. SMITH ET AL .1,932,235

TELEPHONE SYSTEM
9 Sheets-Sheet 8

hlis Y ;
\-}.‘.‘\a

)

63

R
Howard H 5with

John Lficks

4422235;;22222,/z2:¢L/EEE;L/1~—-—~.__.



Oct. 24, 1933. H. H. SMITH ET AL 1,932,235
TELEPHONE SYSTEM
Filed July 13, 1931 9 Sheets-Sheet 9

o
ﬂ (il
b2
I
ﬂ.
2 M
N

®
Il

. nmmu
E T
| ;

c

ToLL BD

764
TO L.S.

1 763 [I
- R3 I
2

7C

753 |-

TOoLL BD
8

N
3 I
[ (e ]l '
N ® :
~
N N
demb s
ol
~3
"®
T —— s i
S—® _ I
s s Il
z Illllll‘!l _
1= T
: Ly
a4 < 3
: 5
[ATEnior s —
Howard H 5wtk
John Iicks

JOEA e el

Atty.




G

B

20

- 25

- 35

40

1N
ot

5

Patented Oct. 24, 1933

UNITED STATES

1,932,235

PATENT OFFICE

1,932,235
TELEPHONE SYSTEM

Howard H. Smith, Chicage, and John Wicks,
Oak Park, I, assignors, by mesne assigm~

ments,

1o Asszociated - Electric Laboratories,

Ine., Chicago, Hil., a eorporation of Delaware .

Application July 13, 1931, Serial Ne. 556,436

29 Claims.

- The present invention relates in general to
telephone systems, bub mere particularly to toll
switching apparatus and equipment for auto-
matic telephone systemns.

Tn order to increase the revenue derived from
iong ‘distance toll lines, it is common practice
to phantom the trunks so that three talking cir-

aits are available over four conduchors and, in
addition, to use the individual line conductors
for divect current telegraph circuits. In some
instances, additional telegraph facilities are pro-
vided by employing low frequency glternating
current and carrier current for telegraph sig-
nailing. Where any of these telegraph facili-
ties are provided, it is necessary to employ some
type of tcll dialling and signalling which will not
interfere with the various telegraph circuits and
which -ig incapable of being interfered with by
the %elegraph signalling currents.

stem suitable for use in cases where only
divedt current telegraph circuits are exmployed
i co-pending application of

A sY

the

bt
w2

ies are provide
in object of the present invention is
to provide a system of toll dialling and signal-
ing which may be used on all types of toli lines
srrespective of the telegraph and ovher facilities
employed. This is made possible by the use of
signalling current having a freguency lying with-
in the voice frequency range.

In employing currents of voice frequencies for
signaliing in telephone systems, the greatest dif-

o
B
ficulty is encountsred in preventing the actual

soice currents from operating the signaling ap-
paratus. According to cne feature of the pres-

o sncther feature of the invention,
w and improved tuned reed velay is provided
responds only to the basic signalling fre-
and Wi in turn interrupts the
reed relays designed to

used

quency
circuit of other tuned
respond to the various low frequencies at which

q

Jo erial Mo. 540,992, filed May 29,
183 24 to the assignee of the present
that case, low fraguency alter-

(CL. 179—16)

the signalling current of basic frequency is in-
terrupted for the different signals. - :
Another feature of the invention lies in the
arvangement for producing the various signal-
ling currents composed of the basic signalling

60

frequéncy current interrupted at the proper low -

frequencies.

The above and other features of the inven-

tion nob specifically mentioned will be more .

clesrly understood from a perusal of the fol-
lowing specification. when read in connection
with the  accompanying drawings comprising
igs. 1 to 10, inclusive, which shows by means of
the usual schematic diagram the application of
the present invéntion to & multi-office telephone
system in which toll connections are completed
by the originating toll operator. i

Tn the drawings, Fig. 1 discloses the toll dial-
ling selector TS1 in exchange A which termi-
nates one of the inter-office trunk lines connect-
ing this exchange with exchange B. The toll
board in exchange A is indicated in the upper

cord circuit CC1 and the dialling cord DC1 being
merely indicated in. this figure.

Tig.-2 of the drawings discloses the voice fre-
guency dialling repeaber R1 agsociated with the
toll dialling selector TSI1.. .

mig. 3 discloses the tone group TG1 associated
with -the toll dialling selector Ts1, and in the
lower portion of this figure is indicated the toll
train in exchange A, consisting of the trunk cir-
cuit TC1, the toll transmission selector. 81, and
the toll connector Cl. The toll transmission
selector 81 and the toll connector C1 may bhe
switches of o standard tell train and may be in
all respects similar to the selector S and con-
nector: C disclosed in-the patent to Victor S.
Tharp, No. 1,811,444, granted June 23, 1931. -

Fig. 4 discloses the tone _
with' the toll dialling selector 'TS2 terminating
the trunk in exchange B. This tone group is in
all .réspects similar to the tone group TG1 in
exchange A, -

e, 5 discloses the toll dialling selector. TS2
located in exchange B and terminating the trunk
extending from exchange -A. This toll dialling
gelector is in all respects similar to selector TS1
in exchange A. The toll board located in €x-
change B is indicated in the upper right-hand
corner of this figure.

wig, 6 discloses the voice frequency dialling re-
peater R2 associated with the toll dialling se-
lector TS2, and this repeater is in all respects

group TG2 associated
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left-hand portion of the figure, the operator’s

80

856

90

95

100

105

110



10

15

20

~n

25

ity

30

~

35

40
45
50

55

60

70

w1
(130

2

tone group TGI.

similar to repeater R1 disclosed in Fig. 2 of the
drawings.

An operator’s cord circuit CC2 and a dialling
cord DC2 are shown in the upper portion of Fig.
7 of the drawings. Only a sufficient portion of
these cord circuits have been ‘disclosed to enable
the present invention to be understood. - Similar
cord circuits are used at each of the.toll boards
in exchanges A and C. 'The toll train comprising
g trunk circuit TC2, a selector S2, and connector
C2, is shown in the lower portion of this figure.
The trunk eircuit TC2 is the same as trunk cir-
cuit TC1 in exchange A, while the selector £2 and
connector C2 are the same as selector S1 and
connector Cl in exchange A, and are preferably
of . the type disclosed in the above-mentioned
patent to Tharp. The toll train shown in the
lower portion of this figure is accessible to the toll
dialling selector TS2 over conductsrs 40 to 43,
inclusive. In the upper right-hand portion of
this drawing, the trunk line extending to ex-

change C has been indicated. and shown as ter
“minating in a toll dialling selector TS3 and

associated repeater R3 and tone group TG3, and
also at the toll board in exchange B at jacks J5
and J6. The circuits of selector TS3, revester

R3, and tone group TG are in all respects simi-

lar:to the circuits of the corresponding spparatus

“disclosed in detail in Figs. 1, 2, and 3 of the draw-

ings.” The selector TS3 has access to the same

-toll train as selector 'TS2, and also has access to

selector TS2 and the trunk to exchange A over
conductors 46 to 49, inclusive. = The selector TS3
and the associated trunk to exchange C is avail-
able to the selector TS2 over conductors 26 to
39, inclusive.

Fig. 8 of the drawings discloses a perspective
view of the improved tuned reed relay which is
used to respond to the basic signaling frequency.

Fig. 9 discloses the manner in which Figs. 1 to
9, inclusive, are to be arranged to present a com-
blete circuit diagram of the system of the present
invention. . :

Fig. 10 is a trunking layout. of the telephone .

system. including three automatic exchanges, A,
B, and C with a ‘toll board located in each ex-
change. The two-way inter-office trunk lines
connecting exchange A with exchange B termi-
nate in the toll board at each exchange and also
in voice frequsncy toll dialling selectors, such
as TS1 in exchange A and TS2 in exchange R.
Associated with the toll dialling selector ‘TSI is
the voice frequency dizalling repeater R1 and the
Similarly, voice - frequency
dialling  repeater R2 and tone group TG2 are
associated with the toll dialling selector TS2 in
exchange B. Exchanges B and C are intercon-
nected . by two-way trunk lines terminating in
similar apparatus at each of these exchanges.
This figure also discloses the trunking arrange-
ment-of the toll train in each of the three ex-
changes. '

Referring now to the trunking layout shown
in Fig. 10 of the drawings, 2 brief description
will first be given of the manner in which ths
various connections are set up in the system
shown. ' Assuming that the toll operator in ex-
change A receives a request for a connection to

. the subscriber T9Q in exchangs B, the operator

inserts the calling end of ber cord. circuit and
also her dialling cord circuit into the jacks ter-
minating one of the trunk lines extending to ex-
change B.: It will be assumed that the trunk ter-
minating in the toll-selector 'TS1 and associated
repeater and tone group is the trunk seized. As

1,982,235

soon as the trunk is seized, the voice frequency
dialling repeater R1 transmits a calling signal
consisting of an uninterrupted impulse of the
biasic frequency current. This calling signal pre-
pares the equipment in exchange B for an in-
coming call. The toll operator at exchange A
tnen dials the telephone number of the desired
subscriber. The first series of impulses operates
the toll dialling selector TS2 in exchange B to
the proper level and the selector then rotates to
select an idle trunk ecircunit, such as TC2, and
associated toll transmission selector $2. The sec-
cnd digit of the called member operates the toll
transmission selector S2 o select a toll connector,
uch as C2, in the proper hundreds group. The
final two digits of the called number operate the
connector C2 into engagement with the desired
called line. It is to be understood that one or
more toll selectors may be inserted between the
toll transmission selector, such as 81, $2,0r 83,and
the toll connector, such as Cl, C2, or C3, depending
upon the sizes of the varicus exchanges and the
number .¢f digits in the telephone numbers.
When the connection has been established, the
answering- and disconnect supervision and the
release funciions are controlled over the inter-
office {runk-line by proper signals of the basic
Irequency current interrupted at different low
frequencies as controiled by the voice frequency
repeaters R1 and R2.
In case the toll opsrator at exchange A re-
ceives a request for a connection to a subscriber,
such as subscriber T2 in exchange C, she inserts
her cords in the trunk jacks asscciated with the
trunk line extending to exchange B in the same
manner as described above. The first digit dialled
in-thiz case would he the digit 0, which would op-
erate the toll dialling selector T2 to the tenth
level and the seiector then automatically rotates
to select an idle trunk extending to exchange C
and the associated toll dialling selector TS3, re-
peater R3, and tone group TG3. When this trunk
iz seized, the voice frequency repéater R3 trans-
mits a calling signsal consisting of uninterrupted
basic frequency current over the trunk line to ex-
change C in order to prepare the apparatus in
this exchange for an incoming call. The suc-
ceeding four digits dialled by the toll operator
then operate the toll selector T'S4, the toll trans-
mission selector 83, and the toll connector C3
to establish the connection to the desired sub-
scriber. The supervisory and release functions in
this case are controlled by repeaters B1 and R4
and the signals are repested through the interme-
diate exchange B by the voice freguency dialling
repeaters R2 and R3 and asscciated equipment.
Connections from the toll board in exchange B
to subscribers in exchange 4 or exchange C are
established in the same manner as connections
from toll boards in exchange A to a subscriber
in exchange B. The toll operator in exchange C
establishes connections to subscribers in exchange
B in the same manner as previously described
for -connections from the toll operator in ex-
change A 1o a subscriber in exchange B. In case
the toll operator in exchange C wishes o es-
tablish a connection to a subscriber, such as T1,
in exchange A4, she selects a trunk line extending
to exchange B and dials the digit § which operates
the toll sélector T33 to the ninth level, and it then
autcmatically rotates to select an idle trunk ex-
tending to exchange A ‘and the associated se-
lector, repeater, and tone group. 'The supervis-
ory -and release signals in this cage are repeated
through exchange B by means of the voice fre-
guency dialling rvepeaters R2 and R3.
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"and simply operates her ringing key.

_various connections will now be given.
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The cireuits ave also arranged so that any one
of the toll operators may signal any other toll

operator. In case the toll operator at exchange -

A wishes to converse with the operator at exchange
B, she selects a trunk extending to exchange B
The re-
peater R1 then transmits a signal consisting of

. the basic frequency interrupted at a particular

16w frequency and this signal is received by the
repeater RZ, which in turn operates a calling

" signal at.the toll board in exchange B. Simi-

larly, the toll operator in exchange A may signal
the toll operator at exchange C by selecting a
trunk extending to:-exchange B and dialling the
digit 6. The toll selector TS2 is thereby operated
to select an-idle trunk extending to exchange C
and the associated selector, repséater, and tone
group. The toll operator at exchange A then
operates her ringing key, which causes the re-
peater R1 to transmit a ringing signal in the

ing signal is repeated by repeaters R2 and R3
and is received by repeater R4, which brings.in
the calling signal at the toll hoard in exchange C.

Having-given a brief description of the man-
1er in which the various connections may be es-
tablished. between the ioll. operators and sub-
scribers in any one of these exchanges and be-

tween any toll operator and any other toil op-

erator, a detailed explanation of the operation of
the cireuits and apparatus in establishing these
For. thi
description, reference is had to Figs. 1 to 9, in-
clusive, arranged in the order shown in Tig. 9
of the drawings. :

%]

“Call from toll cpergtor in exchange A to sub-

ma

station T2 in exchange B

Tt will first be assumed that the toll cpsrator
in exchange A receives a request for a connection
to the subscriber ab substation T2 in exchauge
B. Tt will be asstined that the telephone number
of the wanted subscriber is 23131, The operaior
at-toll hoard A inserts the plug Pl of cord cir-
cuit ©C1 into the jack, such as J1, associated
with an idle trunk extending to exchange B, and

the plug P2 of the dialling cord DCI into jack

J2 associated with this same trunk. The inger-
tion -of plug P1 into jack J1 causes the cut-off
relay 196 to cperate from battery over the slesve
of cord circuit CC1. At armature 197, relay 186
busies the toll selector TSI in the banks of the
cther toll selectors having access. to the:trunk
extending to exchange B by placidg ground on
conductor 10 through armature 122 and its rest-
ing contact. This same ground is extended to
armature 101 and its resting contact, conductor
1, resting contact of armature 206 and said arma-
ture, winding of relay 212, to battery.

Relay 212 operates and at armatures 214 and
its working contact it completes a circuit for the
two windings of relay 218 in sgeries. Af srma-
ture 215 and its working contact it short. cir-
cuits the weighted spring contact 235 of relay
238 for a purpose to be described later. At ar-
mature 218 and its working contact, it places
ground on conductor 2, which ground is extended
over contact 183 of relay 100 of the toll selector
TS1, lower winding of relay 167; to battery. Re-
lay 167 operates, and at armatures 168 and 189
and their resting contacts disconnects the gen-
erator leads to prevent the possibility of ringing
current being connected to the conductors ex-

ri

tending to the toll board. The operation of the

remaining armatures of this relay is without ef-

. rélay begins to energize over both

“oug

3

fect at this time. At armature 217 and its work-

“ing contact, relay 212 prepares a locking circuit

for the supervisory relay 257, and at the normally
closed springs controlled by armature 213 it dis-
connects the impulse conductor Z from the low
frequency tuned reed relays 243 and 249.

~The upper winding of relay 218is a weak wind-~
ing, and when energized along can operate only
armatures 222 and 224, When the circuit of the
relay is closed at armature 214 of relay 212, the
of its windings
in series, but as scon as armature 222 closes its
working.contact, the upper winding of the relay

is shunted from ground at the working contact
of armature 248 of this normally energized relay -

946, armature 222 and its working contact, arma-
ture 229 and its resting contact, resting contact
of armature 220 snd =0id armaiure; to the junc-
tion point of the two windings, thereby shunting
out the lower winding of the relay. The relay
now waits in its half-step position until relay
operates to open the shunting circuit at
armature 229.° :
The operating circuit for relay 225 extends
from ground, working contact of armature 248
and said armature, armature 222 and its working
contact, armature 225 and its resting. contact,
winding of relay 225, resistance 232, to battery.
Relay 225, at armature 229 and ils resting con-
tact, opens the shunt eircuit for the lower wind-
ing of relay 218 so that this relay is now com-

.pigtely cperated over both of its windings in

series. At armature 220 and its resting contact,
relay 218 copens a further point in the shunting
cireuit for its lower winding, and at armature 223
and its resting contact opens the initial ener-
gizing circuit of relay 225. The Ilatter relay,
however, is locked énergized over armature 228
and its working conbact.
its  working contact, relay 218. connects a high
pozitive potential over conducter 268 rasting
contact- of armature 203 and said armature,
working contact of armature 219 and said arma-
ture; resting contact of armature 237 and said
armature, to conduector X extending to the tone
groupr TG shown in Fig. 3 of the drawings.
Relay 225, in operating, at armature 226 and
its resting contact removés the shunting circuit
from the upper winding of polarized relay 239
but this relay does not operate when its upper
winding is énergized. The purpose and opera-
tion of this relay will be explained later. A% the
front contact of armature 226, relay 225 connects
ground to conducter ¥ extending to the tone
group TG, thereby energizing relay 308 in an
obvious circuit.

cbvisus circuit for relay 300, at armature 308 and
its Testing contact disconnscts the plate -cireuit
of the amplifying tube 310 fromn battery 327, and
at the working contact of this armature it con-
nects the plate circuit to conductor X, which was
connected to high positive potential by the oper-
stion. of relay 218, as just explained. At arma-
ture 227 and its working contact, relay 225 com-
pletes an cbvious circuit for relay 233.. At arma-
ture 230 and its working contact it connects
ground to the busy conductor 2.

Relay 233 is.a double armature relay having
two “sebs of weighted timing springs. These
springs are so arranged that a definite interval
of time is reguired for armature 224 to close its
contact after the relay has been energized. The
weighted spring associated with armature 235
is so designed that about three times the

t-armature 219 and.

Relay 308 operates and at ar-
‘mature 307 and its working contact closes an
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interval of time required for the closure of springs
234 is required for the closure of springs 235.
When relay 233 is energized in the above-traced
circuit, the weighted springs start to vibrate, and
after an interval armature 234 completes its con-
tact with its associated weighted spring. During
this interval of time, an impulse of uninterrupt-
ed basic frequency signalling current is being
transmitted over the trunk line, as will now be
explained.

Referring to the tone group TG1 shown in the
upper portion of Fig. 3, the vacuum tube 309 and
the associated tuned reed device 313 form a tuned
reed. oscillator such as disclosed and claimed in
the application of Laurence J. Lesh, Serial No.
353,283, filed April 8, 1929, and assigned to the
assignee of the present application. This oscil-
lator is designed to operate at the basic sighalling
frequency which is being employed in the sys-
tem. This may conveniently be 1000 cycles per
second. In this case the tuned reed 314 is de-
signed so that its natural period of vibration is
1000 cycles per second. This tuned reed pro-
vides the coupling between the two coils 315 and
316 located in the grid and plate circuits of tibe
309, respectively. The device is thereby caused
to oscillate at a thousand cycles per second in a
manner fully described in the above-mentioned
Lesh application.

When relay 306 was operated responsive to the
operation of relay 225; as previously described, it
completed the circuit for relay 300 at armature
307 and its working contact. Relay 300 operates

‘and. at armatures 302 and 303 and their working

contacts it connects a varying potential taken
from potential divider 312 located in the plate
circuit of the oscillating tube 309 to the grid cir-
cuit of amplifying tube 310. The potential on
the grid of this tube iz thereby. varied at one
thousand cycles per second, causing correspond-
ing changes in the plate current through the

- primary winding  of output transformer 319, A
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thousand-cycle alternating current is thereby in-
duced in the secondary winding of this cutput
transiormer and transmitted over the truck line
through armatures 301 and 305 and their respec-
tive working contacts, to trunk conductors 20 and

21 extending to exchange B. At armature 304

and its resting contact relay 300 disconnects the
thousand-~cycle tuned reed relay 322 so that this
relay will not be operated at this time.

The length of the calling signal which is trans-
mitted in the above manner responsive to the
operation of relay 225 of repeater Rl is deter-

~mined. by the time required for the weighted
- spring contact 234 to close.

When these springs
close, ground from armature.215 of relay 212
is extended over the contacts 234 to the upper
terminal of the' winding of relay 225, thereby
shunting this winding and causing the relay to
release after an interval. Resistance 232 is pro-
vided to prevent the short-circuiting of the bat-
tery.  Relay 225 in releasing opens the circuit
of relay 233 at armature 227 and its working
contact. At armature 228 and its working con-

“tact it opens its own locking circuit, and at arma--

ture 226 and its working confact it removes
ground from the YV conductor extending to relay
306 and allows this relay to release.. Relay 306,
in releasing, at armature 307 and its working
contact opens the circuit of relay 300 and this
relay thereupon releases, opening. the grid cir-
cuit to the amplifying tube 310 and disconnecting

1,932,235

the output transformer from the trunk conduc-

tors, thereby terminating the calling signal.
The splash of uninterrupted thousand-cycle

current which was transmitted over the trunk

line conductors 20 and 21 responsive to the in-

sertion of the plugs P1 and P2 into jacks J1 and
J2, respectively, at the toll board in exchange
A, is received at the tone group TG2 in exchange
B over conductors 20 and 21, armatures 401 and
405 and their resting contacts, and through con-
denser 425 and the primary winding of input
transformer 426, - The current. induced in the
secondary winding of transformer 426 is im-
pressed on the grid of tube 410 through the rest-
ing contact of armature 402 and said armature
and resistance 417 and condenser 418 in multi-
ple.. A:one-thousand-cycle pulsating-plate cur-
rent accordingly flows through the primary wind-
ing of transformer 419 and the induced current

in the secondary winding of this transformer.

flows through the winding of the thousand-cycle
tuned reed relay 422 over armature 404 -and its
resting contact.

The resistance 417 and condenser 418 con-
nected in multiple-in the grid circuit of tube 410
have two functions. First, they are provided in
order to increase.the impedance of the grid fila-
ment circuit which is in effect bridged across
the line through transformer 426. This elimi~
nates the low impedance. shunt across the line
during conversation. Second, the resistance and
condenser serve as an automatic volume control
and maintain the output to the tuned reed relay
422 at a practically constant value. When a
signal is being received through- transformer
426, the varying potential is impressed on the
grid of tube 410 causing corresponding varia-
tions in the plate eircuit through the windings
of relay 422. "As the grid of the tube becomes
positive some of the electrons emitted from the
filament are attracted to the grid. The amount
of electrons so attracted is proportiohal to the
value of the positive potential on the grid. Dur-
ing -the negative half cycles of received current
these electrons collect on one plate of condenser
418 and tend to leak off through resistance 417.
The effect of the charge on condenser 418 is to

oppose the positive potential placed on the grid.

of the tube by the received signal.

In case the received signal is of  greater
strength, the amount of electrons collected on
the grid of.the tube is increased and the con-
denser 418 is charged to a higher degree.  This
increases the opposition to the positive potential
being placed on the grid by the ‘incoming signal,
As a result, effective strength of the signal is
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reduced and the output of the tube to the tuned

reed relay is practically the same as it was for
the weaker signal.. Thus, the stronger the in-
coming signal, the greater the effect of the grid
suppressor circuit comprising resistance 417 and
condenser 418, and the resultant output of tube
410 is practically the same irrespective of the
strength of the incoming signal. The capacity
of condenser 418 is much higher than that used
in connection with the ordinary detector eircuit,
One set of values which has been found to be
satisfactory is one megohm for resistance 417
and .01 m. f. for condenser 418,

Relay 422 responds to thousand-cycle current j

since the tuned reed 423 is adjusted to vibrate at
one thousand cycles per second. The condenser
421 and resistance 420 bridged in multiple across
the windings of tuned reed relay 422 form a
tuned circuit which will resonant at 1060 cycles,
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thereby improving the operation of the tuned
reed. The vibrations of the reed operate the
armature 424, thereby opening the circuit which
is normally closed from ground at armature 424
and its resting contaci, conductor 22, normally
closed springs controlled by armature 613, con-
ductor €65, and through the windings of relays
643, 649, and the lower winding of relay 653 in
multiple, to battery. The tuned reeds associated

. with relays 643 and 649 are designed to be seb

into vibration only when the current through the
windings of these relays is interrupted at a
particular low frequency. However, when ground
is removed from conductor 665, relay 662 re-
leases and at armature 864 and its resting con-

- O

tact completes the circuit for relay 609 extend-~.

ing from ground, armature 684 and ifs resting
contact, working contact of armature 647 and
said armature, armature 605 and its resting con-
tact, upper winding of relay 600, to battery.
Relay 600 operates in its first step, and at ar-
mature 538 and its working contact closes a lock«
ing circuit for itself from ground at the working
contact of normally operated armature 648 of
relay 646, At armature 610 and its working comn-
tact it conneects ground to conducter 33.. When
relay 663 again operates at the end of the caliing
signal, ground is removed from the junection point
of the two windings of relay 600 and this relay
now operates completely over both of ifs wind-
ings in series. Ab armature 605 and its resting
contact it opens the initial energizing circuit,
and at the working contact of this armature it
prepares the impulsing circuit over condticter
35 to relay 518 of the toll selecior TS2. At ar-
mature 601 and its resting contact it opens the
incoming signalling lead to the tuned reed relays
654 and 560, and at armatures 802 and 603 it
changes the connections go that frequencies F3
and F4 are available for signalling cn the incom-
ing call, and cuts off the high positive potential
and freguency ¥2 which are used when the re-

peater is used on an outzoing call. Af armature
605 and its working contact, relay 600 connects
ground to busy conductor 28.

The ground connecied to conductor 33 at ar-
mature 819 and its working contact is extendad
over the lower winding of relay 550 of foll selector

a5, Relay 500 operates and at its upper arma~
ture it closes contacts 502 thereby extending the

“ground from the busy cendustor 28 to the test

conductor 47 to busy the selector switch TS2 in
the banks of cther toll dialling selectors which
have access thereto. Ab the same armature it
cioses contacts 504, thereby completing a lock-

STH O

“ing circuit for the upper winding of relay 5080

from ground on the busy conductor 29. Af ar-

matures 565 and its working contact it connects

dial tone to the lower trunk conductor to inform
the toll operator at exchange A that the equip-
ment. in exchange B is ready to receive dial im-
pulses. A% armature 506 and its working contact
it short-circuits the condenser 546 which is nor-
mally connected in the circuit of relay 544 so that
this relay may be used for supervision. At ar-
matures 507 and 508, relay 500 prepares circuits
which will be explained later. t armature 509
and its working contact it supplies ground for
various operating and holding circuits, none of
which are effective at this time, and at armature
510 and its resting ‘contact it opens a point in
the circuit of the release magnet of the switeh.
The equipment in exchange B is now ready to be
operated o establish the deszired connection. -
Upon hearing the dial tone, the toll operator

5

at the toll board in exchange A proceeds to dial
the digits in the called telephone nuinber, which
in this case is assumed to be 3131. After the
number has been dialled, the dialling cord DC1
may be removed from jack J1 and used in the es-
tablishment of other connections. The dialling
cord DCI is the same ag the dialling cord DC2
Gisclozed in Fig. 7 of the drawings. The dial is
arranged so that the impulsing contacts are nor-
maily cpen or the standard dial may e used in
i hination with a velay arrangerment so that
{he operation of the dial will send corresponding
ground impulses over the tip of the dialling plug.
Tesponsive to the dialling of the first digit, three
ground impulses are {ransmitted over the tip
of plug P2 and jack J2, conductor 15, winding
of relay 360, to battery. Relay 300 accordingly
energizes and releases three times, and at each
operation of the relay it connects a thousand-
cycle potential, generated by the oscillator,
through armatures 303 and 302 and their work-

ing contacts to the grid of tube 310.  According-

1y, a thousand-cycle current flows through the
primary winding of output transformer 319 and is
induced in the secondary winding and transmitted
over the trunk line conductors 20 and 21 through
the working contacts of armatures 301 and 305
and said armatures. Three impulses at the rate

of ten impulses per second are thereby transmit-

ted over the trunk line conductors 20 and 21.
The thres impulses of thousand-cycle current
are received by the tone group TG2 through the
input transformer 426 and connected to the grid
of tube 410. Accordingly, three impulses of
thousand-cycle current are transmitted through

transformer 419 to the thousand-cycle tuned reed
The tuned reed relay 422 responds .

relay 422.
to each impulse and opens the circuit. of relays
643, 649, and 663. Relay 663 releases each time
its circuit is opened and at armature 664 and its
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resting contact it connects ground through the

working contact of armature 647 and said ar-
mature, armature 805 and its working contact,
conductor 25 winding of relay 518, to battery.
Relay 518 operates: at each closure of its cir-
cuit and at armature 519 and its working con-
tact closes an obvious circuit for relay 529, which

operates at the first impulse and remains oper- -

ated throughout the impulse train. At armature
520 and its working contact, relay 518 fransmits
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three ground impulses to.the vertical magnet 580 -

through armature 586 and its resting contact.
Accordingly, the toll selector TS2 is operated
three vertical steps and the wipers come to rest
opposite the third level of bank contacts. At ar-
mature 533 and its resting contact, relay 529
opens the circuit of relay 536, and at the nor-
mally closed springs controlled by armature 532
it opens a point in the circuit of the rotary mag-
net 579. At armature 532 and its working con-
tact relay 529 connects ground to the upper ter-
minal of the winding of rslay 581 to prevent the
operation of this relay in series with relay 576
when off-normal springs 584 are closed onthefirst
vertical step of the switch., Gff-normal springs
598 which are closed on the first vertical step of
the switch prepare a circuit for release magnet
534, off-normal springs 530 open a point in the
operating circuit of relay 521, and off-normal
springs- 535 complete circuits for: relays 551 and
519. 'These circuits extend from ground at the

_working contact of armature 509 and said ar-

mature, of-normal springs 535, and from this
point through the normally closed springs con-
trolled by armature 515, through the winding of
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relay 512, to battery, and through resting con-
tact of armature 573 and said armature, through
the lower winding of relay 551, to battery.

Relay 512 operates in the above-traced circuit

“and at armature 513 and its resting contact dis-

connects dial tone from the lower trunk conduc-
tor.
gizing circuit, and at the working contact of this
armature it completes a locking civeuit for it-

" self dependent upon the ground through arma-

ture 509 of relay 560. At armature 516 and its
resting contact it disconnects ground through a
resistance from the lower talking conductor. Re-
lay 551, in operating, at armature 555 and its

" working contact prepares a circuit for the upper

winding of relay 547, at armatures 554, 553, and
552 it prepares & locking circuif for itself and an
operating circuit for relays 539 and 556.

Relay 576 operates when off-normal springs
5384 are closed on the first vertical step of the se-
lector. The opersting circuit for this relay ex-
tends from ground at the working contact of ar-
mature 509 and said armature, working contact
of armature 532 and said armature, resting con-

“tact of armature 535 and said armature, off

normal springs 584, winding of relay 576, to bat-
tery.. At armature 578 and its working confact,
rélay 576 prepares a circuit to the rotary magned

579 which is open during the first series of im-~
“pulses at armature 532 of the slow-to-release re-

lay 529. At armature 577 and its working con-
tact, relay 576 short-circuits the winding of relay
581.

When relay 529 drops back a short interval

“after the cessation of the first series of impulses,

a circuit is completed from ground at the working
contact of armature 599 and said armature, nor-
mally closed springs controlled by armature 532,

_armature 578 and its working contact, winding
‘of rotary magnet 579, to hattery. The rotary

magnet energizes and rotates the wipers of the
switch into engagement with the first set of bank
contacts in the third level. At the rotary inter-

- rupter springs of the rotary magnet, the circuit

of testing relay 576 is opened and this relay ac-
cordingly - deenergizes, and, at armature 578,
opens the circuit of the rotary magnet, which also
releases and again closes a point in the circuit
of relay 576. The operation now depends upon
‘whether or not the trunk accessible in the first
set of bank conftacts is idle.

In case the first trunk is busy, there will be
sround potential present on the bank contact en-
gaged by wiper 589 and this ground is extended

55 over armature 583 and its resting cont-mut inter-

rupter springs.of the rotary magnet, off- normal
spririgs 584, winding of relay 576, to battery.
This ground is also connected to the upper ter-

. .‘minal of the winding of relay 581, thereby keep-
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‘ing this relay shunted to prevent its operation.

Relay 576 operates, and at armature 578 and its
working contact again completes the circuit for
the rotary magnet. The rotary magunet operates

. to step the wipers of the selector inte engagement

‘with the next set of bank contacts, and at the
interrupter springs associated with the magnet
opens the circuit of stepping relay 576 which
thereupon releases. Relay 576, in releasing, at

Cirmature 578 and its working contact opens the

70

circuit to the rotary magnet which reieases and
again closes its interrupter springs to close the
test circuit to the stepping relay 578. 'This in-

_teraction between relay 576 and the rotary mag-
“net continues until wiper 589 is stepped into en-

At armature 515 it opens the initial ener-:

tors,

1,032,235

gagement with a bank contact upon which theré
is no ground potential.

As soon as wiper 589 fails to find ground po-
tential, relay 581 operates in a circuit from
ground at the working contact of armature 509
and said armature, winding of relay 581, inter-

rupter springs of the rotary magnet, off~normal

springs. 584, winding of relay 576, to bhattery.
Relay- 576 does not operate in this circuit due
to the high resistance of the winding of relay
581, At armature 583 and its working contact,
relay 581 connects ground to wiper 589 to busy
the seized trunk o other selectors having access
thereto. At armature 585 and its resting con-
tact it opens a point in the energizing circuit
of relay 576, at armature 586 and its resting
contact it opens a point in the circuit of the
vertical magnet, and at the working contact of

this armature it prepares an impulsing cireuit -

from armature 528 of relay 518 through the con-
trol wiper 590, and at armature 582 and its
working contact it completes a circuit for the
upprer winding of relay 567.

Relay 567 energizes and at armature 573 and
its resting contact opens the circuit of relay 551,
at armature 572 and its woirking contact it pre-
pares a circuit for the upper winding of relay
5447, at armatures 569 and 568 it disconnects the
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generator leads to prevent the possibility of sig- -

nalling the operator at the toll board in ex~
change B, at armature 570 and its working con-
tact it connects battery through a resistance to
the sleeve of jack J3 at.the toll board in ex-
change B to operate sleeve relay 596, and at
armatures 571 and 574 and their working con-
tacts it completes points in the talking conduc-
Relay 596 opens the circuit to the calling
relay at the toll board to prevent a false calling
signal.

It will be assumed that the first trunk avail-
able to selector TS2 is the trunk comprising con-
ductors 40 to 43, inclusive, and terminating in
the trunk circuit TC2 ghown in Pig. 7 of the
drawings. When relay 567 operated and closed
its armatures 571 and 572, a circuit was com-
pleted from ground, upper winding of relay 547,
working contact .of armature 572 and said arma-
ture, working contact of armature 555 and said
armature (relay 551 being slow to release, and,
therefore, remaining energized for a short time
after its circuit is opened at armature 573 of
relay 567), resting contact of armature 559 and
said armature, working contact of armature 571
and said armature, wiper 588 and bank contact
592; conductor 40, armature 761 and its resting
contact, upper winding of relay 754, to battery.

Relays 754 and 547 operate in series in this
circuit. - At armature 548 and its working con-
tact relay 547 completes a locking cireuit for its
lower winding from ground at armature 509 of
relay 500 and through off-normal springs 535,
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and at armature 549 and its working contact -

it completes the control circuit to wiper 590 of
the selector.. Relay 746 of the trunk circuit TC2
is operated in a circuit extending from ground,
armature 519 and its resting contact, working
contact of armature 549 and said armature,
wiper 590 and bank contact 594, conductor 42,
resistance 773, winding of relay 746, to battery.
Relay 746 operates and at armaturse 748 and its
working contact completes an obvious circuit for
relay 749. At -armature 747 and its working con-
tact it closes the loop extending to the toll trans-

mission selector switch S2, the loop including the-

polarized relay 769. Relay '749 operates and at
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armature 752 and its working contact completes
the locking circuit for relay 754 which was pre-
pared at armature 756 and its working contact.
At armature 751 and its working contact it pre-
pares an energizing circuit for the series relay
757, at armature 750 and its working contact
it connects ground to the release trunk conductor
41 to busy the trunk in the banks of all selector
switches, such-as T82 and TS3, and at armature
75 and its working contact it opens a point
in a bridge circuit including relay 771.

The bridging of rélay 769 across the outgoing
trunk conductors 774 and 775 closes a loop to
the toll transmission selector switch 82 and pre-
pares this switch for operation. As previously
stated, the toll transmission selector switch 82,
and the connector switch C2 may be in all re-
spects similar to the selector S and connector
C disclosed in the previously-mentioned patent
to Tharp. :

When the remaining digits of the desired tele-
phone number are dialled by the toll cperator

in exchange A, relay 300 responds to the impulses:

of each digit and at each operation it connects
the thousand-cycle current source to-the trunk
Line: conductors 20 and 21. These impulses of
thousand-cyele current are received by the tone
group TG2 and bring about the release of relay
§63 in repeater R2 in the manner previously ex-
plained. Each time relay 663 releases in accord-
ance. with the impulses of the remaining digits
it connects ground over the working contact of
armature 647 and said armature, armature 605
and its working contact, conductor 35, winding
of relay 518, to battery. Relay 518 responds to
each impulse, and at armature 519 and its rest-
ing contact it opens the circuit of the repeating
relay 746 in the trunk circuit TC2. At armature
519 and its working contact it completes the cir-
cuit for relay 529 which energizes and remains
energized throughout each impulse series. The
operation of relay 529 opens the lower trunk
conductor at armature 531 and its resting con-~
tact, but has no other effect at this time.

Tach time relay 746 deenergizes in response
to the impulses of the succeeding digits, it con-
nects ground over armature 751 and its work-
ing contact, resting contact of armature 763 and
said armature, winding of relay 757, to battery.
Relay 757 operates and at armature 758 and its
working contact shunts the windings of polarized
relay 769 in order to improve the impulsing cir-
cuit. - At armature 747 and its working contact,
repeating relay 746 opens the loop circuit extend-
ing to the toll transmission selector switch 982,
thereby reveating the impulses to this switch.
The selector switch is stepped to the first level
and automatically rotates over the bank con-
tacts in this level to find an idle trunk extend-
ing to an idle connector switeh, such as C2. The
remaining two digits, 3 and 1, in the cailed tele-
phone number are received in the same way and
repeated by the trunk circuit TC2 to operate the
cannector switch C2 into engagement with the
called line. .

When the connector C2 is operated into en-
gagement with an idle subscriber’s line, the bat-
tery. connections to trunk conductors 774 and
775 are reversed in a manner clearly described
in the above-mentioned patent to Tharp, and
this reversed battery through the polarized relay
769, which is bridged across the trunk con-
ductors, allows it to operate and -at armature
779 ‘complete a circuit for relay 760. Relay 760
operates and at armature 764 and its working

7

contact completes a locking circuit -for itself {o
ground at armature 772 of relay 771. At arma-
ture 763 and its resting conbact it opens the cir-
cuit of relay 757, at armature 762 and its work-
ing contact it connects an additional ground to
the release trunk conductor 41, at armature
765 and its working contact it closes a point in
the bridge circuit including relay- 771, and at
armatures 761 and 766 and their working con-
tacts it short-circuits the condensers 767 and 768,
respectively. When these condensers are short-
circuited, the battery connections to conductors
774 and T75 at the toll transmission selector S2
are extended over line conductors 40 and 43, bank
contacts 592 and 585, wipers 588 and 581, arma-

“fures 571 and 574 and theilr working contacts,

armatures 559 and 558 and their resting con-
tacts, armature 555 and its resting contact, ar-
mature 506 and its working contact, and through
the winding of relay 544 and retard coil 550.
Relay 544 cperates in this circuit and at ar-
mature 545 and its working contact completes a
cireuit extending from ground on the hold con-
ductor 838, working contact of armature 507 and
said armature, armature 545 and its working con-~
tact, armature 508 and its working contact, ar-
mature 540 and its resting contact, upper wind-
ing of relay 551, through the resistance to bat-
tery. Relay 551 operates, and at armature 554
and its working -contact extends the ground
through the normally closed contacts controlled
py armature 541, winding of relay 539, to bat-
tery. At armature 552 and its working contact
it extends the operating ground for relay 539 to

its own upper winding to lock itself energized, and 3

at armature 553 and its working contact it ex-
tends this ground to the lower winding of relay
556. Relay 539, in operating, at armature 541
and its working contact completes a locking eir-
cuit for itself from ground at armature 509 of
relay 500. * This ground is also extended over
armature 552 and its working contact, through
the upper winding -of relay 551, and over the
working contact of armature 553 and said arma-
ture, through the lower winding of relay 556. At

armature 540 and its resting contact relay 539 -

opens the initial energizing circuit of relay 551
and at the working contact of this armature it
completes a circuit from ground on the hold con~
ductor 33, working contact of armature 507 and
said armature, armature 545 and its working con-
tact, armature 508 and its working contact, ar-
mature 540 and its working contact, conductor
34, resting contact of armature 631 and said
armature, lower and upper windings of relay 618,
to battery. 'The operation of relay 618 brings
about the transmission of a supervisory signal
to the toll operator at exchange A, as will be de-
seribed presently. :

Relay 539 is equipped with a weighted spring
armature 542 and a short interval of time is re-
quired for this armature to come to rest against
its working contact after relay 539 has heen en-
ergized. Relay 556, which operated in the above-

traced circuit upon the operation of relay 551, at -

armature 557 closes one point in the shunt cir-
cuit of relay 551, at armatures 560 and 561 it opens
the trunk to the toll board in exchange B, and at
armatures 558 and 559 it connects ringing gen-

erator and ground to the outgoing line conductors. -

This ringing current is transmitted over wipers
588 and 591 and the associated bank contacts, con-
duetors 40 and 43, conductors 774 and 775, tc the
toll transmission seléctor S2 and serves to start
the automatic ringing of the called line by the
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toll ¢onnectorswitch, as is fully dis¢iosed in. the
above-mentioned patent to Tharp.

The splash of generator current whick is trans-
mitted to the toll transmission selector by the op-
eration of relay 556 is terminated upon the release
of relay 551 after the weighted spring armature
542 of relay 539 has come to rest and completed a
shunting circuit for the upper winding of relay

© 551 extending from ground at the working contact

of armature 587, armature 557 and its working
contact, armature 543 and its working contact,
weighted spring armature 542 and its working
contact, to the lower terminal of the upper wind-
ing of relay 551. The resistance is provided to

prevent the shori-circuiting of the battery. When.

relay 551 releases it closes a point in the talking
circuit at armature 555 and its resting contaect, at
armature £54 and its working contact it opens the
initial -energizing circuit of relay 539, and at ar-
matures 552 and 553 it opens peints in the operat-
ing circuit of relays 556 and 551. )
Returning now - to the point where velay
539 operated and at armature 540 completed
a circuit from ground on the hold conductor
33 to conductor 34 to operate relay 618 in the
repeater R2, the two windings of relay 618 are en-
ergized in series and the relay begins tc operate.
However, as scon. as armature 622 closes its work-
ing contact, a circuit is completed from greund
at the working contact of armature 648 and said

armature, armature 622 and its working contact, -

armature 629 and its resting contact, resting con-
tact of armature 620 and said armature, to the
junetion point of the two windings of relay 618.
Thus the lower winding of relay 618 is shunted
and the relay remains in ite half operated con-
dition since it cannect fully operate over its upper
winding alone.  The shunting ground is also ex-
tended through armature 623 and its resting con-
tact, winding of relay 625, resistance 632, to bat-
tery.

Relay 625 operates in this circuit and at arma-
ture 627 and its working contact completes an

obvious circuit for relay 633. As soon as relay 825 -

operates it opens the shunting circuit to the lower
winding of relay 618 and allows this relay to oper-
ate completely. AL armature 623 and its resting

" contact, the initial energizing circuit of relay 625

is opened but this relay is now locked to ground
at armature 628 and its working contact. At ar-
mature 619 and its working contact, relay 618 con-~

" nects the frequency control lead 24 to conductor
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670 cver which alternating current of frequency
3 is supplied. Relay 625, in operating, at arma-~
ture 628 and its working contact connects ground
to conductor 23, through the winding of relay 406
of tone group T2, to battery. The operation of
relay 408 compietes the circuit of relay 400 in an
ohvious circuit, and at armature 408 and its work-
ing contact it connects the plate circuit of the
sending tube 410 to the frequency centrol conduc-
tor 24 which is extended over armature 637 and
its resting contact, avmature 619 and its working
contact; armature 602 and its werking contact, to

lead 670 over which current of frequency ¥F3 is

transmitted. The operation of relay 460 connects
the secendary winding of output transformer 419
across the cutgoing trunk conductors 20 and 21
to transmit the supervisory signal to exchange A
to indicate to the operator that the called line has
been seized. o

As was previously explained, the basic signal-
ling current of one thousand cycles per second
is interrupted at several different low frequencies
for the transmission of the different supervisory

1,932,285

signals. Four frequency leads have beer indicated .

as extending to the voice frequency dialling re-
peaters, such as R1 and R2. The source of these
different frequency currents may. be the regular
ringing converters which are used for frequency
ringing : in the -automatic telephone exchanges.

80

Thus the frequencies may conveniently be as fol- .

‘lows: frequency Fl—thirty cycles persecond; fre-

quency F2—Iforty-two cycles per second; frequen-
cy ¥3—fifty-four cycles per second; and frequen~
cy B4—sixty-six cycles per second. These - fre-
quencies are connected to the plate circuit of the
sending tube of the associated tone group, so that
the thousand-cycle current generated by the oscil-
lator may be.interrugted at the proper low fre-
quency since plate current will flow in the send-
ing tube 410 only during the positive half cycles
of the low frequency current connected over the
frequency control lead 24.

Returning now ito the point where relay 400

operated and connected the secondary winding
of transformer 419 across the outgoing trunk
conductors 290 and 21, alternating current of
ocne thousand cycles per second, interrupted at
a frequency of fifty-four cycles per second, which
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has been assumed for frequency F3, is transmit-
ted over the trunk line comprising conductors

20 and 21 to the automatic exchange A. The
duration of this supervisory signal is determined
by the time required for the weighted spring

engaged by armature 634 to come to rest and-

complete a shunting circuit for relay 625. When
armature 634 finally maintains its contact closed,
relay 625 is shunted in a circuit extending from
ground at the working contact of armature 607
and said armature, armature 634 and its work-
ing contact, to the upper terminal of the wind-
ing of relay 625. Relay 625 accordingly releases
and armature 627 and its working contact opens
the circuit of relay 633 and allows this relay to
release. At armature 626 and its working con=
tact it opens the circuit of -relay 406 which ac-
cordingly releases, and at armature 407 and its
working contact opens.the circuit of relay 400.
Relay 400 in releasing disconnects the sending
apparatus irom the outgoing trunk line and at
the resting contacts of armatures 401 and 405
it again extends the trunk conductors to the toll
selector TS2. .

The one thousand cycle signalling current in-
terrupted at frequency F3 or fifty-four cycles per
second, is received at the tone group TG1 in ex-
change A and passes through the primary wind-
ing of input transformer 326.  The current in-
duced in the secondary winding of this trans~
former is impressed upon. the grid of tube 310
causing- a corresponding - plate current through
the primary winding of transformer 319.. The
current. induced in the secondary winding passes
through the thousand cycle tuned reed relay 322
and causes this relay to open contacts 324 at the
rate of fifty-four times per second.. 'The open-
ing of contacts 324 at the frequency 3 inter-
rupts the circuit of tuned reed relays 254 and
260 at a corresponding rate. The tuned reed
255 of relay 254 is designed to vibrate at fifty-
four cycles per second,; and when the circuit of
relay 254 is interrupted at this rate the reed be-
gins to vibrate and operates the armatsure spring
256, thereby opening the cirvcuit of relay 252.
Relay 252 releases and at armature 253 and its
resting contact completes an obvious circuit for
relay 257.

Relay 257 operates and at armature 258 and its
working contact locks itself operated to ground
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at armature 262 of relay 260 through armature
217 and its working contact. -At armature 259
and its working contact it connects ground to
conducior 3 which is extended over this conduc-
tor to the winding of relay 163 of toll selector
TSi. Relay 163 operates and at armatures 165
and 165 and their working eontacts connects -the
battery-feed coil 162 across the two line con-
ductors extending to the toll board in exchange
A. This battery connection to the line conduc-
tors operates the supervisory relay in the cord
circuit CC1, which corresponds to relay 701 of
the cord circuit CC2, shown in Fig. 7 of the draw-
ings, and the latter relay at-its armature and
working contact lights the supervisory lamp as-
sociated with cord circuit CC1 to inform the op-
erator that the connection has been extended to
an idle line.

As was previously explained, when relay 539 of
toll selector 'TS2 in exchange B first operated,
it grounded the supervisory conductor 34 to trans-
mit a supervisory signal to the-toll board of ex-
change A and also brought about the release of
relays 551 and 556 to end the splash of genera-
tor to the toll transmission selector S2 which
started the automatic ringing of the connector
C2. When the called subscriber answers the call,
battery is removed frem the coanductors 774 and
75 extending to the toll transmission selector
and the trunk.is cut dry in a manner clearly
pointed out in the above-mentioned patent to
Tharp. As soon as battery is removed from line
conductors 40 and 43, relay 544 in toll selector
TS2 releases and at armature 545 and its work-
ing contact removes ground from the supervisory
iead 34, thereby opening the circuit of relay 618.
Relay 618 starts to release and its second-ster
armatures 619, 620, 621, and 623 close their rest-
ing contacts before the first-step armatures 622
and 624 have opened their working contacts.
When the relay reaches its first-step position, the
following eircuit is closed for the upper winding
of the relay: from ground at the normally oper-
ated contact of relay 646, armature 643, arma-~
ture 622 and its working contact, armature 629
and its resting confact, resting contact of arma-
ture 620 and said armature, upper winding of
relay 618, to battery. The. energization of the
upper winding of relay 618 is sufficient to hold
the relay in.its first-step position.

A circuit is now closed from ground at armature

648 of relay 646, armature 622 and its working
-contact, armature 623 and its resting contact,

winding of relay 625, to battery. Relay 625 oper-
ates and at armature 628 and its working contact
completes a locking circuit for itself. At armature
627 and its working contact it completes a circuit
for relay 633, at armature 629 and its resting con~
tact it-opens the circuit for the upper winding of
relay 618 which now completely releases, and at
armature 626 and its working contact it connects
eround to the sending conductor 23 to cperate re-
lay 406 of the tone group TG2. Relay 408 brings
the
tone generating circuit to the outgoing trunk con-
ductors 20 and 21 and at armature 408 and its
working contact it connects the plate circuit of
sending tube 410 to the freguency contrel con-
ductor 24. Since relay 618 is now completely re-
leased, the freguency conductor 24 extends over
armature 837 and its resting contact, armature 619
and its resting contact, armature 602 and its
working contact, and over conductor 668 to the
source of current of frequency F4 'which has been
assumed to be sixty-six cycles per second. A sig-

nal consisting of one thousand cycle current in-
terrupted at sixty-six cycles per second is now
being transmitted over trunk line conductors 20
and 21 to exchange A.

‘Relay 633 energizes when its circuit is closed
at armaturs 627 of relay 625 and, after an in-
terval, armature 634 and its working contact re-
main closed, thereby short-circuiting the winding
of relay 625 in the manner previously described.
Belay 625 thereupon releases and ab armature
826 and its working contact it removes ground
from the sending conductor 23 to terininate the
supervisory signal being transmitted over the
trunk line. At armsture 628 and its working con-
tact it opens its own locking circuit, at armature
€29 and its working contact it opens a point in
the locking circuit of relay 618, at armature 630
and its working contact it opens one ground con-
nection to the busy conductor 29, and at armature
631 and its resting contact it again prepares the
initial energizing circuit of relay 618. . :

The answering supervisory signal transmitted
over trunk line conductors 20 and 21 to exchange
A is received at tone group TG1 and operates the

thousand cycle tuned reed relay 322. .Accordingly,

the circuit of tuned reed relays 254 and 256 are
interrupted at & rate of sixty-six cycles per sec-
ond.  The read 261 of relay 260 is tuned fo re-
spond to this frequency, and, accordingly, oper-
ates its armature 262, thereby opening the lock-
ing circuit . cf relay 257. Relay 257 releases and
at armature 258 and its working contact opens a
point in its locking circuit, and at armature 259
and its working contact removes ground from the
supervisory lead 3, thereby opening the circuit of
relay 163 of toll selector TS1.. Relay 183 releases
and a2t armatures 185 and 186 and their working
contacts removes the batiery connections from
I ‘e trunk line conductor extending to toll board
A, ther eay allowing the supervisory relay in'cord
c_m_gzt 01 to release and pub out the supervisory
lamp. This informs the operator that the called
subscriber has answered and she may now cub
through the connection through her cord circuit
and the caﬂlinv and called subscribers may con-
verse. .

At the end of the conversation when the sub~
seriber at substation T2 replaces his receiver, bat-
tery and ground are sgain connected to conduc-
tors 774 and 775 and extended over cenductors 40
and 43 and wipers 588 and 591 of toll selector
TS89 to again operate relay 544. Relay B44 ab
armature 545 and its working eontact again con-
nscts ground to the supervisory lead 34, thereby
operating relay 618 in the manner previously de-
seribed. Relay 618 operates in its first step and
brings about the operation of relays 625 and 633
in the maunner previcusly described. Relay 625
starts the transmission of a disconnect signal con-
sisting of thousand-eycle current interrupted atb
freguency F3 and the operation of armature 634
of ‘relay- 633 terminates the disconnect signal.
The operation of these relays to send the discon-
nect signal is the same as previously explained
for sending the supervisory signal when the con-
nector C2 was operated into engagement with an
idle called line.

AL exchange A the disconnect signal oper-
ates tuned reed relay 322 which opens the cir-
cuit of relays 254 and 26¢ at a rate of fifty-four
times per second. Relay 254 responds and ab
armature 256 and its working contact opens the

cireuit of relay 252 which releases and at arma~

ture 253 and its resting contact completes the
circuit of relay 257, Relay 257 operates and at
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armature 258 and its working contact completes
a locking circuit for itself and at armature 259
and its working contact grounds the supervisory
lead 3, thereby cperating relay 163 of the toll se-
lector TS1., Relay 163 again bridges the battery-
feed 'coil 162 across the trunk line conductors
extending to the toll board, thereby lighting the
supervisory lamp associated with cord circuit
CC1 in the manner previously described.

In case the toll operator at exchange A wishes
to re-ring the subscriber T2, she operates the
ringing key associated with her cord circuit, there-
by connecting ringing current over the tip and
ring of cord circuit CC1 and jack Ji, through
condenser 146, winding of relay 144, and the re-
tard coil 150. Relay 144 coperates and at arma-
ture 145 and its working contact connects ground
from the busy conductor 2 over resting contacts
of armature 107 and said armature, armature 145
and its working contact, armature 108 and its
resting contact, conductor 5, winding of relay 238,
to battery. Relay 236 operates and at armature
237 and its working contact connects the frequen-
cy control conductor X to conductor 27i, over
which alternating current of frequency 71 or
thirty cycles per second is supplied. At arma-
ture 228 and its working contact it connecits
ground to conductor ¥, thereby operating relays
306 and 300 in tone group TG1. The operstion
of relay 300 brings about the connection of the
tone generating equipment to the ouigoing line
conductors 20 and 21 and a re-ring signal con-
sisting of thousand-cycle alternating current in-
terrupted at thirty cycles per second is trans-
mitted over frunk line conductors 20 and 21 to
automatic exchange B.

This re-ring signal is received hy tone group
TG2, causing the operation of the tuned-reed
relay 422, which interrupts its contacts 424 at
the rate of thirty times per second. The reed
644 of tuned reed relay 843 is tuned.to respond
to this frequency and operates its armature 645,
thereby opening the circuit of relay 641. Relay
641 releases and at srimature 642 and its resh-
ing contact conneects ground to conductor 51,
thereby completing the energizing circuit for the
upper winding of relay 556. Relay 556 operates
and at armatures 559 and 558 and their- working
contacts it again connects the generator leads
to wipers 583 and 591, thereby transmitting ring-
ing current to the toll transmission selector S2.
This brings about the signalling of the subscrib-
er at substation T2 by the toll connector C2 in
the manner clearly described in the above-men-
tioned patent to Tharp.

The re-ring signal is transmitted over the trunk
line to exchange B as long as the #oll operator
at exchange A holds her key depressed. When
she releases the key, relay 144 releases and ab
armature 145 and its working contact opens the
circuit of relay 226. Relay 226 releases and. ab
armature 238 and its working contact discon-
nects ground from conductor ¥, thereby termi-
nating the re-ring signal. When the called sub-
scriber answers after being re-rung in the shove-
described manner, battery is disconnected from
the frunk line conductors 774 snd 775, there-
by bringing about the release of relay 544. Re-
lay 544 at arvasture 545 and its working contsct
disconnects ground from conductor 24, therehy
bringing about the release of relay 618 and the
transmission of an answering signal to exchange
A in the manner previously described. This an-
swering signal extinguishes the supervisory lamp
at the toll operator’s position in exchange A,
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thereby inforining the operator that the subscrib-
t substation T2 has again answered.

- Returning new to the point where the super-
isory lamp at the toll operator’s position in ex-
change A wag lighted responsive to the discon-
nection of the called subscriber, the cperator now
reimoves the plug P1 from the jack Ji. Relay
196 releases and removes ground from- the hold
conductor 1, thereby opening the circuit of relay
212 of voice freguency repeater R1. Relay 212
releases and -2t armature 213 and its working
contact disconnects ground from conductor 265
and connects this conductor to the impulse con-
ductor Z. At armature 214 and its working con-
tact it opens the locking circuit of relay 218, at
srrasture 215 and its working contact it removes
the ground shunt from armature 235 of relay 223
and the associated weighted spring contact, at
armeturs 218 and its working contact it removes

rorn the busy conductor 2; and at arma-
ure 217 and its working contact it opens a point
in

the locking: circuit of relay 257. )

Relay 218 begins to release and as scon as ar-
ature 220 closes its resting contact a circuit
is closed from ground at the working contacs of
nature 248 and said armature, armature 222
and 1ts working contact, armature 229 and. its
g contach, resting contact of armature 220
nature, uoper winding of reiay 218, to
3 ; rgization of the upper wind- 1
ing of the 'relay is sufficient to hold the relay
In its Srst step with armatures 222 and 224 still
operated, bub the remaining -armatures in en-
gagement with their resting contacts. A cireuit
i3, thereiove, closed -from ground at armature 1
248, armaturs 222 and its working conbact, ar-
mature 225 and ifs resting contact, winding of
relay 225, to bhattery.

Relay 225 energizes and abt armature 227 and
its working contact completes a cireuit for the 1
timing relay 233. At armature 229 and its regt-

i contact it opens the circuit for the toper
winding of velay 218 and allows this relay to com-
pletely release. - At armature 326 snd its work-

XK

ing contact it connecis ground to the sending 1°

conductor ¥, thereby operating relay 308 of tone
group TG, Relay 306 in {urn operates the re-
lay 200, thersby connecting the tone gensrating
circuii to the oubgoing frunk conductors 20 and
At ermature 388 and its working contact,
relay 206 conmects the plate gircuit of sending
tuke 218 to conductor ¥ which extends over ar-
mature 237 and ifs resting contast; armature 219
and its resting contact, armature 207 and its rest-
ing contact, to frequency T2 conductor 2687, Al.
ternating current having a freguency: of forty-
two cycles per second is thareby connected to
the plate circuit of the sending tube 210 and a
release signal consishing of thousand eycle cur-
rent intervupted forty-two times per sesond is 1
transmitted over the trunk line conductors 20

21

-y

and 21. Bince in this case the ground connec-
tion is removed from armature 234 of ralay 233,

the shunting circuit of
unbil armabure 235 6
tact with its weig spring
as previously stsi about ¢
as the time requived for arm

[

relay 225 is not cormnpleted

En
st 1

oy
or
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h

mature,. 1
When armature 235 finally completes its con-
tact with its weighted spring armature, a eir-
cuit is completed from ground, armature 235
and its working contact, armature 234 and its
working contact, to the uvper terminal of the !
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relay 233 maintaing its con- 3¢
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winding of relay 225. Relay 225, therefore, re-
leases and &t armature 226 and its working con-
tact disconnects ground from the sending con-
ductor Y, thereby terminating the release signal.
At armature 228 and its working coniact it opens
its own lecking circuit, -at armature 227 and its
working contact it opens the circuit of relay 233,
at armature 231 and its resting contact it again
prepares a circuit for reiay 218, and al arma-
ture 230 and its working contact it disconnects
the last ground connection to the busy conduc-
tor 2. :

Ground-has now been removed from the hold

conductor 1 and the husy conductor 2 and relay

157 in toll selector TS1 accordingly releases. The
equipment in the automatic exchange A has now
been restored tc its normal condivion: )

The long release signal consisting of one thou-
sand cycle current interrupted at a rate of forty-
two times per second is received by tone group
TG2 and operates the tuned reed relay 422 which
in turn opens the circuit of relays 643, 649, and
663 at o correspending rate. Relay 649 responds
to this signal and its vibrating armature 650 op-
erates armature 651, thereby opening the cireult
of relay 646. Relay 646 releases and at arma-
ture 647 and its working contact opens @ point
in the impulsing circuit and at armature 645 and
its working contact it opens the locking circuit
of relay 600 which accordingly releases. Relay
600, in releasing; at armature 604 and its wWork~
ing contact opens a point in the circuit of the
polarizing winding of relay 639, at armature 609
removes ground from the busy conductor 29, and
at armature 610 and its working contact removes
ground from the hold conductor 33.

The removal of ground frorm hold counductor
33 brings about the release of relay 500. Relay
500, in releasing, at armature 509 and its wWork-
ing contact opens the locking circuit of relays
539, 547, and 512. At armature 510 and its rest-
ing contact it completes the circuit for release
magnet 534.over off -normal springs 528, and ths
toll selector TR2 accordingly releases. The re-
moval of ground at armature 5¢9 and its working
contact also opens the locking circuit of relay
581 which releases and in turn opens the circuit
of relay 567. The selector T82 and. its associated
repeater and tone relay group have now restored
to normal. ,

The release of the toll selector TS2 removes
ground from the control conductor 42 extending
to the trunk circuit TC2, thereby allowing relay
746 to release. At armature 748 and its working
contact relay 746 opens the circuit of relay 749,
and at armature 747 and its working contact it
opens a point in the bridge circuit across the out-
Relay 749 releases and
at armature 752 and its working contact cpens
the locking circuit of relay 754, at armature 7750
and its working contact removes ground from
the test conductor 4i, and at armature 753 and
its resting ‘contact closes a loop circuit across the
outgoing trunk conductors 774 and 775 through
relay'771l. Sincebattery is connected across these
trunk conductors at the toll transmission se-
lector, relay 771 operates and at armature 772
and its working contact opens the locking circuit
of relay 760. Relay 760 releases and ab armature
782 and its working contact it removes the iast
ground connection from the test conductor 41,
thereby rendering this trunk circuit. available

to selectors, at armatures 761 and 786 it removes-

the short-circuit from condensers 787 and 768,

“and at armature 765 and its working contact it

11

opens the bridge circuit including relay 77l.
After an interval relay 771 releases and again
prepares the locking circuit of relay 760.

As the loop circuit to the toll transmission
selector ' S2 and connector C2 has now been
opened, these switches release in the manner
clearly described in the above-mentioned patent
to. Tharp. All the apparatus used in the estab-
lishment of a connection from the toll operator
at exchange A to substation T2 in exchange B
has now been released and is in its normal con-
dition.

In case the operator at the toll board A is the
first to release, the voice frequency repeater R1
and the one group TGl transmit the release sig-
nal over conductors 20 and 21 to exchange B in
the manner pointed out above. This brings
about the release of the toll selector TS2, thereby
removing ground from the control conductor 42
extending to trunk circuit TC2. Relays 746 and
749 are accordingly released in the manner
pointed. out above and the relay 771 is bridged

across trunk conductors 774 and 775 extending.

to the toll transmission selector S2. Relay 760
remaing locked energized to the back contacts
of armature 772 and at armature 762 and its
working contact maintains ground on test con-
duector 41 to prevent the seizure of the trunk
circuit TC2 by any selector, such as TS2.  When
the called party replaces his receiver, battery is
connected to trunk conductors 774 and 775 and
relay 771 operates to open the locking circuit of
relay 760 in the manner previously described.
Relay 760 releases and at armature 765 opens
the circuit of relay 771, thereby allowing this re-
lay to release. Thus. it is seen that the release
of the toll train is controlled by the last party
to disconnect. L

In the foregoing explanation of the establish-
ment of a call from the toll operator at exchange
A t0 a substation such as T2 in exchange B, the
utility and function of relay 639 in the voice fre-
quency dialling repeater R2 was omitted for

clarity. - The purpose and operation of this relay

will now be explained.

Referring to Fig. 6 of the drawings, it is seen
that when ground is intermittently removed from
the receiving conductor 22 responsive to the re-
ceipt of dialling impulses or thousand-cycle sig-

nalling current interrupted at freguencies F1 g

or F2, the circuits of the tuned reed relays 643
and 649 and of the lower winding of relay 663
are intermittently interrupted. Relay 663 con-

" {rols the operation of the toll selector TS2 and

succeeding switches in the toll train by connect-
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ing ground to the impulse conductor at armature

684 and . its resting contact responsive to thou-
sand cycle current interrupted at dial speed.
However, when a signalling currenf is received
interrupted at freguencies F1 or F2 the circuit
of relay 663 is also interrupted and armature
664 would ordinarily be released to send ground
impulses over the impulsing conductor 35, there-
by interfering with the operation of the switches
and causing chattering of relays during the time
that the switches are in talking condition. Also,
in case the toll operator wishes to release the
connection after it has been partially set up, the
release signal consisting of thousand cycle cur-
rent .interrupted at frequency F2 would inter-
mittently release relay 663, thereby sending im-
pulses over the impulsing lead to the automatic
switches. The operation of the repeating relay
746 of the trunk circuit TC2 causes a short-cir-
cuit to be placed across the trunk conductor
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which would interfere with the incoming line sig-
nal. It is also desirable to prevent the possible
operation of relay 683 by voice currents after the
talking circuit has been established. In order to
eliminate these - difficulties, the polarized relay
639 has been provided. '

This relay is of the type disclosed in Patent
No. 1,673.884, granied June 18, 1923, to Harold
C. Pye. The lower winding of the relay is the
polarizing winding while the upper winding is
the operating winding. When relay 600 is op-
erated as soon ag a call is received, the lower
winding of relay 639 is energized from ground,
armature 684 and its working contact, working
contact of armature 804 and said armature, lower
winding of relay 638, to batlery.  This ener-
gizes the polarizing winding which is not of suffi-
cient strength to operats the relay, bubt which is
sufficiently strong to mgaintain the relay ener-
gized after it has once been operated. When
dialling impulses are received, the circuits of the
tuned reed relays 643.and 649 and the relay 663

‘are iuterrupted at normal dial speed which is

ten impulses per second. - Relays 643 and 649
do not respond to these interruptions, but relay
663 releases at each interruption of its circuit
and at armature 654 and its -resting contact

“transmits corresponding ground impulses to op-

erate the automatic switches.” Bach time it re-
leases its armature, it opzuns the circuit of the
lower polarizing winding of relay 639.

The polarizing winding of relsy 639 is wound
on the heel end of the core while the operating
winding is wound on the armature end of the
core as fully disclesed in the above-mentioned
patent to Pye. A magnetic shunt is provided
from & point on the core between the two wind-
ings to the armature end of the relay and this
magnetic shunt member forms a back stop for
the armature. Thus, normally, with the polar-
izing winding energized, the major portion of the
magnetic flux passes’ through the lower half of
the core, through the shunting member and back
stop, and thence by way of the armature and
heel piece to the lower end of the core. A smaller
amount of flux passes entirely through the core

and through the air gap between the core and

armature and then through the heel piece back
to the sther end of the core.

Referring to Fig. 6, it is seen that the operat-
ing or upper winding of relay 639 is normally
shunted from ground at armature 626 and its
resting contact. Under the above conditions,
when the circuit of the polarizing winding is
opened the. magnetic flux passing -through the
shunt member of the relay immediately - col-
lapses while the smaller amount which is pass-
ing through the upper portion of the core and
is tending to atiract the armature to the core
persists for an interval duve to the short-
circuited overating winding. Thus the flux tend~
ing t0 attract the armature to the core persists
for an interval while the flux holding the arma-
ture against the back stop immediately col-
lapses, and as a result the relay is operated for
an instand each time the circuit of the polarizing
winding is opened. .

When dialling impulses are being received st
the rate of ten per second, relay 663 releases at
each impulse and opens the circuit of the polat~
izing winding, thereby causing relay 839 to snap
up for an instant. However, the relay immedi-
ately falls back and has released by the time the
circuit to its polarizing winding is again com-
pleted by the operation of relay 663. Thus it is
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seen that when dialling impulses are being re-
ceived, relay €39 operates momentarily each time
an impulse is received but again drops back be-
fore the circuif to its polarvizing winding is closed,
and, therefore, does not remain operated. How-
ever, when signalling current is received which
is interrupted at frequency Fl or F2, which in
this case has hesn assumed to be thirty cycles
per second and forty-two cycles per second, re-
spectively, one of the relays 643 or 848 is oper-
ated responsive to the interruptions of current
and relay 663 is also released at each interrup-

5
L
b,

tion. ch time relay 6583 releases the cireuit is
interrunted for the polerizing winding of relay

ot

relay operates in the manner de-
3 However, in this case the suc-
ceeding impulse follows before relay 639 has had
time to release and the relay is still operated
hezn the circuit. of the polarizing winding is
again clesed by the operation of relay 683. As
was previcusly stated, the polarizing winding is
of sufficient strength to maintain the relay op-
erated once it has been operated. ‘Relay: 633 is,

and thig

therefore, held coperated when relay 863 again

operates and at armature 640 and its working
comtact it completes a locking circuit for relay
663 exfending from ground, armaiure 664 and. its
working contact, working contact of armature
604 and said armature, working contact of arma-
ture 640 gnd said armature, upper winding of
relay 663, to battery. Thus it is seen tha when
signalling current being interrupted at frequency
1l or 2 is being received, relay 663 locks ener-
gized go that it will not respond to each jnter-
ruption of itz circuit and cause interference with
the incoming signal. However, this arrangement
does not interfere with the repeating of the dial-
ling impulses by relay €63, since in this case relay

632 has each time released before relay 663 again
operates. ’

It will be noted that the upper or operating
winding of relay 639 iz shunted by ground
through armature 626 and its resting contact of
the signal sending relay 625. Thus on an in-
coming call, after the connection has been set
up and an idle line connected with, relay 625 op-
erates to ftransmit a supervisory signal to the
calling operator in the -manner. explained above.
At armature 626 and its resting contact it removes
the short circuit from the upper or-operating
winding of relay 632 and this relay operates and
at armature 640 and its working contact com-
pletes a locking circuit for the upper winding of
relay 663 in multiple with its own polarizing
winding. Thus relays 663 and 639 are locked in
operated position as soon as dialling has been
completed and an idle line connected with.
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These relays remain locked up- until relay 600 -

releases in response to the release signal from
the calling exchange. .

Froin the foregoing, it is clear that the arrange-
ment just described provides for the locking up
of relay 663 when signals are received at other
than dial speed and as soon as the connection
has been set up and befors the talking circuit is
established. = This prevents any false operation
of this relay which might interfere with received
signals or with conversation taking place over
the toil lins. : :

Call from toll board in exchange A to substation
T3 in exchange C

It will now be assumed that the toll operator
at exchange A receives a reguest for a connection

to & substation in exchange C, such as the sub- 150
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227 and its working contact completes the circuit

station T3, shown in the trunking layout of Fig.
10. The operator inserts the plugs P1 and P2 of
cord circuit CC1 and dialling cord DC1 into the
jacks, such as J1 and J2 of an idle trunk circuit
extending to exchange B. Responsive to the
seizure of the trunk, the voice frequency repeater
R1 and tone group TG transmit & calling signal
of uninterrunted thousand cyele current over the
trunk line to prepare the equipment in exchange
B in the manner previously described. The toll
operator upon hearing the dial tone returned
from selector TS2 in exchange B proceeds to dial
the digits of the called number. The first digit
in this case will be the digit 0 to select the desived
exchange, and this is followed by the four digits

Responsive to the dialling of the digit 0, tell
selector 'TS2 is operated ten vertical steps and
at the end of the series of impulses it automati-
cally rotates over the tenth level until it finds
an idle trunk extending to ezchange C. It will
be assumed that the trunk ssized by selector TS2
is that available over conductors 36, 37, 38, and
39 and terminating in toll selector TS3, repeater
R3, and tone group TS3. In ovder to expedite
the explanation of the call it will ke assumead
that the tcll selector TS1, repeater R1, and tone

roup TG1 are the switches associated with the
trunk extending tc automatic exchange C. it
will further be assumed that the toll selector TSI
ig seized by toll selector THZ over conductors 9,
19, 11, and 12. :

As soon as the wipers of selector TS2Z are Op-
erated into engagement with the trunk extend-
ing to selector TSI, ground is sent forward over
wiper 580 from ground ab the working contach
of srmature 583 and said armature, wiper 522
and associated hank contact, conductor 37, con-
ductor 190, (Fig. 1), contacts 101, conductor 1,
resting contact of armature 206 (Fig, 2) and
said armature, winding of relay 212, to battery.
Tn this case the negative line wiper 538 does not
encounter a battery potential through the wind-
ing of a relay, such as relay 754 of trunk circuit
T2, as is the case in which the call is for a sub-
ceriber in exchange B, and relay 547 dees not
operate. Relay 212 operates in the above-traced

cireuit and at armature 214 and its working con-

tact completes the circuit for the two windings
of relay 218 in series. Ab armature 215 and its
working contact it prepares a ghunting circuit
for relay 295, at armature 216 and its working
contact it grounds the busy conducter 2, at arma-
ture 217 and its working contact it prepares o
locking cireuit for relay 257, and at armature
213 it disconnects the sending conductor Z from

conductor 265 and connects ground tc the latter -

conductor. .

Relay 218 begins to operate but as soon as
armature 222 engages its working contact a eir-
cuit is completed from ground, working contact
of armature 248 and said armature, armature 222
and its working contact, armature 229 and its
resting contbact, resting contact of armature 220
and said armature, to the junction point of the
two windings of rvelay 218. The lower winding
of this relay is thereby shunted out and since
the upper winding is not of sufficient strength to
operate the relay completely, the relay remains
in its first step with armatures 222 and 224 en-
gaging their respective working contacts. The
ground from armature 248 is also extended over
armature 322 and its working contact, armature
293 and ite resting contact, winding of relay 225,
to battery. Relay 225 operates and at armature
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for relay 233, at armature 228 and its working
contact completes its own locking circuit, at
armabure 229 and its resting contact opens the
shunt cireuit of the lower winding of relay 218,
thereby allowing this relay to operate complete-
and at armature 226 and its working contact
nects ground to the sending conductor Y,
reby operating relays 306 and 360 in the tone
un T and bringing about the connection
of the tone generating equipment to the outgoing
trunk line conductors 20.and 21, which in this
case are assumed to correspond to conductors. 44
and 45 extending to ezchange C. '

An uninterrupted splash of thousand cycle
current is thereby transmitted over the trunk line
to exchange C and this splash of current is ter-
minated as soon as armature 234 of relay 233

‘engages its weighted spring working contact,

winding of relay 225 and
allowing this relay to rclease. Relay 225 in re-
leasing brings about the release of relays 306
and 300 of tone group TG1, thereby terminating
the calling signal, at armature 227 and its work-
ing contact it opens the circuit of relay 233,
at armature 228 and its working contact it opens
its own locking circuit, and at armature 229 and
its resting contact it again prepares a shunting
circuit for the lower winding of reiay 218.

The calling
cycle current transmitted over the trunk line
conductors 44 and 45 to exchange C is received
by the toll selector TS4, repeater R4, and tone
group TG4 (Fig. i10). and prepares this equip-
ment for operation.

The succeeding digits of the called number
dialied by the toll opszrator in exchange A are
transmitted in the form of impulses of one thou-
sand cycie alternating current over trunk line
eonductors 20 and 21 to tone group TG2 in ex-
change B. The tuned reed relay 422 responds

thereby shunting the

to these impulses and interrupts the circuit of

relay 683 of repeater R2 a corresponding num-
ber of times in the manner previously explained.
mach time relay 663 releases it grounds the im-
pulse conductor 35, thereby operating relay 518.
Hach time relay 518 opsrates in accordance with
the digits of the ealled number, it completes a
circuit from ground, working contact of arma-

ture 520 and said armature, armature 586 and

its working contact, resting contact of armature
549 gnd said. armature; wiper.590 and associated
bank contact, conductor 38 (conductor

cperates at each impulse of the dialled digits
and connects the tone generating eguipment fo
the outgoing trunk conductors 20 and 21 corre-
sponding to trunk conductors 44 and 45 extend-
ing to exchange C.

These impulses of thousand cycle alternating
current are received in .exchange C by tone

group TG4 and repeater R4 and serve to oper-

ate toll selector TS4, the toll transmission se-

lector 83, and the toll connector C3 in the same -

manner as explained for the operation of toll
eiector TS2, toll transmission selector 82, and
toll. connector C2 in the explanation of the es-
tablishinent of a connection from the toll op-

erator in exchange A te subscriber T2 in ex- it

change B. When an idle line is connected with,
batteryis connected to the line conductors by
the toll transmission selector 33; which brings
about the transmission of a supervisory sighal by
repeater R4 and tone group TG4 over trunk line

signal of uninterrupted thousand ..
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conductors 44 and 45 exfending fo exchange B.
This signal consists of one thousand cycle alter-
nating current interrupted at frequency F3 or ab
fifty-four interruptions per second. The signal
is received over trunk line:conductors 44 and 45

-(conductors 20 and 21), thereby causing the tuned

reed relay 322 to open its contact 324 at the rate
of fifty-four times per second. - This interrupts
the
a correspending rate and relay 254 responds and
opens its contact 256, thereby opening the cir-
cuit of relay 252 and allowing this relay to re-

lease.

Relay 252 in releasing completes the circuit
of relay 257 which operates and at armature 258
and its working contact compleles a circuit for
itself dependent upon ground at the arimature
262 of relay 2656. At armature 259 and its work~
ing contact it completes a circuit from ground,
working contact of armature 259 and said arma-
ture, conductor 3, winding of relay 163, to bat-
tery. Relay 163 cperates and at armatures 1
and 166 and their working contacts conne
the battery-feed ccil 162 across the two hne
conductors 8 and 12 extending from the banks of
toll selector TS2. The connection of battery over
wipers 588 and 521 of toll selector TS2 brings
about the operation of relay 544 which in turn
grounds the supervisory conductor 34 to send
a, supervisory signal coasisting of thousand cycle
current interrupted at fregquency FS over trunk
line conductors 20 and 21 to exchange A to light
the supervisory lamp in the opemtor’s cord cir-
cuit in the manner previously described.

. When the called subscriber answers, battery is
remeved at the toll transmission selector S3,
thereby causing the voice frequency equipment in
exchange C to transmit an answering supstrvisory
signal consisting of thousand ecycle alternating
current interrupted at frequency ¥4 or sixty-six
times per second. . "This signal is received by tone
group TG3 in exchange B, and the relay corre-
sponding to relay 280 in repeater R1 responds to

- this sighal, and at armature 262 and its normally

closed ccntact opens the locking circuit of relay
257. Relay 257 releases and abt armature 259
and its working contact removes ground from the
superviscry conducter 3, thereby bringing about
the velease of relay 163. Relay 183 in releasing
removes the battery connections from the incom-
ing line conductors extending to selector 'TS2,
thereby allowing relay 544 to release and remove
ground from . the supervisory lead 34. This
brings about the release of relay 618 in its two
steps and the subsequent operation of relays 625
and 633 to transmit a corresponding answering
supervisory signal over trunk line conductors 20
and 21 to automatic exchange A to put out the
surervisory lamp at the operator’s position.

At the end of the conversation, when the sub-
scriber at substation T3 replaces his receiver,
battery is again connected to the line-conductors
extending to the trunk circuit TC3, in the mannsr
previously described. This brings about the
transmission of a disconnect signal by the voice
frequency equipment in exchange C, in the man-
ner previcusly described in connection with the
equipment in exchange B on a call from the toll
operator in exchange A. to a subscriber in ex-
change B. The disconnect signal is received over
trunk line conductors 20 and 21 (conduciors 44
and 45) and again brings about the cperaticn of
the tuned reed relay 254 which opens the circuit
of relay 252 and allows this relay to releagse. Re-

circuit to tuned reed relays 254 and 260 at

1,932,235

lay 252 at armature 253 and ifs resting contact
completes the circuit of relay %57 which oper-
ates and locks itseli opsrated ab armature 258

and its working contact. At armature 258 and its

working contact it again grounds the supervisory
conductor 3, thereby operating relay 163 which
bridges the ba tery feed coil 162 across the line
conductors extending to selector TS2. Relay 544
in selector TS2 responds to this connection of bat-
tery to the line conductors, and st armature 545
again connects ground to supervisory conductor
34 to cause the repeater R2 and tone group TG2
to send out a corresponding disconnect signal
over trunk line conductors 20 and 21 & exchange
A to again light the superviscry la nip-at the op-
erator’s position and inform her that the calied
subscriber has replaced his receiver,

When the toll operator removes plug P1 from
jack J1, a release signal of thousang eycle alter~
nating current interrupted at fre'pmnc./ “"'2
forty-two interruptions pcr sncon is tranemi
over trunk line conductors 20 and 21 to exchane
B to bring about the opera hon of the tunad resd
relay. 649 which cvens the circuit of relay 6""
thereby disconnecting ground from the w
of relay 660 and allowing this relay to 1‘eiease
The release of ralay 600 brings about the release
of the toll selector 'TS2, in tha manner T previously
described.  When Selec or TS2 relepses it re-
moves ground froin conductor .37 (conductor 0,
thereby removing ground from the hold (‘Oﬂddc-
uOL 1 and allewing relay 212 to release.
in releasing brings about the release of relay 218
to its first step which resulis in the operation o.t'
relay 225 to start the transmission of the v
signal cver trunk line conductors 44 and 45 (uon—

ductors 20 and 21) by the tone s;roap Z'ui
armature 227 and its working contach 1
cnervizes 1eiav 233 Which aftbr an 1”1116“

n)
Relay 212

causmg this Mlay to Lel case to tc*‘mmatﬂ th ere
leass signal. .

The release signal is transmitted over trunk
line conductors 44 and 45 to fhe voice frequency
equipment in exchange C and brﬂlgs about the

release and restoration to normal of a1l the
switches and em ipmen in this xchange in the
manner previcusly described in connection with

exchange B. All the apparat‘ s used in the es-
tablishment of 5 connection from the toll hoard in
exchange 4 to su nunatlor T2 in exchange © has
now. been released and is in its normal condi
tion.

Calls from the toll operator in exchange B to
subscribers in exchange A or uubcCrIDEfD in ex-
change C are estaplished in the same mannar as
described in detail in wnmc‘uion with a call from
a toll operator in exchan t0 a subseriber, such
as T2; in exchange B. T thll operator at sx-
change € can also establis nections to sub-
scribers in  exchange B in manner.
Calls from the toll operator in exchange C may he

established to subscribers, such as T1,in exchange

A by way of exchange B in a manner similar %)
that just described in detail in connéction with

h

5

Ky

& call from the toll operator in exchange A to the -

subscriber T3 in exchange €. Thus i is seen
that any one of the toll operaiors may establish
a connection {0 any subscriber in either of the

other exchanges direct by dialling and without

the assistance or intervention of a second tocll

operator.

or -
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Call from the toll operator in exchange A to the
toll operator in exchange B

Tt will now be assumed that the toll operator
at exchange A desires to secure some information
from the toll operator at exchange B or desires
that the toll operator at exchange B shall com-
plete the requested connection. In this case the
operator in éxchange A inserts plug P1 of the
cord circuit CC1 into jack J1, thereby bringing
about the transmission of a calling signal to ex-
change B consisting of uninterrupted thousand
cycle current in the manner previously explained.
This calling. signal prepares the eguipment in
exchange B for operation.

The toll operator at exchange A then operates
her ringing key, thereby transmitting ringing
current over the line outgoing from the toll board.
This ringing current passes through condenser
146 and operates relay 144, thereby completing a
circuit from grounded busy conductor 2, resting
contact of armature 107 and said armature, ar-
mature 145 and its working contact, armature
108 and its resting contact, conductor 5, winding
of relay 236, to battery. Relay 236 operates and
at armature 238 and its working contact grounds
the .sending conductor Y, thereby bringing about
the operation of relays 306 and 300 to connect
the tone generating equipment to the outgoing
trunk conductors 20 and 21. At armature 237
and its working contact it connects the plate cir-
cuit of the sending tube 310 over conductor X
to the source of alternating current of frequency
1 available over conductor  271. A signal of

one thousand cycle current interrupted at fre-

quency F1 or thirty cycles per second is thereby
transmitted over trunk line conductors 20 and 21
to exchange B, as long as the ringing key at the
operator’s position is held operated.

This ringing signal is received at tone group
TQ2 over conductors 20 and 21 and brings about
the operation of the tuned reed relay 422 at the
rate of thirty times per second. -Relay 422 ac~
cordingly interrupts the circuit of relays 643, 649,
and 663 at a corresponding rate. Relay 639 op-
erates at the first release of relay 663 and is still
operated when relay 663 again operates and
closes a cireuit to the polarizing winding of relay
639 and this relay, therefore, locks energized and
also locks relay 663 energized so that this relay
will not respond thereafter to the ringing signal.
Relay 643 responds to the ringing signal when its
circuit is opened at the rate of thirty times per
second and the vibrating reed 644 operates-arma-
ture 645, thereby opening the circuit of relay 641.
Relay 641 releases and at armature 642 and its
resting contact connects ground over conductor
31, off-normal springs 530, armature 523 and its
resting contact, through the upper winding of
relay 521, to battery. .

Relay 521 operates in. its first step and ab
armature 526 and its working contact completes
a locking circuit for itself from grounded arma-
ture 509 iand its working  contact. Iowever,
relay 521 cannot operate completely as long as
its lower winding is shunted by the ground ex-
tended over conductor 31.  The ground on con-
ductor 31 also extends through the upper wind-
ing of relay 556, to battery. Relay 558 operates
and at armatures 560 and 561 it completes the
following circuit for the ring-up relay at the toll
operator’s position: from generator, armature 569
and its resting contact, working contact of arma-
ture 560 and said armature, armature 598 and
its resting contact; condenser, winding of ring-up

-ductors 20 and 21.
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relay, resting contact of armature 599 and said
armature, armature 561 and its working contact,
resting contact of armature 568 and said arma-
ture, to gemerator ground. The ring-up relay
operates in this circuit and at contacts on this-
relay brings about the lighting of a calling lamp
at the operator’s position to inform her that she .
is being signalled over the trunk extending from
exchange A.

When the operator at exchange A releases the
ringing key she terminates the calling signal.
Relay 643 ceases to vibrate its tuned reed arma-
ture 644 and the circuit of relay 641 is again
closed. Relay 641 operates and at armature 642
and its working contact removes ground from
conductor 31, thereby allowing relay 556 to re-
lease and cut off the generator from the calling
relay at the toll operator’s position in exchange B.
A48 soon ag ground is removed from conductor 31,
the lower winding of relay 521 is no longer shunt-
ed, and this relay operates coimpletely over both
of its windings in series. At armature 522 and
its working contact it ‘prepares a circuit for
relay 536, at armature 523 and its resting contact
it opens its initial energizing circuit, at armature
527 and its working contact it completes an oper-
ating circuit for relay 512 which operates and at
armature 515 and its working contact locks it-
gelf operated to armature 509, and at armature
525 and its working contact it completes a circuit 105
from the grounded hold conductor 33, resting
contact of armature 538 and said armature, arma-
ture 525 and its working contact, conductor 34,
resting contact of armature 631 and said arma-
ture, both windings of relay 618 in series, to
battery.

Relay 618 begins to operate and in its first step
closes its armatures 622 and 624 and their work-
ing contacts. The closure of armature 622 com-
pletes the circuit from ground, workihg contact 115
of armature 648 and said armature, armature 622
and its working contact, armature 629 and its
resting contact, resting contact of armature 620
and said armature, to the junction point of the
two windings of relay 618. 'The lower winding 120
of relay 618 is thereby shunted out and since the
upper winding is not of sufficient strength to
completely operate the relay, it remains in its
first step position. A circuit is also closed from
ground at armature 648, armature 622 and its 125
working contact, armature 623 and ils resting
contact, winding of relay 625, to battery. Relay
625 operates and at:armature 626 and its work-
ing convact it brings about the operation of relays
400 and 466 of the tone group TG2 to connect the
tone generating equipment to the trunk line con-
At armature 629 and its rest-
ing contact it opens the shunting circuit of the
lower winding of relay 618 and allows this relay to
completely operate. At armature 627 and its
working contact it completes the energizing cir-
cuit for relay 633.

A supervisory signal is thereby transmitted to
exchange A and this signal is terminated when
relay 625 is shunted through armature 634 and 140
its weighted spring working contact when relay
633 has operated. Relay 625 thereupon releases ’
and opens the circuit of relay 633 at armature 627
and its working contact, at armature 626 and its
working contact it opens the circuit of relay 406 j45
which releases and brings about the release of
relay 400 and the termination of the super-
visory signal. Since relays 600 and 618 were
operated at this time, the supervisory signal trans-
mitted to exchange A consisted of one thousand 150.
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cycle alternating current interrupted . at fre-
quency. F3 or fifty-four times per second.
The superviscry signal is received over trunk

- line conductors 20 and 21 and operates tuned
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reed relay 322 at the rate of fifty-four times per
second, thereby interrupting the circuits. of relays
254 and 269 a corresponding number of times. Re-
lay 254 ig designed to respond to this frequency,
and at armature 256 and its normally closed con-

tact it cpens the eircuit of relay 252 which re-

leases, and at armature 253 and its resting con-
tact completes the circuit for relay 257.  Relay
257 operates and at armature 258 and its work-
ing contact cempletes its swn locking circuit, and
at armature 259 and its working contact connects
ground to a supervisory conductor 3, thereby
bringing about the operation.of relay 163 at toll
selector T'S1. Relay 163, in operating, at arma-
tures 165 and 166 connects the battery-ieed coil
182 across the trunk line conductors extending
to the toll board, therehy causing the operation
of the supervigory relay in the cord circuit CC1
and the lighting of the supervisory lamp to in-
form the toll operator that the operator at ex-
change B is being signalled.

' When the operator at the toll board in ex-
change B notes that she is being signalled over
the trunk accessible cver jack J3, she inserts plug
P3 of cord circuit CC2 in jack J3. Relay 598
oberates and &b armature 597 extends ground
over armature 522 and its working contact, upper
winding of relay 536, to. battery. Relsy 536 op-
erates and at armature 538 and ifs resting con-
tact it removes ground from the supervisory con-
ducior 34, thereby opening the circuit of relay
618 of the repeater R2. Relay 618 starts to re-
lease but as soon as armature 620 cngages its
resting contact a circuit is closed from ground,
working contact of armature 643 and said ar-
mature, armature 622 and its working contact, ar-
matire 629 and its resting contact, resting con-
tact of armature 620 and said srmature, upper
winding of relay 618, to battery. This upper
winding is sufficient to maintain the relay in its
first step position and a circuit is then closed ovar
armature 622 and its working contact, armature
623 and its resting contact, winding of relay 625,
to battery. :

Relay 625 operates and at armature 626 and its
working contact grounds the sending condustor
23, therehy operating relays 400 and 406 in tone
group TG2 to connect the tone generating equip-
ment to- the ouigoing trunk conductors 28 and
21. At armature 827 and .iis. working contact
relay 625 closes an energizing circuit for relay
433, at armature 628 and its working contact it
completes its own locking circuit, and at arma-
ture 629 and its resting contact it -opens the cir-
cuit for the upper winding of relay 618 and al-
lows this relay to release. The alternating cur-
rent source of frequency ¥4 is connacted to the
plate circuit of tuhe 410 over conducior 24 ifrora
conductor 668 since relay 600 is operated and
relay 618 is in its normal position. - The dura-
tion of the supervisory signal is determined by
the time required for armatire 634 te maintain
its contact with its weighted spring working con-
tact. )

When armature 624 cloges its working contact,
relay 625 is shunted and releases. At armature 628
and its working contact it opsns the cirenit of re-
lay 406 which releasss and opans tha cireuit of re-
lay 400, thereby disconnecting the tone generating
equipmeant and terminating ‘the supervisory sig-
nal.- At armature 629 and its resting contact relay

-ing contact.

1,932,285

625 again prepares a circuif for the upper winding
of relay 618 and at armature 631 and its resting
contact it prepares a eircuit for the two windings
of relay 618 in series. - The supervisory signal
consisting of thousand cycle alternating current
interrupted at sixty-six cycles per second is re-
ceived by tone group TGL in exchange A and
the tuned reed relay 322 accordingly interrupts
the circuit of relays 254 and 269 at a correspond-
ing rate. Relay 260 responds to the signal and
at armature 262 opens the locking circuit of
relay 257. Relay 257 releases and at armature
258 and its working contact opens its own lock-

ing ecircuit and at armature 259 and its working

contact - removes ground from the supervisory
conductor 3, thereby opening the- circuit of relay
153, allowing this relay to release. Relay 163
in releasing removes the battery connection
through coil 162 from the trunk line conductors
exztending to the toli operator, thereby allowing
the supervisory relay in cord circuit CC1 to re-
lease and extinguish the supervisory lamp.

The two operators may now carry on a con-
versation. When the toll operator in exchange
B removes plug P3 from jack J3, relays 596 and
536 releass and the latter relay at armature 538
and its resting contact again completes the cir-
cuit from grounded conductor 33 to conductor 34,
thereby again bringing about the operation of
relays 618, 625, and 623 to transmit a supervisory
signal to-exchange A consisting of one thousand
cycle alternating current interrupted at' fre-
quency ¥3 or ffty-four cyecles per second.. This
lights the supervisory lamp in the cord circuit at
the toll board in exchange A and informs the.
operator that the toll operator at exchange B has
disconnected. :

When the cperator at exchange A removes the
plug Pi from jack J1 relay 196 releases and re-
moves ground from the hold conductor 1, there-
by bringing about the release of relay 212. Re-
lay 212, in releasing, at armature 214 and its
working contact opsns the circuit of relay 218
which starts to reiease but as soon as armature
220 engages its resting contact a circuit is com-
pleted from ground at armature 248, armature
282 and its working contact; armature 229 and
its resting contact, resting contact of armature
220 and said armature, upper winding of re-
lay 218, to battery. Relay 218, therefore, re-
mains in its first-step position and completes a
circuit for relay 225 over armatbure 222 and its
working contaect and armsture 223 and its rest-
Relay 225 operates and at arma-
ture 226 and ifs working contact connects ground
to conductor ¥ to bring about the connection of
the tone generating equipment to the outgoing
trunk conductors, and at armature 227 and :its
working contact completes the circuit for relay
Z33. One thousand cycle-alternating current in-
terrupted at  irequency-F2 or forty-two times
per second is thereby transmitted over the out-
going trunk line conductors 20 and 21 to ex-
change B as g release signal. The duration of
the signal is timed by the time required for ar-
mature 235 to maintain its contact with its
weighted spring working contact. When this
circuit is closed, relay 225 is shunted and re-
leases, thereby terminating the release signal to
exchange B.and bringing about the release of all
the equipment in exchange A. ‘

The release signal is received by tone group
TG2 in exchange B and relgy 422 responds and.
opens the circuit of relays 643, 649, and 663
at a corresponding rate. Relay 649 responds and
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ab armature 651 opens the circuit of relay 646.
Relay 648 releases and at armature 648 opens the
holding circuit of relay 600 which releases and
restores all equipment in exchange B to its nor-
mal position.

Call from the toll operator in exchange A to the
toll operator in exchange C

It will now be assumed that the toll operator
in exchange A wishes to converse with the toll
operator in exchange C for the purpose of se-
curing information or to have the latter opera-
tor complete a call. In this case the toll operator
in exchange A inserts the plug P1 into jack J1,
thereby bringing about the transmission of a
calling signal consisting of a splash of uninter-
rupted thousand cycle current over the trunk
line to exchange B. This calling signal prepares
the selector 'TS2 and associated repeater R2 and
tone group TG2 for operation on .an incoming
call in the manner previously explained. The
operator at exchange A now dials the digit 0 to
operate selector TS2 to the tenth level from
which it automatically rotates over the bank con-
tacts of the level to select an idle trunk extend-
ing to exchange C. It will be assumed that the
trunk comprising conductors 44 and 45 and ter-
minating in selector TS3 and associated repeater
R3 and tone group TGS is the one selected by
selector 'T'S2 over conductors 36 to 39, inclusive.

Since the operation of the equipment in ex-
change A on an outgoing call such as is fo be
described has been previously described in con-
nection with a call from a toll operator in ex-
change A to a toll operator in exchange B, and
since the operation of the equipment in. ex-
‘change C in the present connection is the same
as the operation of the equipment in exchange
B just described in connection with a call from
the toll operator in exchange A to the toll op-
erator in exchange B, the operation of the equip-
ment in exchange A and exchange C will not
be explained in connection with the establish-
ment of this connection. The operation of se-
lector TS3 and repeater R3-and tone group TG3
will, therefore, be explained with reference to
Figs. 1, 2, and 3 of the drawings and it will be
assumed that the circuits shown in detail in these
figures are the circuits of the equipment termi-
nating the trunk comprising conductors 44 and
45 and extending from exchange C.

After the operator at exchange A has dialled
the digit 0 to select.-the trunk extending from ex-
change B to exchange C, she operates the ringing
key in her cord circuit to.signal the toll opera-
tor at exchange C. The operation of the ringing
key causes the ringing signal consisting of one
thousand cycle alternating current interrupted
at frequency F1 or thirty cycles per second to
be transmitted over trunk line conductors 20 and
21 extending to exchange B. This ringing signal
is received by tone group T2 and repeater R2
and brings about the operation 'of relay 643,
which, at armature 645 opens the circuit of re-
lay 641. Relay 641 releases and at armature 642
and its resting contact places ground on conduc-
tor 31 to bring about the operation of relay 556.
Relay 556, at armatures 558 and 558 and their
working contacts, connects ringing current to the
outgoing line conductors  over wipers 588 and
591. This ringing current is extended over con-
ductors 26 and 39 to selector TS3 and is received
over conductors 9 and 12 (¥Fig. 1) to operate re-
lay 144, Relay 144 operates and at armature 145
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and its working contact. completes a circuit from
the grounded busy conductor 2, resting confact
of armature 107 and said armature, armature 145
and its working contact, armature 108 and its
resting contact, conductor 5, winding of relay 236,
to battery. Relay 236 operates and at armature
238 and its working contact grounds conductor
Y to bring about the connection of the tone gen-.

‘erating - equipment to the outgoing trunk line

comprising conductors 44 and 45 and extending
to exchange C. At armature 237 and its work-
ing contact it connects the plate circuit of the
sending tube over conductor X to conductor 271
to supply frequency F1 or thirty cycle current
to the plate circuit of the sending tube.

A ringing signal of thousand cycle current in-
terrupted at thirty cycles per second is thereby
transmitted over the trunk line conductors 44
and 45 extending to exchange C as long as the toll
operator in exchange A keeps her ringing key
depressed. This ringing signal is received by the
toll selector TS4, repeater R4 and tone group
TG4 in exchange C and brings about the opera-
tion of a relay, such as relay 121, Fig. 1, in its
first step. When the operator at exchange A re-
leases her ringing key, the ringing signal is ter-
minated and the relay, such as 121, associated
with the selector: TS4 in exchange C operates
completely and brings about the transmission of
a supervisory signal consisting of thousand cycle
alternating current interrupted at frequency F3
or fifty-four cycles per second over trunk line
conductors 44 and 45 to exchange B. This brings
about the operation of relay 254, the release of
relay 252, and the operation of relay 257 in re-
peater R1 and the latter relay at armature 259
and its working contact grounds the supervisory
conductor 3 which brings about the operation of
relay 163 in toll selector TS1.

Relay 163 operates and at armature 164 and its
working contact connects ground over conductor
11, conductor 38, wiper 590, armature 549 and
its resting contact, working contact of armature
586 and said armature, armature 520 and its rest-
ing contact, resting contact of armature 533 and
said armature, lower winding of relay 536, to bat-
tery. Relay 536 operates and at armature 537
and its working contact completes a circuit from
the grounded hold conductor 33, armature 524
and its resting contact, armature 537 and its
working contact, supervisory conductor 34, rest-
ing contact of armature 631 and said armature,
through the two windings of relay 618 in se-
ries, to battery. Relay 618 operates in its first
step and brings about the operation of relays 625
and 633 in the manner previously described to
transmit a supervisory signal over trunk line con-
ductors 20 and 21 to exchange A. This signal
consists of one thousand eycle alternating cur-
rent interrupted at frequency F3 or fifty-four
cyecles per second. The supervisory signal is re-
ceived at exchange A by the voice freguency con-
trol equipment and brings about the lighting of
the supervisory lamp in the operator’s cord cir-
cuit CC1.

When the toll operator at exchange C answers
the call by inserting the plug of her cord circuit
into the trunk jack, the relay in selector TS4 cor-
responding to relay. 136 of selector TS1 oper-
ates and removes ground from the. supervisory
lead, thereby causing the voice frequency. equip-
ment to transmit an answering signal consisting
of one thousand cycle alternating current inter-
rupted at frequency F4 or sixty-six times per
second. This answering 51gna1 is received.at ex-
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change B by tone group TG3 (TG1) and brings
about the operation of tuned reed relay 260 in
repeater R1, which opens the locking circuit of
relay 257 and allows this relay to release and re-
move ground from the supervisory conductor 3.
The removal of ground from supervisory conduc-
tor 3 opens the circuit of relay 163 and allows
this: relay to release, thereby removing ground
from conductors 11 and. 38 and opening the cir-
cuit of the lower winding of relay 536. Relay

536 releases and at armature 537 and its wo;k-,

ing contact opens the ground connection to su-
pervisory lead 34, thereby bringing about the re-
lease of relay 618 to repeat the answering signal
of one thousand cycle current interrupted at the
rate of sixty-six times per second over the trunk
conductors 20 and 21 extending to exchange A.
This signal is received by the voice frequency
equipment in exchange A and brings about the
extinguishing of the supervisory lamp at the op-
erator’s position.

The two operators may now converse, and at
the end of the conversation when the operator
in exchiange C removes her plug from the trunk
jack, the relay corresponding to relay 136 ‘of
toll selector TS1 releases and at armature 138
and its resting contact connects .ground to the
supervisory lead extending to the voice frequency
equipment. This brings about the transmission
of the disconnect signal consisting of thousand
cycle current interrupted at fregquency F3 over
trunk line conductors 44 and 45 extending to
exchange B. The signal is received at exchange
B and again operates tuned reed relay 254 and
releases relay 252. Relay 252 at armature 253
and its resting contact closes a circuit for relay
257 which locks energized at armature 2528 and
its working contact, and at armature 258 and
its working contact grounds the supervisory con-
ductor 3 thereby bringing about the operation
of relay 163. Relay 163 operates and at arma-
ture 164 and its working contact grounds the
toll conductor 11 extending over wiper 590 of
toll selector TS2, thereby energizing the lower
winding of relay 536 and causing this relay to
operate.. Relay 536 at armature 537 and its work-
ing contact again grounds the supervisory con-
ductor 34, thereby bringing about the operation
of relay 618 and causing the voice frequency
equipment to transmit the disconnect signal over
trunk conductors 20 and 21 to exchange A to
again light the operator’s supervisory lamp.

‘When the operator at exchange A removes the
plug P1 from jack J1, a release signal consisting
of one thousand cycle alternating current inter-
rupted at frequency F2 or forty-two times per
second is transmitted over trunk line conductors
20 and 21 to exchange B where it brings about
the operation of relay 649 and the release of
relay. 646. Relay 646 in releasing brings about
the release of toll selector TS2, thereby remov-
ing ground from conductor 37 and conductor 10
extending to "toll "selector 'TS1. " Removal of
ground from conductor 10 brings about the re-
lease of relay 212, which opens the circuit of
relay 218 ‘and allows this relay to release. The
release of the two-step relay 218 causes the voice
frequency eguipment to transmit a release sig-
nal, consisting.of one thousand c¢ycle current in-
terrupted at frequency F2, over trunk line con-
ductors 44 and 45 to bring about the release of
the equipment in exchange Cin a manner pre-
viously described.

The toll operator in exchange B can establish
connection with the -toll operator’ in exchange

1,932,285

A or C and the toll  operator in exchange €
can establish a connection with the toll operater
in exchange B in the same manner as described
for the establishment of a connection from the
toll operator in exchange A to the toll operator
in exchange B. The toll operator in exchange
C can also establish connection with. the toll
operator in exchange A by way of the equipment
in exchange B in the manner just described for
a connection from the toll operator in exchange
A to the toll operator in exchange C.

fig, 8 of the drawings shows a perspective view
of the mechanical structure of one form of a
tuned reed relay which is particularly adapted
to be used as the thousand cycle tuned reed relay
which responds to the basi¢c frequency used for
signalling in the system of the present invention.
The relay consists of a cast base 50 having a
circular hole in the center thereof. The two
electromagnets 62 polarized by a permanent mag-
net are mounted on a lower plate 51 which is
fastened to the bottom of the base 50 with the
electromagnets 62 projecting through the hole
in the base. Upon a raised portion at one end
of the base 50 is mounted the tuned reed 61
which is securely clamped at one extremity by
means of the clamping blocks 54 and 55. The

reed passes through other clamping blocks 59

and 60 which together with block 58 are slid-
ably mounted in a channel formed by the side
pieces 53. These blocks are maintained in align-
ment by pins 73. The blocks are arranged to
be moved back and forth by means of the ad-
justing screw 56, thereby changing the length
of the vibrating portion of the reed which ex-

tends out over the poles of the electromagnets. 62,

A screw 57 is threaded in block 58 with its
lower end against the clamping block 59, so that
when the length of the reed has been properly
adjusted by means of screw 56, the screw 57
is tightened thereby permanently clamping reed
61 between blocks 59 and 60. '

The contact arrangement of the relay com-
prises a contact spring 67 having a turned down

end which is adapted to be engaged by the tuned 1

reed 61 when the Iatter is vibrating. This spring
is normally in engagement with the contact
spring 66, the position of which may be ad-
justed, that is, the spring may be raised or
lowered, by means of the micrometer adjusting
screw 65. These contact springs together with
the supporting arm 69, the strap spring 70, and
the tension spring 68, are mounted on an -as-
sembling block 64. The adjusting screw 71 is
tensioned by the strap spring 70 and is threaded
through the arm 69 with its lower -end in en-
gagement with the tension spring 68.  Thereby
the tension on the operating contact spring 67
may be adjusted by means of the adjusting screw
71.
arm 69 and the lower end of this screw forms a
back stop for the operating spring 67. Rlectrical
connections to the electromagnet and to the con-
tact springs are- made by means of the terminal
assembly 63.

From. the foregoing descnptlon it is apparent
that the tuning of the relay may. be changed
within certain limits by means of the adjusting
screw 56 which changes the length of the vibrat-
ing portion of the reed, thus changing its period
of vibration and causing it to respond to current
of a different frequency. The position of the
two contact springs 66 and 67 and the tension
and back stop of spring 67 may then be adjusted
so that the relay will operate properly, since the

A screw 72 is secured .to the outer end of-
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change in length of the relay will change the
amplitude of its vibration. E

What is claimed is:

1. In a telephone system, the comblnatlon of
a toll line with means at one end thereof for
transmitting over said toll line impulses of a voice
frequency alternating current at certain inter-
vals, signalling means at the opposite end of
said toll line responsive only to said alternating
current impulses received at said intervals, means
at the opposite end for transmitting over the
toll line impulses of said same veice frequency
alternating current at certain different intervals,
and signalling means at the originating end of
said toll line responsive only to said alternating
current impulses received at said different in-
tervals.

2, In a telephone system the commnatlon of
a toll line with means at one end thereof for
transmitting over said toll line impulses of &
voice frequency alternating current at a first
and a second rate, automatic switches at: the
distant end of said toll line, means responsive
only to said alternating current impulses. re-
ceived at said first rate for operating said auto-
matic switches, other means responsive only to
altérnating current impulses received at said
second rate for releasing said automatic switches;
means at the distant end of said line for trans-
mitting over said line impulses of said voice fre-
quency ' alternating current at a third and a
fourth rate, and signalling means at the origi-
nating end of said toll line selectively responsive
to said alternating current impulses received at

- said third and fourth rates.

3. In a telephone system, a toll line connecting
a first and a second exchange and terminating
in an operator’s position in the first exchange
and in automatic switching apparatus in said

T second exchange, means in said first exchange

responsive to the seizure of said toll line for
transmitting an uninterrupted alternating cur-
rent of voice frequency. thereover to prepare said
automatic - switching apparatus for operation,

" means for transmitting impulses of said alter-

nating current at a first rate to operate said
automatic switching apparatus and at a second
rate to release the same, and means in each sec-
ond exchange for transmitting impulses of said

- alternating current over said trunk line at a

third and a fourth rate as supervisory signals to
said operator’s position. )

4. In a telephone systein, a toll line terminat-
ing in an operator’s position in a first exchange

s and in automatic switching apparatus in a sec-

ond exchange, means in said first exchange for
transmitting over said toll line uninterrupted
alternating current of voice frequency to prepare
said automatic switching apparatus for operation,
means in said first exchange for transmitting im-
pulses of said alternating current at two differ-
ent rates to operate and release said apparatus,
respectively, and means in the second exchange
for transmitting impulses of said alternating cur-
rent at two other different rates for supervisory
purposes.

5. In a telephone system, a toll line connecting
two exchanges and terminating in a toll board
and in automatic switching apparatus in each

. exchange, means in each exchange for generat-

ing an alternating current of a particular voice
frequency and for interrupting said current at
four different rates, means responsive to the
seizure of said toll line at one exchange for- pre-
paring the apparatus therein to transmit said cur-
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rent interrupted at the first two rates and to
receive said current interrupted at the second
two ‘rates, and means responsive to said last
means for preparing the switching apparatus in
the other exchange to transmit said current
interrupted at said second two rates and to re-
ceive said current interrupted at said first two
rates.

6. In a telephone system, a toll line extending
from a toll board in one exchange and terminat-
ing . in a toll board and automatic switching
apparatus in a second exchange, means respon-
sive to the seizure of said toll line at the toll
board in the first exchange for transmitting un-
interrupted alternating current of a particular
voice frequency over said toll line to prepare the
equipment in the second exchange for operation,
means in the first exchange for transmitting
impulses of said currert over said toll line at
two different rates, means 'in the second ex-
change responsive only to impulses of said cur-
rent received at one rate for operating said auto-
matic switching apparatus, and -means respon-
sive only to impulses of said current received at
the second rate for signalling the toll board in
the second exchange.

7. In a telephone system, two- serially-related
toll lines, means at the originating end of the
first toll line for transmitting thereover impulses
of voice frequency alternating current at two
different rates, means at the distant end of said
first toll line responsive to said impulses for con-
necting - said first toll .line to said second toll
line and for thereafter repeating said impulses
at said two rates over said second toll line, auto-
matic switches at the distant end of said second
toll line, and means responsive to received im-
pulses at said two rates for operating and re-
leasing said switches, respectively.

8. In a telephone system, the combination of
two interconnected toll lines with means at the
originating end of the first toll line for trans-
mitting . thereover impulses of voice frequency
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alternating current at two different rates, sig- -

nalling: means. at the distant end of the second
toll line responsive only to said impulses received
at said rates, means at the distant end of the sec~

ond toll line for transmitting thereover alﬁer—'

nating current impulses of said voice frequency
at two further different rates, signalling means
at the originating end of said first toll line re-
sponsive only to said impulses received at said
two further rates, and means at the intercon-
necting point of said two toll lines responsive to
said alternating current impulses received at any
of said rates over either toll line for repeating
like impulses at a like rate over the other toll
line.

9. In a telephone system a toll line terminat-
ing in'a toll board, control equipment associated

with said toll line, means in said control equip- "

ment for generating alternating current of a
particular voice frequency and for interrupting
said current at a number of different rates, se-
lective means responsive to said current inter-
rupted at said different rates, means responsive
to the seizure of said toll line at said toll board
for preparing said control equipment to fransmit
said ‘current interrupted at certain of said rates

and to receive said current interrupted at the i

other rates, and means responsive to the seizure
of said toll line at its distant-end for preparing
said control equipment to receive said current
interrupted at said certain rates and to transmit
said current interrupted at said other rates.
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10. In .a telephone system, a toll line termi-
nating in a toll board, control equipment asso-
ciated with said toll line, means in said control
equipment for generating alternating current of
a particular voice frequency, -tneans for trans-
mitting tmpulses of said current over said toll
line at a number of different rates, means re-
spousive to the seizure of said toll line at said
toll board for causing said control equipment to
transmit uninterrupted alternating current of
said voice ifrequency over said toll line for a
short pericd and for preparing said control equip-
ment to transmit impulses of said current at
certain. of said rates, and means responsive to
the receipt of uninterrupted alternating current
of said voice frequency. over said toll line for
preparing said control equipment  to- transmit
impulses of said current.at the others of said
rates.

11. In a telephone system a toll line terminat-
ing in a toll board, means responsive to the sei-
zure of said toll line at said toll board for trans-
mitting uninterrupted alternating current of a
particular voice frequency over said toll line,

_.means responsive to ‘dialling impulses received

from said toll board for transmitting over said
toll  line impulses of said current at a certain
rate, a supervisory signal at said toll board,
means selectively responsive to. impulses of
alternating current of said . voice Ifrequency
received over said toll line at a second .and a third
rate for confrolling said supervisory signal, and
means responsive to the release of said toll line
at the toll board for transmitting over said toll

5. line impulses at a fourth rate.

12, In a telephone system, a toll line termma,t-
ing. in automatic switching apparatus, means re-
sponsive to the receipt of uninterrupted alternat-
ing current of a particular voice frequency for
preparing said automatic switching apparatus for
operation, means responsive to. the receipt: of
impulses of said current at a first rate for oper-
ating said automatic switching apparatus to ex-
tend .a. connection, means for transmitting over

--8aid toll line impulses of alternating current of

said voice frequency at a second and a third rate
for .supervisory signals, and means respousive
te impulses of said current received over said toll
line at a fourth rate for releasing said automatic
switching apparatus.

13. In a telephone system, a toll line terminat-
ing in a toll board and in automatic switching
apparatus, means responsive to received uninter-
rupted alternating current of a particular voice
frequency for preparing said automatic switch-
ing apparatus for operation, means responsive to
impulses of said current received over said toll
line at a first rate for operating said automatic
switching apparatus, means responsive to im-
pulses of said current received over said toll line

‘at a second rate for signalling said tcll board,

means for transmitting over said toll line im-
pulses-of alternating current of said voice fre-
quency at a third and a fourth rate for super-
visory signals both. on connections over said au-
tomatic switching apparatus and to said toll
board, and means responsive to impulses of said
current received over said toll line at a fifth rate
for restoring all equipment to its normal condi-
tion.:

14. In a telephone system, a toll line terminat-
ing -in automatic switching apparatus, a source
of alternating current of a particular voice fre-
guency, means responsive to uninterrupted cur-
rent of said frequency received over said toll line

1,932,235

for preparing said automatic switching appara-~

tus for operation, means responsive to current
impulses of said frequency received over said toll
line at a first rate for operating said automatic
switching -apparatus into engagement with a
called line, means efféctive if the.called line is
idle for connecting said source to said toll line
at a'second rate, means responsive to the answer-
ing of the called subscriber for ¢onnecting said
source to said toll line at a third rate, and means
responsive to current impulses of said frequency
received over said toll line at a fourth rate for
releasing said automatic switching apparatus.

15. In a telephone system, a toll line terminat-
ing in a toll board, control equipment associated
with said toll line, two combinations of circuits
in -said control equipment, the first including
means for transmitting alternating current im-
pulses of a particular voice frequency over said
toll line at a first and a second rate and selective
means respongsive to impulses of said current re-
ceived over said toll line at a third and a fourth
rate, and the second including means for trans-
mitting impulses of said current at said third
and fourth rates and selective means. responsive
to impulses of said current received at said first
and second rates, and means for rendering one
or the other of said combinations of circuits ef-
fective dependent upon whether said toll line is
seized at the toll board or at its distant end.
. 16. In a telephone system, a toll line terminat-
ing in a toll board, control equipment associated
with said toll line, a normally operative combina-
tion of circuits including means for transmitting
alternating current impulses of a particular voice
frequency over said toll line at two rates and
selective means responsive to impulses of said
current received over said .toll line at two other
rates, s second combination of circuits including
means for transmitting impulses of said current
over said tell line at said two other rates and se-
lective means responsive to impulses of said cur-
rent received over said toll line at said first two
rates, and means responsive to the seizure of said
toll line at said toll beoard for rendering said
first combination of circuits inoperative and ior
rendering operatlve said second combination of
circuits.

17. In a telephone system, automatic switches,
5 relay, means for controlling said relay by alter-
nating current impulses of voice frequency, means
controlled by said relay for operating- said
switches to extend a telephone connection, and
means for locking said relay energized respon-
sive to the extension of said connection to an
idle called line and for maintaining said relay
energized until said connection is released.

18. In-a telephone system, automatic switches,
a relay, means for controlling said relay respon-
sive to alternating current impuises of a particu-
lar voice frequency, means controlled by said re-
lay for operating said switches to extend a tele-
phone conuection responsive to alternating cur-
rent impulses of said frequency received at a par-
ticular rate, and means operated responsive to
alternating current impulses of said frequency
received at a higher rate and to the extension
of the connection to an idle called line for lock-
ing said relay energized untﬂ the connection is
released.

19: In a felephone system, a toll line over which
alternating current signals are transmitted, a
transformer-having its primary winding bridged

-geross said line in the path of said signals, a

vacuum tuke, a grid circuit for said tube includ-
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ing the secondary winding of said transformer, a
plate circuit for said tube including a tuned reed
relay, and a resistance and a condenser connected
in parallel in the grid circuit of said tube effec-
tive to maintain the output to said relay sub-
stantially constant irrespective of variations in
the strength of the incoming signals received
through said transformer.

20. Tn a tuned reed relay, a base plate, a reed
having one end secured to said base plate, a
clamping block slidably mounted in said base
plate between the two ends of said reed, an ad-
justing screw for moving said block forward and
backward along said reed to change the effective
length of the reed, a second screw for clamping
said block down on said reed in the desired posi-
tion, a pair of contact springs operated by said
reed, and means for securing said contact springs
to the base independent of the means for secur-
ing said reed. '

21. In a reed-operated relay, a tuned reed, a
lower contact spring, a micrometer adjusting

serew for raising and lowering said contact spring,

3 second contact spring mounted above said first
spring, a turned down portion at the free end of
said upper contact spring in position to be oper-
ated by said tuned reed, a tensioning spring
mounted above said upper contact spring and in
contact therewith, and a second adjusting screw
for raising and lowering the free end of said ten-
sioning spring to decrease or increase the tension
with which said upper contact spring makes con-
tact with said lower contact spring.

29. The method of establishing -a connection
over a toll line in a telephone system which con-
sists in transmitting from the calling exchange
alternating current of a particular voice fre-
quency, in interrupting said current at a number
of different.rates for different signals, in trans-
mitting from the called exchange alternating cur-
rent of the same voice frequency, in interrupting
said current at a number of other rates for dif-
ferent signals, and in selectively translating the
signals received at each exchange into proper
switching movements and supervisory functions
as determined by the rates.of interruption of the
voice frequency current. :

23. The method of extending a connection
from a first exchange to a called line in a second
exchange which consists in transmitting from the
calling exchange signals comprising voice fre-
quency current interrupted at three different
rates, in receiving said signals at the second ex-
change and translating them into switching move-
ments, in transmitting from the second exchange
signals of voice frequency current interrupted
at a fourth and a fifth rate, and in receiving said
last mentioned signals at the calling exchange
and translating them into corresponding super-
visory functions.

24. The method of extending a connection from

a first exchange to a called line in a third ex-.

change by way of a second exchange which con-
sists in transmitting from the called exchange
signals of voice frequency current interrupted at
three different rates, in repeating said signals
through the second exchange by converting them
into direct current signals and then reconverting
the latter into signals of voice frequency current
interrupted at said three rates, in receiving said
signals at the third exchange and translating
them into corresponding switching movements, in
transmitting from the third exchange signals of
voice frequency current interrupted at two other
rates, in repeating said signals through the second
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exchange by converting them into direct current
signals and reconverting the latter into signals of
voice frequency current interrupted at said two
other rates, and in receiving said signals at the
first exchange and translating them into-corre-
sponding supervisory functions.

25. In a telephone system, a two way trunk line
terminating in a repeater, a source of voice fre-
quency current, a combination of circuits for
transmitting impulses of said current at several
different, rates over said trunk line and for selec-
tively responding to impulses of said current at
several other rates, a: second combination of cir-
cuits for transmitting impulses of said current at
said other rates and for selectively responding to
impulses of said current at said first rates, and
means dependent upon whether said frunk line is
seized locally or at its distant end for rendering
one of said combinations of circuits operative.

26. In a telephone system, a two way trunk line
terminating in a repeater, receiving means in said
repeater selectively responsive to impulses of al-
ternating current of a particular frequency re-
ceived at several different rates, other receiving
means in said repeater selectively responsive to
impulses of said current received at several other
rates, means responsive to the seizure of said
trunk line locally for rendering said first re-
ceiving means operative, and means. responsive
to the seizure of said trunk line at its distant end
for rendering said other receiving means opera-
tive.

27. In & telephone system, a two way trunk
line terminating in a repeater, means in said re-
peater for generating alternating current of a
particular frequency, transmitting means for
transmitting impulses of said current over said
trunk line at several different rates, other trans-
mitting means for transmitting impulses of said
current over said trunk line at several other rates,
means responsive to the seizure of said trunk
line locally for rendering said first transmitting
means operative, and means responsive to the
seizure of said trunk line at its distant end for
rendering said other transmitting means opera-
tive. .

28. In a telephone system, a trunk line termi-
nating in a repeater, means in said repeater re-
sponsive to uninterrupted alternating current of
a predetermined frequency received over said
trunk line for preparing said repeater for opera-
tion, means in said repeater selectively respon-
sive to said current interrupted at two different
rates for performing two different control func-

tions, and means responsive to said current in- |

terrupted at a third rate for restoring said re-
peater to normal.
29, In a telephone system, a repeater acces-
sible over an incoming line and terminating an
outgoing trunk line, means responsive to the
seizure of said incoming line for causing said
repeater - to transmit uninterrupted alternating
current of a predetermined frequency over said
trunk line, means in said repeater responsive to
two different kinds of control exercised over
said incoming line for transmitting alternating
current of said frequency interrupted at two
different rates over the outgoing trunk line, and
means responsive to the release of said incom-
ing line for transmitting alternating current of
said frequency interrupted at a third rate over
said outgoing trunk line. )
’ HOWARD H. SMITH.
JOHN WICKS.
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