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- and magnets ‘of the switches are connected

high impedance. coils.
- 40

1,190,185.

- UNITED STATES PATENT OFFICE.

TALBOT

G. MARTIN, OF CHICAGO, ILLINOIS, ASSIGNOR TO AUTOMATIC ELECTRIC
COMPANY, OF CHICAGO, ILLINOIS, A CORPORATION OF ILLINOIS.

AUTOMATIC TELEPHONE SYSTEM.

To all whom it may concern: y |
Be it known that I, Tatsor G. MARTIN, &

citizen of the United States of America, and
resident of Chicago, in the county of Cook
and State of Illinois, have -invented a new

and .useful Improvement In Automatic
Telephone Systems, of which the following

is a specification. -
My invention relates to improvements 11

automatic telephone systems, and more par- .
ticularly to a system -employing a common
‘battery for talking and operating punposes.

In these common battery systems in. which
battery is connected with the line various
influences affect the potentials of the oppo-
site poles of the battery, which changes 1n

+

potential produce noises in the lines con-

nected with this battery. Among the 1m-

fluences which cause this change in potential
are the impulses for opérating the switches

in an automatic system. -In order to reduce
" the effect of these
‘customary
Iine through

changes in potential it-1s
to connect the battery with the
an impedance, this impedance
usually  being - supplied by the line relay.
The greater this impedance the less the
effect the variations in the
upon the connected lie.
impedance in the e ‘
too great an extent, it will so reduce the 1m-

" T{, however, the

pulses for operating the switches which pass
to seriously aifect:

through these relays as
the operation of the switches. -

Tt is an object of my present nvention to
provide means whereby the operating relays

with the battery without impedance, while
the talking current is furnished through
' While these coils
have a high impedance, they have a low re-
sistance so as not to materially reduce the

direct energizing current for the microphone

- transmitters at the subscribers’ stations.

. 45

- A further object of my invention 18 to
provide means for preventing a switch from
stopping on a trunk one of whose conductors
is open. ‘Heretofore, ii

‘trunk became broken, there was nothing to

- 50
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prevent a switch from stopping upon this
trunk, and if this trunk should happen to
be the first one of the series with which a
aroup ofswitches made contact, 1t would
fend to tie up the whole group of trunks.

An object of my invention is, therefore,

‘to provide means for placing a guarding-

Speciﬁcation o Letters Patent. -

battery will have

line relays 1s increased to -

a .conductor of a

from: the first lever of the first
.any thousand extend to a group- of second

potential on a tmnk when either of its con-

ductors are open and in this manner prevent

“any switch from stopping on such an open

trunk. L
These and other objects of my invention

: Patented July 4, 1916.
- Application filed August 11, 1913. Serial No. 784,096. | | ,

U

will-be more readily understood by reference.

to the accompanying drawings, in which I
~ have illustrated niy invention in connection
with a well-known form of automatic tele-

phone system. |
-~ In the drawings Figure 1 1s a diagram-

matic layout of a telephone system in which

I have chosen to illustrate my invention.

Figs. 2, 3 and 4 show a complete connection

betwgen two ‘automatici subscribers’ stations
1n sald system. T “

The telephone system -ill.ustr'afeda'in.Fig. 1

comprises two automatic exchanges M and

N of the well-known type comprising sub-

scribers’  individual preselector or line

switches C, so-called first selector switches

65

70

70

E, second selector switches I and connector .

switches H. In the drawings there is repre-
sented, on. a scale of three to ten, two.ex-

changes, the exchange M consisting. of one

‘thousand lines, while the exchange N con-

80

sists of two thousand lines. The subsecribers’ -
substation A and the lines connected there-

to are divided into groups A2, A3, etc.,
usually of one hundred lines each. On a
scale of three to tem, therefore, the three
oroups A?, A® and A* represent one thou-

sand, while the groups A%, etc., to A repre--
sent two more thousand. With each group

of subscribers’ lines there 1s assoclated a

85

90

group of individual or line switches C (one
for each line), a group of first selectors LK, -

4 group of second selectors I and a group
“of connectors H. The selector and connector

switches comprise banks of contacts ar-
ranged in horizontal rows or levels, usually
ten in number. These levels are represented

05

- diagrammatically. by borizontal lines which |

extend across a group of switches, thereby -

“indicating that the corresponding contacts
of all of the switches ‘of the group are mul-

160

tipled together. All the line switches C be-

] L

lines have common access to a group of first
selectors E. The corresponding contacts of
all the first selectors of each thousand are
multipled together. Trunk-lines leading
selectors of

selectors associated with the first thousand. 114

longing to a single group of subscribers’.

105




Trunk lines l_aading from thé second level
of any thousand extend to second selectors

assoclated with the second thousmd etc.

10
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party

The corresponding bank contacts of all the

gsecond selectors 1m each thousand are also
‘multiplied together.

Trunk hines leading
from the first level of the second selectors
of any thousand extend to connectors asso-
ciated with the first hundred of that thou-

sand. Trunk lines leading from the second
level of the second selector of any thousand

extend to connectors assoclated with the

second hundred of that thousand, ete. This
tranking arrangement of an automdtlc 5YS-
tem is in general well known in the art a*ld
1t 1s not thougha, necessary to describe it 1n
greater detail herein.

In order to form a means 5 of communica-
tion between the two automatic exchanges,
there are provided a number of trunk lines
leading from the banks of the first selectors

'm emh exchange to second selector Wltche

in the other exchange. Thus if a party in
the N exchange wishes to converse with a
in the M exchange, only the line
switch and first selector are operated in the
N exchange, while the remainder oi the con-
nection .1s campleted through a Second e~
lector and connectorsw:ltch located 1n the
M exchange.

The subseriber’s individual switeh C is of
the general type of subscriber’s swiich
shown in British pvatent to R. W. James No.
26,361 of 1906, bemﬂ* however, of the pat-
tlcular type disclosed in British patent to
T. G. Martin No. 1419 of 1910. This line
switch - comprises among other details a
plunger (not shown) attimhul to the end of
a so-called plunger arm 9 which 1s con-
trolled by the magnet 10. The magnet 10
compiises four ‘ﬁlll(hll”% namely, a pull
down mndmn‘ 11, cut- (}ﬁ O nuhlllw wind-

me 12, hne vwmdmg 18 and auxiiary wind-
1ng i4. "The core of the m: agnet 10 15 so con-

structed that the nmwetn ciretnt of the

windings 11 and 12 is separate from that of

the windings 13 and 14, The winding 11
operates both the plunger arm 9 and
armatire 15, while the winding 12 1s strong
enough only to aperate the cut-off ar mature
15 andl to hold the plunger arm 9 1 1ts op-
crated position.  When the j}]lIIl“‘L"I arm 9 is
opuatm, the p]imﬂ‘er is forced mto a bank
of contact springs, forcing the springs 16,
17, 18 and 19 111t} en*m“ement with the
springs 20, 21, 22 and }.4 respectively. Al
though only one set oi springs (I —28) s
shown, each line switch 1s provided with »
plur 111t‘y of such sets, each set forming the

terminal of a trunk e le 1..{1111;_: to a first
trunie line 18 con-.

selector switeh K. Mach
nected in mnltiple \ch the corvesponding
springs of all the lime switches of the group
which is controlled by the master switel D.

The switch C is controlied by the subscriber

29.

the

1,100,185

tehroun'h the medinm of the line relay 18, as

will be hereinafter more :tuhy explained.

The master switch D is of ‘the same gen-
eral tvpe as that disclosed in British Patent
No. 26,301 ot 1906, referred to above, being,
however, of the particular type disclosed in
said British Patent No. 1419 of 1810. The
function of the master switch, as is well
known, 1s to maintain the phmﬂ‘ers of all the

idle line switches in position to engage the ;

terminal of an idle trunk line.

The first selector switch I is of the gen-

eral type of selector switch disclosed in
United States Letters Patent No. 815,321,
granted March 13, 1906, to hmh Emckwn
and Erickson, except that the so-called side
switch 1s omltted and the rcmta are modi-
tied to adapt the swri'ch to operate 1n a sys-
tem 1n which 1t 1s controlled by impulses de-
livered over two sides of the line in series.
Among other details the selector I com-
prises a bank of contacts arranged in hori-
zontal rows -or levels, which contacts are
adapted to be engaged by a set of wipers 25
96 and 27 carried upon a shaft (not shown )
which has a vertical movement controlied
by the VBItIC’ll magnet 28 and a rotary
movementt controlled by the rotary magnet
The operations of various parts of the
switch are conitrolled through the medium
of the double-wound line relay 30.. Means
for permitting the switch to be restored to
norinal position are provided in the release
magnet 31, which, upon energizing, with-
draws the utammh pawls from the qlmft
The gprings 32 and 33 and 61 and 62 close
only when the switeh shaft has been raised
one qr amore Steps from its lowest position.
The rélays 84 and 35 are slow acting—that
is, relays which  deinergize hl{m";y after
their energizing circults are broken.  The
seeond selector I qs eswe ntl Hy the same as
the first selector .

The connector switeh 11 (g, 3) is of the
sime genceral type of connector switeh as
disclosed in United States Lvtteh Patent
No." 815,176, egranted March 13, 1906, to
]&uth I'JHLLHUII and Kiriekson, thv CHC mtt
however, being modified to adapt the sw itelL
to operate n a system-in which the central
oifice apparatus is controlled by impulses
delivered over the two sides of the line in
sertes.  Liake the selectors. the connector is
provided, with a shaft Kmﬂ‘ shown) carry-

mg the wipers 36, 37 and 38 w hich is COlLi-

vertical magnet 39 and the
The usuai side switeh
43 {aml 44 14

trolled Ly the
rotary magnet 40.
comprising the wipers 41, 42,

~econtrolied by the private m.{mmﬁt -:-.-; m the

ustinld aml well-known manner. The mag-
net 46 is the usual relense maenet.  1he line
relay 47 1s eonnected ,uth the butter ry 13’

through the reversing springs of o so-called

 back- brldﬂ‘e relay 48 thmunh the wmdmﬁs
of which latter um} the called line is pro-
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-~ The substation shown at A’
10 switch C’. (Fig. 4) are similar in all re-.
7" spects to the substation.
. switech C (Fig. 2).

- For the purpose of
_current for operating the apparatus

16

1,100,186

vided 'with' t"a-lkingl current. The ringing

relay 49 is the means through which ringing

" current is applied to the called line. At O
there is shown a
“which provides

bu-sy Signaling m_a,chine
signal being ] _
through the medium of the busy

| relay 131
in case the called line is in use. S

and thé line
A and the line

ferent exchanges and for talking purposes,

‘there are shown throughout the drawings a

. plurality of batteries B, B’, etc.; having one

20

o from. the first selectors to the second se--
" lectors are a “group of holding relays J

- 26

 terminal grounded at (G. There need be 1n
~* ‘practice, however, only one such battery.

“Associated with the trunk lines leading

which are for the purpose of supplylng a

holding ground to the first selector and also

putting a guardin

for. the purpose of

~ ‘ground on the private bank. contact of the

30

that have access to said trunk should the

¢runk line between the exchanges become
gpen for any reason. At U (IFig. 3) there.

are shown a -couple of impedance coils

through which- battery is supplied to the

~ calling line for talking purposes after the

35

connection has been completed and the called
subscriber has removed his receiver from
the hook. The purpose of.these coils will

- be-more fully explained hereinatter.

4_?

A general description of the apparatus

having been given, it will now be explained
how a connection is extended from a calling
substation A, whose lines we will assume

terminate -in the M exchange, to.a called
substation A’,"whose lines terminate 1n the

N exchange. It will also be explained how

. ‘made.

the reverse of the foregoing call may be
We will assume the number in the.

- ~-N_exchange to be 2220. Since the automatic

50

* L]
.

switching apparatus disclosed herein is 1n

.general well known in the art and 1s de-
“scribed in the publications herein referred

40, its operation will be explained in a more

- or less general manner.

§6 paratory to making a -call, an energlzing

Upon the removal of the receiver from

the switch hook at the substation A pre-

circuit is closed through the line winding

18 of the individual switch C, thereby at-

%

tracting the line armature 51. The arma-

ture, upon being attracted, closes a cireuilt;

69 through the pull-down coil 11 in series with
‘% the auxihary winding 14. The pull-down
“coil, upon energizing,

| attracts the plunger
arm 9 to force the plunger into the bank of

-, - springs. 16—23. Tt also operates the cut-off
. 8§ armature 195, thereby disconnecting the- hne

a busy signal, said busy.
applied to the’ calling line

supplying bati_zjery’ |
at dif-

'W'indin_g 13 from the line. The armature 51-

does not fall back immediately, however,
owing to the fact that. the winding 14 1S

otill in series with the pull-down winding

11, Upon the plunger arm 9 being  at-
tracted the springs 10 and 12% are brought

‘together to short-circuit the auxiliary wind-
~ing 14, making

same slightly slow acting.
The armature 51 being slow to fall back

allows “sufficient. time for a holding circuit

70

75

to be closed in the switch ahead for the.cut-

oft'or holding winding 12. The engagement
of the springs 16 and 19 with the springs

90 and 23, respectively, extends the sub-

scribers’. lines to theé line relay 30 of the

selector E. The line relay 30 of the selector

switch B is thereupon energized, closing a

circuit through the relay 34. The relay 34,
. upon energizing, closes the above-mentioned
holding circuits through the cut-oft winding -

19 of the line switch C. This circuit ex-

80

85

tends from ground G* through the springs

52, bank springs 21 and 17, cut-off winding
19 to the battery B, thence through battery

"B to ground G. The winding 12, upon ener-
_gizing, holds the armature 15 and the plun-
* trunk in the banks of all the first selectors

ger arm 9 in thelr operated positions after

the circuit of the | |
broken by the falling back o1 the line arma-
ture 51. A guarding g_r()und potential .1s

supplied to the connector private bank con-

tacts of the calling line as soon as the relay

84 is energized. This circuit extends over
the circuit just traced to the bank spring 17,
~ thence over the conductor 24 to said private
bank contact. The energization of the relay

34 also prepares a circuit for the ‘vertical
magnet by bringing into .engagement the
springs 53 and 54 and opens the circuit of

the release magnet 31 by disengaging springs
53 and 5. o

" The calling ‘subsm'iber now operates his

calling device for the first digit 2 of the
called number, whereby the substation 1m-
~ pulse springs 6 and 7 are operated twice
“momentarily, each time breaking the cir-
cuit of the selector line relay 30. -The re-
lay. 34 of the selector being slow acting does
not deénergize during the momentary inter-

ruptions of its circuit by the line relay 30
and consequently, each time the latter relay

the circuit extending from ground G°

through the contact of springs 182 and 183,

springs 56 and 57 of the relay 58,.springs

53 and 54 of the relay 34, relay 35 ana the -

pull-down winding 1s

95_.

100

105

11¢

113

“deénergizes, an impulse is transmitted over

120

vertical magnet 28 to battery B. The verti- . :
cal magnet receives two impulses over this

and wipers two steps to a position opposite

the second row or level of bank contacts. ™

circuit and operates to raise the switch shaft

126

The off-normal springs 32 and 33 and 61

and 62 close as soon as the shaft is raised
“one step, but the circuit of the release mag-
net 31 still remains open at the springs 53

180




and 55. The slow 'a.cting relay 85 is main-

18

20
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tained in its energized position while im-
pulses are being sent through 1t to the verti-

cal magnet, and in its enarﬂ‘ued position

closes a circuit extending from ground G*
through the springs 68 and 67 and the re-
lay 66 to battery I3.
energizing, ¢loses a locking circuit for itself
extending from ground G® at the relay 34,
through “the springs 52, rotary maﬂ'net

~springs 60 and 59, normal sprmﬁs 61 and 62,

springs 64 and 63 of the relay 60, thence
through the relay 66 to battery B. Thus,
upon the demermmtwn of the relay 35 after

‘the last 1mpulse is delivered to the vertical

magnet, the relay 66 remains energized and
the circuit of the rotary magnet is closed.
This circmit extends from ground G2
through the springs 52, 60 and 59, 61 and

62, 64 and 63, 67 and 69, interrupter springs

70 and the mtqry nhwnet 29 to battery B.
The rotary magnet, upon energizing, ro-

tates the wipers one step and, by opening the

springs 59 and 60, disconnects ground (i°
from itself and the relay 66.
trunk line of the second level is idle, the
relay 66 deénergizes as soon as the springs
59 and 60 are opened. If this trunk line is
pusy, however, the private wiper 26 finds
the contact with which it engages provided
with a guarding ground pntmtm] which is

tmnsmltteﬁ to the relay 66 through the.

springs 64 and 62, thereby prev ontmﬂ' 1t
from deénergizing. The rotary m‘lfrmt
however, doﬂnerﬂ‘ue% when the springs 70
disengage, 1eﬁardle<;c; of whether the iehv
66 remains _ene1gmed or not. 1If the relay

66 remamns energized, the ciremit of the vo-

tary magnet will be agamn closed as soon as

the armature drops buack far.enough to close.

the springs 59 and 60. The rotary magnet
will, therefore, operate 1n the manner of a
buzzer to adv: ance the wipers step by step
over the contacts until the non-grounded
contact of an 1dle trunk tine is reached by
the wiper 26, whereupon the relay 66 de-
encrgizes. The relay 66, upon deénergizing,

whether after one or several oper ations of
the rotarv magmnet, permanently breaks the
cireult of the magnet 29 and closes the eir-
cuit of the swite hmﬁ relay 58. The ciremt
through said relay 58 extends from ground
(i* through the springs 52, 60 and 59, 61 and
2, 64 and 65 and the wlay 58 to batter

B. The relav 58, upon energizing, dl‘%COﬂ-
nects the line relay 80 from the line and
extends the line (‘on‘let“hnn over the heavy

conductors throngh the wipers 25 and 27 to.

the second sele{,tor I,
The relay 71, which is

across the trimk Iineg 82

cgized as long as the trunk

HSC.

nornmlly bridged
and 83, 1s ener-

- normally energized extends from ground °

65

M} the b@lthOI’ T (Kig. 3) thr oun'h the lower

The relay 66, upon

It the first

to the point &

line 18 not m -
The circuit over which this relay 1s

1,100,188

wmdmb of the relay 72, springs 78 and 7

of the relay 75, t‘ondm‘tor 83, relay 71
fapm‘ws 77 and 7 0 conductor 82 Springs g1
and 84 and the upper winding of the relay
72 to battery B’. The resistance of the relay
71 1s &11fhc1ently high to preveni the line
relay {2 of the selector F from becoming
operatively energized. The relay 71, how-
ever, does become operatively mergmed over
this circuit and serves to held the springs 79
and 78 out of engagement, whereby the

guarding ground 1s kept fmm the releacse
tnml{ SG. It one of the trunk lines 82 or

53 should become open for any reason, the
relay 71 deénergizes and the:{*ebv vlaces a
cuarding potential on the private bank con-
tact of the ealled trunk in the banks of all
the first selectors that have access to said
trunk, which prevents any of said first se-
lectors from selecting the trunk which 1s out
of service. The relay 85, the windings 0*‘
which are in series with the line relay 72
ot the selector F when the lines are extended
to the selector I bv the operation of the
selector 1, described above, becomes ener-
aized, as well as the Hne relay 72, This cir-
cuit through the twe relavs extends from
oround (° {F1e. 3) over the circuit above
traced to the conductor 83, thence through
the lower windmg of the reiny 85, wiper 27,
thence over the heavy conductors to and
through the substation A, back over the

hemv conductors, wiper ‘9.; upper winding

of the relav 85, thence over the ci 1*01:1#3 traced
above through the npper winding of the re-
fav 72 to by ltt{‘lV 1.

The velay 85 (Fig. 2}

e T

»cs,

LR

and the relay 792 (F1g. 3) both opera‘twuy |

energize over the ciremt just traced.
1'@13}7‘ 35, upon energizing, closes

lay 71 at the « springs 76 and 77 and closes
a holding ground for the relay 58 of the se-
fector I and the winding 12 of the line
switch . This holding ground for the se-
leetor K extends from ground (+° througn
the springs 87 and 88, conductor 80, wiper
26, springs 61 and 65 of the relay 66, thence
through the relay 58 to battery B. The

| lmhﬂmh oround for the winding 12 extends

from ground (:° over the circuit ]u.st traced
39, thence through i
springs 62 z'md' 61, mtermptor springs 59

and 60, springs 21 and 17 and the winding:

12 to battery B. The apparatus is now in
readiness for the operation of the dial at
the ealling substation for the second digit 2.

Thé operation of the calling device for

‘the second digit 2 opens the cireuit of the

relays 85 and 79 twice. The slow relay 86
does not deénergize during the momentary
interruptions of its circuit by the relay 85,
thereby preventing the first selector E and
the switch C from releasing. -The opera-
tions of the selector If that are brought

the normal

The
S A, CIrCls
through the slow relay 86. 'The relay 88,
upon energizing, opens. the circuit of the re~

; -i.T...'E

et

fred
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" thence over the heavy conductors 83 to and.

15

20
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about by the line relay 72 when the calling

device is operated for the second digit 2

are similar in all respects to the operations-
of the first selector E when the dial was op-
erated for the first digit 2. The selector, on
being thus operated, extends the line to the
connector H. The line relay 47 of the con-
nector -thereupon becomes energized and
closes the circuit of the relay 90. The cir-
cuit of the relay 47 extends from ground
(G through the resistance 102, springs 104
and 105, lower winding of the relay 47,

through the substation A, back over the
heavy conductor 82, through the upper
winding of the relay 47, springs 106 and 108
and the resistance 103 to battery B'.
relay 90, upon energlzing, provides a hold-

ing circuit for the rélay 75 of the selector

cwitch F. This circuit extends from ground
G¢ at the connector switch through the
springs 91, conductor 92, wiper 93, springs
94 and 95.and the relay 75 to battery B’

Whern the substation calling device 1s op-

25

line relay 47 is

erated for the third digit 2, the circuit of the
broken twice. Since the

~relay 90 is slow acting 1t does not deénergize

.30

during the momentary interruptions of 1its
circuit by the relay 47, so that each: time the
latter relay is deénergized, a circuit is closed

extending from ground G° through the

springs 96 and 97, springs 99 and 98, relay

100, vertical magnet 39 and the side switch

35

wiper 42 to battery B”. The vertical magnet
39 receives two impulses over this circult
and operates to raise the switch wipers 36,

87 and 38 to a position opposite the second

level of bank contacts. The relay 100, which

~ was included in series with the vertical mag-

40

45

50

55

60
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~magnet 39

net, remains in 1ts energized position during
the entire time that impulses are being sent
through it and operates to close the circuit

of the relay 101 and private magnet 45.

A fter the last impulse is delivered, the relay
100 opens the circuit of the private magnet
45, which, upon deénergizing, permits the
side switch to advance from first to second
position. The movement of the side switch

-wiper 42 from first to second position trans-

fers the battery connection from the vertical
to the rotary magnet. 40. ‘The
calling subscriber now operates his calling
device for the last digit O, in response to
which the connector line relay operates to
transmit ten impulses through the rotary
magnet 40 in series with the relay 100 where-
by the shatt wipers are rotated onto the con-
tacts of the desired line. The relay 100 op-
erates in response to this digit in the same.

manner ag for the previous digit to cause the -

private magnet 45 to advance the side switch

one more position—that s, from second to
“third position—atter

the last impulse for
the digit has been transmitted. By the en-
gagement of the side switch wipers 41 and

The

‘contact of the called line prevents the called
line from being seized by some other con-.

‘relay 49, springs 115
from the called line and bridges the ringing

~ through the medium of

“his line is provided with talking current
through the windings-of the back-bridge

ing of the battery connections

’,-through
Taing 61

> |

43 with their third-position contact points,
and by the deénergization of the relay 101
the line connection 1s completed with the
called substation, as shown. by the - heavy
conductors. The relay 101 controls contacts
in the line circuit and 1s made slow
acting so as to prevent the completion of

70

the line connection- until after the cut-off

winding 1083‘ of the _SWitCh C’ has had time

to opergte its armature 109 to-disconnect the ..

line relay 200 from the line. The circult of

the winding 108 is closed by the engage-

ment of the side switch wiper 44 of the con-
nector H with its .third-position contact
point, said circuit extending from ground

G2 through the ] 50

side switch wiper 44, pri-
vate wiper 37, conductor 111 and the wind-
ing 108 to battery B’. 'The connection of
ground G2 with the connector private bank

85

nector switch. By the engagement of the

side switch wiper 42 with-its third-position
contact point, the circuit of the. ringing ©
relay 49 1s closed. This cirenit extends from gg *

ground G**: through the. interrupter 113,
and 114, side switch
The ringing relay,
the calling line

95

wiper 42 to battery B'.
upon energizing, disconnects

current generator 116 across the called line

to signal the called subscriber. The ringing

relay is energized only intermittently -
. the interrupter 118.

Upon the response of the called subscriber 100

relay 48, which relay, upon energizing,
closes the circuit of the ringing cut-off relay
121, said circuit extending from ground G**
through the springs 117 and 118,.119 and
120, relay 121 and the side switch wiper 42 .
to battery B’. The relay 121, upon energiz-
ing, interrupts the circuit of the ringing
relay 49 at the springs 114 and 115 and
closes a locking circuit for itself through its
own springs independent of the springs 119,
and. 120 of the back-bridge relay 48. A fur-
ther result of the energization of the back-
bridge relay .48 upon the response of the 115
ealled subscriber is the transposition of the
battery connections of the windings of the
line relay 47 with regard to the battery B
whereby the direction of the eurrent in the
calling line is reversed. |
"It will be seen that the circuit previously
traced for the line relay 47 included 1In
serfes with said-relay the two non-induc-
tive resistances 102 and 103. The transpos-
of the relay 125

R

105

110

J[_ZO |

47 by thé operation of the relay 48 serves
to . disconnect the. resistances 102 and 103
and te supply battery -to the relay 47
the coils 201 and 202, these coils

very high impedance but of 1ow. 150
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-resistance and are 'bridged by a high ca-

pacity condenser 2038. The object of the re-
sistances 102 and 108 is to prevent the com-
plete short-circuiting of -the battery con-

nections, since the springs 105 and 106 en-

gage the springs 204 and 107, respectively,
before they break from the springs 104 and
108 when the relay 48 operates. In the
drawings M. B. B. indicates this. - The coils

201 and 202 are common to a group of con- -
‘nectors and are only included m the talking

circult after the called subscriber has

answered. These coils 201 and 202 are for

the purpose of eliminating from the talk-
ing circuit all battery noises due to oper-
ating impulses, etc., which are more or less

common 1n automatic exchanges. . |
Adfter the conversation is completed, the

connection is released by the hanging wup

of the receiver at the calling substation in
the following manner: When the receiver
at the substation A is restored to the switeh
hook, the separation of the hook switch
springs destroys the energizing circuit of the
connector line relay 47 (Fig. 3) and the re-
lay 85 (Fig. 2). The velay 47 is thereupon
deénergized and opens the cirenic of the
relay 90. The relay 90, upon deénergizing,
opens the holding circuit of the relay 75 of
the selector I and also closes the circuit of
the connector release magnet 46. This lat-
fer circuit extends from ground G* through
the springs 96 and 97, springs 99 and 291,

123 and 122 and the release magnet 46 to
pattery B’. The magnet, upon energizing,

restores the switch shaft and side switeh
wipers to normal position and its own cir-
cuit is broken at the springs 122 and 1238

when the shaft reaches its lowest position.

The detnergization of the relay 75 of the

selector I closes a civcuit. through the ve-
lease magnet 124. This circuit extends from

ground ('* through the springs 128, springs

129 and 130, 125 and 126, normal springs

127 and the magnet 124 to battery B’. The
selector If' releases, breaking the cirvcuit of
1ts own  release magnet when the shaft
reaches 1ts lowest position. The deénergiza-
tion of the relay 85 (Fig. 2) breaks the cir-
cutt of the slow acting relay 86, which in
turn decnergizes and closes the circuit of
the relay 71 and also discomnects the hold-

C1ng ground from the fivst selector switeh B

and from the cutoff winding 12 of the hine
switch . The first selector I releases in
the same manner as deseribed for the se-

lector I'. The winding 12 of the line switch

C, upon becoming detnergized. allows the

plunger arm 9 to veturn to norinal position.

It now having been explained how one sub-
scriber establishes connectioni and releases
the sume, 1t will be explained Liow a connec-
tion 1s prevented from being made with a

busy line and how the calling subscriber re-
| ot

1,180,185

cerves a busy signal when calling a busy
number. - I

If the number called is busy there will
be a guarding potential upon the connector
private bank contact, just as explained in
connection with the line switch C. The
connector private wiper, upon engaging this
guarding contact and before the side switch
wipers have passed to third position, com-
pletes ‘an energizing -civcuit throueh the
busy relay 131. This circuit extends from

-the ground at the private wiper through the

side switch wiper 44, springs 182 and 183,
relay 131, springs 1384 and 135, private mag-
net 45 and the relay 101 to battery B’. The
private magnet energizes, and maintains the
side switch wipers in second position. The

65

70

—_—

80

refay 101 energizes and serves to lkeen the
t 4 I

line open to the called subscriber. - The re-
lay 131 energizes and opens the circuit of
the rotary magnet at the springs 136 and
137 and also forms a locking .circuit for

tself by disconnecting the spring 133 from

the spring 132 and bringing it into engage-
ment “with the springs 138. The engage-
ment of the springs 140 and 141 serves to
close a circuit for the busy tone from the
busy machine ) through said springs and

89

90

through the second-position contact point

of the side switch wiper 43 over the con-

ductor 83, through the calling teleplone and
back to the busy machine . The calling
subscriber, upon receiving the busy signal,
hangs the receiver upon the hook, thereby
releasing the connection in the manner above
described. - |
It will thus be seen that I have devised
a very eflicient form of telephone system in
which practically all noises due to the vari-
atlon in potential of the battery are elimi-
nated. Furthermore, this is accomplished
without in any way reducing the current
passing through the line relays, so that the
operating impulses for the switches are not
affected. Turthermore, it will be seen that
In this system the trunking efliciency is In-
creased, as it is impossible for the switches
to bec.f)me tied up owing to any trunk being
open. | |
Although I have explained the operation
of the relay 71 in connection with an open
trunk, yet 16 will be seen that this relay can
be made to operate as a result of a redue-
tion of energizing current over the trunk.
For example, it can be so adjusted that it
will indicate when the trunk goesshort : that
18, if the trunk conductors 82 and 83 ave
short circuited the carrent through the relay
71 will of gourse, be greatly reduced, or in
some mstar ces, although shunted out, which
would, of course, cause the relay 71 to oper-

ate as previously deseribed. Tt will also be -

seen that the relay 71 may also be made to

operate by a ground on the {runk conductor

49

100

105

110

115

120

125
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89. 'The grounding of this éonductor fvill, of

~ course, likewise operate to shunt the relay 71.

10

* tablishing a connection between two

15

20

other forms of systems, and 1s

- While I have illustrated my invention in

connection with one particular type of auto-

matic system, it will, ot course, be under-
stood that it is capable of use with many

well adapted for use 1n

combination with automatic means for es-
sub-
seribers’ lines. |

Various other modifications and cha.n‘ges

will readily suggest themselves to those
skilled in the art and come within the con- .

templated scope of my invention.
What I claim as my invention 1s:—
1. In a telephone system, a plurality
subscribers’ lines, means including an auto-
matic connector switch for establishing a
talking circuit between two of said hnes, &
common battery for supplying talking cur-
rent, a line relay normally included 1n series
with said. battery in a bridge across sald
talking circuit,y and means for including an

impedance 1n. series with said line relay

" when said talking circuit is established.

30

39

‘40

9" In a telephone system, a plurality of
means including an auto-

switch for establishing con-

battery for supplying talking current, 2 line

said battery and 1in-

relay connected with _
cluded in a bridge across sald talking cir-
cuit, and means for connecting an imped-
ance in series with said line relay when said

talking circuit 1s established.

3. In a telephone system, a plurality of sub-
seribers’ lines, means including an gutomatic
connector for establishing a talking circuilt
between two of said lines, a common battery

- for supplying talking current, a line relay

45

qnected with said battery,

bridged across said talking circuit and con-

" sistance normally included in said bridge, an

- 50

55
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" subscribers’ lines, means for

inductive resistance,

ing said inductive resistance 1n sald bridge
when said talking circuit is established.
4. In a telephone system, a plurality of

subscribers’ lines, means for establishing a

talking circuit between two of said lines,
g common battery
current, said. battery mnorma ly connected
through a low impedance path with the con-

ductors of said talking circuit, and means.

for increasing: the impedance in said path
when said talking circuit 1s established.

5. In a telephone system, a plurality of

establisimng a

talking circuit between two of said Iines, a

common battery for supplying talking

current, said battery normally connected

| ~ subscribers’ lines,
equally as
| connection with
" gemi-automatic systems—that is, systems 1n -
which a manual link circuit 1s employed In

said battery, 2 second relay, means for ener-

of

rent, a- line relay

controlled by said second relay

a, non-inductive re-

and means for cutting
out said non-inductive resistance and includ-

~ talking circuit, and means
for supp{ying talking.

-

F -

7 '
' L]

. -
bl
. \ -
'

through a low impe'daliCe pat ‘with the con- 65 -

ductors of said talking circuit, and means.

for automatically increasing the impedance .

6. In a telephone system, & plurality: of
means. including an auto: 70
matic cennector switch for establishing a =~
talking circuit between two of said lines, & .
common battery for supplying talking cur- .
rent, & line relay normally’con ected with: '
the conductors of said talking circuit and to TE:
cizing said second relay upon the response '
of the called subscriber, an impedance coil, .
and means controlled by the energization"of .~
said second relay for including said . im= 80
pedance coil in series with said battery andi - -
line relay. N R .

7 Tn a telephone. system, a plurality of+:
subscribers’ lines, means including an aute- i
matic connector: switch for establishing a 85
talking circuit between two of said lines; &%
common battery for supplying talking curs:
rent, a line relay normally bridged acrosy ; . -
the conductors of said talking circuit mos
series’ with said battery, an impedance coil, 90:
and means controlled upon the response of
the called subseriber for including said im- - .
pedance coil in seties with said line relay..
and battery. S i o

‘8. In. a telephone system, a plirality. of 95
subscribers’ lines, means including an auto~:
matic connector switch for establishing a
takkipg circuit between two of said linesy &:
common battery for supplying talking cur= .

_ normally bridged. -a,prqssf%i‘ﬂ“i:ﬁ'lrﬁ
the conductors of said talking circuit in se-
ries with said battery, an impedance coil, &, -
second relay bridged across the .conductors: i
of said talking circuit, means controtled” ™., .

+++++

upon the response of the called subscribér 105"

for energizing said second relay, and means

for includ~ -~
ing said impedance coil in series with said: .
line relay. o o T e
9. In a telephone system, a plurality of 110
subscribers’ lines, means including an autos .
matic switch for establishing a talking cir- . -
cuit between two of said lines, g common . -’
battery for supplying talking current, satd . -
battery normally ‘connected .through-a low. 116
impedance path with the conductors of said " -
for increasin-iﬁlef
impedance 1n said path when said talking.
circuit is established. e
"~ 10. In a telephone system,

a Plura_lif? of. 12@ -

 subseribers’ lines, means including ani autd~

matic switch for establishing a talking oI,
cuit between two of said lines, g COMMAGN -
battery for supplying talking current, said ‘-
battery normally connected through a low:12t

impedance path with-the conductors of said,

talking circuit, and,means for automatically”

increasing the impedince In said bridge.
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- 11. In a telephone system, a talking cir-
cult, a common battery bridged across said
circuit, and means for including an indue-
tive resistance in said bridge on each side of
said battery, and a condenser shunted across
sald resistances. -
12. In a teleplione system, a plurality of

subscribers’ lines, means including an auto-

matic connector switeh for establishing con-

- nection between two of said lines, a common

battery for supplying talking curvent, a
Ime relay normally connected with said bat-
tery mcluded 1na bridge across said talk-
g circuit, means for including a pair of
impedance coils in said bridge in series with
sald line relay, and a condenser in shunt of
said 1mpedance coils.

id. In a telephone system, a plurality of
subseribers’ lines, means including an auto-
matic connector switch. for establishing a

talking circuit between two of said lines, a

-common. battery bridged across said talking
circuit, a line relay included in said bridge,
a secona velay, means for energizing said
second relay upon the vesponse of the
called subscriber, a pair of impedance coils,
means controlled by the energization of said
second relay for including said impedance
colls 1n said bridge, and a condenser in
shunt of said impedance coils. |

- 14. In a telephone system, a plurality of
subscribers’ lines, means including an auto-
matic connector switch for establishing a
talking cireuit between two of said lines, a
common battery bridged across said talking
civeult, a: line relay normally included in
said bridge in series with a non-inductive
resistance, an impedance coil, and means for
‘automatically cutting out sald non-indue-
tive resistance and including said impedance
coll 1 said bridge.

15. In a telephone system, a plurality of

subscribers’ lines, means including an auto-
matic connector switch for establishing a
talking cireuit between two of said lines, a
common battery bridged across said talking
- circuit, a line relay ndrmally included in
said bridge in series with a non-inductive
resistance, a second relay, means for ener-

gizing said second relay upon the response

of the called subscriber, an 1mpedance coil,

and means controlled by the energization of
said second relay for cutting out said non-
mductive resistance and including said im-
pedance coil in said bridge. |

16. In a telephone system, a plurality of

‘subscribers’ lines, means for establishing

connection between two of said lines, said
means including a trunk line having a pair

of line contacts and a private contact, and

means for placing a guarding potential on

said private contact when one of the con-

ductors of said trunk is open, to thereby
prevent said trunk being seized.

17. In a telephone system, a plurality of
trunk lines and an automatic switch for
se1zing any one of said trunk lines, means
tor propelling said switch to an idle trunk
line, means for stopping the switch on said
idle trunk line, and means for- rendering
said stopping means inoperative for stop-
ping the switch if a conductor of said trunk
line is open. | | -

18. In a telephone system, a plurality of
trunk lines and an automatic switch for
selzing any one of said trunk lines, means

Tor propelling said switch to an idle trunk

line, means for stopping the switch on said
idle trunk line, and a relay for rendering
sald stopping means inoperative for stop-
ping the switch if a conductor of the idle

-trnnk 1s open.. -

19. In a telephone system, a plurality of
trunk lines and an automatic switch for seiz-
ing any one of said trunk lines, means for
propelling said switch to an idle trunk line,
means for stopping the switch on said idle
trunk line, and a relay for placing a guard-
ing potential on said trunk line if a con-
ductor of the same is open for rendering
sald stopping means inoperative for stop-
ping the switch. o '
Signed by me at Chicago, Cook county,
Ilinois, this 5th day of August, 19183.

- TALBOT G. MARTIN.

Witnesses: ; ,

. ALBERT ANDERSEN,

G. YANOCHOWSKI.
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