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To @l whom it may concern.:

Be it known that I, Huemrr Sypney
TurNEr, a citizen of the United States, re-
siding at Washington, District of Columbia,
have invented certain new and useful Im-
provements in Telephony, of which the fol-
lowing is a specification.

(1) The present invention has for one of
its' principal objects the provision of means
whereby the usual busy tests made on a
called Tor line are dispensed with, thereby
effecting a great saving in the operator’s
time, an audible busy signal distinctive to
the operating condition of the called for line
being sounded in the calling party’s tele-

phone receiver if an operator establishes a

connection to a busy line, whereupon the
calling party will replace his receiver upon
its switchhook, thereby obtaining an auto-
matic disconnection from the called for line,
or will wait until the called for line becomes
idle, xwhereupon the busy signal ceases to be
sounded in the receiver and the two lines are
automatically connected, the called for
party’s call bell at the same time being auto-
matically rung; the provision of means
whereby if an operator establishes a con-
nection to a busy line for which one or more
calling parties, as the case may be, are
waiting, the described busy signal will be
sounded in the operator’s telephone re-

ceiver, whereupon the connection will be

taken down and report made to the calling
party that one or more parties are already
waitipg upon the line in question; the pro-
vision of means whereby two or more call-
ing parties may wait for a busy line to he-
come idle, being automatically connected
thereto, successively, in the same order. in
which their lines were connected to the busy
line; the provision of improved means for
preventing a telephonic connection to-a busy
line and for allowing a calling party to wait
for a busy line to become idle; the adapta-
tion of all of the above features to trunking
connections between exchanges; the provi-
sion of improved means for operating an op-
erator’s transferable audible pilot signal,
whereby the means for producing such sig-
nals are greatly simplified and rendered
more efficient in operation; and improved
means for operating a subscriber’s and op-
erator’s call recording system. Other ob-
jects will be apparent from the specification.

(2) This invention is particularly appli-
cable in some of its features to those tele-
phone systems of the semi-automatic type,
to which type, however, the invention is not
to he restricted. _ '

(3) In the following description refer-
ence will be had to my U. S. Patent No.
1,128,262, and my co-pending .application,
Serial No. 11046, as the present application
in some of its aspects consists in improved
means for accomplishing the results de-
seribed therein. ~ "

(4) In order to more fully describe my
invention reference will be had to the accom-
panying drawings forming a part of this
specification, and wherein:

(3) Figure 1 is a diagram illustrating in
one form the various features of my inven-
tion above mentioned, excepting the trunk-
ing system and the means whereby two or
more parties may wait for a busy lime to be-
come idle; Figure 2 a diagram illustrating
a modification .of ‘the .link connector illus-
trated in Figure 1 and, in.one form illus-
trating the means whereby two or more par-
ties may wait for a busy linetobecome idle;
Figure 3 a diagram illustrating in one form

-a'modification of this invention adapted for

use in those exchanges where all incoming
calls are trunked ; Figure 4, a diagram illus-
trating in one form a modification of this
invention whereby all the features of the
same are adapted to a trunking system ; Fig-
ure 5, a diagram illustrating in modified
form one of the relays used for preventing
a telephonic connection to ‘a busy line and
for permitting a waiting connection to the
same, and Figure 6, a diagram illustrating
the means used whereby the disclosed opera-
tor’s audible pilot signals may be adapted
for use with a standard form of link con-
nector cirenit well known in the telephone
art.

(6) Referring first to Figure 1, A and
A\ A represent telephone substations of a
form well known in the art. The removal
of the telephone receiver at substation A
closes a circuit for direct current through
limbs 1 and 2 of the substation line, thereby
causing the actuation of line relay B. The
path for said circuit being from battery C,
through 3, 4, right hand winding of B, 5, 1,
through. the substation telephone apparatus
at A, 2, 6 and to ground "through
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the left hand winding of B. Therefore,

armature 7 of relay B is attracted, estab-
lishing a circult over the following path:

battery C, 3, 4,8, 7, 9, D, 10 ‘and to"

ground through K. Lamp D is illu-
minated, and pilot relay I actuated by the
current flowing in this circuit. The attrac-

tion of armature 11 of relay I establishes a

circuit over the following path: generator

to ground through primary 21 of induction

coil G. The segments of commutator f of .

generator F are such that a current of a
fluctuating character is furnished. There-
fore, primary 21 generates an alternating
current in secondary 22 which is heard In
the form of an audible signal by the opera-
tor wearing head receiver H, due to the in-
clusion of the latter in a circuit with, sec-
ondary 22 and windings 23 and 24 of opera-
tor’s repeating coil 1. As primary 21 may

be of a high resistance, it can: consist of a.

great-number of turns, and as trangfer and

~ re-transfer relays M, O, and N; Z, which at

times are in circuit therewith, are of a sen-

- sitive type which permits windings of low

30

35

impedance and few ampere turns, very

slight fluctuations” in the current flowing

through said primary will produce the re-
quired audible signal in_receiver H. .
(7)1 have shown in the center of the up-
per part of Figure 1, the complete apparatus
common to each.operator’s position at the
switchboard ; to the left and right thereof,
that part of said apparatus related. to the

right and left positions which. is associated

40

45

- pents to the reference characters.

50

with the apparatus of the centra] position;

- denoting the left position by adding @ and

1 as exponents to the reference characters,
and the right position by adding ¢ and 3.
At the left and right of the last mentioned
positions, I have shown a part of the asso-
ciated apparatus of the mext positions in
line, denoting the same by the addition of
b and 2, and @ and 4, respectively, as expo-

(8) In the preferred embodiment of my

invention I take all the-line lamps located

‘with their corresponding answering jacks

on the left side of each operator’s position
and connect them as indicated by the wires at
25, and as described in relation to line. lamp

D while those located on the right side.-of

~ each operator’s position are connected, as

indicated by the wires at 26, and as now to

" be described in relation to- line. lamp J.

60

Lamp J is illuminated on the removal of
the telephone receiver at substation AA in
the same manner as described in relation to
lamp D, the circuit being established over
the following path: battery C, 3, 27, 28, 29,
30, J, 31, and to ground through K. = Lamp
J is illuminated, and pilot relay K actuated

by the current flowing in this circuit. The

65

attraction of armature 82 establishes a cir-
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cuit over the following path: generator F,
33, 82, 34, 35, 36, 87, 88, 39°, and if the oper-
ator at the next position to -the right is on
duty, then relay-L# is actuated (as will be
hereinafter described), therefore ‘the path
proceeds by way of 40°, 41°, 42, 43, 44, 45, 46,
relay M, 47, and to ground through 20 and
primary 21, as described in relation. to lamp

produced in receiver H. However, the cur-
rent controlled by pilot relay K has traversed
transfer relay M, which is actuated thereby.
Therefore; should lamp D or any other lamp
on the left side of .the central position-be
illuminated at the same time as lamyp J, or
any other lamp on the right side, the circuit
for pilot relay E would be changed at arma-
ture 18 of transfer relay M, and the path
for the current controlled by the same would
proceed by way of armature 18, 48, winding
n of relay N, 49, 50%, to the operator’s po-
sition at the immediate left, and if the oper-

70

‘D. Therefore, the same audible signal is-

F, 12, 11, 13, 14, 15, 16, 17, 18, 19, 20 and ~ 75

80

85

ator there is on duty, then relay L’ is actu- -

ated, therefore the path proceeds by way of =
90 .

512, 522, 53s, bde, 554, 56+, N’, 57%, O’ and then
by way of 462 M’, 47%, 20, (corresponding

to similar references-at the central position)

and to ground through the primary corre-

sponding to 21, as shown at the central po-.-

- sition. Therefore, the operator at the left

or a position would receive the audible sig-
nal produced whenever lamp D or other left
side lamp of the central position is illumi-
nated; provided lamp J or other right.side
lamp is illuminated at the same time. There-
fore, said operator would attend to the call,
while the operator at the central position
would attend to the call represented by the
right side lamp, always giving preference
to calls from the right side of that position,
as the audible pilot signal from the left side
is automatically transferred, as described,
and the call attended to by the operator aft

‘the a position.” - Resistance 14 in series with

contact 13 of pilot relay E, and resistance 35
in series with contact 34-0f pilot relay K

95
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are used for preventing the short-circuiting
‘of the windings of any of the relays N, Z, -

M or O, when relays It or K are operated.
- (9) Lamps D’ and J’, corresponding. to

115

the ¢ operator’s position, are illuminated by

the actuation of line relays B2 and B2, in.
the same manner as described in relation to
line relay B, excepting that the circuit for
the lamps instead of passing through: a
pilot relay, such as E or K, is directly to
the armature switches of relay 1., thereby
‘eliminating the pilot relays. If this form is
used, generator F’ is connected as shown to
armatures 7% and 7° of line relays B? and

120

125

Bs. At 58 and 59 are shown the connecting

leads . of . the ‘corresponding lamps of -that
position. = T :

(10) When the circuit from pilot relay E
was transferred, as described, (paragraph

I e
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8),if lamp D’ had been illuminated, the
actuation of transfer relay M’  due to the
circuit traced therethrough, would have
transferred the circuit connections of said
lamp to the next position at the left, in
the same way that the actuation of transfer
relay M transferred the circuit connections
from pilot relay E. In the same way, it will
be seen, the circuit connections of any left
side lamp at a position are changed, pro-
vided a transferred connection has been

made from the position at the immediate

right. Therefore, an audible signal is
sounded in an operator’s receiver by the eir-
cuit connections of a line lamp at the posi-
tion to the immediate right in preference
to a signal from the circuit connections of
a line Jamp at said operator’s own position.

(11) The arrangement described in the
preceding paragraphs,and to be described in
the following ones, is purely optional, as the
circuit connections of the transfer and re-
transfer relays controlling the circuits from
the-line pilot relays or line lamps, as the
case may be, may easily be changed to give
other combinations. The arrangement, as
described, has been selected to illustrate the
invention on account of it being considered
the most efficient means of obtaining ade-
quate “team-work” among the operators at
an exchange. As the left side of a posi-
tion at the immediate right of an operator
is practically as convenlent of access as
said operator’s own position, the line lamps
thereat as readily = observable, and the

answering jacks as easily connectible, said .

operator can attend to a call thereat in
preference to a call at the position im-
mediately in front of the operator, inasmuch
as the latter will be attended to by the op-
erator at the next position to the left.

(12) -When the circuit from pilot relay E
was transferred, as described (paragraph

- 8), if lamp J” had been illuminated, or be-

45

55

GO0

comes illaminated subsequently, -the actua-

tion of transfer relay O’, due to the circuit
traced therethrough, would have changed
its cirénit connections at armature 447, and
the path for the current from lamp J’ would
proceed by way of armature 442, 607, 61°, 62,
armature 63 of re-transfer relay N, and as
the latter is actuated, due to the currvent
flowing through winding n, the path pro-

“ceeds by way of 64, 65, 66, 50°, 51>, 52°, 53,

54b. 550 and 56° to ground through primary
of operator’s induction coil at the . posi-
tion, over the same path as that followed by
the circuit already traced through 56* at the
a position. Therefore, it will be seen that if
a transferred connection is made from the
left side of the central position to the ¢ posi-
tion by the operation of a line lamp on the

‘right side, the audible line pilot signal con-

nections of both sides of the « position are
transferred to the & position, the operator

8

thereat attending to a call from either side,
while the operator at the a position attends
to the call at the left side of the central posi-
tion, the operator at the latter attending to
the call from the right side of said position.

(18) When the last described transference
of an audible line pilot signal from the
to the b position takes place, any audible line
pilot signals which may originate on either
the right or left side of the & position are
transferred to the next position at the ledt,
and so on in succession, are transferred the
signals from all positions to the left. 'The
circuit for this transfer being over the same
paths as those already traced in relation to
the central and « positions. In the drawing
only the right half of the & position is
represented, but for the sake of clearness,
the circuit for the last mentioned transfer
will be traced over the following path:
from the pilot relay or line lamp, as the
case may be, through 42°, 43P, 44* 60°, 61°,
672, 682, 692, 622, 632, 64°, and 65°, over tha
same path as traced for the transferred
signal from the central position over wire 65.

(14) It will be noted that commutator f
of generator F’ of position & consists of a
lesser number of segments than commutator
[ of generator F of the central position, and

as both generators produce a fluctuating cur- -

rent, the fluctuations are different from one
another. Therefore, the signal sounded in
receiver H varies according to which gener-
ator is in circuit with primary 21 of oper-
ator’s induction coil G. Generator I® of
position ¢ has a commutator f° of more seg-
ments than either f or /. Therefore, at the
three adjacent positions the audible pilot
signals are of a distinct character, an oper-
ator being able to determine by the charac-
ter of the signal whether the same originates
at that particular position or hasbeen trans-
ferred thereto from either -the left or right.
Instead of using generators, as illustrated,
interrupters connected to a battery may be
used, as illustrated and described in my
aforementioned U. S, Patent No: 1,128,262,

(15) At the central position, re-transfer
relay N is shown as having two windings
and a circuit has been traced through wind-
ing n which actuated said relay. The other
re-transfer relays are shown without this
double winding, as the same may or may not
be used, as desired, it not being essential
to the operation of the system. The purpose
of this extra winding will now be explained.
Referring to position ¢-(to the immediate
right of the central one) when both pilot
relays X2 and X2 are energized, current flows
from generator F® over the same circuit as
traced from generator F and therefore the
circuit controlled by pilot relay E? ig
changed at armatare 18° of transfer relay
M? as was the circuit at armature 18 of
relay M of the central position. As the cir-
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cuit connections between positions ¢ and the
central one illustrate an alternative form,
(which toay or may not be used) to that
between the latter and position a; the path
for the circuit will be traced from armature
18¢ of relay M?® through 18¢, 48°, 49°, 70, 54,
55, 56 and proceeding through relays N, O

“and M of the central position as already

10

15

traced in relation to position a. - Now should
a call originate at the central position and
pilot relay K be actuated thereby, the path
for the circuit traced through armature 44
of transfer relay O would be changed from
contact 45 to contact 60 and the path would
proceed as follows: 60, 61, 62¢, 63°, (and as
re-transfer relay N® is not actuated as was

.relay N) 71¢, 57°, 03, 46¢, M?, 47° and 20° to

20,

ground ‘through the primary of the oper-
ator’s induction coil. The current passing
through transfer relay O® would actuate the
same and the attraction of armature 44°,
would change the path of the circuit con-
trolled by pilot relay K from contact 45°

“to contact 60° and thence by way of 61°, 62,

25

35

63¢, 719 and 57¢ over a path alveady traced
in' relation to position a.
audible pilot signal would be produced at
position @. The current passing through
relays. 0% and M? would produce an audible
pilot signal at the ¢ position characteristic
to the central position,: while the current
passing through the corresponding relays of
the. central position would produce an audi-
ble signal characteristic to position c. As
this would be an unnecessary reversal of sig-

nals, though in practice improbable of oc-.

currence as it demands a simultaneous illu-

- mination of a right side lamp at the central

40

45

50

. 55

60

65

characteristic of the central position.

position and a left and right side lamp at
position ¢, by the use of the extra winding
as shown at re-transfer relay N, the even-
tuality is avoided, as when lamps D and J
are simultaneously illuminated relay N is
actuated, as described, (paragraph 12), and
a call from the right side of position @ is
transferred to position 5. Even if such a
winding is not used, the duties of the oper-
ators concerned would nevertheless not he
interfered with. as seeing a left side lamp
burning at position ¢, the operator thereat
would pay no attention to the audible signal

ever, the double winding on re-transfer relay

N is easily provided for.

(16) So far, it has only been esplained
how the audible pilot signalsare transferred
when one or more lamps on both sides of a
position are illuminated simultaneously. As
different transferring means are employed

for the audible line pilot signals when an-

operator is engaged in answering a call or
completing the same, this will now be fully

‘explained.  On hearing an audible pilot sig-

nal and seeing an illuminated lamp'D, for in-
stance, the operator at the central position in-

Therefore, the -

How-

1,421,864

serts answering phig-P of the illustrated‘link, "
connector in line jack Q associated with the -
calling line,- (Q and Q’ may be considered .

as representing -answering jacks and R and
R’ multiple jacks of the respective lines); a
circuit is at once established over the follow-
ing path: battery C’, 72, 78, T4, 75, wind-
ing'r of relay R?, 76,8, 77, winding ¢ of re-

lay T, 78, 79, 80, 81, 82, 83, U, 84, 85-and to . -
75

ground through cut-off relay V. The con-
sequent actuation of cut-off relay V opens the

70

circuit through' line relay B and thereby ex-

tinguishes line lamp D controlled by the
same. Relays T and S-are actuated by the
current flowing in the circuit traced through

80~

them, armature 86 of T being attracted and

thereby establishing a circuit, the path for
which is as follows: batteries. C? and C?,
interrupter W, 87, 88, 89, X, Y, 90, 86,:91,
78,79, 80, 81, 82, 83, U, 84, 85 and to ground
through cut-off relay V.. The.intermittent
current allowed to pass through connecting

88

relay X by interrupter W causes armature

92 to engage spring switch 89, thereby con-
necting battery C through wires 8 and 93 to
connecting relay X..  This current causes
armature 92 to continue it§ movement, there-
by removing spring switch 89 from contact
88 and thereby removing from: the circuit

batteries C? and ‘C? through interrupter ‘W.-.

Only the described connection of battery C
is sufficient to. cause the top armature
switches of relay X to engage their contacts,

90

95

thereby establishing a circuit, the path for -

which is as follows: battery C*, 94, 95, 96,
97, 98, 99, 100, 101, 102, 103, 104, 105, 106,
107 and winding ¢ in' multiple, 108, 109,

100

110, 2, substation apparatus at A, 1,111, 112,

113, 114, 115, 116, 117, 118, 119, 120, 121, A’,
122 and to ground through 123. Relay A’
which is shunted by condenser ¢ to permit
the passage of voice currents, is actuated by
the current flowing in this circuit and an-
other circuit ig established, the path for
which is as follows: battery C%,-94, 95, 123,

relay NJ, 57,70, 46, M, 47, 20 and -to ground

‘through primary 21. As transfer relays O -

and M are actuated by the current flowing
through this circuit any further illumina-
tion of line lamps at the central position

105

110
124,-G7, 125, 126, 127, Z, 56, winding »/ of -

VD)%

115

will not produce an audible pilot signal in -

head receiver H, ag the attraction of arma-
ture 44 of relay O would transfer said sig-
nal circuit from the right side by -way of
60, 61, 62, 62¢, 63°, T1°, 57e, 03, 46%, M2, 47,
and 20¢ to the operator’s induction coil at the
¢ position ; the attraction of armature 18 of
relay M transferring said signals from the
left side by way of 48, m, 49, 50, 51, 522,
53% 5d», 554, 562, N’, 572 O, 46%, M, 47> and

120

125

20 to the operator’s induction coil at the a.

position. Operator’s call recorder G’ is ac-
tuated by the current flowing through this
circuit and as the same cannot actuate until

130
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relay A’ actuates, which, in turn, cannot ac-
tuate unléss a connection is actually made to
a line initiating a call; said recorder fur-
nishing a bona “fide record of the calls an-
swered by the operator, there being no way
to make 1t record more than once for each
connection made.

(17) Assuming that while the central op-
erator is engaged in connecting to a calling
line, as described (paragraph 16), and as-
saming that an audible Iinie pilot signal, as
also described therein, is transferred to the
a or ¢ positions or to both, then as the re-
spective transfer relays at said positions are
actuated and as the same control the cireuit
connections for said signals originating in
saic positions, any audible smnal orlomat—
ing in either the ¢ or ¢ posmon is automati-
cally transferred to the b position from the
a one, and to the ¢ position from the ¢ one.
Said tmnsfer, in turn transferring the audi-
ble pilot signals orlomatan' in the  and d
positions to those next in 1 ine, and so on.

(18) The N and Z re- tmnf:i'er relays
control the retransferring of the. audible
Iine pilot signals; or in other words,!
change the circuit connections, which are
normally transferred to the right and left
posﬂnons respectively from the Fwo sides of
a “busy” positien, so that both sides are
transferred to but one position according to
whether the left or right position is “busy”
also. ‘Therefore, re-transter relays N and
Z of the central position being actuated,
as deseribed (paragraph 16), should trans-
fer relay M? of the next position to the right
be actuated, the audible signal, which Ymoht
be transferred thereby through armature qge
of the same, 48¢, 49¢, 70, 54 and 55 to re-
ceiver Il at the central position, wonld be
re-transferred through armature 54 of relay
Z, contact 128, 129, 130% and 62¢ to the re-
ceiver at position d at the right of the origi-
nating pesition. . In the same way, should

transfer relay O of the next position to the

left of the central one he actuated, relay
N would re-transfer the.signal to the next
position to the left of the originating po-
sition.

(19) Reference has been made and -the
circuits traced and deseribed (paragraph
17}, for the t1 ansference of the aundible sig-
nal circuits originating in one position to
the next in lirie when a gignal eireuit is trans-
ferred to the former from another position, ¢
the explanation having been made that an
opcratrn can always reach the left or right
side or both sides, as the case may be, of the
adjacent ]wosmon allowing the audible 1g—
nals originating in that position to be. in
turn, transferred to the next position. Fow-
ever, it is essential for the convenient work-
ing of the system, that this transferenee to
a position shall not include a call originat-
ing in a position other than the adjacent

8

one, -provided the operator thereat is on
duty, as it would be difficult for an operator
to reach over and beyond another operator
to answer a call. This eventuality is pro-
vided for by separating the functions of the
re-transfer relays from the functions of the
transfer relays and limiting the functions
of the two former to the re-transferring of
the audible signal circuit connections and
the two latter to the transferring of the
signals originating in a position. The same
thm“ is true When a posmon is “busy”; the
audible signal cireuit connections of ‘that
position are transferred to the adjacent
positions, but the signal circuits tr ansferred
thereto are not transferred so as to pass an
intermediate position. Referring to the cir-
cuits, as described (paragraph 16) and as-
summd that the central and the ¢ positions
are both “busy”, then the respectlve trans-
fer and re-transfer relays are actuated and
an audible signal from the right hand side
of the central positionl would be transferred
from armature 44 of transfer relay O over
the following path: 60, 61, 62¢, 63¢, 64°, 65,
66°, 502, 512, 52‘ 532, 54* and if the o p()m~
tlon was idle would be sounded 1 the oper-

r’s head receiver at that position. At the
same time, all the signals originating at that
position would be transferred to the b posi-
tion, as the central one is “busy”. However,
if the o posmmn is busy also then armature
54* of relay 7’ is attracted and the path
traced thereto would be diverted from con-
tact 552 to 1282, 129* and 130* where it unites
again with 62 Therefore, such a signal
circuit from the central position can find no
path, provided the left and right positions
are also busy, but a path will be provided
for the same at whichever of the three cited
positions first becomes idle, and the signal
will be sounded thereat. The same being
true in regard to the signal circuit from the
left hand side of the central position.

(20) In paragraph 16 a description was
given of the means whereby the audible sig-
nals were transferred when a connection was
made to a calling line.. The circuit as traced
therein through relays N; Z,; M and O, and
primary 21 of operator’s induction coil G
receives steady current from hattery C#,
therefore. no alternating current is produced
in secondary 22 from “this circuit, as was
formerly preduced by the current from fthe

enerators Ag the circuit from substation
A as traced through windings 96 snd 123
of ope ator’s r'epeatmcr coil T and as said
secondary and operator’s head receiver H
are in cii’cuit with windings 23 and 24 of
said coil, eonversation may take place be-
tween substation A and the operator. The
path for the operator’s talkincr circuit is as
follows: battery C*, 94, 95, 123, L, 131, 132,
133, H’, 134, 135 and to oround through prl-
mary 136 of the 0perator s induction coil G.
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Transmitter T’ and primary 136 are shunt-
ed by condenser 1’, the arrangement shown

being well known in the art, there being but

one difference, namely, the winding of relay
T, acts as a substitute for the retardation coil

generally used to impede cross talk in the

transmifter circuit. It will be readily un-
derstood, however, that instead of making
relay L of the required impedance, the usual
retardation coil might be used in series with
said relay.

~ (21) On obtaining the number with
which the calling party desires to be con-
nected, the operator inserts calling plug P’

in multiple jack R’ of the line in question.

A circuit is thereupon established over the
following path : batteries C? and C?, inter-
rupter S, 137, 138, winding » of U’, 139,
141, 142, 143 and to ground through cut-
off ‘relay V’. The intermittent current
flowing in this circuit is suflicient to cause
armature 73 of controlling relay U’ to be-
come separated from contact 74, thereby
opening the circuit through relay S, which
thereupon releases its various armature and
spring switches. However, before armature

137 disengages spring switch 138, the latter

30

35

40

becomes engaged with contact 144. There-

fore, the path for the circuit through wind-
ing w of relay U’ now proceeds through
winding ' of the same, wire 72 and to
ground through battery C’. Therefore,
armature 73 of controlling relay U’ remains
disconnected from contact 74 as long as call-
ing plug P’ remains inserted in multiple
jack R’. The disengagement of armature
switches 102 and 117 from spring switches

-103 and 116 of relay S, opened the circuit

through operator’s repeating coil I, as de-
scribed (paragraph 16). Therefore, relay
A’, which controls the actuation of the
transfer and re-transfer relays is de-ener-

~ gized, as are the latter, and operator’s head

45
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receiver H will again receive the audible
line pilot signals originating in the position,
or transferred thereto. e

-~ (22) As described hereinbefore, the au-
dible signal circuits have operated when -all

~the. illustrated positions were occupied. by

their respective operators. Whenever a po-
sition is vacated, the operator thereat, in
order to disconnect the transmitter (shown
diagrammatically at H’) withdraws plug
W’ from its corresponding jack, and as jack
spring 132 is thereby disconnected - from

_ground through 133, H’, 134, 135 and 136,

there is then no path for direct current
through relay L.. Therefore, the latter is
de-energized and releases its various arma-
ture switches. This condition.is shown at
Therefore, the changes in
the circuit connections caused thereby will
be followed in relation to that position.
The engagement of armature switch 37 of
relay L® with contact 145° changes the path

1,421,864

of the circuit for the audible signal:con-
trolled by pilot relay K2, so that the same
now proceeds by way of 146, 41°, 42 and 43
to armature 44 of relay O, from whence 1t
proceeds, as described (paragraph 8). ' If
this position had been vacant also, then in-
stead of the path having been 42, 43 and 44,

it would have been 42, 147, 146, 41 and 42°,

‘and thence according to whether the a po-

sition was vacant or not. Therefore, it will
be seen that from any vacant position the
audible signal circuits are transferred to-
wards the left, and will be sounded in the
operator’s receiver at the first occupied po-
gition. The transference to the left from
o vacant position is of course purely arbi-
trary, and can be towards the right if de--
sired. T

(28) Assuming that the central position
is occupied, and that current is passing over
the path, as described (paragraph.22),from
the ¢ position through armature 42 of relay
1L, 43, 44 and thence by way of 45, 46, and
relay M to ground by way of 47, 20 and 21,
then relay M. would be actuated,. and the
circuit connection controlled by pilot relay
K, as described (paragraph 8), through ar-

deenergization of the latter, from contact
40¢, to contact 148¢, and thence.by way of
149 and attracted armature 18, to-the next
position at the left.. The transfer - of the’
calls from the left hand section of the: cen-

tral position takes place also inasmuch as :

pilot relay E connects generator I to the
same armature 18 of relay M. Therefore,
it will be seen that the transferred.call from
a vacant position transfers the calls origi-
nating at a position to the next one at the
left and that said transferred calls cannot
pass an occupled ‘position to be sounded at
another position. The audible signal cir-
cuit connection controlled by pilot relay
B3 of the left side of the ¢ position joins
the traced circuit through wire 41°, as’ar-
mature 16 has disengaged contact 17° and

sald wire 41c, Armatures 151°-and 152¢ con-
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“mature 39¢ of relay L# 1s changed, by the - -
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‘engaged contact 150° which is connected to

trol the connection of the leads 101° and . .

118¢ from the connecting means assoriated
with-the various link connectors at the posi-
tion.- They have nothing to do with the

‘described audible signal ‘circuits and may

be dispensed with if desired, in which event
lead 101 would be  connécted directly to
winding 96 of operator’s repeating ‘coil I

“and lead 118 conmected direct to relay A’

120

The advantage in using the connections as -

illustrated is that said armatures disconnect-
gaid leads at an idle position from contacts
98¢ and 120° which are connected to said
windings of the operator’s repeating coil
at that position and connect the same to con-
tacts 153° and 154° which are connected to
said coil at the next position by wires 155
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and 156°. TIf that position is vacant the
same are connected in the same way to the
coil at the next position, and so on.  There-
fore, an operator can attend to a transferred
call from any vacant position and use the
link conpectors thereat without having to
change the transmitter or head receiver con-
nections.

(24) As there are some slight differences
between the connections controlled by the
armature switches of relays I/ and L, and
those controlled by the corresponding relays
L, E# and L, the differences will now be
explamed The form used in the latter are
intended for use where the opelatoL s posi-
tions are always vacated in a regular manner
from the right towards the left or vice
versa, as the case my be. The form shown
in relays L/ and L? being used when the
positions are vacated, regardless of order,
as the same prov1de means for transferring
the signals originating at a position to the
right of a vacant one, to a position to the
right of the originating position, something
which is unnecessary to de, if the first men-
tioned way of vacating pos1t10ns is followed.
It will readily be understood that the two
forms may be combined to produce other
transferring combinations.

(25) Assumlntr that the b position is va-
cant, and the a 13051t10n occupied, the -au-

-chble signal circuit controlled by armature

. 18# of relay M’ is transferred to the & po-
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- wires 61 and 674,

-tion.

sition by way of contaet 48 and wires
495 and 500, " As armature switch 51° of
relay L? is engaged with contact 157° in-
stead of 52°, the circuit is transferred to the
next pos1t10n to the right of the ¢ position.
The path for the same being as follows:
1570, 158, 129°, 180°, 62, and over the path

-to crround as descmbed (paragraph 15).

(26) Assuming that the a position ‘is the
vacant one, and “the b position is occupied,
the audible signal - circuit controlled by

armature 44° of relay 02, is transferred to

the ‘@ position by way of contact 60° and
As armature switeh 682
of relay L’ is engaged with contact 159%,
instead of 602, the circuit is transferred to
the next position to the left of the b posi-
The path for the same heing as fol-
lows: 1592, 160ZL and 1612 to the 51 arma-
ture switch of said position. The engage-
ment of armature switch, 42° of 1elay B
with contact 147> connected to wire 162¢ and
armature switch 162 with contact 1632 trans-
fers the audible signal circuits from the ¢

position to wire 1642, and thence to the b -
“position.

T visual pilot signals are de-
sived, then lamps may be connected in series
with the normal contacts of the transfer and
re-transfer relays, as indicated at the ¢
position by the lamps: connected by the
dotted lines. If the audible signal is not
desired -in" connection therevvlth then wire

L

20° wwould lead direct to ground, and a
source of steady current could be used in-
stead of generator I3,

(27) In mraompn 16 was described the
means used for establishing a telephonic
connection between a calling party and the
operator, and in paragraph 91 ras described
the menans used for disconnecting the oper-
ator when. a connection is made To a called
for line, namely, the de-energization of re-
lay 8. Lo‘vevel. when armatwe gwitches
102 and 117 61oenooge spring switches 103
and 116, enaaoement is first made between
Sfald spring switches and contacts 166 and
167, which are connected, respectively, to
Wmdmgo 168 and 169 of the link connector
repeating coil. Therefore, current from bat-
tery C* still flows thrmwh limbs 1 and 2
of the line of substation A and consequently
supervisory relay T is maintained actuated.
The current flowing through the circuit
traced through wmdm(“ 7 or ringing relay
Rz, as described (paragraph 16), is suffi-
cient only to cause armature 170 to engage
sprlno switch 171, without causing the lat-
ter to engage sprmor switch 172, and con-
tacts 173 and 174. Therefore, the inser-
tion of calling plug P’ in multiple jack R’,
as described (pamdmph 21), established a
circuit which was not described therein, the
path for the same being as follows: battery
C 8, 98, 92, 175, 176, Y, 178, winding. 7/
of rlnmncr relay R2, 182, 170, 171, 139, 141,
142, 143 and to gr ound ‘through V', Cut-
off “ehy V7 is actuated and opens the con-
nections to line relay B’ as described in

alation to line relay B The current flow-
ing through winding ¢ of relay R? is sufli-
cient to completely actuate the latter and
the Gj”‘uh@rﬂ”nt of spring switch 171 with
qpuno switch 172, establishes another cir-
cuit, the path for the same being as follows:
batteries C? and C?, W, 179, 180, 181, Y2,
X 172 and to oround over the path ah‘eady
traced thr fmob spring switch 171
termittent curvent allowed to pass through
connecting relay X’ by 1nterrupter W,
causes armature 183 to engage spring switch

181, thereby connecting ba*tnry C through

wire 184 to connecting relay X’ This cur-
vent causes armature 183 to continue its
movement, thereby removing spring switch
181 from contact 180 and removing from the
circuif batteries C? and (° through inter-
rupter W. Only the described connection
of hattery C causes .the top armature
switches of relaay X’ to engage their con-
tacts, therehv es’cabhshmrx a circuit, the
path for which is as follows: battery C5,
Do 183, 186, 187, 188, winding # of relav
77! 189, 190, 191, 192, 193 19% “ov, 195, 196,
197, 15, 198, 199, 200, 201, 202 and to Ground
through 203. Another circuit is-esta ablished
in branch I'ela,tlf‘n to the former, the path
for which is as follows: gemerator A?, G,

The 1n- 1
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204,205, 206, 207, 208 and then proceeding
through 189 over the path already traced.
(Reference should be had to my aforemen-
tioned Patent No. 1,128262 for a complete
description of the functions of interrupters

‘D? and G® and the full operation of the

automatic ringing system, illustrated in the
accompanying  drawings.)  The current
from ringing generator A® {lowing over this
circuit actuates call bell 195 at substation

"AA and as the return path to ground is

through winding 203 of the repeating coil,
the calling party at substation A receives
an audible signal through the telephone re-
ceiver thereat. Condenser 197 at substation
AA does not allow a circuit to be closed
through winding #* of calling supervisory
relay T’, which 1s sufficient to energize the
same when the brush of interrupter D? en-
gages the metallic segments thereof.

(28) Interrupter D® may be connected as
illustrated to a battery of lower voltage than
battery C%, which furnishes the talking cur-
rent to the substation, thereby preventing
any slight tendency of relay T’ to be par-
tially energized due to the intermittent di-
rect current flowing through the circuit in-
cluding condenser 197. However, said in-
terrupter can be connected to battery C%
if desired, as relay T’ can readily be ad-
justed so as not to respond until condenser
197 is short circuited by a low resistance
path when the receiver at substation B is re-
moved from its switchhook. :

(29) When the called party responds and
the just mentioned low resistance path is
formed, relay T’ is actuated and a low re-
sistance shunt is formed around ringing re-
lay R? and lamp Y’ from battery C over a
path as follows: battery C, 184, 183, 181, ar-

_ mature switch and alternate contact of relay
"T’, winding # of relay T’, winding ¢’ of re-

© 45

lay G?, completing the shunt. Due to the
extremely low resistance shunt thus formed,
relay R?ig deenergized and when armature

170 ‘disengages spring switch 171, the shunt

is removed and the circuit opened through
relay R% As interrupted D° furnishes an

' intermittent current, the armature switch of

50

relay ‘T’ might make and break its connec-

" tion with its alternate contact and therefore

- closed and opened. ¢
-~ ‘special adjustments of relay R2.to obtain its
.85

the shunt circuit might be intermittently
As this might need

de-energization when so shunted, the use of
winding # is preferred, as the energlzation

 of the same by the steady current from bat-

60

765

tery C, prevents the vibration of the former.

‘However, I find that relays T” and R? can be

so made and adjusted as to operate as desired

‘without the use of windin

2. : :
(30) Connecting relay %('_ is not de-ener-

gized with ringing relay R? as-a connection
“from spring switch 172 to contact 142 of call-

ing plug P’ was made when armature 183

1,421,864

of relay X’ was fully attracted. Therefore,

- circuit was closed over-a path as follows:

172, 209, 210, 211, 212, and 213 to contact
142. Resistance 209 is such that when the
shunt is formed, as described .(paragraph

"29), enough. current still flows through re-

70

sistance 209 and relay X’ to maintain the

latter actuated. The purpose of using resist-
ances 182 and 209, is to prevent. the forming
of a low resistance shunt-around other relays

75

corresponding to other link connectors which -

may be connected to line jacks of the same -

line, as hereinafter described. The de-ener-
gization'of relay R? as described (paragraph
29), causes armature switch 206 to-disengage
contact 205 and engage contact 214 and there-
by connect non-inductive resistance 208. by
way of wire 215, to winding 216 of the re-
peating coil, as spring switch 187 engages

1ts normal contact also, which is connected -

to said contact 214, winding # of super-

of battery C* over the same path, and as

-said contact is made before armature switch
1186 disengages spring switch 187, the circuit

is uninterrupted through said winding.
(31) Telephonic connection is now estab-

‘lished between substations A and AA, and

when either party desires disconnection from

-the other, it can be brought about indeépend-.

ent of the other party, and the:continued
engagement of the link conneéctor with jacks
Q and R’. At the same time either party

80

85

-visory relay T” is connected to the live pole -

90

95

will be automatically restored to.the con- -

trol of their respective line signals, and their
lines released so that other telephonic con-
niections may be made thereto. o
(32) When the Teceiver at substation' A
is replaced on its switchhook, the circuit for
direct current through limbs 1 and 2 is

opened; and winding ¢ of answering super-.

visory relay T is consequently deenergized
and a short circuit is formed. areund. con-
necting relay X and supervisory lamp Y,
thereby causing the deenergization of said
relay. The actuation of relay X, when con-

nection was made to the calling line, as ‘de-

scribed (paragraph 16), made a connection
to contact 81 of answering plug P in branch

-relation to that made-through wire 90, arma-
-ture 86 and contact 91 of supervisory relay
T. 'This connection wag made over the fol--

lowing path: 81, 80, 217, 218, 219, 220 and
991. Therefore when said armature 86 dis-

“engages contact 91, relay X is not de-ener-

gized, but as soon as said armature engages
its normal contact, lamp Y and relay X are
short-circuited, said contact-being connected
by wire 222 to spring switch 89.: As soon
as spring switch 219 disengages its contacts,
current ceases to flow over this path. - Resist-
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ance 221 is inserted to prevent a correspond- .

ing short-circuit of other relays of other link

connectors which may be:connected ‘to line -

jacks of the’ same line, as- hereinafter 'rde-;._;130 B
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scribed.  This means for deenergizing relay
X is preferred, as in practice it will be found
that supervisory relay T, being of a neces-

sarily sensitive type, is apt to momentarily--

release armature 86 from eontact 91 4f said-
relay accidentally receives:a jar or blow. - As

- this might deenergize relay X if there were

no -other connecting: means to contact S1 of

- plug P, and consequently disconnect the call-

10

ing and called parties, I have illustrated and
described the aforementioned means wherein::

-armature 86 must not only disengage-contaet

. 91, but engage its-normal econtact before de-

15

energizing relay X.' When ‘spring switch-
219 of relay X disengages contacts 218 and.
220, battery current-is cut off from-contact
81 of plug P, therefore; cut-off relay V is

. de-energized, restoring line relay B to-the.
control of substation A.: Current.is.prevent-

20.
~winding 7ot relay T, relayS and winding 7

25

30

ed from :again flowing rthrough relay V;:

of relay R? until calling:plug P’ isremoved -
from jack R’, ascontrolling relay U/ remains
actuated as Jong.as said plug remains in said
jack, ' :

: (33) If connecting relay X had been de-
energized as described (paragraph 32), pre-
vious to the response of the called for party,
the disengagement of armature 92 from con-
tact 175 would have opened ‘the ‘circuit
through winding +/ of ringing relay R?, and

‘consequently  would -have de-energized. the

- same, thereby cutting off the impression of

35
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ringing current upon call' bell 195 of sub-

station AA. Tf this had taken place, the

enigagement of spring switch 172 of:relay
R? with- its - normal contact- would: have
formed: a short-circuit around the winding
of lamp Y? and connecting relay X', and,
therefore, would also-de-energize the latter.
This short-circuit is formed over the follow--
ing path: said normal centact, 224, 295,
and the armature switch of relay T’. As
soon as- spring switch 211 disengages its-
contacts, -current ceases to flow over this-
path. - Battery current is thereby cut. off
from contact 142 of calling plug P’ except
the- gsmall amount: allowed to pass through .
the two windings of relay U’," which to-
gether form a very high resistance. - There-
fore, cut-off relay V’ is de-energized, and
line relay B’ restored to the control of sub-
station AA, as said relay V' cannot main:
tain itself actuated by the current allowed
to pass through relay U’.

(34) When the called for party replaces:

- the receiver at substation AA on its switch-:

60

65

heok after having responded to a call, wind-

‘ing ¢* of supervisory relay T’ is conse:

quently de-energized, and the armature
switch falling back - and engaging -contact
2925 de-energizes connecting relay X’ in the
same manner as-deseribed (paragraph 33}.

(85) The --disengagement of armature-
switches 105 and 115 of connecting relay X

,‘864 L S
from ‘contacts 106-and 114, ‘and 202 and 191
of connecting relay X’ from: contacts 201
and 190 disconnects- the -link connector re-
peating coil from-counection with the con-
tacts of plugs P and P’; all the talking and
operating circuits of said link connector be-
ing thereby restored to their normal open
condition, only- one link ' connector - circuit
remains- closed, namely, that through con-

-trolling relay U’, which on account of con-

trolling but one contact, may be of an ex-
tremely sensitive type, allowing the com-

“ bined windings to be of an extremely high

resistance. In fact the:resistance may be
such that if several “idle” link connectors

-are allowed to remain connected to:different

‘multiple jacks -associated - with “the same
dine, the multipled resistances of all the re-
lays U/, will not be'sufficiently low to allow

relay V' to remain actuated, when the party

at-a substation :connected to said line has
replacéd its receiver upon its switeh hook.

- (86) The automatic- means by which tele-
‘phonic connection to a busy line is abso-

- lutely prevented, and the means whereby an

operator or a-calling party can so “wait” on
a-busy line that a-telephonic connection will
be established only -when- the line becomes
“idle,” 'will now be described.  When con-
necting relay X of the'link connector (re-
ferred to hereinafter as link connector one)
is actuated as described -(paragraph 16), a
connection was made “that has heretofore
not been- described. - This connection is that

of interrupter H2? to spring switch 219, by:

way of 'wire 226, and thence by way of con-
tact 218 and. wire 217 to contact 81 of an-
swering plug P. Therefore, whenever the
brush of interrupter H? engages its metallic

segment, current flows from batteries C2 and-

(¥ directly to ground, through contact 82 of
jack Q, 83 U, 84, 85-and- cut-off relay V.
Now, if-a plug P of another'link connector
(referred to hereinafter as link :coennector
two), is-inserted in a multiple jack, such
as Ry lamp Y and connecting relay X (which
are normally. connected to: the same' bat-
teries through spring switch 89, contact 88,
wire 87 and interrupter W) will be short-

circuited; as the respective ‘brushes of in-:

terrupters W and H? engage their metallic
segments ‘at. precisely the same time and all
the rcurrent allowed to.pass .from .ground
through relays V.and U torbatteries 2 and

C?, naturally follows the-direct path of prac-

tically no resistance offered by wire 217.
Therefore, relay X of link connector two is
not- partially -energized,; -and: armature 92
cannot be attracted as long as relay X of
-link connector one remains energized.

" (87) When connecting relay X’ actuated,
as described (paragraph 21), a-connection

:-was-made: that has heretofore not-been de-

scribed.® Thisconnection is-that of inter-
rupter I* by way of 227,228, 229, 230, 211,
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212 and 913 to contact 142 of calling plug
. P’." Therefore, whenever the brush of in-

10

15

terrupter I2 engages .its metallic segment,
current flows from batteries C* and C* di-

“rectly to ground through contact 143 of

multiple jack R’ and cut-off relay V. Now
if answering plug P of link connector two is
inserted in a line jack, such as Q' or R/,
connecting relay X of said link connector

will also be" short circuited, -and not- emer-

gized, as described (paragraph.36), as the
brush of interrupter I? engages its metallic
segment - precisely at ‘the same time as In-
terrupters H? and W. When ringing relay
R? is de-energized; as described *(paragraph

99), then spring switch 229 of -said relay
is disconnected from armature 228 after

_first having been connected to contact 231

120
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“which by way of wire 232 is connected to
interrupter H2 Therefore, a conmnection. to:

a busy line by way of an answering plug P
is ' positively prevented, - regardless
whether the busy line is a calling or called
for line, as the connection to limbs 1 and 2

‘of the line is open at armature switches.
105 and 115 of relay X. There is no mar-
ginal action of a relay or resistance of a -
‘divided- circuit, used to obtain this result.’

This feature is the specific difference in re-
lation to this function between the present

application and my afore—mentioned Pat-

ent No, 1,128,262, , .

~(88) Should operating conditions. require
an operator to be notified as soon as a busy
line ‘becomes idle, the means as described
(paragraphs 36 and 37), allow an operator
to insert an answering plug P into a line
jack of a busy line, and to proceed-with
other duties, for as soon as the busy line be-
comes idle, the disengagement of spring
switch 219 from contact 218 of connecting re-
lay X or spring switch 211 from contact

212 of relay X’ of link connector one re-

moves the short-circuit, as described (para-
graph 36), and connecting relay X of link
connector two would at once actuate.
Therefore, supervisory lamp Y would be
illuminated, indicating to the operator that
the line was idle, and said actuation of relay

X would prevent a telephonic connection

from being made to the same line. ;
(39) If a calling plug P’ is inserted in a
line jack of a busy line, connecting relay X’

- of the link connector two will be short-cir-
cuited, and therefore rendered inoperative .

in the same manner as described in relation
to an answering plug P (paragraphs 36 and
87), inasmuch as contact 180 of said relay is

connected by wire 179 to interrupter-W as.

is contact 88 of connecting relay X. There-
fore, a telephonic connection to a busy line
by means of a calling plug P’ is positively
prevented, regardless of whether the busy

line is the calling or called for line; as the:

connection to limbs 1* and 2° of the called

nate the usual busy tests made by the op-

used in the present invention as.described
“(paragraphs 36, 37, 38 and_39), eliminate.
_the possibility of:such confusion or such lack

; “calling party that the called for line is busy,
oL

for conversational purposes. ‘When the call-
ing party hears either- of said signals, he-

1,421,864

for line'is openat armature switches 191 and

202 of relay X’. . : , -
(40) Tt has been mentioned that one of the
objects of the present-invention is to elimi--

70
erator on a called for line. Said tests are -
a necessary adjunct of- the:-telephone’ ex-
change connecting means heretofore used, as
if not used much confusion would arise if a
calling party was telephonically connected to 75
a line upon which a conversation was taking . -

“place, also secrecy between conversing: sub- -

stations would be -impossible. - The means.

80
of secrecy. Therefore; the. operator may .
connect directly to a-called for line without .
previously testing the same.-. However, some -
means should be-provided for notifying:the: 85

and this has been arranged for in the. pres--

ent invention in such a way that the calling
party receives.an audible signal in the tele-

phone receiver at substation A, provided an
operator connects. to a called for line which -
is being rung upon, or receives an audible
signal, distinct in character -from the ring-
ing signal, if the called for line is being used

90

95

may either replace his receiver,-thereby re-

leasing his line, as described (paragraph

32), or may refrain from so-doing, and
“wait” for the called. for line” to be re- 100
leased, as described (paragraphs 32, 33
and’ 34), whereupon the “waiting” party .
will be. automatically telephonically con--
nected to the line waited upon and the call
bell at a substation: of the latter: will be 106
rung. - ' S :
(41) Assuming that a called for line has
either a plug P” or P’ of a link connector
one inserted in a line jack, associated with
that line, and that the connecting: relay X 110

-or X/ has not been de-energized, then when.

calling plug P’ of link connector two is in-
serted in"a corresponding line jack, connect-
ing relay X’ will not actuate, as described
(paragraph 89). As the connection to limbs 115
1» and 27 of the-called for line is open at
armature switches 191 and 202, and.contacts
190 and 201, of relay X’, no telephonic con-
nection is made with said line. However,
ringing relay R? will actuate as the same is 120
not dependent on batteries” C* and C?
through one of the interrupters for its actu-
ating current, but receives the same direct
from battery C, as described -(paragraph
27)." Relay U” is also actuated, as its actu- 125
ating current emanates from interrupter S,
as described (paragraph 21), which inter-

_rupter, notwithstanding its connéction - to

batteries €% and C3, engages. its brush at a-
different time interval from that in which 13¢
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interrupters H?, W and I® engage their ve-
spective brushes. © Therefore relay U’ of

- link connector two is not short-circuited, as

ig relay X’ of the same: The actuation of

relay U’ controls the removal of the opera- .

tor’s telephone set from connection with link
connector two, and said -operator has noth-

. ing else to do with the connection. However,

10

the non-actuation of relay X’ of link con-.

nector two, allows a small part of the cur-
rent which flows from contact 142 of calling

plug P’ of link connector one through con-

- tact 82 or 143 of line jack Q or R’ to hé
- shunted from the: path of ground through

25

50

relays U and V or V', to ground over the
following path: Said contact 82 or 143, cor-
responding contact of line jack in. which
calling plug P’ of link: connector two is in-

-serted, contact 142 of same, 141, 171,174,

233, 284, 235, 236,202 and to ground through
203. - Resistance 234 is-preferably in induc-
tive relation with the link connector repeat-

‘ing coil, as shown. Ttspurpose is to increase

the resistance of the described shunt circuit,
so that enough current is not taken from

“cut-off relay V* to de-energize the same.

However, said resistance is not absolutely es-

~gential. Agthe current impressed on contact

82 or 143 through link connector one is of a
fluctuating character; due to-the intermittent
current from interrupters H2 Wor I2;.as de-
scribed (paragraphs 36 and 37), this fluctu-
ating current flowing in the described shunt
circuit, induces a:corresponding .alternating

5 current in. windings 168 and 169 of the link:

connector. repeating coil, which is heard as
an audible signal in the receiver at sub-
station A. TIf the “busy” line is being used
for conversational purposes, the andible sig-
nal will be-characteristic to interrupter H2.
If the line is being rung upon, the audible
signal will be characteristic to interrupters
I* and J2. As the latter has more metallic
segments than interrupter HZ the fluctua-
tions of current are, therefore, more rapid,
and the audible signal produced of a differ-

“.ent character from that produced by inter-

6o
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rupter H* The number of metallic segments
of interrupter J2, is purely arbitrary, as

-many may be used as desired, it being readily

understood that the more metallic segments
said interrupter -contains, the greater the
difference will be between -the:two sudible
signals. As the purpose of interrupter J2is
to furnish the “ringing” busy: signal only,
it may be connected, as illustrated, to battery
C?, or it may be connected ‘to batteries (2
and C?, like 1nterrupter 1% -The purpose in
connecting interrupter J?, as illustrated, is
to effect an economy in current consumption.

(42) On hearing the busy signal, if the
calling party elects to “wait”, then as soon

as connecting relay X or X', as the case may

be, of link connector one is released, as de-
seribed (paragraphs 82, 33 and 34), the short-

circuit around connecting relay X’ of link
connector two is removed and the same at
once actuates, completing the telephonic
connection to the formerly busy line. The
disengagement of armature switeh 202 of

relay X’ from contact 236, opens the audible

busy signal circuit, and the cessation of the
same and the substitution of the ringing au-

dible signal, as described (paragraph 28),

is the “waiting” party’s assurance that the
waited upon line has been released, and that
a .telephonic connection has been ' made
thereto. :
- (43) When a “waiting” connection is
made to a busy line,as described (paragraph
41), a circuit is established.which has not
yet been deseribed, the path for. the same
being as follows: Batteries C* and (3, in-
terrupter P2, 237 238, 239, 240, 241, 242,
178, 171, 139, 141, 142, 143 and to ground
through cut-off relay V’." Therefore, when
a “waiting” connection has been established
to a busy line by a link connector two,
should another calling plug P’ of another
link connector (referred to.hereinafter as
link connector three) be inserted in' a line
jack of the same line, not only will connect-
ing relay X’ of the same be prevented from
actuating, but controlling relay U’, as well
ag the latter, will be short-circuited when
the conmnection is made, inasmuch as inter-
rupters 8’ and P? engage their respective
brushes precisely at the same time interval.
The action being similar to.that deseribed
(paragraphs 36, 37 and 39) in relation te
interrupters H? and W. As the:actuation
of said relay U’ is necessary to chtain the
de-energization of relay S, and as the oper-
ator’s telephone set is not disconnected from

the calling substation until said relay is-

de-energized, the lack of the “click” in op-
erator’s receiver H, which indicates said
disconnection, ‘informs the operator that
there is a party already waiting upon the

called for line. Therefore, the operator can-

so inform the calling party, and either malre
a connection by means of calling plug P’
of link connector three to: another line, or
take down the connection, according to the
wishes of the calling party.

©(44) Instead of the negative “waiting”
busy signal for the operator, as .described
(paragraph 43), supplied by the lack of a
“click,” a positive audible signal can be pro-
duced in operator’s receiver H when a fink
connector three is connected to a-busy"line.
The circuit for this signal is in:branch re-
lation to the audible busy signal circuit, as
described (paragraph 41), and is over the
following path: From. wire 235 over wires
as indicated by the dotted lines connected
to- the left contact of armature switch 117
of relay S, 117, 118, 119,120, 121, A/, 199
and to ground through 123. Therefore, the
fluctuating current allowed to pass through
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" resistance 234, has two paths to ground, one-

through winding 203 of the link connector

repeating coil, and the other through wind-

ing - 128 of operator’s repeating coil L.

Therefore, both the operator and the sub-
seriber would receive the audible busy sig-

nal, and the operator would thereupon re-

- move plug P’ of link connector three from

10
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200, may,,bﬁe made as indicated by the dotted

40

the line jack of the busy line, and could not

only inform the calling party that another .
party was waiting upon said line, but could.

state whether the called for party had an-
swered or not, as the audible signal would
be -either the “ringing” or “talking” one.

- (45) Just as soon as relay X or relay X’

‘of link connector one-is released, then relay.

X’ of the “waiting” link connector two is
energized, thereby disengaging armature

switch 242 from contact 241, which opens
-the direct connection to interrupter P2 -

Therefore, another “waiting” connection can
be made to the same line, as the former link
connector two has now become a.link con-

nector one, and relay U’ will not be short-
circuited when connection is made to the
busy line. Also ringing: current will again

be impressed upon the waited for line, as
described (paragraph 27). . '

(46) Notwithstanding the fact that no
busy test is necessary before connecting to
a called for line, should the same neverthe-
less be desired, then a connection from tip
contact 199 of calling plug P’, through wire

line which connects wire 200 to the same con-
tact of armature switch 117 of relay S which
produces the “waiting” busy signal, and a
path to ground through winding 123 of op-
erator’s repeating coil I, may thereby be pro-

vided, as described (paragraph 44). There- "

. fore the fluctuating current from the tested

45
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contact 143 line jack R’, as described (para-

graph 41), would follow this path and pro-
vide the required busy test. -

(47) Answering - supervisory "signal or

lamp Y, on account of being in series with
connecting relay X, is energized as long as
the calling party’s receiver is off its switch-

hook. Therefore, the de-energization of.

the same is the operator’s signal that an-
swering plug P may be removed, though it
is not necessary to do so until the operator
can conveniently attend fto it.

series with relay R?, is energized whenever

- the calling party is waiting upon a busy

60
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line, indicating that condition to the op-
erator. When relay X', is also energized,

_then signal or lamp Y? is also energized.

Therefore, the energization of both Y’ and
Y2 indicates to the operator that the called
for line ‘is being rung upon. When the
called party responds, Y is de-energized by
the de-energization of ringing relay R=
Therefore, the energization of Y2 alone, in-

“Waiting”
signal or lamp Y’, on account of being in".

1,421,864

dicates to the opei"_atbi‘ that the called for -

line has responded. When the called for
party replaces the receiver, relay X' is de-
energized, and consequently Y? also. The

de-energization of Y,-Y’ and.- Y2, indicating
5 ) b i
may - be -rémoved.

the various operating conditions of the link

connector, and if ‘desired, can remove plug °

P’ and inform the calling party that.there is

“no.response from the-line being rung upon,

or that the line being waited, upon 1is still

‘busy, as the case may be; provided the sig-

nals are displayed. for ‘an inordinate length
of time. -The operator can do this without
removing answering plug- P from the:an-

swering jack of the calling line, inasmuch -

70-

" to the operator that both plugs P and P’ -
It" will, - therefore, be~
seen that the operator is fully ‘advised of -

80

as relay U’ is de-energized as-soon-as call-"

ing plug P’ is removed from line jack R’. &:

and consequently-relay 3 energized, connect-
ing-the operator’s set to the calling line. -

(48) When connecting relay X actuates, -

armature switch 2437 engages contact 244,

which is connected by line 245 to contact.
246, corresponding to relay X ‘of the mext:

link connector at the: central operator’s posi-
tion. . Armature switch 247 is connected to

“the contact corresponding to 246 of relay X
of the next link connector, and the-arma-:

ture switch of the same corresponding to-
247 connected similarly to the next contact.

ture switches of the connecting: relays X of

‘all the link connectors at a position are

similarly connected, the same being repre-
sented by dotted line 248. However, arma-

ture switch 250 of relay X: of the last link-

connector is connected by wire 251 to relay

Z, and -as armature switch 243 of relay X
of the first link connector is comnected by
wires 252, and 94 to battery C*, when said .
armature switch engages contact 244, 247 en-

gages 246, 250 engages 249, and all the in-

termediate ones engage their respective -con--

tacts, battery current is Impressed on re-
lays Z, N, O and M, and the audible line
pilot signals transferred, as described (para-

.graph-16). - As the described connection to
battery  C* takes place only when-all the.

link connectors at a position are in: active

“use, it will be seen that in such event no

audible line pilot signal will be sounded in
operator’s receiver ]?I, but.said signals will

be transferred to the ‘adjacent  positions.:
However, it -will be readily seen that arma-
ture switch 248 and contact 244 of relay X

can be doné away with, should such a fune-
tion-not be desired. . . - 7 '
" (49) TF* is- a- subscriber’s service meter

which is #ctuated only after the called for

substation has responded to its calling sig-

nal. When calling supervisory relay T 1s

actuated, as described (paragraph'29),a ¢ir-

_cuit was traced through relay G2~ The con-

85 -

All the corresponding contacts and arma- .
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sequent actuation of this relay establishes a
cireuit over the following path: battery C°,
258, 254, 255, ¢°, 256, 80, $1, 82, 257, T4, 958,
259, 260, and 261, to the other pole of bat-
tery C° Service meter relay U was ac-
tuated, as described (paragraph 16), theve-
fore the current thus allowed to flow through

winding g* of relay G2, maintains the same -

actuated after current ceases to flow
through winding ¢” of the same. Service
meter F* is also actuated by the same cur-
rent and after its recording mechanism 258
has once operated, the same engages spring
switch 85, and then removes the latter from
contact 84, thereby opening the circuit
through service meter relay 1. Armature
259 thereupon disengages contact 260, there-
by opening the circuit through battery C¢.

Relay G* is consequently de-energized, and
armature 254 disengages contact 255. The

path for the circuit through cut-off relay V
to ground, which was formerly by way of
85, 84, U and 83 to contact 82 of answer-
ing jack Q, is now by way of 85, 258, F+
and 257 to said contact 82, and as this latter
path was established before the former was
opened, the continued actuation of cut-off
relay -V is not disturbed. It will readily be
seen that the circuit through battery C° is
only closed for a very brief interval; namely,
that necessary for the recording mechanism
258 of service meter F*¢ to actuate. -Said
battery is of a preferably lower voltage than
battery C. Reference should be had to my
U. 8. Patent No. 1,147,347, for a full de-
scription of this service meter system, as the
same is only described herein in reference
to the slight modifications made necessary
by the use of the intermittent direct cur-
rents through the interrupters associated
with the connecting relays. It will readily
be tinderstood that 1f service meter F* ig not
used, the connection from contact 82 of an-
swering jack Q to cut-off velay 'V, would be
the same as that from contact 143 of answer-
ing jack Q” to cut-off relay V’, and that relay
€3* would be eliminated.

(50) Reference is row made to Figure 2,
in' which the principal difference between
the same and IFigure 1 is that two parties
may wait upon a busy line, being telephoni-
cally. connected thereto, successively, in the
same order in which connection was estab-
lished to the line jacks of the busy line. By
extending the means illustrated in Figure 2,
and described hereinafter, and without de-
pariing from the principles involved, it
will be evident that as many parties can be
allowed to wait upon a busy line as may be
desired, and that said parties will always
ke telephonically connected to the busy line
successively in the same order as that in
which connection was established thereto.
An extra relay such as connecting relay X+
for each extra party it is desired to allow

‘or may not be used.

-2 and the other figures.

13

to “wait,” is all that would have to be added
to the link connector cireuit illustrated in
Figure 2. Some of the relay connections
shown are different from those illustrated in
Figure 1, being alternative forms which may
It is understood that
different combinations may be effected by

combining some parts illustrated in Figure

L with some of those illustrated in Figure
Only those parts
which vary from those described in rela-
tion to Figure 1 will be described, it being
understood that those parts, shown but not
described, function the same as similar parts
in Figure 1.

(51) Relay S* combines the functions of
relay S and controlling relay U’ in Fig-
ure 1. When answering plug P2 is inserted
in an answering jack, the circuit through
winding #* of answering supervisory relay
T* proceeds directly to battery C* by way of
263, 264, 265, 266 and 267. The consequent
actuation of relay T? actuates connecting
relay X2in a similar way to that described
(paragraph 16). However, it will be noted
that armature 268 of relay X2 is connected
by way of 269 and 270 to battery C¢, as are
interrupters W2 and H, instead of to a sepa-
rate battery such as C in Figure 1. The
full actuation only of relay X2 causes ar-

‘mature switehes 273, 281 and 296 of the

same to engage their respective contacts,
thereby establishing’ a circuit from opera-
tor’s induction coil' I, over wires 118 and
101 1n Figure 1, corresponding wires 118 and
101 in Figure 2, and then over the follow-
ing path: 101, 271, 272, 273, 274, 275 and
winding # in multiple, 276, 277, answering
Jack springs and substation apparatus, 278,
279, 280, 281, 282, 283, 284, 285 and 286 to
line 118. Relay A’ actuates, as described
(paragraph 16), and the operator’s tele-
phon set 1s connected thereby to the calling
substation by way .of wires 118 and 101.
The dotted Iine from armature 281 of relay
X2, and the contact connected thereto of
spring switch 285 of relay S2, represents a
connection that may be used if it is wished

70
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to overcome the impedence to the voice cur- -

‘rents offered by winding 283 of the repeat-

ing coil. When calling plug P is inserte(l
In a multiple jack, a circuit is established,
the path for which is as follows: battery C?
57, 287, 288,290, %, 291, 292, and to ground
through the cut-ofl relay of the called for
line. " The intermittent current from inter-
rupter S*® causes armature 293 to engage
spring switch 289, and as said armature is
connected direct to battery C" by wire 267,
sald armature continues its movement and
removes spring switch 289 from contact 288,
thereby eliminating interrupter $° from the
circuit. Spring switch 264 is disengaged
from contact 265, thereby opening the eir-
cuit through winding # of relay T2 The
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_e.nga-ge:ment of armature switch 306 ~With

spring switch 272 first makes a connection

from the same by way of wire 307 to wind-

ing--808 of the link conmnector repeating
coil, and then removes 272 from engagenent

avith contact 271. The engagement of arma-
- ture switch 809 with sprnig switch 285, first:

makes a-connection from the same by-way
of wires 310 and 311 to ground, and then re-
moves . 285 from engagement with contact

- 986. Therefore, the calling substation line
is disconnected from the operator’s repeat-

ing coil, and connected to that of the link
connector. It will: be readily understood

that the means for making the connection to.
the link.  connector repeating coil- may be
“as illustrated in Figure 1. As relay 52 re-

mains actuated as lorig.as calling plug P2
remains inserted in a link jack, the described
cireuit- changes are maintained for that pe-
riod..- -~ S 2 -

(52) Another circuit is simultaneously es-

tablished with that first described (para-

oraph 51); the path for which is as: follows:
Battery C7, 294, y*, 295, 296, 297, 298, 72,-299,
300,-301, and thence to ground, over the same
path as traced from:the upper- terminal of

winding s’ of relay S2. Ringing relay R® s
actuated, and armature 302 engaging the.

contact-connected to wire 299, establishes an-

other path to ground from said wire, as fol-
lows: 802;.803, 804, 305 and 292 to ground,

through the cut-off relay. As armature 302
engages said contact before armature:301-of

relay 97 disengages contact 300, the circuit -
*_through relay R?1s maintained.. In order to-

evade any possibility of relay S5 actuating

- previous to said engagement of armature
302, and ‘at. the same time allow winding s’
to be of as high-a resistance as that of re-

lay U” in Figure 1, inasmuch as it remains
in’circuit after the parties have replaced
their receivers as does said. relay U’; a con-

nection may be made to said winding s’, as

indicated by the dotted line connected to the
second -contact of armature 302 of relay R
The, complete winding: s” is then such that
relay. S%.is not actuated until the upper por-

. tion is short - circuited when armature 302

50
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60

engages said contact.

" (53) The engagement of ai‘matui"eﬁ(‘éi‘of

ringing relay R®, with the contact connected

to the upper terminal of winding #° of relay
Xe, establishes a ground connection through
the same, which continues by way of 312,313,
314,315 and interrupter W? to battery C°.

- Consequently, armature 316, which 1s con-
-nected to the same battery by way:. of 317,

318, Y5, 319 and 820, engages its. spring
switch, establishing a circuit, the path for
which continues by way of winding 2%, 321,
99 and 292 to ground.. Therefore, relay X?
is-fully actuated. IR I
.- (b4) Another circuit is established with

. that described . (paragraph 53) when arma-

. 1,421,864

ture 802 of relay R® engages the contact con-.

nected to the upper terminal of winding '

of relay X*, a ground connection through
same being thereby made which continues
by way of 323, 324, 325, 826 to battery C°
through interrupter U? and 320 Conse-
quently, armature 327 (which is connected

“to the ‘same battery by way of 328,:318, 'Y,

319 and 320) engaging its spring switch,

establishes a circuit, the path for which con-

tinues by way of winding «°, 821, 322 and

70-

292 to ground. = Therefore, relay X* is fully = -

actuated. :
(55) Armature switches 329 and -330 of
relay X2 correspond in function to armature

switches 202 and 191 of relay X’ in Figure
1. However, their respective contacts 331
and 332, are connected to armature switches -

50 -

333 and 334 of relay X* which must engage .

their respective contacts 335 and 336, before

“the connection is made to contacts 337 and

338 of calling plug P3. Therefore, both. re-
lays X* and X* must be actuated before a

telephonic . connection can:be made to the -

called for line. ~ = =~ - - : R

~(56) When. the called party responds,
calling supervisory relay T is actuated; as
described (paragraph 29), -and armature
305 disengaging contact 304, opens the cir-

_cuit through ringing relay-R® by way-of 303
and 302: Therefore, said relay -is:-dle-ener-

gized and changes the -circuit -connections
from the called for line from the ringing

~generator to the. repeating coil, as described -
100

(paragraph 30).. Connecting relays X* and
X# are not deenergized as the connéctions

90

95

from - windings «¢ and @* to ground . aré .
through wires 821 and 322, direct to contact . -

292 of calling” plug P Therefore, tele:.
“phoni¢ conneéction 1s-now: established be-

tween the calling and called ‘for substations.

105 .

“When the receiver at substation. A is re--

placed and answering supervisory relay T?..-
is consequently de-energized, connecting re- -

lay X2 is short-circuited and de-energized,

110

when armature 839 of relay T* engages con- - -

_tact 840, inasmuch as wire 341 connects lamp
Y3, by way of 340, 339, 3492, 343,344, 345, 346

and. 847, directly to ground, through contact -

- 848 of answering plug P? and the cut-off re-

lay. Relay X2 differs from connecting relay
X in Figure 1, in this particular, inasmuch

115

as lamp Y* acts as a substitute for resistance -

9921 of ‘the latter. ~ If relay X* had been de- - '
energized previous to- the response. of the

called for -party, the -dis-engagement of

_aimature 296 from contact 297 would have

120

opened the circuit through winding 7* of - :

Tinging relay R?, and the relay would be de-

energized, thereby. cutting ‘off  the impres-

“sion of ringing current upon the line of the
called for substation.. If this had taken - . -
place; the engagement of armature 302 with ..~
contact 349 would have short-circuited wind--

ings #° and #® of relays X* . and Xt inas-

125
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much as the battery current through lamp
Y® would have had a direct path to ground

through the cut-off relay by way of armature:

switeh 816 of relay X2 and itsleft hand con-
tact and armature switch 327 of a relay X*
and its spring switch. contact in branch re-
lation thereto, wire 350, 349, 302, 303, 304,
305 and 292. " Current ceascs to flow over
this path as soon as armatures 316 and 327
disengage their contacts. Supervisory lamp
Y5, when conected as.shown, takes the place
of resistances 182 and 209 in Figure 1.
(57)- When the called for party replaces
the receiver, after having responded to a
call, and ‘relay T® is consequently de-ener-
gized, inasmuch as ringing relay R® is .al-

"~ ready de-energized, conecting relays X3 and
=) ) fuel o
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X* are de-energized, as described (para-
graph 56):
Is- restored to its normal condition, as de-
scribed (paragraph 35). Relay S2, which,
as hereinbefore mentioned, combines the
functions of relays S and U’ in Figure 1,
is the only relay which remains actuated
after both parties have replaced their re-
spective .receivers. As described (para-
graph 52), the upper part of winding s
may. be of so high a resistance that it pre-
vents the actuation of the relay until it has
been short-circuited, nevertheless, having
once actuated, said relay will remain actu-
ated after said short-circuit is removed when
relay R2 is de-energized. ’

. (58) The - functional differences between
Figures 1 and 2, in relation to the deserip-
tive matter contained in paragraphs 36 and
37 will now be described. The current from
interrupter H3, (corresponding to HZ in
Figure 1) passes by way of 351 through the

‘apper winding of relay X2 and wire 352 to

spring switch 345 (corresponding to 219 in
Figure 1). In Figure 1 the interrupters are
connected to batteries C?* and C?, while the
windings of the connecting relays are con-

nected to ‘battery C, therefore said inter--

rupters do not short-circuit said windings.
As the form used in Figure 2 is intended to
do away with the necessity of two batteries,
some means must be used to maintain the
relays actuated when the metallic segments
of the interrupters engage their respective
brushes. Therefore, the upper windings of
relays X? and X*, and the lower windings
of relays 5%, R? and X* are of an extremely
low resistance, thereby forming a low re-
sistance shunt, which is practically the same
as the short-circuit, as described (paragraph
36), yet at the same time they are such that
the relays are maintained actuated when
their other higher resistance windings.are
thereby practically short-circuited. As re-

lays S* and R® are connected to battery C7,

interrupters P* and 8% (corresponding to P2
and S’ in Figure 1) are also connected

- thereto.” Interrupters I®* and J® correspond

Therefore, the link connector

1S

to interrupters I and J° in Figure 1; but
the circuit from the same, by way of wire
353, through armature 354 and spring switch
355. of ringing relay R?3, (corresponding to

228 and 229 of relay R in Figure 1) is

through the lower winding of relay X3, 356,
357, 358, 359, upper winding of relay X*
and 322 to contact 292. - Therefore, said re-
lays are not de-energized when virtually
short-circuited by the current from said in-
terrupters, yet their low resistance windings
practically provides the short-circuit, as de-
scribed (paragraph 37). In Figure 2, in-
terrupters I® and J? are shown connected to
the one battery, it being understood that the

form shown in Figure 1 may be used.

(59). If a calling plug P? is inserted in a
line jack of a busy line, connecting relay X3
(corresponding to connecting relay X’ in
Figure 1) of the link connector two will be
virtually short-circuited, as described (para-
graph 39), inasmuch as contact 314 of said
relay (corresponding to 180 of relay X’ in
Figure 1) is connected by wire 315 to inter-
rupter W2 However, relay X* is actuated
as winding #7%, which is connected to inter-
rupter U?, which engages its brush at a dif-
ferent time interval from the other inter-
rupters, is not virtually short-circuited by
the corresponding interrupter V2, a connec-
tion from said interrupter, by way of 360,
361, 362, 363 and 864, being broken when
spring switch 858 of relay X2 of link con-
nector one disengaged contact 864.- As the
connection to the limbs of the called for line
is open at contacts 331 and 332 of relay X3,
no telephonic connections is made to said
line. '

(60) Assuming that a called for line has
either a plug P? or P? of a link connector
one inserted in a line jack associated with
that line, and that relay X2 or relays X®
and X* have not been de-energized, then the
action that takes place is similar to that de-
scribed (paragraph 41). When calling plug
P2 of link connector two is inserted in a cor-
responding line jack, relay X2 does not actu-
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ate, but relay X* does, as described (para- -

graph 59). However, ringing relay R® (cor-
responding to R? in Figure 1) actuates as

the same is dependent on current direct from -

battery C7. Relay S? also actuates, as the
same 1s not short-circuited. The actuation
of relay S* removes the operator’s telephone
set from. connection to the calling line. The
subscriber’s busy signal when a connection is
made to a busy line operates similarly to the
one described (paragraph 41). However, in
Figure 2, resistance 365 (corresponding to
284 in Figure 1) is shown as not being in
inductive relation to the windings of the
repeating coil, as such relation may or may
not be used.

(61) The calling party may “wait” upon
the busy line, as described (paragraph 42).
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120

125

130




18

10

15

- Relay X3 actuating as does felay X’ in Fig-
~ure 1. o :

. (62). When - a “ywaiting”

graph 60), the action that takes place differs
from that described - (paragraph 43). The

actuation of relay X* and the non-actuation’

of relay X establishes a circuit over the

following path: battery C?, interrupter V?

360, 361, 362, 363, 364, 358; 359, upper wind-
ing of X% 322, and contact 292 to ground
through the cut-off relay. “ The intermittent
current traversing this upper winding pre-

vents the de-energization of relay: X* when

it winding % is- thus virtually short-cizr-
2 Y

" cuited by interrupter V2. - However, ifa call-
- ing plug P? of a link connector three 1s 1n-

20

25

serted in a line jack of the same line, not only
will velay X* of the same be short-cirenited,
but relay X* also, as winding @7 of the latter
is‘connected by way of 323, 324, 325 and 326
to-interrupter Uz However, rélays R* and
Sz of the Tink connector three would be actu-
ated, as ‘déscribed - (paragraph 60).  The
non-actuation of relay X* establishes a cir=

cuit over a path, as follows: battery C7, in-

terrupter P?; spring-switch connected:there-
5 SPring

" to and its contact, lower windings of relays

40

S2 and Re; 366, 367, 368, 869, and the con-

30 tact of relay R® connected thereto, 302, 303,
304, 805 and 292 to ground threugh the cut-

off relay.” The intermittent current flowing
in: this “¢irenit through the lower windings
of relays S2 and R?® prevents them- from be-
ing short-circuited, but at the ‘same time it
prevents another relay S? of another link
connector from being energized. - - '

(63) Assuming the line to be in the de-

‘seribed condition, with a link connector, one, -

typifying a-telephonic connection; a Hak
connector two, typifying a “waiting”

in' a jack of the saine line, not-only will re-

Clays X* and X* of the ‘saine be prevented

from ‘actuating, but relay 82 will also not

actuate, .due to the virtual short-circuit
traced in- the last part of the preceding

-~ paraeraph. As the intermittent direct cur-
f=) N P =

rent flowing through resistance 365, as de-

_soribed (paragraph 60). proceeds by way of
“armature switch 329 of relay R®; repeating
“coil winding 370, 284, 285, 286, and line 118

to ground through the operator’s repeating
¢oil, the operator hearing the busy signal

- would know that there were two parties al-

GO

- (61) Assuming the line to still be in the-
- condition, as described (paragraph -62),-

ready waiting on the called for line; and
would therefore withdraw plug P* from the
line jack, and nctify the calling party:

then when relay X2 or relays X® and X* of

5. link connector one are deenergized, -the. vir-

? connection 18
made” to a busy. line, as described (para-.

line in question."

con~
“nection, and ‘a. link connector three typify-
ing a “second waiting” connection, all con-
" mected thereto, then should a calling plug..
-P3 of still another link connector be inserted

coming calls are trunked: to “other oper-

1,421,864

tual’ short-circuit, as-described (paragraph

59); around winding #° of relay X2.of link

‘connector two is removed, and therefore, the

same at once actuates. Link connector two
then becomes a link connector. one, and the
waited for substation call bell is rung again,

70

as described (paragraph 27): Relay X*of

link connector three thereupon . actuates, as
the virtual short-circuit; around its winding
27, as described (paragraph 62), is removed

75

when spring. switch 358 of relay X*, of - -

former link conmnector two, disengaged con-
tact 364. Therefore, link connector ‘three
now becdomes a link connector two, and will
become, in turn, a link connector one, when

switch 367 of.relay X*-of former link con-
nector three disengaged contact 368, the vir-
tual short-circuit, as: described (paragraph
63), is removed.. Therefore, a.link "con-

80
the ‘latter is released.: ~When  armature ...

85.

nector three may now be connected to the = .

(65) Though

different from the corresponding lamps Y,

the . connection of - super- -
visory lamps or signals Y3, Y* and Y?, is -

90..

Y’ and Y?, in Figure 1,.as described (para- -

graph 47), their function is similar. As Y%
is connected to ground:through the cut-off

relay by way of windings #* of relay X* -

and 2? of relay X* in multiple relation to

95

each “other, sald lamp will- burn brighter : -
when both of said relays have actuated than

it' will when only one has actuated, as the

circuit resistance 1s thereby lowered.” There--

fore, an-operator can tell ‘whether a-link

“connector is dn-a “waiting 2 or a~‘ second

waiting” condition. - Tt will be readily un-

100’»;'

derstood that two-lamps might be used;each -

in series with the respective -armatures 316 -
and 327 of said relays. ~Connected as illus- _7
trated, the supervisory lamps act as a'sub-~ 7 -

stitute for resistances 182, 209 and 221, in
Figure 1, “and -described - (paragraphs 30

and 892). - 7 -

- (66) I “an operator’s busy test is re-
~busy test :

110 -

quired, ‘a connection is made from contaet

338 of calling plug P? "as indicated by

dotted line 177, thereby-allowing the fluctu- - -

ating ‘currents from a tested busyjack to- -

flow to ground through -the: operator’s re-
peating coil, as described (paragraph:46).
~ {67) Reference is now made to Figure 3,
which represents a link connector which may .
he used in- those exchanges iwhere all in-

ators. . The insertion of answering plug P*
in a.line jack of the calling-line, establishes

115

120

a circuit over the following path : battery C°,

371, 372; S*, 878, 374, 375, winding #° of re-

Tay T¢, 376, 877, 318, Y°, 879, 380, 381 and -
_ contact 382 to ground through the cut-off . -
telay. - 'The “intermittent™ current - thus: al- = o

125

lowed to-pass. through winding #° causes -

armature 881 of answering supervisory re--

lay T* to disengage contact: 380, thereby 130 o

105 -
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opening the circuit through wire 879. How-
ever, a path for said current is still fur-
nished threugh the winding of connecting
relay X° and wire 383 to contact 382.
Therefore, said relay is actuated as soon as
the short-circuit through 380 and 381 is re-
moved., The intermittent direct current
from interrupter S* causes armature 384,
connected direct to battery C° through wires
385 and 371, to first engage spring switch
878 and then to remove the same from con-
tact 877, thereby excluding winding #* of
relay T* and interrupter S* from the circuit
and substituting steady current for the in-
termittent. However, previous to said dis-
engagement of 378 from 377, armature 384
also engages contact 386 and armature 387
engages contact 388. Therefore, a circuit is
closed through winding ¢7 of relay T¢, which
maintains the same actuated. The path for
this circuit is as follows: battery C°, 871,
385, 384, 386, 889, winding # and 390 in

multiple, 391, engaged jack springs, substa-

tion line and apparatus, 392, 398, 394, 388
and to ground through 387. Relay L° is
the same relay as shown at L in Figure 1.
The only changes in the circuit connections
of the same being those shown, it being un-
derstood that the other parts of said relay
are-as shown in said Figure 1. Therefore,
the described actuation of connecting relay
X’ also closes a circuit over the following
path: battery C°, 871, 385, 384, 395, 396, 897,
398, 399, 400, 401, 402, 403, H, A’ 120 and
119, representing similar references in Fig-
ure 1; 404, 405, 406, 407, 408, 409 and to
ground through 387. The consequent actu-
ation of relay A’ causes armature 126 to
engage contact 127, and close the same cir-
cuit controlling the audible line pilot sig-
nals, as described in relation to correspond-
ing references in Figure 1. As operator’s
receiver H¢* is in circuit with windings 896

- and 408 of the repeating coil, conversation

45
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can take place between the operator and the

~calling party, who is connected to the corre-

sponding windings 389 and 394 of said re-
peating coil. The primary .associated with
secondary 403 and the operator’s transmit-
ter are not shown in Figure 3, the same
being well known in the art, and are as illus-
trated in [igure 6. The winding of relay
A’ when used as shown in Figure 3, is pref-
erably of an extremely high resistance, so
that but little direct current can flow
through receiver H*; thereby avoiding the
disagreeable click which is apt to be sounded
therein when a large amount of direct cur-
rent traverses the same. Condenser o,
which shunts said relay,. allows the voice
currents to pass around said winding.
(68) The means whereby the operator
communicates with -the trunking operator,
known in the art as the B operator, and re-
ferred to herein as such, is not described, as

;.G g

the same forms no part of the present in-
vention. When the connecting operator,
known in the art as the A operator, and re-
ferred to herein as such, inserts calling plug
P35 in a trunk jack, a connection is made be-
tween contact 410 and ground. Therefore,
a circult is established over the following
path: battery C°, 871, 878, 8¢ 411, 412, 413,
X0 414, winding v of relay U®, 415, 416,
417, 418, 419, 420 and to ground through
contact 410. The intermittent current flow-
ing through connecting relay X° from inter-
rupter S causes armature 421, connected
direct to battery C® by way of wires 372 and
371, to first engage spring switch 413, and
thereafter disengage the same from spring
switch 412, substituting thereby direct cur-
rent for the intermittent current. Due to
the actuation of relay X°, armature switches
398 and 406 disengage contacts 399 and 405,
and engage contacts 422 and 423, thereby
disconnecting the operator’s telephone set
from the calling line, and connecting the
latter through the repeating coil to the trunk
line. Controlling relay U® is also actuated,
when plug P is inserted in the trunk jack,
by the. current flowing through winding w’,
which is of a very low resistance. ‘

(69) When the party at the calling sub-
station replaces the receiver, answering su-
pervisory relay T* becomes de-energized as
current ceases to flow in winding #*. The
engagement of armature 381 with contact
380 establishes a short-circuit around relay
X® by way of wires 379 and 388, thereby de-
energizing said relay. Current ceases to
flow to ground through contact 382 of an-
swering plug P4 and the cut-off relay, when
armature 384 disengaging spring switch 378,
as the circuit through contact 377, winding
#* and contact 374, 1s opened by the attrac-
tion of armature 373, when relay U? is actu-

ated. Therefore, the cut-off relay is restored

to norma', and the line relay restored to the

control of the substation apparatus. Arma-.
ture gwitches 387 and 384 disengaging their

respective contacts, open the circuits through
all the repeating coil windings, thereby dis-
connecting the connected lines from each
other, armature switch 417 disengaging con-
tact 416 opens the circuit through cennect-
ing relay X° to.contact 410 of plug P?, there-
by de-energizing said relay. Relay U® re-
mains energized as long as plug P? remains
in the trunk jack, as current flows through
winding »?, which is of a high resistance
over the following path: battery .C°, 371,
872, w2, 419, 420 and contact 410 to ground.
If a cut-off relay is used to form the ground
connection at the trunk jack, the same does

-not remain actuated by the current flowing

in this circuit.

(70) The means by which a connection is
prevented from being made to a busy line is
similar to the same means as already de-
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scribed, with the difference that the con-
necting relays X° and X show another
variation in respect to their windings, and

Dbut one interrupter for furnishing the inter-

mittent current is used. It will be evident
that the means used in the connecting relays
in Figures 1. and 2 would be applicable to
Figure 8, as the means used in the latter
would be applicable to the former. When
relay X° actuates, spring switch 424 en-
gages contact 425, which is connected by wire

496 to a point in the winding of relay X°.

The resistance between said point and wire
383 is very low, but is sufficient to maintain
the relay actuated, notwithstanding it forms
a low resistance shunt or virtual short-cir-

cuit for the lower part of the winding or for

the entire winding of another relay X° of
another link connector. As spring switch
494 is connected to interrupter 5%, a connec-
tion to a busy line is prevented in the same
manner as has been described in reference
to Figures 1 and 2.

(71) An accidental connection to a busy
trunk’is also prevented, as when connecting
relay X¢ actuates, spring switch 412 engages
contact 428, and a connection is made from
interrupter S* as described in relation to
relay X5 Winding «’ of relay U® is of so
low a resistance as not to interfere with the
virtual short-circuit, and at the same time
maintains said relay actuated. Therefore,
should plug P? be inserted in a jack con-
nected to a busy trunk, relay X°® would not
actuate and a circuit for the fluctuating cur-
rent, .as described (paragraphs 40 and 41),
would be established ‘over the following

path: 410, 420, 499, 430, 431, 432, 433, 434,

435, 408, 409 and to ground through 387.
The fluctuating current thus allowed to flow
through resistance 435 and repeating coil
winding 408, produces an audible signal in

operator’s receiver H*, and the receiver at.

the calling substation. Hearing this signal,
the operator would withdraw plug P® from
the trunk jack in question. Resistance 435 is
such that the desired signal ‘is produced
and at the 'same time the continued actua-
tion of the cut-off relay is not impeded.

(72). If an operator’s busy test is required,
a connection is made from contact 423 of

“connecting relay X¢, as indicated by dotted

line 436, thereby allowing the fluctuating
currents from the tested busy line to flow
through armature 434 of relay X, resist-

“ance 435 and to ground through winding

60 .
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408 of the repeating coil.

- (78) 1f the operator wishes to be advised
when a line becomes idle she may insert an-

swering plug P*in a line jack, and when the.
‘same becomes idle, and consequently relay

X actuated, supervisory lamp or signal Y®
will be energized, indicating the idle condi-
tion to the operator. The connection of this
lamp, as shown, furnishes the resistance

1,421,864

necessary to prevent the short-circuits, as de-
scribed (paragraph 65)..

(74) In Figure 4 I have illustrated one

form of a trunk line circuit, embodying the
features of this system, which may be used

illustrated in the preceding figures.  Some
of the other trunk circuits which may be

70

“with any of the link connector circuits, as

adapted for use therewith, are shown and:-

described in my co-pending application Se-

rial No. 11,046. All the link connector cir-
cuits illustrated would naturally require a
ground connection at the trunk jacks, cor-
responding to that of the cut-ofl relay, in
order to disconnect the operator’s set from
the line of the calling party, and operate the
connecting relays. As it is one of.the ob-
jects of the present invention, in relation to
the trunk circuit illustrated, to eliminate the
busy tests usually made by the trunk oper-
ator, and to provide the same: “waiting”

75

8¢ .

85

means for the trunk circuits, as has been

hereinbefore described, by preventing - the
connection of ground at the trunk jack.if
the B operator connects to a line for which
a party is waiting, I am enabled to produce

an audible busy signal in the A operator’s

receiver, similar to that described when said
operator connects directly to such a- line.
This signal being produced -automatically,
without any action on the part of the B op-
erator, the latter has merely to.insert the
trunk plugs in the jacks of the lines called
for, irrespective of the operating condition
of the line. It will thus be.seen that the
work of the B operators is greatly reduced
and simplified, no “busy back” connections
having to be manually made and taken down

by the B operator.  The changes produced
in the link connector circuits, when connect-.

ing to a called for line, via the trunk cir-

90

100

105

cuit, are the same as those.described when .

connection 1s made direct thereto. . '

(75) The means by ‘which the B operator.

receives the number of the-called for line

{from’ the A operator, is not illustrated, as.

the same is well known in the art, and forms
no part of the present invention. On re-

ceiving the designation of the -trunk line

which is to be used, the A operator inserts

the -calling plug of ‘the link connector in .

trunk jack Q2 ~As contact 437 of the jack

110

115

is not connected to ground through 438 and

439, until relay V?® has actuated, the A oper-
ator’s telephone set 1s not disconnected from

120

the link connector. . If this trunk circuit is .

used with the described link connector cir-

cuits, then the described operator’s-busy test-

connections for the-latter are used, as illus-
trated, by dotted line in Figure 1, and de-
scribed (paragraph 46) ; by dotted line 177

in Figure 2, and described (paragraph 66);

by dotted line 436 in Figure 3, and described
(paragraph 72). Therefore, the tip. con-
tact of the plug inserted in trunk jack Q?

125 -
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and in contact with spring 440 thereof, es-
tablishes a ground connection through the
repeating coil winding of the link connector.
This establishes a circuit.over-the following
path: battery C°, 441, 4492, 443, T5, 444, ¢’
and to- ground through 440. Relay T° is
actuated by the current flowing through this
circuit, but. relay V3is not-actuated; as wind-
ing @" is such that it will- not sufficiently
energize the relay when the complete wind-

ing of relay T% 1s included in cirenit there--

with. Therefore, when trunk plug P¢is in-
serted in a jack, a circuit is established by

-the actuation of relay T° over the following

path: battery €, 441, 449, 443 445, 446,
447, 55, 448, 449, 450, 451, 452 and ground
through contact 453 and the cut-off relay of
the called for line. Relay S° is actuated by

. the current flowing in this cireuit, and a

circuit' is established over the following

path: battery C*°, 441, 454, R#,456, 457, 458,

Y7 and to ground through 453. This actu-
ates ringing relay R* and armature-switch
459, engaging contact 460, establishes a con-
nection to its winding in branch relation to

456 and 457, After this connection is made

armature switch 461 engages contact 462,
which establishes a circuit over the follow-
ing path: battery G, 463, 464, 3¢, 465, 466,
467, w?, 468, 462, 461, 452 and -ground
through contact 453. The intermittent cur-
rent flowing in this circuit through inter-
rupter S% is sufficient to-actuate controlling
relay U% armature 450 disengaging contact
449 engages contact 469, thereby establish-
ing a circuit over the following path: bat-
tery (0, 441, 449, 470, v*, 469, 450, 451, 452
and ground through-contact 453. Armature
switch -465 of relay.‘S® does not disengage
contact 466 until this circuit is established,
notwithstanding the éircuit through the re-
lay was opened when armature 450 of relay
U* disengaged contact 449. Consequently,
winding %® remains- energized until after
winding % has been energized. 4

(76) The actuation of ringing relay R*
and the de-energization of relay S° as de-
scribed (paragraph 75), establishes a circuit,
in branch relation to that-traced through
relay T% over the following path: battery
Cro, 441, 4492, 470, 472, 473, 474, 475, 476,
477, 478,479 and 480-to the point 481 in the
Thé resistance from
the point 481 to wire 444 is low,; while the
resistance from point 481 to wire 443 is high ;
therefore, the latter part of the winding is
now shunted by a low resistance path
through winding 479 of the repeating coil.
Relay V* is actuated, thereby establishing a
ground: connection at the trunk jack which
causes the removal of the A operator’s tele-
phone set from' the link: connector and per-
mits the operation of all its other functions
which rely on the ground connection for
their-operation. When armature 438 of re-

12

lay V3 engages contact 439, the current flow-
ing to ground through winding »° maintains
this relay actuated after current has ceased
to flow through winding »’.

(77) The actuation of ringing relay R*, as-

described (paragraph 75), establishes a cir-
cuit- over the following path: battery C4,
463, 482, TI°, 483, 484, 485, 486, 2°, 487, 459,
458, Y7, and contact 453 to ground. The in=
termittent current flowing through inter-
rupter H°® and winding #° causes armature
488 to engage spring switch 489, thereby es-
tablishing a circuit over the following path:
battery C°, 441, 490, 488, 489, 491, 19, 492,
Y® and ground through contact 453. The
steady current flowing through winding 2
causes the full actuation of connecting relay

70

§0 -

X7, The disengagement of spring switch 484

from contact 485 opens: the circuit through
winding 2° and its engagement with contact
494 connects: interrupter H° by way of wire
495 to contact 453, thereby preventing the
telephonic connection of another link con-
nector to the same line, in the same way as
has-been  described in reference to the pre-
ceding figures. Theengagement of arma-
ture: switch 497 with contact 498 connects
contact 499 of trunk plug P° to ground
through winding 500 ot the repeating coil.
The engagement of armature switch 501
with contact 502, connects contact 508 of the

plug to supervisory relay T¢ and non-induc-

tive resistance 504. Ringing current is im-

pressed. upon the line, as described (para-

graph 27) in relation to Figure 1. As the

ringing current: returns to ground through.

winding 500 of the repeating coil, an alter-
nating current is induced in the correspond-
ing winding 479 which is heard as an audi-

‘ble signal in the receiver at the calling sub-

station by the A operator. The circuit for
this signal would be over the path through
the left hand portionof the winding of relay
T¢ and through spring 440 of the trunk jack
Q?, as described (paragraphs 75 and 76),
the corresponding contact. on the calling
plug of the link connector being connected
to the grounded winding of the repeating
coil.

(78) When the called for party responds,
supervisory relay T¢ is actuated, as “de-
scribed (paragraphs 28 and 29) in relation
to Figure 1... The winding of relay R* is
short-circuited; the path for the short-cir-
cuit being: as follows: contact 460 of relay
Re, 503, 506, 507, 508, 491, 488, 490 and 441
to battery C*. The consequent de-energiza-
tion of relay R* changes the connections of
relay T¢ and resistance 504 from that of the
ringing interrupters to a multiplied connec-
tion to repeating coil winding 509, which is
connected to battery C*°, as described (para-
graph 380) in relation to Figure 1. The en-
gagement: of- armature switch 477 of relay
R* with contact 510 changes the connection
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to battery from ground through spring con-
tact 440 of trunk jack Q? and winding 479
of the repeating coil, toa connection through
contact 511, 512, 513, 514, 515, 516, 517 and
thence by way of contact 193 of calling plug
P’ in Figure 1 or-337 of plug P* in Figure 2,
according to which link connector is used,
through the calling supervisory relay T” or
T? to battery. Therefore this-relay is not
actuated until the ealled for party connected
to the other exchange has answered. The
supervisory signals and circuit connections
controlled thereby are the same as if a con-
nection had been made by the A operator di-
rect to the called for line. "As repeating coil

windings 479 and 515 are now connected to-:

gether, and the called for substation is con-

nected” to the corresponding windings 500

and 509, conversation can take place be-
tween the calling and called - for parties.
Condenser 518 allows the voice currents to
pass the winding of relay V* and condenser
519 allows them to pass that part of the

~ winding of relay .T® which is connected to

25

30

35

the repeating coil. Non-inductive resistances
may- of course be substituted for said con-
densers. The right hand portion of -the
winding of relay T° may be of such imped-

ance as not to allow perceptible leakage -of-
‘the voice currents or to permit cross talk.
(79) The telephonic disconnection of the

calling party is brought about, as described
(paragraphs 31 and 32), in relation to Fig-

ure 1 and (paragraph 56) in relation to Fig--

ure 2. If the calling party had replaced the
receiver previous to the response of the
called for party, then relays R? and X' in

Figure 1 would have been de-energized, as

40

‘described. (paragraph 33); or relays R, X?
and X* in TFigure 2, as -described -(para-
.eraph  56).  Consequently, . the - circuit

“through relay T° in Figure 4 is opened and

the engagement of armature 445 with con-
tact 520, which is connected by wire 521
to. the upper terminal of -the winding of
relay: R*, would have short - circuited the
latter. - The consequent de-energization of

- relay R* would have short-circuited relay

50

55

X7, “as armature switch 522 which is con-
nected by wires 523 and 492 to the upper
terminal of winding «*°, engages contact
524, which is connected by 525, 526, 507 and
508 to the lower terminal of the winding.
This de-energizes relay X7 also.. Ringing
current is-cut off from the line.of the called

- for substation and the line restored to its
. normal condition as armature switches 497

60 -

and 501 have opened the-circuit through
plugPe. -~ S

(80) When the receiver-is replaced at the
called for substation, after a call has been
responded to; supervisory relay T° is' de-
energized and relay X* short-circuited, as
described (paragraph 78), when armature
507 engages contact 526, restoring the called

- down..
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for line to its normal condition.  The dis-

engagement of armature 513 from. contact:
519, opens the circuit through windings 479
and 515 of the repeating coil; thereby de-
energizing the calling supervisory relay-of

Q.

The consequent “extinguishing -of- the

70

“the Tink connector inserted. in ‘trunk jack "

supervisory lamp would notify the A oper--

" ator to take down the connection. At -the-
“game time relay V@ would be de-energized in-

the same way that cut-off relay V’in:Figure

75

1-was de-energized, as described (paragraph -

35). Therefore, the trunk line could be used

again, irrespective of whether the A oper-

ator had removed or not the link connector
from- the trunk jack. - The extinguishing of

80

supervisory lamp Y® would notify the AA

operator

that the connection could be taken

(81) The -automatic ime'afnsi by which “a

85

telephonic connection to a busy line is pre-
vented, and the “waiting” means used, are -

similar to those ‘described (paragraphs 36,
37 and 39).  Relay X" is shown as con-

‘sisting of two -windings, one energized- by

the - intermittent carrent from -interrupter

90

15, and the other by steady current from -

battery €. This is an alternative form
from the connecting relays-illustrated in the
preceding figures, and -may -or may not be
used. Relay R* in Figure 4 is shown with--

out the connections to interrupters, such as

12 and J?'in Figure 1. which- furnish" the
ringing busy signal, as such signal may or *

may not be used. If desired, such connec-
tions are made as illustrated in ‘Tigure 1;
and as described (paragraph’ 41). .

(82). The calling party’s

1007

bitsy signal, as”

described (paragraph.40);is produced in a" -

similar ‘way to that described (paragraph

105"

41). Resistance 528 in Figure 4 corresponds. .
to resistance 234 in Figure 1, and-is con- -

coil, corresponding- to wind-
igure 1.’ Therefore, when a
connection is made to a busy line, fluctuat--
ing “current flows through winding ‘500,
which - induces -an -alternating “current -in

“nected in the same way to winding 500 of
the repeatin%‘
“ing 203 in K

110

winding 479. -This current flows over the

path, as described (paragraph 77) in rela-
tion to the audible ringing signal. Conse- -

115

quently, the calling -party . can: elect to -

“wait,” or can replace the receiver, thereby

obtaining the described disconnection.” Tf
120 -

the calling -party “waits,” he is telephoni-

‘cally connected to the called for line, when

it becomes idle, as described (paragraph42). |

(83) The 'AA operator is prevented from

- making a connection to. a-called for line -
with which™ a “waiting” connection has al-':

ready been established, in a similar way to -

that described (paragraphs 43 and 44) in

relation to Figure 1, the difference being -

that both the A and AA operators:auto-

‘matically receive an audible signal in their

1307
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respective receivers when such a connection.
is made. Therefore, the AA operator takes
down ‘the connection and the A operator
reports to the calling party. When a “wait-
ing” connection is marle, a circuit is estab-
lished over the following path: Battery C*,
463, 464, 5°, 465, 529, 530 531, 532, 533, 462
461 459 and 453 to Oromd Thelefore when
another connection s made to a line jack
of the same line, a short-circuit is formed
around winding »?of controlling relay Ut and
the latter cannot actuate, as descnbed (para-
graph 75). Relay S is not de- energlzed
as described (paragraph 75), and armature
switch 474 of the same remains engaged with
contact 534. The path for the alternaflnd
current, induced in winding 479 of the re-
peating coil by the ﬂuctuatmo current flow-
ing in winding 500 is to O’round through
534, 535, 536 and 537, instead of to 010und
thromh 473, 472, 4:70 442 441 and battery
77 and 82).
Primary 536 of the AA operator’s induction
coil induces a corresponding alternating cur-
rent in secondary 538, which is heard as an
audible Slf)'nal in receiver H°. As the A
operator’s head receiver is still connected: to
the link connector circuit, inasmuch as relay
V2 has not actuated, as described (para-
graph 76); the signal is also produced there-
Condenser 5u(, In series with primary
536 of the operator’s induction coil, is' used
to ‘prevent direct current from ﬂowmrr to
ground therethrough from relay T3, mstead
0*c to ground through the grounded winding

£ the 1epe(1t1*10 coil of the link connector
connected to trunk jack Q2

(84) Should the busy test be required,
then: & connection is made as indicated bV
dotted: line 539, and the busy signals would
be transmitted to both the A and AA oper-
ators, as descrlbed In the preceding para-
graph.

(85). Sup rvisory lTamps Y7 and YS cor-
respond in function to Y” and Y? in Figure
1, dascubed (paragraph 47). Superwsory
lamp Y* may or may not be used. If used
with those trunking systems wherein the A
operator selects an idle trunk and connects
thereto, the energization of the same would
uc*f as a calling signal to the AA operator.
uamps Y7 and Y®, connected as shown, fur-

nish the necessary ' resistance to plevent the
short-circuits, as described (paragraph 65).

(56) I‘loure as described; is-arranged
for- the ringing: appdwtus to- be located at
the (\\cl.rmcre where the trunk line: termi-
nates.. However the ringing can readily be
controlled by
ing appar atus located at the exchange where
the trunk Jine begins, should that be desired.
For party line ringing the latter plan offers
many advantages. As this trunk line cir-
cuit forms no pavt of the present invention,
but. iz covered: in: a divisional apphcatlon

the A opeLator and the ring-
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hereof, no further reference thereto is made
herein.

(87) Figure 5 is an illustration of another
modification of the connecting relays, which
may be used in conjunction with the link
connectors illustrated in the preceding fig-
ures. As shown, it represents an a(hptauon
to the answering end of the link connector
shown in Figure 1, and includes an alterna-
tive form of means for connecting  the
answering supervisory lamp or swnal and
illustrates the connections to be made then
but one interrupter for furnishing the inter-
mittent short-circuiting current is used. Tt
will be readily understood that this form
is equally adaptable to the calling end of
the link connector, and to the other circuits
shown. But one ba’rtery 1s needed with this
form, lamp Y*° taking the place of resistance
221 in Figure 1. The actuation of answer-
ing supervisory relay T7, establishes a cir-
cuit over the following bath : battery Ct2,
540, W4, 541, 542, 548, X8, 544, 045 546,
547 548, and ’to 0fround throufrh the cut-off
relay ‘Armature 549 thereupon engages
spring switch 543, and thereby connects
steady current from battery C*, by way of
Y and wire 550' to XS, subsequently re-
moving 543 from 542 and opening the cir-
cuit to interrupter W4 The steady current
flowing through relay X3 causes the full ae-
tuation of the relay. The short-circuiting
current from interrupter W¢, passes by way
of spring switch 542, contact 553 and wire

554 to a point 555 in the winding of relay
X3, From this point to wire 544, “the wind-
ing is of very low resistance bu* of suffi-
01ent ampere turns so that the current from
battery C*2, through interrupter W+, will
maintain said relay actuated. TFrom point
555 to spring switch 543, the resistance of
the Wmdmg is- high, so that the circuit
through the- first mentioned part forms a
low resistance shunt or virtual short- eircuit
for the latter, or for the complete winding
of another connectmg relay of another link
connector. - The engagement of spring
switch' 556 with contact 557, establishes a
connection to contact 548, in branch rela-
tion. to that through .armature 545, and
contact 546 of supervisory relay T". When
relay T7 is de-energized, armature 545 en-
gaging contact 558, connects. wire 544 direct
to- spring switch 543, thereby completely
short-cireuiting the Wlndmo and de-energiz-
ing relay X8 As lamp Y0 s in eiveuit

,When said’ short circuit-is made, its resistance

is sufficient to prevent a short-circuit of the
relays of another link connector, which may

‘be'in’a qutmg condition.

(88) Figure 6 is an illustration of the
change tobe made in a well known link con-
nect01 circuit, when the audible line pilot
signals illustrated in Figure 1 are to be used,

_Wlthout at the same timie using the deﬁcmbed
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link -connector circuits. As the change re-
lates to the calling end of the link connector,

~only that end of the same is illustrated, wire

559 leading to the answering plug contact
corresponding to contact 560 of calling plug
P7 and wire 561 leading through a relay,
corresponding to T%, to a contact correspond-
ing to 562 of calling plug P7. With this
well known type of link connector circuit,
the operator on observing a line signal in-
serts the answering plug in the answering

jack of the calling line, and manipulates

15

20

listening key: Z°, thereby establishing a cir-
cuit over the following path: battery C'%,
563, 564, 565, 566, 567, 568, 569, 570, I,
571, 572, 578 and 574, completing the cir-
cuit through battery C'®. The operator’s re-
ceiver H" and secondary 569 of the induc-
tion coil being thereby connected in'circuit
with windings 563 and 574 of the repeating
coil, a telephonic connection. is established

‘to the calling substation connected to wind-

ings 575 and 576 of the same repeating coil.

"The connection of the operator’s transmitter

577 and primary 578 is a well known one in
the art. The only change made in this

well known circuit is in shunting condenser

30
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~of relay A’ in Figure 1.
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-spective batteries.

568 with relay A%, whose winding is prefer-
ably of & extremely high resistance, so
that a disagreeable click is not produced in
receiver H7 by an appreciable amount of

.direct current passing therethrough when a
key 7Z° is manipulated. The armature and
contact  of relay A® close the same circuit

as closed by armature 126 and contact 127
Therefore, the
audible line pilot: signals are controlled in

‘the same manner as described in relation to

Figure 1, whenever a key Z° is manipulated.

(89) Referring to the various short-cir-
cuiting current interrupters which have been
described, it will be understood that the same
might be dispensed with entirely, and the
circuit: connections made direct-to the re-
However, if this was
done, practically the only resistance in cir-
cuit - would be that of the cut-off relay, and
as that is usually of a low resistance, the
current consumption would be largé. . Also,
a fluctuating current is required to operate
the described ‘audible’ busy signals. There-
fore, by using said interrupters I am enabled

to obtain said busy signals and at the same

time reduce the consumption of current when
the short-circuits or low resistance- shunts

forming virtual short-circuits are . made, as -

have been hereinbefore described. Taking
the resistance of the cut-off relay as thirty-
four ohms, for example, then if the inter-

rupters are made as illustrated, wherein the

metallic’ segments of the same represent
one-eighth - of -their - eircumference, - the
amount of current flowing through:said re-
lav-intermittently would be equal to a cir-
cuit having a resistance eight times as great

Ang idle.
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through which the current flowed continu-
ously. Therefore, the equivalent resistance
added to the operating circuits by using the
short-circuiting -interrupters would be two
hundred and seventy-two ohms. In prac-.
tice it will be found the relays. operate just

_as efficiently by using the intermittent cur-

rent as if a steady current was used and that’

‘the metallic -segments of the interrupters

may be less than one-eighth-of their circum-

omy in current consumption. Another ad-
vantage in’ using the interrupters is that if
the cut-off relay windings are of a low re-
sistance, -they might become heated by the
steady current flowing through them, when

_practically no other resistance was in circuit.
.The intermittent current has no such heating
-effect as the seven-eighths of the -time, or .

more, when no short-ciréuit exists dissipates
the small amount of heat generated for the
one-eighth time, or less, that the short-cir-
cuit continues. Figures 1 and 2 show the
short-circuiting interrupters used -in pairs,

.as H2 and W, 8’ and P2; Figures 3, 4 and 5,

show but one interrupter used for each short-
circuiting function. = This has been. done, as
it is a matter of choice which form is used.
If but one interrupter is ‘associated with

-each relay, then the circuits, including the

windings of said relays, when the latter are
fully- actuated, must all be practically of
the same resistance. - The reason for this is
that a Wheatstone Bridge circuit-is- estab-
lished. if other link connectors are connected

torcalling and called lines, when a relay is

in a “waiting ” condition and the * waiting ”
relay-is included, by way of the wire leading
to said interrupter, in the bridge wire across
the arms of said circuit; corresponding arms
of -the same being formed by the respective

-cut-off relays and: fully actuated relays. - As

the armature which connects steady current
to the winding of said relays should pref-
erably engage its spring switch when' said

Telay receives but a small amount of current -

(such as the intermittent current), if any
of the relay circuits varied greatly in resist-
ance, the bridge might become unbalanced .
and enough current flow through the “ wait-
in g. »
same, previous-to the connected line becom-
If the interrupters are used in
pairs, this bridge circuit ¢annot be-formed.

Therefore, it would be immaterial whether

the -circuits including the relays varied in
resistance or not.” However, said circuits

relay to cause the actuation of the -

70

5
ference, thereby effecting still further econ- = -

80
85
90
95
100
105
110
15

120

can readily be brought to approximately the

same Tresistance, thereby allowing the single
Cintérrupters to be used. .- -
.- (90) I have “also shown "in- the various

figures, many other modifications of circuit
connections and forms of windings for the.
various relays. It will be understood that
the same may be re-combined in other ways,
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without departing from the spirit and scope
of this invention.

(91) Referring to the described transfer-
ring means for the pilot signals, it will
reacily be understood that if the line lamps
at the operator’s positions are not divided
into left side and right side groups, transfer
relay -O, and re-transfer relay N could be
eliminated, as could the corresponding du-
plication of armature switches on relay L.
In which event, the pilot signal produced by
any line lamyp at a position would be trans-
ferred to the right or left, according to the
connections made.

(92) The various batteries shown, are
purely diagrammatie, as their voltage may
be as desired. As described hereinbefore,
battery €% in Figure 1 mav be of a much
lower voltage than battery C*, therefore, it
1s represented diagrammatically as being of
less voltage. -

(93) Ringing interrupters G2, G* and G,
as shown, would produce continuocus ring-
ing signals at the called for substations.
I periodic signals are desired, an interrup-
ter is insertecd in series therewith, as de-
seribed in my aforementioned patent and ap-
plication, |

(94) In the following claims; T use the
terms “telephonically connect,” “telephoni-
cally connected” and “telephonic connec-
tion,” etc., to distinguish a connection made

‘by a link connector which permits talking or

ringing therethrough from a mere physical
connection made by the link connector being
connected to contacts of a substation line.
(95) Tt will be noted that I have herein
shown and described low resistance shunts as
forming virtual short-circuits, and have also
shown and described some absolute short-
civeuits, both in connection with the “con-
necting” and “controlling” relays. - To aveid
miltiplying claims unnecessarily, I have

used the termi “low resistance shunt’” therein -

as covering beth of these.

What' I cloim is: ; ,

1. A telephone exchange system including
telephone lines extending from substations
tor an exchange, link connectors to' connect
said substations, a velay for each of said link
connectors, a source of intermittent current,
means whereby current from said source ini-
tially energizes said relay when one of said
Iink connectors is connected to an idle line,
means ‘othier than said source to maintain

‘said relay energized thereafter; and means
B o y

to prevent said energization when said link
connector is connected to a busy line.

2. A telephene exchange system including
telephone lines extending from substations
to an -exchange, link connectors to connect
said cubstations, a relay for each of said link
connectors, a source of intermittent curreunt,
means whereby current. from said source 1ni-
tially energizes said relay when one of said

23

link connectors is connected to an idle line,
and means to prevent said energization when
said link connector is conmected to a busy
line, a low resistance shunt, said last men-
tioned means comprising means for intermit-
tently connecting said shunt around said re-
lay in synchronism with the impressions of
intermittent current through said relay from
said source, said shunt being connected by
the previous connection of ancther such link
connector to the same line,

3. A telephone exchange system including
telephone lines extending from substations
to an exchange, link connectors to connect
said substations, a relay for each of said link
connectors, a source of intermittent current,
means whereby current from said source ini-
tially energizes said relay when one of said
link " connectors is connected to an idle line,
means to prevent said energization when said
link cennector is connected to a busy line,
a low resistance shunt, said last mentioned
means comprising means for intermittently
connecting said shunt. around said relay in
synchronismy with the impressions of inter-
mittent current through said velay from said
source, said shunt being connected by the

-previous connection of another such link

connector to the same line, and means where-
by said shunt is removed when said line he-
comes idle, thereby allowing said relay to be
energized.

4. A: telephone exchange system including
telephone lines extending from substations
to an exchange, link- connectors to connect
said substations, a relay for each of said link
connectors, a source of mntermittent current, a
source of steady current, means whereby cur-
rent from: said first mentioned source imtially

-energizes said relay when one of said link !

conmectors 1s connected to an idle line and
thereby substitutes current from said second
mentioned source for said first mentioned
current, and means to prevent said energiza-
tion: when said link connector is connected to
a busy lne. » '

5. A telephone exchange system including

telephone lines extending from substations

to-an: exchange, link connectors to connect
sajd gubstations, a relay for each of said
link eonnectors, a souree of intermittent cur-
rent, a. source’ of steady current, means
whereby current from: said first mentioned

‘source initially energizes said relay when

one of said. link connectors is connected to an
idle ‘line and thereby substitutes ecurrent

-from said second mentioned source for said

first mentioned current, and means to pre-
vent said energization when said link con-

nector is connected: to a° busy line, a low re- ‘1

sistarice shurnt, said last mentioned means
comprising’ means for intermittently -con-
necting satd shunt around said relay in syn-
chronism with the impressions of intermit-
tent. current. through: said relay from said
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first mentioned source, said shunt being con-
nected by the actuation of a relay of an-
other link connector previously connected
to the same. line.

6. A telephone exchange system includ-
ing telephone lines extending from sub-
stations to an exchange; link connectors to
connect said substations, a relay for each of
said link connectors, a source of intermittent
current, a source of steady current, means
whereby. current from said first mentioned
source initially energizes said relay when
one of said link connectors is connected to
an idle line and thereby substitutes current
from said second mentioned source for said
first mentioneéd current, means to prevent
said’ energization when said link connector

is connected to a busy line, a low resistance..

shunt, said last mentioned means compris-
ing means for intermittently connecting said
shunt around said relay in synchronism with
the impressions. of = intermittent current
through said relay from said first mentioned
source, said shunt being connected by the
actuation of a relay of another link con-
nector previously connected to the same line,
and means whereby said shunt is removed
by the de-energization of said last men-
tioned relay when said line becomes ‘idle,
thereby allowing said first mentioned relay
to be energized. -

7. A telephone exchange system including

- telephone. lines extending from substations
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to an exchange, link connectors to connect
said substations, a relay for each of said
link connectors, a source of intermittent
current, a source of steady current, means
whereby ‘current from said first mentioned
source initially energizes said relay when
one of said link comnectors is connected to
an idle line and thereby substitutes current
from said second mentioned source for said
first mentioned current, means to prevent
said energization when said link connector
is connected to a busy line, a low resistance
shunt, said last mentioned means comprising
means for intermittently connecting said
shunt around said relay in synchronism with
the impressions of intermittent current
through said relay from said first mentioned
source, said shunt being connected by the
actuation -of a relay of another link con-
nector previously connected to the same line,
and means under the control of apparatus at

- connected -substation to  de-energize - the-

last-mentioned relay, thereby removing said
shunt and allowing. said first mentioned re-
lay to be energized.

:.~8. A telephone exchange sysfem including

telephone lines extending from substations
to an exchange, link connectors to connect

said substations, a relay for each of said
" link connectors, a source of intermittent cur-

rent, a ‘source of steady current, means
whereby current from said first mentioned

“relay.
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source initially energizes said relay when
one of said link connectors is connected to

-an idle line and thereby substitutes current
from ‘said second mentioned source: for said

first mentioned current, means to prevent
said energization when said link connector

70

is connected to a busy line, a low resistance -

shunt, said last mentioned means compris-
ing means for intermittently connecting said
shunt around said relay in synchronism with
the impressions of intermittent current

‘through said relay from- ‘said firsti men-

tioned source, said shunt being connected by

75

the actuation of a relay of another link con- .

nector previously connected to the same line

and including a winding of said relay for"

maintaining the same actuated. when said
shunt is formed, and means under the con-

trol of apparatus at a connected substation -

to de-energize the last mentioned - relay,
thereby removing said shunt and allowing
said first mentioned relay to be energized.

9. A telephone exchange system including
telephone lines extending from substations
to an exchange, link connectors to connect
said substations, a relay for each of said link
connectors, a source. of ‘steady electric cur-
rent, means for furnishing an intermittent
current from said source; means to initially
energize said relay, by closing a-circuit in-
cluding said intermittent current means and a
winding of said relay when a link connector

is connected to an idle line, and thereby sub--

stitute said source for said intermittent cur-
rent means in said circuit; a low resistance
shunt, means for connecting said intermit-
tent current means to another winding of

80

85

90

95"

100

said relay of lower resistance than said first o

mentioned winding and also included in said
circuit to form said shunt, whereby said first
mentioned winding- is intermittently shunt-
ed by said second mentioned winding, said

‘relay being maintained actuated when said

shunt is formed by the current flowing
through said - second mentioned 'winding;
means whereby, when .another link con-
nector is subsequently connected to the same
line, a corresponding relay is connected in
branch relation to said first mentioned relay
in said circuit and means whereby said low
resistance shunt is intermittently formed in

105

110,

115 -

synchronism with the impression of said in-

termittent - current through said -last men-

tioned relay, thereby preventing said cur- -
120

rent from said intermittent current means

from initially energizing said last mentioned -

10. A telephone exchange system including
telephone lines extending from substations
to an exchangeé, link connectors to’ connect
said substations, a relay for each of said
link connectors, a source of steady electric
current, means for furnishing an intermit-
tent current from said source; means to

initially energize said relay, by closing a
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circuit including said intérmittent ¢urrént
means and a winding of said rélay when a
link connector is connected to an idlé line,
and thereby substitute said source for said
intermittent current means in said circuit;
a low resistance shunt, means for connecting
said intermittent current means to another
winding of said rélay of lower résistance
than said first mentioned winding and also
included in said circuit to form said shunt,
whereby said first mentioned winding is
intermitténtly shunted by said second meén-
tioned winding, said relay being maintained
actuateéd when said shunt is formed by the
current flowing through said second méen-
tioned winding, means wheréby, when an-
othet link connéctor is subsequently connect-
ed to the same line, a corresponding relay is
conniected in branch relation to said first
mentioned relay in said circuit, means where-
by said low resistance shunt is intérmittently
formed in synchonisii with the impression
of said intermittent currént through said
last mentioned relay, thereby préventing said
current from said intermittent currént
means from initially energizing said last
mentioned relay, and means whereby the dé-
energization of said first mentioned reliy
when said line becomes idle rémoves said
shunt and thereby allows said last mentiofied
relay to be energized. o

11. A telephone exchange systein includ-
ing telephone lines extending from subgta-
tions to an exchange, link conméctors for
connecting said substations, ini combination
with automatic. means individual (o the re-
spective link connectors to prevent a telé-
phonic connection between a calling line and
a busy line, when one of said link connectors
is connected to said biisy line; méans oper-
ative when such a connection is made, for
sounding an audible signal in the telephone
receiver at the calling substation, dénoting
that a substation of the busy liné is béing
signaled, and for sounding another such
signal, denoting that said substdtion has
résponded to its calling signal. .

12. A telephone éxchange system includ-
ing telephone lines extending from substa-
ticng having calling signal apparatus to a
manually operated exchange, link ¢onnectors
for connecting said substations in comibina-
tioh with automatic nieans to prévent a tele-
pliofiic connection between a calling line and
a busy line, when otie of said link connec-
tors is manually connected thereto; medns
operative when such a connection is made,
for sounding an dudible :signal in thé tele-
phorie receiver at the calling substation, de-
noting the busy condition of said line, and
means for automatically stepping said signal
and impressing signaling current on the
called for line, when the same bécomes idle,
and thereafter discontinué such impression
when the called for substation responds to

o5

its calling signal, and means under the con-
trol of apparatus at the calling substation,
opérative previous to the response of the
calléd for Substation, to prevent said impres-
ston.

18, A telephone exchange system includ-
g telephone linies extending from substa-
tion a multiple switchboard, link con-

nectors for connecting said substations, in
combination with aiitotatic medns individ-
ual to the respective link connectors, to
prévent a teléphonic connection between a
calling arfd a busy line, when one of said
ink connectors is. connected . to said busy
and for sounding an audible signal in
he télephone receiver at the calling substa-
tion denoting the busy condition of said line;
‘ rising a relay the actuation

sal
of which @stablishes the telephonic connec-
tion through said link connector and stops
thé production of said audible signal, means
‘actuating said relay when a telephonic
&ction is established to an idle called for
liné, a low resistance shunt, and means
whereby if anothér link connector is sub-
séquently connected to the same line, said
shunt is connected by said actuation around a
relay of said last mentioned link connector,
thereby preventing the actuation of said re-
ay.
14. A téléphoné exchange system includ-
ing telephone lines extending from substa-
tions to an exchange, link connectors to con-
nect said substations, means associated with
said linlz connectors for sounding an audible
signdl in a telephone receiver at a calling
substation, a relay for each of said link con-
néctors, the actuation of which prevents the
sounding of said signal, -a source of inter-
fittent current, a source of steady current,
means whereby, current from said first men-
tioned_source .iritially energizes said relay
when one of said link connectors is connect-
ed to an idle line and thereby substitutes
clirrent from suid second mentioned source
for said first mentioned current, means to
pieveiit said energization when said link
connector is connected to a busy line, there-
by sounding said signal, indicating the busy
condition of said line; a low resistance shunt,
said last meéntioned means comprising means
for intermittently . connecting said shunt
dfound said relay in synchronism with the
impresgions of intermittent current through
said rélay from said first mentioned source,
siid shunt being connected by the previous
connection of another such link connector
to_the same line, and a circuit in inductive
relation to said receiver, whereby said inter-
nittent current is caused to produce said
iiidible signal. : o

15, A telephone exchange system includ-
inig teléphone lines extending from substa-
tions to a multiple. switchboard, link con-
nectors for connecting said substations, in
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combination with automatic means individ-
ual to the respective link connectors to pre-
vent a telephonic connection between a call-
ing line and a busy line, when one of said
link connectors is connected to said busy
line, means operative when such a connection
is made for sounding an audible signal in
the telephone receiver at-the calling substa-
tion, denoting that a substation of the busy
line is being signaled, and for sounding an-
other such:signal, denoting that said substa-

tion has responded to its calling signal; said

means comprising a connecting relay the ac-
tuation of which establishes the telephonic
connection through said.link connector and
stops the production of said audible signal,
& source of intermittent current and a cir-

cuit for the same including said relay, an-

* other circuit of low resistance in-comparison

20
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with said first mentioned circuit and includ-
ing said source, a source of steady current
and a circuit for the same also including

“gaid relay, means for closing said first men-

tioned circuit before a telephonic connec-
tion is established to an idle called for line,

" and means whereby the consequent actuation

of said relay closes said second and third

mentioned circuits, said. circuit- of low re-

sistance thereby forming a low :resistance
shunt around a relay pertaining to another

- link connector, provided another connection.

is subsequently made‘to the same line, there-
by preventing the actuation of said last men-

tioned relay, a shunt circuit established by
the non-actuation of said last thentioned

© relay, whereby the intermittent current from
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" gaid sécond ‘mentioned circuit  is caused to

produce said second mentioned audible sig-
nal, another source of intermittent current,
a ringing rvelay for impressing signaling

current on the called “for line, and means

whereby -the actuation of said relay substi-
tutes said last mentioned source for said
first- mentioned source in said second men-

“tioned’ circuit; thereby producing said first

mentioned audible signal.

~16. A telephone exchange system includ-

ing telephone lines extending from substa-
tions to a multiple switchboard, a telephone
set for eéach operator’s position thereat, link
connectors ‘for connecting said substations,
means for connecting said set to'a calling
line by way of one of said link .connectors,
automatic means to prevent a.telephonic con-
nection between a calling line and a busy

“line when one -of said link connectors is

connected to said busy line, means for dis-

connecting said set from said link connector

when such a connection is made and for

sounding an audible signal in the telephone -

receiver at the calling substation, denoting

that a substation of the busy line is being

signaled, and for sounding another such au-

~dible signal, denoting that said substation
65

has responded to its calling signal.
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17. A telephone exchange system includ-
ing telephone lines extending from substa-
tions having calling signal apparatus to a
multiple switchboard, a telephone set for
each operator’s. position thereat, link con-
nectors for connecting sald substations,
means for connecting said set to a calling
line by way of one of said link connectors,
automatic means to prevent -a telephonic

‘connection between a calling line and a busy:

ine when one of said link connectors is
connected to said busy line; means for dis-
connecting said set from said link connector
when such a connection is ‘made and for
sounding an audible signal in the telephone
receiver at the calling substation, denoting
said busy. condition of the called for line,
means for automatically stopping said signal

and impressing signaling current on said

called for line, when the same becomes idle,

and thereafter discontinuing said impres-

sion when the called for substation responds
to its calling signal, and means under the

control of apparatus at the calling substa-.

tion, operative previous to the response of

the called for substation, to prevent said im-

pression. . ,

18. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to a multiple switchboard, a telephone
set for each operator’s position thereat, link
connectors for connecting said substations,
means for connecting said set to a calling

automatic means individual to the respec-
tive link connectors to*prevent a telephonic
connection between a calling line and a busy

line when one of said link connectors is con-

nected to. said busy line, means for diseon-
necting ‘said set from said link connector
when such a connection is made and for
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line by way of one of said link connectors, -
" . E b)
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sounding: an audible signal in the telephone -

receiver at the calling substation, denoting’

tlie busy condition of said line, said means

comprising' a relay the actuation of which

establishes the telephonic connection through
said link connector and stops the production
of said audible signal; means for actuating
said relay when a connection is made to an
idle called for line, a low resistance shunt,
means whereby if another link connector is
subsequently connécted to the same line said
shunt is connected by said actuation of said
relay around a corresponding relay of said
Tast mentioned link connector, thereby pre-
venting the actuation of said last mentioned
relay until said first mentioned relay is de-

energized, whereby said aundible signal is
produced until said first mentioned relay is

de-energized, and a relay the actuation of

“which is not prevented when said link con-

nector is connected to a busy line, said actu-
ation causing the disconnection of said set
from said ealling line. : '

19. A telephone exchange system includ-
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a.source of intermittent’current, a source ot'

25°

30

35-

40

50

55

1,421,864

ing: telephone lines extending: from substa-
tions:to'a multiple switchboard, a. telephone
set for each operator’s:position' thereat, link
connectors: for connecting: said: substations,
means for connecting said set to a calhno
line by way ofi one: of said: link connectms
automatic means to' plevent a telephomc
connection between a calling line and a busy
line, when- one”of said link. connectors: is
connectedi to. said busy line, means: for dis-
connecting said:set: from said link connector
when: such a connection is made: and for
sounding an audible signal in:the telephone

receiver at the calling substa’uon, denoting’

said" busy: condition. of the: called: for hne,
said. automatic means: comprising a relay
for each' of said:.link connectors. the actua-
tion: ofwhich. establishes:the:telephonic con-
nection: through. ‘said link connector and

steady current, means whereby current from
said first mentioned: source- initially - ener-
gizes said:relay whentone of said link con-
nectors is connected toan idle line and there-

by substitutes. current. from: said second

mentioned: source, means to- prevent S‘le
energization when said’ link “connector is
connected: to -a busy line; thereby preventing
aid: telephonic connection. and' sounding
said signal, a-Jow resistance shunt, said last
mentioned means comprising' means for in-
termittently connecting said shunt around
sdid relay in synchronism with the impres-
sions of intermittent current through. said
relay from' said first' mentioned: source, said
shunt being formed by the- telephomc con-
nection of another link connector to the

same-line; andia cireuit in induetive relation.
-to-said receiver at' said- substation; whereby

said intermittent current is: caused to pro-
duce said audible signal!
-90. A telephone exchange system includ:

lmo telephone lines extendmo from- substa-

60-

65- 1

tions having calling signal apparatus‘ to a
multiple switchboard d; a -telephone receiver
for each:' operator’s’ position: thereat, link
connectors for connectingsaid siubstations;
means for connecting said receiver to a call-
ing line by way of one of said link connec-
tors, means to-disconnect’ said receiver when

said link connector is connected: to a called

for line, and'means: for preventing said dis-
connection- provided another line is already
telephonically connected to the called for

line and still another calling line is waiting-

to be connected thereto.

21. A telephone exchange system’includ-
ing telephone’ lines: extendmﬂ' from- substa-
tions: having calling’ signal appamtus to a
multiple sw1tchboard a telephone receiver
for each-operator’s 1)051t10n thereat, link con-
nectors for connecting said substatlons
means for connecting said receiver to a call’
ingline by way of one-of said'link conmec-

oz

tors; means to disconnect said receiver when:
said link: connector-is-connected: to-a- called:
for line, and -means for preventing' said. dis-
connection provided another line is already-
telephonically connected to the called: for
line and still another calling line'is waiting-
to be connected thereto, and:means operative:
when said  disconnection is prevented: to:
sound- an:audible signal insaid receiver; deé:
noting suchi condition' of the: called: for-line:.

922. A telephone exchange system includ:-
ing: telephone:lines- extendlno from.: substa-
tions: having: calling signal. appamtus to- &
multiple switchboard,, a telephone- receiver
for-each operator’s  position theveat, link:
connectors for conmnecting said: substations;.
means for connecting said receiver-to a call-
ing line by way of one of said:link conuec-
tors, means to disconnect said: receiver wlien
said! link conmector is connected to a called
forline; . and means for preventing:said dis-
connection provided another line is alveady
telephonically connected: to- the: called: for
line and still: another calling: line: is ‘waiting:
to' be connected-thereto; and  means: opera-
tive when said:disconnection:is-prevented to-
sound an-audible signal in said receiver,.de-
noting such condition of the: called: for 11n9 .
and also denoting that a: substation: thereof:
is'being signaled; and to sound!ancther such:
audible swnal denotmcr that said- substa-
tion has 1esponded to-its calling signal.

23. A telephone’ exchange: system includ-
ing telephone lines extendmo“ from substas
tlons to a multiple sw1tchb0‘1rd a telephone:
receiver for each operator’s posmon there-
at, link conmnectors for connecting said: sub-
St&thI‘S means: for connecting sald receiver
to a calhno line by way of: one of said link
connectors means to disconnect said receiver-
when. said. link connector is connected to a.
called: for line, and means: for preventing:
said disconnection provided! another lineis
already telephonically” connected” to the:
called: for line and:still another: calling: line-
is waiting to be  connected” there’co, said:
means comprising’ a relay: the ac’cuafmc:nl of
Whlch causes the disconnection of said: Te-
ceiver, means for actuating sald. relay- when
a calling line is connected to:a-called: for
line' for which another calling line' is not

“waiting; and another relay associated with
‘the same link connector, the actuation of

which: is- prevented when: a connection: i
made to a busy line, and' means whereby,
provided anothier link connector is subse-
quently connected to the same line, a low re-
sistance shunt is formed; around. a corre-
sponding first mentioned’ relav of said: last:
mentioned link connector by said: actuation
and: non-actuation of said:- relays, therebv
preventing the actuation of said correspond:

ing relay and preventing the consequent dis-

connection of said-receiver.
24. A telephone exchange’ system. includ-
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ing telephone lines extending from substa-
tions to a multiple switchboard, a telephone
receiver for each operator’s position there-
at, link connectors for connecting said sub-
stations, means for connecting said receiver
to a calling line by way of one of said link
connectors, means to disconnect said receiver
when said link connector is connected to a

called for line, and means for preventing

said disconnection provided another line is
already telephonically connected tothecalled
for line and still another calling line is'wait-

ing to be eonnected thereto, . whereby an au-

15.
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dible signal 1s sounded in said receiver, de-.

noting such condition of the called for line,
said means comprising a relay the actuation
of which causes the disconnection.of said re-
ceiver and stops the production of said au-
dible signal, means for actuating said relay
when a calling line is connected to a called
for line for which another calling line is not
waiting, and another relay associated with
the same link. comnector, the actuation of
which is prevented when a connection is
made to a busy line, and means whereby,
provided another link connector is subse-
quently connected to the same line, a low re-
sistance shunt is formed. around a corre-
sponding first mentioned relay of said last

_mentioned link connector, by said actuation:

and non-actuation of -said relays, thereby
preventing the actuation of said correspond-
ing relay and preventing the consequent dis-
connectlon of said receiver and stopping of
said signals. '

25. A telephone exchange system includ-
ing ‘telephone lines extending from substa-
tions to a multiple switchboard, a telephone
receiver for each operator’s position thereat,
link connectors for connecting said substa-
tions, means for connecting said receiver to
a-calling line by way of one of said link con-
nectors, means to disconmnect said receiver

- when said link connector is conrnected to a
45

called for line, and means for preventing

said disconnection provided another line is-
~ telephonically - connected: to the called. for

line and still another calling line is waiting

to be connected thereto, whereby an audible -
_signal is sounded in said receiver, denoting
-such condition of the called for line, said

means comprising a relay for each of said link
connectors the actuation of which causes the
disconnection of said receiver and stops the
production of said audible signal, a source
of intermittent current, a source of steady
currrent, means to initially energize said re-
lay by current from said first mentioned
source when one of said link connectors is

- connected to 4 called for line for which an-

other calling line is not waiting and- there-
after substitute current from said second
mentioned source, means to prevent said
energization ‘when said link connector is
connected to a called for line for which an-

1,421,864

other. calling line s waiting, theréby"pre- -

venting said disconnection of said receiver

and sounding said signal, a low resistance

shunt, said last mentioned means comprising
means for -intermittently connecting said
shunt around said relay in synchronism with

70

the -impressions of intermittent current

through said relay from said first mentioned
source, said shunt being connected by the
telephonic connection of another link con-
nector to the same line, and a circuit in in-
ductive relation to said receiver, whereby

said intermittent.current is caused to produce-

said signal. » Sl S
26. A telephone exchange system includ-

ing telephone lines extending from .substa-

tions to a multiple switchboard, a telephone

receiver for each operator’s position thereat,:

link connectors for connecting said substa-
tions, means for connecting said receiver to
a calling line by way of one of said link
connectors, means to disconnect said receiver
when said link comnector is connected to a
called for line, and means for preventing
said disconnection” provided another’line is
already telephonically  connected to the
called for line and two other calling lines are
waiting to be connected thereto.

o7 A telephone exchange system includ-

ing telephone lines extending from. substa-
tions to a multiple switchboard, a telephone
receiver for each operator’s position thereat,
link connectors for connecting said substa-

“tions, means for connecting said receiver to

a calling line by way of one of said link con-

when said link connector is connected to-a
called for line, and means for preventing
said disconnection provided another line is
already telephonically connected - to - the

called for line and two other calling lines-

are waiting to be connected thereto, whereby
an audible signal is sounded in said re-

‘ceiver, denoting such condition of the called .
: ¢ v RS

for line. . T e T
~.98. A -telephone exchange system includ-

ing telephone lines extending from: substa-
tions to a multiple switchboard, a telephone

receiver for each operator’s position thereat,
link connectors for connecting said substa-
tions, means for connecting said receiver to

“a calling line by way of one of said link con-
-nectors, means to-disconnect said receiver

when said link connector is connected: to a
called for line, and means for preventing
said -disconnection provided another line is
already telephonically - connected to .‘the
called for line and two other calling lines
are waiting to be connected thereto, whereby

- an audible signal is sounded in said receiver,

denoting such condition of the called for
line, said means including a controlling re-

lay ‘the actuation of which causes the dis-
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connection of said receiver and stops the pro-

duction of said audible signal, means for-
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actuating said controlling relay when a call-
ing line is connected to a called for line for
which two other calling lines rre not waiting,
and two connecting relays associated with
the same link connector, means whereby the
actuation: of one of said relays is prevented
when & connection is made to a busy line,
and means whereby the actuation of both of
said relays is prevented when a connection
is made to a line for which anether calling
line is waiting, a low resistarice shunt, and
means whereby, provided still another link
connector is subsequently connected to the
same line, said shunt is connected around a
corresponding controlling relay of said last
mentioned link connector, by said actuation
of said controlling relay and the non-actua-
tion of both of said connecting relays, there-
by preventinig the actuation of said con-
trolling relay of said last mentioned link
conuector and the consequent disconnection
of said receiver and stopping of said signal.

29.- A telephone exchange system includ-
ing telephone lines extending from sub-
stations to a multiple switchboard, a tel-
ephone receiver for each operator’s posi-
tion thereat, link connectors for connecting
said substations, means for connecting said
receiver to a calling line by way of one
of said link connectors, means to disconnect
said receiver when said link connector is
connected to a called for line, and means
for preventing said disconnection provided
another line 1s already telephonically con-
nected to the called for line and a plurality
of other calling lines are waiting to be con-
nected thereto, whereby an audible signal
is sounded in said receiver, denoting such
condition of the called for line.

30. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to a multiple switchboard; a telephone
receiver for each operator’s position thereat,
link connéctors for connecting said sub-
stations, means for connecting said receiver
to a calling line by way of one of said link
gonnectors, means to disconnect said receiver
when said link connector is connected to a
called for line, and means for preventing
said "disconnection provided another line is
already telephonically connected to . the
called for line and a plurality of other
calling lines are waiting to be connected
thereto, whereby an audible signal is
sounded in said receiver, denoting such con-
dition of the called for line, said means in-
cluding a controlling relay the actuation of
which causes the disconnection of said re-
ceiver ~and stops the-production of said
audible signal, means for actuating said
controlling relay when a calling line is con-
nected to a called for line for which all of
said plurality of calling lines are not waiting,
and a connecting relay for each of said plu-
rality of waiting lines associated with the

29

same link connector, means whereby the
actuation of one of said relays is prevented
when a connection is made to a busy line,
means whereby the actuation of two of said
relays is prevented when a connection is
made to a line for which another calling
line 1s waiting and means whereby the
actuation of the other such relays are suc-
cessively so prevented according to the num-
ber of said plurality of calling lines so wait-
ing, a low resistance shunt, and means

‘whereby, provided another link connector

1s subsequently connected to the same line,
said shunt is connected around a correspond-
ing controlling relay of said last mentioned
link connector by said actuation of said con-
trolling relay and the non-actuation of all
of said connecting relays, thereby prevent-
ing the actuation of said controlling relay of
said last mentioned link connector and the
consequent disconnection of said ~receiver
and stopping of said signal.

~ 31. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to a multiple switchboard, link con-
nectors for connecting said substations,
means for connecting a plurality of calling
lines to a busy line by way of said link con-
nectors without establishing telephonic con-
nection therebetween, but establishing tel-
ephonic connection, when said busy line is
telephonically disconnected from another
line, from the formerly busy line to each
such calling line successively, in the same
order in which said link connectors were
connected to said busy line.

B32. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to a multiple switchboard, link con-
nectors for connecting said substations,
means for connecting a plurality of calling
lines to a busy line by way of said link con-
nectors without establishing telephonic con-
nection therebetween, but establishing tel-
ephonic connection, when said busy line is
telephonically disconnected from another
line, from the formerly busy line to each
such calling line successively, in the same
order in which said link connectors were
connected to said busy line, and means
under the control of apparatus at a sub-
station of said busy line to obtain said tel-
ephonic disconnection and thereby allow one
ot said calling lines to become telephonically
connected thereto.

33. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to a multiple switchboard, link con-
nectors for connecting said substations,
means for connecting a plurality of calling
lines to a busy line by way of said link
connectors without establishing telephonic
connection therebetween, but establishing
telephonic connection, when said busy line 1s
telephonically disconnected from  another
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line, from the formerly busy line to each
such calling line successively, in the same
order in which said link connectors were con-

nected te said busy line, means under the.

control of apparatus at a substation of said
busy ‘line to obtain said telephonic discon-
nection and thereby allow one of said call-

~ ing lines to become telephonically connected
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“ thereto, and means under the control of ap-

paratus at a waiting substation, operative
previous to the response of the called for
substation, to prevent said connection.

- 84. A telephone exchange system includ-
ing telephone lines extending .from sub-
stations to a multiple switchboard, calling
signal apparatus at said substations, link
connectors for. connecting said substations,
means for connecting a plurality of calling
lines to a busy line by way of said link con-
nectors without establishing telephonic con-

nection therebetween, but establishing tele-

phonic connection, when said busy line is
telephonically disconnected from another
line, from the formerly busy line to each such
calling line successively, in the same order
in which said link connectors -were con-
nected to said busy line, means under the
control of apparatus at a substation of said
busy line to obtain said telephonic discon-
nection and thereby allow one of said callirig
lines to become telephonically connected
thereto, and means whereby said calling
signal apparatus at a substation of said
busy line is operated by the impression of
signaling current on said line each time
such a telephonic- connection is made, the

subsequent response at said substation pre-

venting said impression and establishing a
talking connection to the connected calling
substation.. - ' A

35.. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to a multiple switchboard, link con-
nectors for connecting said substations,
means for connecting a plurality of calling
lines to a busy line by way of said link con-
nectors without establishing telephonic con-
nection therebetiveen,; but establishing tele-
phonic connection, when said busy line. is
telephonically . disconnected - from another
line, from the formerly busy- line to each
such calling line successively, in the same
order in which said link connectors were

- connected to said busy line, said means com-

55
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prising a plurality of connecting relays as-

sociated with the same-link connector, means:

whereby the actuation of one of said relays
is prevented when a connection is made to
a line telephonically connected to another
line, and means whereby the actuation of
two of said relays is prevented when con-
nection is made to a line for which another
calling line is waiting, and means whereby
the actuation of the other such relays are
successively so prevented according to the

1,421,864

number of said pliiralityv;)f calling lin,esv‘ 50

waiting, means under the control of appara-

tus at a substation of said busy line to ob-

tain said telephomic disconnection  and

thereby allow one of said calling lines to
become = telephonically . connected. -thereto,

70

said last mentioned means comprising means. .

whereby said connecting relays are succes-
sively actuated as the telephonically con-
nected line is disconnected, the actuation of
all of said plurality of relays establishing
the telephonic connection -between the call-
ing and called substations. T
36. A telephone exchange system.includ-
ing telephone lines extending from substa-
tions to a -multiple switchboard, -calling
signal apparatus at said substations, means

75

80

for connecting a plurality of calling lines -

to a busy line by way of said link connec-
tors without establishing telephonic. con-
nection therebetween, but establishing. tele-
phonic connection, when said busy line ‘is
telephonically = disconnected - from another

85

line, from the formely busy line to. each

such calling line successively, in the same
order in which said link  connectors were
connected to said busy line, means to -oper-
ate said calling signal apparatus at a sub-
station of said busy line by the impression
of signaling current on said line each time
such a telephonic connection is made, means
operated: by the subsequent response at. said

90 -
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substation to prevent said impression and -

establish- a talking connection to.the con-
nected calling substation, said first men-
tioned means comprising a plurality of re-

100

lays associated with each of. said link con-
nectors, means to permit the actuation of -

one of ‘said relays when a link connector is
connected to a called for line telephonically
connected to another line, means to prevent
the actuation of two. of said relays when 4
connection is made to a line for which an-
other calling line is waiting, and means
whereby the actuation of the other such re-
lays are successively so prevented according
to the number of said plarality of calling
lines so waiting, means to successively actu-
ate said relays, as said waiting calling lines
are successively telephonically conmnected to
the called for line, the actuation of all such

105
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relays being necessary in order to establish

a telephonic connection through said:link-

connector and thereby operate said calling.

signal apparatus; said means to operate said

ing relay individual to each of said link con-
nectors, and a circuit controlled -by the
actuation of the same for impressing said
sionaling current on said line and means

125

under the control of apparatus at a called -

for ‘substation to de-energize said ringing

relay, thereby preventing said impression

and establishing said talking connection.
37. A telephone exchange system includ-

180
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calling signal apparatus comprising a ring- =~ -
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ing’ telephone lines: extending: from substa-
tions to an exchange, link connectors for con-
necting said substations in combination with
automatic:means individual to the respective
link connectors to prevent a telephonic con-
nection: between: a calling: line and: a line
telephonically connected to another line and
to subsequently establish such a connection
when said: busy line becomes idle, said auto-
matic means comprising a relay for each of
said link connectors; the actuation of which
establishes-the telephonic conmection through
said-link: connector, a source of intermittent
current, a source of steady ecurrent, means
whereby current from said first mentioned
source initially energizes said relay when
one of said link connectors is connected- to
an.idle line and thereby substitutes current
from said second mentioned source, means
to prevent.said energization when said link
connector-is connected to a line:already tele-
phonically connected to'another line, there-
by preventing said telephonic connection; a
low resistance- shunt, said last mentioned
means comprising means for intermittently
connecting said shunt around said- relay in
synchronism with the impressions of inter-
mittent current through said relay from
said first mentioned source, said shunt being
connected: by- the: previous actuation of a
relay of another link connector previously
connected: to' the same line, and means to
remove said shunt: by the de-enérgization of
said-Jast mentioned relay when said line be-
comes:idle, thereby allowing said first men-
tioned relay to be energized and the tele:
phonic connection to be established.

38.. A telephone exchange system includ-
ing telephone lines- extending from: substa-
tions to-an- exchange, link connectors- for
connecting said substations, signals-individ-
ual to-the respective link connectors, means
to- prevent the energization- of- one of said
signals- when: one of said' link connectors is
connected-to-a-busy line-and to subsequently
energize said signal when-said line becomes
idle; said means-comprising’ a relay for each
of said- link connectors, the  actuation of
which- energizes said signal, a source of in-
termittent current; a-source: of steady cur-
rent, means: whereby. current from-said- first
mentioned source iditially energizes said
relay when one of said link conmectors: is
connected: to an' idle- line and thereby sub-
stitutes current from:said- second mentioned
source; means to: prevent: said--energization
when.said link: connector is connected to a
busy line, thereby preventing said energiza-
tion- of said:signal, a-low resistance shunt,
said last mentionedimeans comprising:means
for: intermittently : connecting said shunt
around said relay in synchronism with the
impressions of:intermittent current. through
said relay: from:said: first: meiitioned source;

8x

said shunt beinig connected by the: previous
actuation. of a relay of another link con-
nector previously connected to the same line;
and means to remove said shunt by the de-
energization of said last mentioned relay
when' said line becomes idle, thereby allow-
ing said. first mentioned relay and said sig:
nal to be energized.

39. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to an exchange switchboard, a ‘tele-
phone set for each operator’s position at said
switchboard, link connectors: for connecting
said substations, means for telephonically
connecting said set to a calling line by way
of one of said link connectors, and means to
prevent. a telephonic connection of said set
to a busy line, said means comprising a:relay
for each of said link connectors, the actua-
tion of which establishes saiditelephonic-con:
nection’ by way of said link connector, a
source of intermittent current, a source of
steady current, means whereby current from
said first mentioned source initially ener-
gizes said relay, when one of said link con-
nectors is connected to an idle line' and
thereby substitutes current from said second
mentioned  source, means to prevent said
energization when said link connector is
connected to-a busy line, thereby preventing
said telephonic connection, a low resistance
shunt, said last mentioned means comprising
means for intermittently connecting: said
shunt around said relay in synchronism with
the impressions of intermittent current
through said relay. from:said first mentioned
source, said shunt being: formed by the. tele-
phonic connection of another link connector
to the same line. ,

40. A telephone exchange system includ-
ing telephone lines extending from- substa-
tions to an' exchange, link connectors for
connecting said substations, in- combination
vith automeatic means to prévent a tele-

phonic connection by -way of one of said

link connectors between a substation and. a.
substation already telephonically connected
to another substation, said means compris-
ing a relay for each of said link connectors:
the actuation of which establishes said tele-
phonic connection by way of said link con-
nector, a source of intermittent current, a
source of steady current, means whereby cur-
rent from- said first mentioned source ini-
tially energizes said relay when one of said
link connectors is connected tb-an-idle line
and. thereby substitutes current. from. said
second ‘mentioned source, means to prevent
said energization when'said link connector ig
connected to a busy line, thereby preventing
said- telephonic connection, a low resistance
shunt, said last mentioned -means-comprising
means for intermittently connecting: said
shunt around said relay in-synchronisi with
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- the impressions of intermittent current
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through said relay from said first mentioned
source, said shunt being formed by the tele-
phonic connection of another link connec-
tor-to the same line. L :

41. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to an exchange, a source of electric en-
ergy, link connectors to connect said substa-
tions and inductive talking means individual

thereto, an operator’s telephone set and in-

ductive talking means individual thereto,
means to telephonically connect a substation
line to said souree by way of said first men-
tioned inductive means, and means to con-
nect said line to said source by way of said
second mentioned inductive means, whereby
the telephone apparatus at a substation of

“said line is operable by the current from said
source when either of said connections 1s

made and said operator’s telephone set is

telephonically connected to said substation -

only when said second mentioned inductive
means is connected thereto. e

49. A telephone exchange system including
telephone lines extending from substations to
an exchange switchboard having a line signal
individual to each substation line, a pilot sig-
nal individual to each operator’s position at
said switchboard and operated thereat upon
the energization of one or more of said line
signals of the lines assigned to said position
for: answering, means to operate said pilot
signal at another operator’s position, and
means at said second mentioned position op-
erative when said last mentioned pilot signal

“is operated thereat to operate the pilot sig-

- nal individual to said second mentioned po-
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sition at still another operator’s position.
43. A telephone exchange system includ-
ing telephone lines extending from substa-

tions to an exchange switchboard having a

line signal individual to each substation line,
an audible pilot signal individual to each
operator’s position at said switchboard and
operated thereat upon the energization of
one or more of said line signals of the lines
assigned to said position for answering,
means to transfer said audible signal to an-
other operator’s position, means to cause said

_ transfer to transfer the-audible pilot signal-

individual thereto to another-operator’s posi-
tion, and means whereby the audible pilot
signals of all the operator’s positions at said
switchboard are successively so transferred.

44. A telephone exchange system, includ-
ing telephone lines extending from substa-
tions to an exchange having a line signal in-
dividual to each substation line, a telephone
receiver for each operator’s position at said
exchange, means common respectively "to
groups of said line signals to sound an audi-

“ble signal in said: receiver simultaneously

_with the operation of any line signal in a

1,421,864

corresponding group, said means including a
primary circuit comprising a source of flue:
tuating current, a secondary. circuit associated

_with said primary circuit and including said

(13

receiver, and operator- controlled means -to -

discontinue said signal by opening said pri-
mary circuit. L
45, A telephone exchange system, includ-
ing telephone lines extending from substa-
tions to an exchange having a line signal in-
dividual to each substation line, a telephone
receiver for each operator’s position at said
exchange, means common. respectively te
groups of said-line signals to sound an audi-

_ble signal in-said receiver . simultaneously

with the operation of any line signal in a
corresponding group, said means including 2
primary circuit comprising a source of. flue-
tuating current, a secondary circuit asso-
ciated with said primary circuit and includ-
ing said receiver, and means to transfer said
primary circuit from association with: said
secondary circuit to association with a sec-
ondary circuit including a receiver at an-
other operator’s ;position, thereby sounding

said signal in said last mentioned receiver-

instead of in said first mentioned receiver. -
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46. A telephone exchange system, includ- -

ing telephone lines extending from substa-
tions to-an exchange having-a line signal
individual to  each “substation line, a tele-
phone receiver for each operator’s position

95 -

at sald exchange, means. common respec-.

tively to groups of said line signals to sound

an audible signal-in said receiver simultane-

ously with the operation of any line signal

100 .

in a corresponding group, said means in- -

cluding a primary -circuit comprising a

circuit associated with said primary circuit
and including said receiver, means to trans-

fer said primary cireuit from -association.

with said . secondary circuit to association
with a secondary circuit including a Tecelver

* ‘source of fluctuating current, a secondary - -

105

at another operator’s position, thereby sound-- -

ing said signal in said last mentioned re-

110 -

ceiver instead of in said first mentioned re-

ceiver, and means at said second mentioned

position” to transfer said. primary -circuit . -
from association. with said secondary circuit = .
1157,

thereat, to association with a corresponding

secondary circuit at still another operator’s.. = .

position.. - .- T

47. A telephone exchange systérﬁ,f.'i‘néll').d—: o

ing telephone lines extending :from -substa-

tions to an exchange having a line signal in-.

120

dividual to each substation line, a telephone -

receiver for each operator’s position:at said

exchange, means common Trespectively - to

oroups of said line signals to sound an audi--

ble signal -in said receiver. simultaneously .

with the operation of any line signal in a
corresponding group, said means including a

125+

primary circuit comprising a source of fluc- -
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tuating current, a secondary circuit. asso-
ciated with said primary circuit and: includ-

ing said. receiver, means to transfer said
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primary: circuit from association with:said
secondary ‘cireuit to association: with: asec-
ondary cireuit including a receiver at an-
other operator’s position; thereby. sounding
said signal in said last mentioned receiver

- instead of 'in said first mentioned receiver,
means at-said second mentioned position to:

transfer said primary circuit: from associa-

tion: with: said secondary circuit thereat, to-
asscciation with a corresponding secondary:
circuit at still another: operator’s: position,
means at.said third mentioned positioni to:

prevent the sounding thereat of said signal,
and : means' whereby said signal will be
sounded in the receiver at said first, second

or third mentioned: position, according: to:
which' position: first: restores to normalsthe:

aforementioned means thereat,
48, A telephone: exchange system includ-
ing telephone lines extending from substa-

tions to an exchange swit¢hboard havingiia:

line signal individual to each substation line,

a primary source: of fluctuating current;-

transferring means, a telephone receiver,
and a circuit including said source and con-
trolled by said means for each operator’s

position at said switchboard; means under-

the control of apparatus at a calling substa-
tion to operate said:line: signal and: close
said circuit, thereby causing said fluctuating

current to sound an- audible pilot signal.in-
said receiver; and automatic means; when a

call is being attended to.at said positiony to
operate said transferring-means to transfer
said cireuit’ to -another: operator’s position
and causing said signal to-be'sounded in the
receiver thereat and also to re-transfer to

still another operator’s position: another cir= -

cuit ineluding said source of fluctnating cur-

rent, which- may be transferred to:said first:

mentioned position, to cause said ‘signal to

‘be sounded in the receiver at said third men-
tioned position.

49. A telephone exchange. system; includ-
ing telephone lines extending: from ;substa-

tions to an- exchange. switchboard ‘having a:
line - signal individual to -each substation

line, a primary source of fluctuating cur-

rent; a transfer relay, atelephone receiver;.

a circuit-including said-source and controlied
by said transfer relay for:each: operator’s
position: at.said -switchboard; and means un-
der the control of apparatus at a:calling
substation tooperate said-line:signal and
thereby- close said-cireuit, causing said flue-

tuating current to sound an- audible signal-

in' said receiver. :
50.° A telephone exchange:-system; includ-
ing teléphone lines-extending from :substa-

tions to an: exchange: switchboard-having: a-
line signal individual to-eachi substation line;.

83

a- primary source of.fluctuating .current; a:

‘transfer relay, a telephone. receiver, a . cir-

cuit including said source:and controlled by
said transfer relay for each operator’s posi-
tion at-said :switchboard ; means under the
control of apparatus at a calling substation
to operate said line signal and thereby close
said circuit, causing said fluctuating current
tossound an audible signal in said receiver,
and automatic: means; operative when a call
is being attended to at said position, to ac-
tuate said relay, to-open: the circuit for said
fluctuating current, thereby preventing the:
sounding of said audible signal. -

51. A telephone exchange system, includ-
ing: telephone lines extending from substa-
tions to an exchange switchboard having a
line signal individual to each substation.line,
a.primary source of fluctuating current; a.

transfer relay, a telephone receiver; a circuit:

includingssaid-source:and controlled by said
transfer: relay for each:operator’s:position
at said: switchboard; means under-the con-

trol of apparatus at a calling substation to-

operate: said line signal andthereby- close
said circuit, causing said fluctuating current
to sound an audible signal in said receiver,
and antomatic means operating: when 2 call
is:being attended to at-said position, to ac-
tuate said transfer relay to transfer the con-
nection of said cireuit and:cause said flue-
tuating: current to sound said signal in the
telephone : receiver: at® another. operator’s
Dosition. ~ ' '

52.- A telephone exchange system;including
telephone lines extending frem -substations:
to an: exchange switchboard having a line

signal individual to each substation line; a-

primary source of fluctuating: current; a
transfer: relay, .a re-transfer relay; a tele-
phone receiver, a-. circuit including said:
source and- controlled by said transfer re-
lay for each: operator’s position at said
switchboard ; means under the control of ap-
paratus at-a calling substation to: operate
said line signal-and thereby close said- cir-
cuity causing - said fluctuating current to

sound an-audible signal in said receiver, and

also actuate said retransfer velay. to retrans-
fer a- transferred connection of said circuit
and  causing: said- fluctnating - current to
sound said signal in the telephone receiver
at still another: operator’s position.

53. A telephone exchange system, includ-

ing -telephone lines- extending from substa- -

tions-to a multiple switchboard having a

" line signal individualW to each substation
line, a plurality of operator’s: positions at

said switchboard, each- position having -a.

right and léft group -of said line signals-

assigned to it; a primary source of fluctu-

ating: current, a right transfer relay, a-left

transfer-relay, a right re-trarisfer relay, s
left re-transfer: relay, a-telephone: receiver;
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"~ said relays and. receiver being individual

to each of said positions, a circuit including

‘said source and controlled by said right

transfer relay, a circuit including said source
and controlled by said left transfer relay,
means under the control of apparatus at
a calling substation to operate a line signal
pertaining toeither of said groups and there-

" by -close said circuit controlled by the corre-
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- line signal individual to each substation.
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‘sponding transfer relay, causing said fluctu-.
ating current to sound an audible signal in

said receiver, and automatic means, operat-
ing' when a call is being attended to at said
position, to - actuate all of said relays, to
transfer the connection of said circuit con-
trolled by said right transfer relay to the

next position at the right and the contection:
controlled by said left transfer relay to the:

next position: at the left, the actuation
of said right re-transfer relay re-transfer-
ring to the next position to the right of said

right position, said circuit connection trans--
ferred therefrom and the actuation of said-

left re-transfer relay, re-transferring to the
next position to the left of said left position
said circuit connection transferred there-
from, said fluctuating -current thereupon

sounding said signal in the telephone re-

ceiver at the position to which 1t is ulti-
mately transferred. ' :

54. A telephone exchange system,-includ-
ing telephone lines extending from substa-
tions to a multiple switchboard having a

line, a plurality of operator’s positions at
said switchboard, each position having a
right and left group of said line signals as-
signed to it, a primary source of fluctuating
current, a right transfer relay, a left transfer
relay, a right re-transfer relay, a left re-
transfer relay, a telephone recelver, said re-
lays and receiver being individual to each
of said positions, a circuit including -said
source and controlled by said right transfer
relay, a circuit including said source and
controlled by said left transfer relay, means

- under the control of apparatus at a calling

50

substation to operate a line signal pertain-
ing to ‘either of said groups and thereby
close said circuit controlled: by the corre-
sponding transfer relay, causing said fluc-
tuating current to sound an audible signal

* in said receiver, and automatic means, oper-

- 60

ating when a call is being attended ‘to at

said position, to actuate all of said relays,
t6 transfer the connection -of said circuit
controlled by said right transfer relay to

- the next position at the right and the con-

nection controlled by said left transfer re-
lay to the next position at the left, the actu-
ation of said right re-transfer relay re-trans-

ferring to the next position to the right of

said right position, said circuit connection
transferred therefrom, the actuation of said

1,421,864

left ve-transfer relay, re-transferring to the

next position to the left of .said. left posi-

65 .

tion said -circuit connection transferred -

therefrom, and means whereby, if a call is

being attended to at said position, said cir- - '

cuit connection will be completed at the first

of the three positions to become idle, said .
fluctuating current thereupon sounding said.

70

signal in the telephone: receiver at said po- .

“sition. e S S
- 55. A telephone exchange system, includ-
ing telephone lines extending from substa--
tions to a multiple switchboard having a-

75

line signal individual to each substation line, .
a-plurality of operator’s positions at said -

“switchboard, “each position having a. right
and left group of said line signals assigned-

80

to it, a primary source of fluctuating: cur-

rent; a right transfer relay, a left transfer
relay, a right re-transfer relay, a left re-

tvansfer relay, a telephone receiver;.said.

relays and receiver being individual to each

of said positions, a circuit including said

85 -

source and controlled by said right transfer- -

relay, a circuit including said source and
controlled by said left transfer relay, means

‘under-the control of apparatus at a calling

substation to operate a line signal pertain-
ing to one of said groups and thereby close

said circuit controlled by the corresponding:

transfer relay, causing said fluctuating cur-
rent to sound an audible signal in sald re-
ceiver, and automatic means, operating when

90
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a call is being .attended to at said position, -
to actuate all of said relays, to transfer the - - -

connection of said circuit controlled by said
right transfer relay to the next position at
the right and the connection controlled by
said left transfer relay to the next position

at the left, the actuation of said right re-

transfer relay re-transférring to the next

position to the right of said right position, -

said circhit connection. transferred .there-
from and the actuation of said left re-trans-
fer relay, re-transferring to. the mnext po-

‘sition to the left of said left position said

circuit connection transferred therefrom,

said fluctnating current thereupon sounding.
said signal in the telephone:receiver at the

position to which it is ultimately  trans-
ferred, and means other than: said relays,
when' one of said Ppositions is vacated, for
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maintaining all of said transfersuntil said

position is re-occupied.

56. A telephone eXchange,sysﬁtem,.,‘inclnd; LA
120

ing telephone lines extending from.substa-
tions to a multiple switchboard having aline
signal individual to each substation line, a

plurality of operator’s “positions at said .

switchboard, each position having a right:

and left group of said line signals assigned
to it, a pilot signal and a circuit therefor in-

125 -

dividual to each of said positions, means -
under the control of apparatus at a calling -
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substation to operate a line signal pertain-

ing to one of said groups and thereby close
said pilot signal circuit, and means whereby
the operation of said line signal will trans-
fer to another operator’s position said pilot
signal circuit closed by a line signal of the
TOUpP.

telephone exchange system, includ-

57.

ing telephone lines extending from substa-

tlons to a multiple switchboard having a
line signal individual to each substation
line, a plurality of operator’s positions at
sald switchboard, -each position having a

- right and left group of said line signals as-

signed to it, a transfer relay associated with
one oi said groups and a pilot signal and
a circuit therefor, individual to-each of said

[positions, means under the control of appa-

tatus at a calling substation to.operate a line
signal pertaining to one of said groups and
thereby close said pilot signal -circuit, -and
means whereby the operation of said line
signal actuates said transfer relay and causes
the same ‘to transfer to another operator’s
position said pilot signal circuit closed by a
line signal of the other group.

58. A telephone exchange system, includ-
ing telephone lines extending from. substa-
tions to a multiple switchboard having a line
signal individual to each substation line, a
plurality of operator’s positions at said
switchboard, each position having a right
and left group of said line signals assigned
to it, a pilot signal and a circuit therefor
individual to each of said positions, means
under the control -of apparatus at a calling
substation to operate a line signal pertaining
to one of said groups and thereby close said
pilot signal circuit, means whereby the op-
eration of a line signal pertaining to one of
said groups will transfer to another opera-
tor’s position said pilot signal circuit closed
by a line signal of the other group,; and
means  whereby said transfer -canses said
pilot signal circuits closed by the line signals
at said second mentioned position to be trans-
ferred to another operator’s position.

59. A telephone exchange system includ-
ing telephone lines extending from . substa-
tions to a multiple switchboard having a line
signal individual to each substation line, a
plurality -of operator’s positions at said
switchboard, each position having a right
and left group of said line signals assigned
to it, a telephone receiver individual to each
of said positions, means under the control of
apparatus at a calling substation to operate
a line signal pertaining to one of said groups
and thereby close a circuit including said
source,said circuit being associated with said
telephone receiver, whereby an audible sig-
nal is sounded therein, and means whereby
the operation of a line signal pertaining ‘to
one of said groups will transfer said audible

83

-signal produced by a line signal of the other
-group to another operator’s position and
-sound. said audible signal in the receiver

thereat. :
"60. ‘A telephone exchange system includ-
ing telephone lines extending from substa-

‘tions to a multiple switchboard having a line

signal individual to-each substation line, a
plurality of ~operator’s positions at said

'switchboard, each ‘position having a right

and left group of said line signals assigned

‘to it, a transfer relay associated with one of
-said groups and .a telephone receiver indi-

vidual to each of said positions, means un-

-der:the control of apparatus at a calling sub-

station to operate a line signal pertaining to

-either of said groups and thereby close a

circuit including said source, said ‘circuit be-

ing associated with said telephone receiver,

‘whereby an audible signal is sounded there-
in, and ‘means whereby the operation of a
line signal ‘pertaining to one of said groups
will .actuate said transfer relay and thereby
transfer said audible signal produced by a
line ‘signal:of the other group to another
operator’s position and sound said audible
signal in the receiver thereat.

61. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to a multiple switchboard having a line
signal individual to each substation line, a
plurality of operator’s positions ‘at said
switchboard, each position having a right
and left group of said line signals assigned
to it, a telephone receiver individual to each
of said positions, means under the control
of apparatus at a calling substation to oper-
ate a line signal pertaining to one of said
groups and. thereby close a circuit including
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said source, said circuit being associated -

with said ‘telephone - receiver, whereby an
audible signal is sounded therein, means
whereby ‘the operation of a line signal per-
taining to ome of said groups will transfer
said audible signal produced by a line sig-
nal of the other group to another oper-
ator’s position and ‘Sound the same in the
receiver thereat, and means whereby said
transfer causes the audible signal originat-
ing in said second mentioned position to be
transferred to another operator’s position.
62. A telephone exchange system, includ-
ing telephone lines extending from substa-
tions to a multiple switchboard having a line

signal individual to each substation line, a -

pilot signal circuit operated by said line
signals, a second pilet signal circuit, the
closure of which transfers said first men-
tioned circuit to another operator’s position,
a third pilot signal circuit, the closure of
which transfers said first and second men-
tioned circuits to-other operators’ positions,
a fourth pilot signal circuit, the closure of
which transfers said first, second and third
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mentioned circuits to other: operators’ posi-
tions, and a -circuit the closure of “which
transfers all of said circuits to other oper-
ators’ positions. : L

63. ‘A telephone exchange syétem, includ-

ing telephone lines extending from- substa-

tions to a multiple switchboard having a line

‘signal individual to each substation line, a
telephone recelver at each operator’s posi-

tion of said switchboard, an audible pilot

signal circuit, operated by said line ‘signals,

an audible second pilot signal circuit, the
closure of . which transfers said first men-
tioned circuit to another operator’s position,
a third audible pilot signal circuit, the clos-
ure of which transfers said first and second
mentioned cireuits to other operators’ posi-
tions, a fourth audible pilot signal circuit,
the closure of which transfers said first, sec-

ond and third mentioned circuits to other
‘operators’  positions, and a circult the

closure of ‘which transfers all of said au-
dible signal circuits to other operators’ po-
sitions, means under the control of appara-
tus at a calling substation to operate its in-

~ dividual line signal, thereby closing one of

said audible signal circuits and sounding an
audible signal in said receiver at one of said
positions. ) :

" 64. A telephone exchange system -includ-
ing telephone lines extending from substa-

" tions to a multiple switchboard having a line
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sigrial individual to each substation line, a
pilot signal individual to one: of the: oper-

ator’s positions at said switchboard and oper--

ative by one or more of said line.signals as-
signed to said position; a similar signal in-
dividual to another of said positions, means
operative when said. first mentioned position
is vacated by the operator thereat, for trans-

ferring said first mentioned signal to said

second mentioned position, and means where-
by the operation of said transferred signal
transfers said second mentioned signal to
another of said positions. R

65. A telephone exchange systemincluding
telephone lines extending from substations
to a multiple switchboard having a line
signal ‘individual to each substation lire, a
pilot signal individual to one of the opera-

. tor’s positions at said switchboard and opera-
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tive by one.or more of said line signals as-

signed to said position, a similar signal in-
dividual to another- of said ‘positions, means
operative when said first mentioned posi-
tion is vacated by-the operator thereat, for
transferring said first mentioned signal to
said - second . mentioned position, means
whereby the operation-of said transferred
signal transfers said second mentioned signal
to another of said positions, means whereby

if said second mentioned position is vacated

both of said signals are so transferred to an-

other position, means whereby the operation

.1,421,864

of said transferred signal similarly-trans-
fers the pilot signal of said:third mentioned
position to still another position, and means

“for successively so transferring said ‘signals

to the next position when

said: positions are
so vacated. . - :

66. A telephone exchange system. inelud-
“ing telephone lines extending  from sub-
stations to a multiple switchboard having a

line signal individual to each’substation
line, a pilot signal individual to one of the
operator’s positions at said switchboard and

65

70

75

operative by one or more of said line signals -

assigned to said position, a similar signal
individual to another of said positions, means

operative when said first mentioned position:

is vacated by the -operator thereat, for trans-
ferring said first mentioned signal to said sec-
ond mentioned position; and means whereby
the operation of said transferred sighal trans-
fers said second mentioned signal to another

80

ow
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of said positions; said first mentioned means " -

comprising a relay to control said transfers,
an operator’s ‘telephone - transmitter, an

operator’s transmitter plug and jack and the

primary of an induction coil,"a circuit in-
cluding said relay, transmitter, plug, jack
and primary, so connected and arranged that
the withdrawal of said plug from said jack
when the position is vacated opens the
cireuit through said relay and de-energizes
the same. .- - ' oL

67. A telephone exchange systeminclud-
ing telephone lines extending from ‘sub-

99

95

stations to a multiple: switchboard having -

a line signal individual-to each substation 1

line, link connectors for connecting said sub-

stations, and an operator’s telephone set in-
dividual to each operator’s position at said-

switchboard,. means -to -telephonically con-
nect said set. to any of said link connectors

pertaining to said position, and means opera- -
tive, when said position is vacated, whereby

said link connectors become connective to the
operator’s set of another of said positions. -

68. A telephone exchange system includ-
ing telephone lines extending from - sub-
stations to a multiple switchboard having a
line- signal individual to  each. “substation

105

110 -

line, link connectors-for connecting said sib-

stations, and an operator’s telephone. set
individual to each operator’s position at said
switchboard, means-to ‘telephonically con-
nect said set-to any of said link connectors
pertaining to said position, means operative
when said position is vacated, whereby said
link connectors “become connective to the

operator’s set of another of said positions,

and means, when said second mentioned posi-
tion is also vacated, whereby said link con-
nectors pertaining to said first’ and second
mentioned positions are connective to the
operator’s set -of another of said positions,
and means for successively so connecting
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said. link connectors .as the remaining posi-
tiong.at said switchboard -are- vacated.

69. A telephone exchange system including
telephone lines extending from substations
to a multiple switchboard having a line sig-
nal individual to each. substation line, link
connectors for connecting said substations,
and an operator’s: telephone set-individual
to each operator’s position at said switch-
board, means to telephonically connect said
set to any of said link connectors pertain-
ing to said position, and means operative
when said position is vacated, whereby said
link connectors become connective to the
operator’s set of another of said positions,
said first mentioned means comprising a re-
lay to control said transfers, an operator’s
telephone transmitter, an operator’s trans-
mitter plug and jack and the primary of an
induction coil, a circuit including said relay,

transmitter, plug, jack and primary so con-.

nected and arranged that the withdrawal of
said plug from said jack when the position
is vacated opens the circuit through said
relay and de-energizes the same.

70. A telephone exchange system including
telephone lines extending from substations
to an exchange switchboard, link connectors
to connect said substations, a relay indivi-
dual to an operator’s position at said switch-
board, a pilot signal circuit, a source of elec-
tric energy; means operative, when one of
said link connectors is connected to a call-
ing line, for closing a circuit including sub-
station apparatus of said line, said relay and
said source, whereby said relay is actuated,
thereby opening said pilot signal circuit.

71. A telephone exchange system includ-
Ing telephone lines extending from substa-
tions to an exchange switchboard, link con-
nectors to connect said substations, a relay
individual to an operator’s position at
said switchboard, pilot signal transferring
means, a source of electric energy ; means op-
erative, when one of said link connectors is
connected to a calling line, for closing a cir-
cuit including substation apparatus of said
line, said relay and said source, whereby said
relay is actuated, thereby operating said
pilot signal transferring means.

72. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to an exchange switchboard, link con-
nectors to connect said substations, a relay
individual to an operator’s position at said
switchboard, pilot signal transferring
means, a source of electric energy; means
‘operative, when one of said link connectors
is connected to a calling line, for closing a
circuit including substation apparatus of
said line, said relay and said source, where-
by said relay is actuated, thereby operating
said pilot signal transferring means, means
operative thereafter when said link con-

37

nector is-connected -to-a ealled. for:line, for
-opening said circuit, thereby :de-energizing

said relay -and restoring said: transferring

‘means to its normal condition, and means

for preventing the.closure -of said-circuit if
said link connector s first connected. to-a
line .other than.a ealling line, whereby- said
transferring means is not-operated.

73. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to an exchange switchboard,individual
line signals for said lines, link connectors
to connect said substations, a pilot signal
operated at an operator’s position at said
switchboard by said line signals, a pilot sig-
nal transferring means, a source of electric
energy; means opcrative, when all the link
connectors assigned to said position are tele-
phonically connected to substations, to op-
erate said transferring means, thereby op-
erating said pilot signal at another opera-
tor’s position.

74. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to an exchange switchboard, individ-
ual line signals for said lines, link connec-
tors to connect sald substations, a pilot sig-
nal operated at an operator’s position at said
switchboard by said line signals, a pilot sig-
nal transferring means, a source of electric
energy; means operative, when all the link
connectors assigned to said position are tele-
phonically connected to substations, to op-
erate sald transferring means, thereby op-
erating said pilot signal at another opera-
tor’s position, and transferring thereto, pilot
signals transferred. to said first mentioned
position from another operator’s position.

75. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to an exchange, an operator’s telephone
receiver, the secondary of an induction coil,
a condenser, a relay in multiple relation to
said condenser, a source of direct electric
current, link connectors for connecting said
substations, a listening key individual - to
each of said link connectors, means whereby
the manipulation of any of said keys closes
a circuit for voice currents including said
receiver, secondary, condenser and a sub-
station connected to the corresponding link
connector, and means whereby said manipu-
lation of said key also closes a circuit which
includes said receiver, secendary, relay and
source, whereby said relay is actuated.

76. A telephone exchange system includ-
ing telephone lines extending from substa-
tions to an exchange, an operator’s telephone
receiver, the secondary of an induction coil,
a condenser, a relay in multiple relation to
said condenser, pilot signal transferring
means, a source of direct electric current,
link connectors for connecting said substa-
tions, a listening key individual to each of
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sald llnk connectors, means whereby the
. manipulation of any of said keys closes a

circuit for voice currents including said re-
" -ceiver, secondary, condenser and apparatus
at.a substation connected to the correspond-
- ing link connector, and means whereby said
mampulatlon of said key also closes a cir-
cuit which includes said recelver, secondary,

relay and source, whereby said relay is ac-
tuated, thereby operatmg said- pilot signal
transferrmc means.
In testlmony whereof T have affixed my
mgnature in presence of a witness.
HUBERT SYDNEY TURNER
Witness:
L Franors T. MaGuIre:
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