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To all whom it muwy coneern:
Be 1t known that I, Harry . WapsTER, 2
citizen of the United %tat{hs 1@51dnw at Chi-

nois, have invented a certain new and useful
Irr]plovenu.,nb in Telephone - Exchange Sys-
tems, of which the following is a [111[ clear,
concise, and exact dw@nptwn reference be-
ing had to the accompanying drawing, form-
ing a part of this specification.

My Invention relates to telephone-exchange
systems, and more particularly to the so- _called

“test-circuit” for use in connection with mul-
tiple-exchange switchboards.

My 1nvention is particularly well adapted
for use in connection with telephone systems
m whieh a source of current located at the
central exchange is used for the purpose of
supplying fﬂlunu and signaling currents to
the subscriber’s %ubsmtmn apparatus.

1t has been the common practice to provide

cach line connected with a multiple-switch-
"mmd exchange with a plurality of spring-
jacks, one for “each section of the multiple-
swztchbomd Test contacts or thimbles of
the Jacks associated with any one line have
th the circuits of the sys-
tem that the insertion of the plug of an op-
erator’s cord-circuit at any one of the opera-
tor’s positions causes some change in the po-
tential value of the test-thimbles associated
same line. A test-contact, which
has usually been the tip-contact of the oper:

tor’s plug, when applied to a test-thimble (}1

of an clec-
caused the charge or discharge
of a condenser, thereby pmduc,mu a click in
the operator’s tele sphone-receiver to indicate
the busy condition of the tested line. Under
normal conditions, in which the tested line is

a busy line has caused the closure

not 1 use, the associated test-thimbles are

either electrically insulated from the remain-
der of the system or are maintained at a po-
tential equal to that of the tip of the testing-
Theinsertion of a plug within a jack has
caused a considerable change in the potun 1al
of the test-thimbles, whmebv an unduly loud
311 ISCr 11)01 3 receiver.

1t 1s the purpose of my invention to pro-
vide means whereby the potential of the test-
contact of an operator’s plug is made only
slightly different from that of the test-thim-
ble of a busy line.  The test thimbles of a
line which is not in use are preferably insu-
‘ system, where-

lated from the remainder of the
by theapplication of the tip -contact of the test-
ing-plug does not affect the operator’s tele-
ph(me set to cause o busy-test sional.

In a common battery system., wlu{,h I shall
hereinafter more fully deseribe, I find it desir-
able to secure the desired potential of the test-
Ing-tip contact by connecting this contact to
an 1ntermediate point or ele mnent between
the terminals of the common battery or other
source ol current used in operating the tele-
phone system.

My invention is closely allied with that de-
scribed and claimed in my copending appli-
catlon, “erial No. 149,559, 1’110(] March 25,
1903. |

‘While my invention may be applied to a
great variety of telephone systems, 1 shall
d(,sci 1be 1t as applied to a differential relay
system, such as that illustrated in the accom-
panying drawing.

At each of the substations A and B, I have
illustrated the usual formofapparatusin which
areceiver-hool 1 when in its normal d{"‘pl‘{,‘:‘%t‘d
position, due to the weight of the receiver 2,
connects between the line-limbs 8 and 4 the
call-bell 5 and the condenser 6. When in iis
upper position, due to the removal of the re-
celver 2, the switch-hoolt 1 closes the circuit
between the line-limbs 3 and 4 through the
transmitter 7 and the primar y 8 of an induc-
tion-coil whose secondary 9 is serially con-
nected with the receiver 2.

The line-limb 3, extending to each of the
substations, leads to the central station C,
where 1t 18 c,mm(,ct{_,d with the grounded posi-
tive terminal of the common battery 10
through a winding 11 of the differential cut-
off 1¢ LW 12. The limb 4 of each of the tele-
phone-lines 1s normally cor neeted, through a
line-signal 18 and the winding 14 of the dif-

ferential cut-off relay, with the negative pole
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‘not attracted.
ogized, however, causes the actuation of a

of the battery 10, there being included in this
cireunit the armature 15 of the differential cut-
off relay. this armature normally closing a
connection through the back contact 16. A
front contact 17 of this armature 15 1s con-
nected with the sleeve-contacts 18 of the line-
jacks 19, whose tip-contacts 20 are perma-

nently connected with the limb 8 of the tele--

phone-line, asshown. Thesleeve-contacts 18,
as will be hereinafter more fully explained,
also form the test-thimbles of the spring-jacks.

The operator’s cord-circuit comprises an
answering - plug 21 and a calling - plug 22,
whose tip-contacts are connected through the

tip-strand 23 and whose sleeve-contacts are

connected by the sleeve-strand 24. The usual

operator’s rineine and listening key 25 1s pro-
E = v .

vided, the manipulation of this key in one di-
rection serving to connect the operator’s tele-
phone set 26 in bridge of the cord-strands.
The manipulation of this key, in addition to
connecting the operator’s telephone set In
bridge of the cord-circuit, also serves to break
the conductive continuity of the tip-strand,
the condenser 27 being then included in the
tip-strand circuit.

The sleeve-strand includes in its circuit the
supervisory relays 28 and 29, which are re-
spectively shunted by condensers 30 and 31.
The common terminal of the supervisory re-
lays is connected, through an impedance-coil
32, with the negative pole of the common bat-
tery 10. The armatures 33 and 34 directly
control the continuity of circuits through the
supervisory signal-lamps 35 and 36, the op-
eration of these lamps heing dependent upon
the connection with the contact 37 of the ar-
mature 88 of the supervisory controlling-relay
39, which is connected between the negative
pole of the battery 10 and the tip-strand 23
of the operator’s cord-circuit.

A manipulation of the ringing-key serves
to connect the calling-generator 40 1n bridge
of the cord-circuit. A conductor 41 then
serves to connect the tip-strand 23, leading to
the calling-plug 22, with the negative pole of
the battery 10. A condenser 42 is included
in the operator’s telephone-circuit. A con-
ductor 43 connects the upper contact of the
listening-key 25, through an impedance-coil
44, with a point 45 intermediate between the
end terminals of the common battery 10.

The operation of the system described is as
follows: The removal of the receiver at sub-
station A from its switch-hook 1 causes the
closure of acircuit from the battery 10 through
the line-relay 13 and the two differential wind-
ings of the cut-off relay 12. On account of
the differential relation of these windings ot
the cut-off relay no net energization thereof
is produced and its armature 15 1s therefore
The line-relay 13 being ener-

visual signal, which the operator answers by
the insertion of the plug 21 of her cord con-

- s i = —— mrE T
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necting apparatus within one of the line-jacks
associated with the line leading to substation
A. The insertion of this plug within a jack,
as shown, causes the closure of a circuit,which
may be traced as follows: from the negative
pole of the battery 10, through the supervis-
ory controlling-relay 89, the tip-strand of the
cord connecting apparatus, the tip-contact of
the plug 21, the tip-spring 20 of the line-jack,
the winding 11 of the differential cut-off' re-
lay 12, to the positive pole of the battery 10.
The closure of this ecircuit of decreased re-
sistance through the winding 11 of the differ-

ential cut-off relay causes a net energization -

thereof, whereupon itsarmature 15 is attracted
into the position shown. The attraction of
this armature causes a break in the otherwise
continuous circuit from the negative pole of
the battery 10, through the line-relay and the
winding 14 of the differential cut-off relay, to
the substation A. At the same time the at-
traction of the armature 15 connects the
line-limb 4. leading to the calling substation,
directly with the sleeve-springs and test-thim-
hles 18 of the associated line-jacks 19. A
circuit from the battery 10 may now be traced
through the substation-transmitter as follows:
from the positive pole of the battery 10,
through the winding 11 of the differential
cut-off relay, through the line-limb 3, switch-
hook 1, primary winding 8, transmitter T,
line-limb 4, armature 15, contact 17, sleeve-
spring 18, strand 24 of the cord-circuit, the
winding of the supervisory relay 28, and the
impedance-coil 32, to the negative pole of the
battery 10. The closure of this circuit causes
the attraction of the armature 33 of the su-
pervisory relay 28, whereupon the otherwise
completed local circuit through the supervis-
ory sienal-lamp 85 is broken. Upon the 1n-
sertion of the answering-plug 21 within a line-
jack 19 a circuit is established through the
supervisory signal-lamp 36 on account of the
attraction of the armature 38, the supervisory
relay 29 not being energized to cause the at-

traction of its armature 34. The operator

manipulates her listening-key and ascertains
the number of the substation with which the
calling subscriber desiresconnection. Learn-
ing that the substation B is desired, the op-

erator applies the tip-contact of her call-
ing-plug 22 to one of the test-thimbles 13 ot

the line-jacks associated with the telephone-
line to substation B. If this line is- not 1n
use and the armature 15 of the differential
cut - off relay is consequently not attracted,
the test-thimbles will be insulated from other
parts of the telephone system, and the ap-
plication of the test-contact of a calling-plug
will cause no change in the potential of the
tip - strand associated therewith, nor will a
closed electric eireuit be established to cause
a click in the operator’s receiver. If, on the
other hand, a plug of some other cord-circuit

| has already been inserted within a jack asso-
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clated with the line leading to substation B,
the test- Humbh}a 18 of Hwe assoclated Jacks
will have been connected, through a slecve-
strand corresponding with strs and 94 and q
SUPErvisory 1@1:13?’ similar to 1@1% 29 and an
impedance-coil such as the coil 32, with the
negative pole of the battery 10. 1t will be
seen that the L]p -contact of LI]G plu_;; 22 when
making a test is connected, by means of a

manipulation of the listenin g-—-l{e,y, throueh the
impedance-coil 44 wit

1an element in the com-
mon battery intermediate b EEEW{E en th{; termi-
nals thereof. The potential of this testing
tip-contact is therefore 111meedmu Imtwuﬁzl
the potentials of the terminals of the I};Lttez Y
10, the potential of the tip-contact beir
1){*1]::]01% upon the point of its connection r e].a,--
tive to the end terminals of the battery. The
}mtwtml Of ‘thf- to%tmn Lm-— emlttmt 13“11153'
therefore diff
ble of a busy 1111( A cmmnt 1S C LU%G(| Lo ﬂou
which produces a partial charee or dischar Uf‘
of the condenser 42, whvwh‘r a click 1s pro-
duced 1n the Op{_,z.;ltm s receiver.  Upon the
removal of the receiver at substation B from
its switch-hook a circuit is completed from
the negative 1)010 of the battery through the
impedance-coil 32, the supervisory IOLW 2%,
the slecve- almnd “f’f-’l the test-thimble 18, the
contact 17, the armature 15, the mem]it{_,x
7, the primary winding 8, the switch-hook 1,
Lhﬂ lime-limb 3., and the mnduw 1 of Lh(,
(,[1 Terential cut-off relay to the [J{}b]LIVL pole
[ the battery 10. The test-thimbles 18 be-
ing connected to this eircuit are charged to a
potultml mtermediate between the potentials
of the positive and negative terminals of the
common hattery 10, the potential of the test-
thimble being d(l]}en(lmn upon the relative
resistances lmtw een the point of connection
with the test-thimble and either terminal of

the battery 10. The point of connection 45

of the conductor 43 with the common battery

10 18 made such that the potential of a test-
1ng tip- contact of a calling-plug will bv only
shightly ditferent from ‘let of the test-thim-
bles 18 of a lmw line, 1 which a closed cir-
cutt, such as that previously deseribed,
thmuu“' the telephone apparatus at a substi-

bhis

tion Ima been com; sleted.  On account of

relatively small di fference of the testing tip-

the test-thimble the distur Lm.m{}
1ced 1n the subscriber’s receiver

contact and t
or ¢lick prod

may be made comparatively imsignificant,

where eby the annoyance due to the exceed-
ingly loud click produced in systems of the
prior art is avoided. After having made a
busy test, asdescribed, to ascertain Wh sther or

not the line leading to %ub%%wm Bis lmwtll{;

operator upon ]L‘Llil]llﬂ* that the line is not in
use ingerts her calling -—1}]110 2% wn;lnn one of the
line-jacks 19 and nfmlpula,ma her ringing-key

to connect the ringing-generator 40 in bi 1doe
of the cord-strands leadnw to the called 1...]@.
The insertion of the the

calling-pluge within

| tiﬂ ]. cuit-o

- test.

| Ime-jack 19 at once causes the closure of a cir-

cult through the winding 11 of the ditfferential
cut-ofl relay, whereby the same is enereized to
cause the attraction of itsarmature 15 . wherehy
the ﬂle;*(_,w*—{,(mh"acta 18 are {mnutul directly

with the limh 4 of the called line, and where-

by the connection betw een the limb 4 through
the differential relay-windi me 14 and the line-
whu L.; wltl the negative ]m ¢ of the battery

the mterruption
[ferential relay-

In order L]_]_f_ |
ot the elttuzt through the di

winﬂirw- 11 due to the manipulation of the
rnging:- ] ey may mJt 1)1 :;LI;L the (;:11'{:1.11ttlzlrm_lgh

azm&tmm L;.J Al C{}Ildllt,ﬁf{'}]{ H 1S pmvlde(l
whemhv 111}011 Lhu manl[mi.ﬂmn 01 the ring-
through the
")0]0 01' '_m

;if 1'0]313? 0 'th{‘* ]}{J%}ng pole ()l Lh{}
battery 10. Thus the armature is retained in
1ts attracted ]){}HIL on to permita ringing-cur-
rent to pass from the sleeve-strand 24, through
the contact 17 and armature 15, to ‘Lho line-
[imb 4, leading to substation B. In answer-
ing the “L“]Ilﬂ, -signal the subscriber at sulb-
station B removes his receiver 2 from the
switeli-hook 1, thereby eausing the ¢losure of
a8 clreuit Lhzmmh the supervisory relay 29,
Whu@b} the same is energized to cause the at-

action of 1ts armature 34, whereupon the
pttw{}ugh-—wn‘lplotul uzuu‘L Lhmuwll lew-
pervi

SOry sional
to

causc its exti _mtl_tm. P he (_,{}mmcte ._l Esl.{[}-
scribers having wnmletu’l "h{*it conversation,
the rep Lu*t*ment of eitherof the recelvers upon
1ts switeh-hook causes an interraption in the
wntmmtv {}l Lh@ uwmt Hu{mﬂl} th@ d%ﬂu-

|.-.|-

J_. h e COT 15{3 _ qu cm_t. dei 1.161";;'1:53- t;i{:}.u_ {:}:‘F 2
auses the retraction of the
assoclated armature, whereby the supervisory
signaling - lamp is caused to glow, therehy
nomwnu bhe operator that the associated con-
nected subscriber has finished his conversa-
tion.  The operator thereupon removes the
cord connecting-pluges from the ]rmlm where-

11.1.¢w be p,
supervisory relay

- upon the eir cutt througl the supervisory con-

trolling-relay 39 is l..n.olml___l and the armature
38 1s retracted to cause a break in the cireuit
supplying currvent to the supery isory signal-
ing- Lm}m ihe njtnmnﬂ of th@ r:md mnnect—-

dwlfnelgmm_m_l of th& d i_'ffiﬂ;}rmltin.l c:xxb-c::»:fll’ 10
lays, whereby the armatures 15 are retracted
to their normal position. |

It has heretofore been attempted to reduce
the click in a subscriber’s telephone-receiver
upon testing a busy line by introducing re-

sistance into the test-civeuit or otherwise cut-
ting down the flow of current upon making a
I have found that the reduction of tlnf-,
disagreeable click is muech more effectively

attained by the provision of means whereby
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“the difference in potential hetween the test-

contact and the test-thimble 1s macde compara-
tively small.  In the system herein described
the potential of the test-thimble of a busy
line on which the receiver has been removed
from its hook is never less than a certain lim-
iting minimum value, depending upon the
relative resistances of the relay-windings and
the high-impedance windings in the circuit.
The potential of the test-thimble of a busy
line on which the receiver has been removed
from its hook may be somewhat greater than
this minimum value, an amount dependent
apon the resistances in the line-circut. With
metallic lines of ordinary length this limiting
minimum value of the potential of the test-
thimble of a busy line is never very greatly
exceeded. In accordance with my lnvention
T provide means whereby the notential of the
tost-contact before making a test connection
is chareed to a potential preferably slightly
lower than the limiting minimum value of the
potential of the test-thimble ot a busy line on
which the receiver has been removed from 1ts
hook. In practice I have found it desirable
where the limiting minimum potential of the
test-thimble is twenty volts above that of the
carth to make the potential of the testing-con-
tact approximately eighteen or nineteen volts.
This may be accomplished by connecting the
conductor 43 to an element 45 of the battery
10 eighteen or nineteen volts removed 1n po-
tential from the positive grounded terminal
of the battery 10.

Tt will be apparent that the testing system
herein described may be equally well applied
to other telephone-exchange systems, and 1
do not, therefore, wish to limit myself to the
precise disclosure herein set forth; but,

Having described my invention, I claim as
new and desire to secure by Letters Patent—

1. Inatelephone-exchange system,the com-
hination with a telephone-line extending by its
limbs from a substation to an exchange, of a
source of current at the exchange for supply-
ing talking and signaling currents to said line,
a test -thimble normally disconnected from
said source, cord connecting apparatus at the
exchange for connecting said line with another
for conversation, means whereby the connec-
tion of said cord connecting apparatus with
snid line causes connection of said test-thim-
ble with said source, a test-contact connected
to a point in said source of current interme-
diate in potential between the potentials of
the terminals of said source of current, and a
sional-receiving device adapted upon applica-
tion of the charged test-contact to the test-
thimble, to indicate the condition of the test-
ed line. |

9. Inatelephone-exchangesystem,the com-
hination with a telephone-line extending by 1ts
limbs from a substation to an exchange, of a
source of current at the exchange for supply-

793,971

q test - thimble normally disconnected from
said source, cord connecting apparatus at the
exchange for connecting said line with another
tor conversation, means whereby the connec-
tion of said cord connecting apparatus with
said line causes connection of said test-thim-
ble with said source, a test-contact associated
with said cord connecting apparatus,connect-
ed to apoint in said source of current inter-
mediate in potential hetween the potentials of
the terminals of said source of current, and
an operator’s telephone set inductively 1SS0~
ciated with the test-circuit,whereby a click 1s
nroduced in the operator’s receiver, upon the
application of the charged test-contact to the
test-thimble of a busy line.

3. Inatclephone-exchangesystem, the com-
hination with a telephone-line extending by 1ts
limbs from a substation to an exchange, of a
source of current at the exchange for supply-
ing talking and signaling currents to sald line,
2 test-thimble normally disconnected from
said source, cord connecting apparatus at the
exchange for connecting said line with an-
other for conversation, means whereby the
connection of said cord connecting apparatus
with said line canses connection of said test-
thimble with said source, a test-contact con-
nected to such a point in said source of cur-
rent intermediate in potential between the po-
tontials of the terminals of said source of cur-
rent that the test-contact is charged to a po-
tential only slightly different from the poten-
t1al of the test-thimble of a busy line, and a
sionaling device adapted, upon application of
the charged test-contact to the test-thimble, to
indicate the condition of the tested line.

4. Inatelephone-exchangesystem, the com-
bination with a telephone-line extending by 1ts
limbs from a substation to an exchange, of a
common battery at the exchange for supply-
ing talking and signaling currents to sald line,
cord connecting apparatus at the exchange for
connecting said line with another for coversa-
tion. a test-thimble normally disconnected
from said battery, means whereby the connec-
tion of said cord connecting apparatus with
snid line having a conductively-completed cir-
cuit through a substation-transmitter causes
cnid test-thimble to be connected with said
battery and charged to a potential intermedi-
ate hetween the potentials of the terminals ot
said common battery, a test-contact forming
the tip-contact of the calling-plug associated
with said cord connecting apparatus connect-
ed through an impedance-coil, to an interme-
diate element in said common battery such
that the test-contact will be charged to a po-
tential only slightly cu
tial of the test-thimble of a busy line, and an
operator’s telephone set ‘nductively assocliated
with the test-circuit, whereby a click is pro-
duced in the operator’s receiver upon the ap-
plication of the charged test-contact to- the

65 ing talking and signaling currents to said line, 1 test-thimble of a busy lire.

erent from the poten-.
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- 0. Inatelephone-exchangesystem, the com-
bination with a telephone-line extendin O by its
limbs from a substation to an exchan e, of a
source of current at the exchange for supply-
ing talking and signaling currents to said line,
a plurality of test-thimbles for said line nor-
mally disconnected from circuit, cord connect-
ing apparatus at the exchange for connecting
said line with another for conversation, means
whereby the connection of said cord connect-
ing apparatus with said line causes said tesi-
thimbles to become charged by said source, a
test-contact adapted to be connected to a point
in said source of current intermediate in DO~
tential between the potentials of the terminals
of sald source, and a signal-reeceiving device
adapted upon application of the chareed test-
contact to a charged test-thimble to indicate
the condition of the tested line.

6. Inatelephone-exchangesystem, the com-
nination with a telephone-line extendin o by its
limbs from a substation to an exchange, of a
source of current at the exchange for supply-
ing talking and signaling current to said line,
a plarality of test-thimbles for each line norp-
mally disconnected from circuit, a cord-cir-
cuit at the exchange for connecting said line
with another for conversation, means where-
by the connection of said cord-circuit with
sald line causes said test - thimbles to be
charged by said source, a test-contact for said
cord-circuit, an operator’s listening-key for
sald cord-cireuit, actuation of said key cans-
ing said test-contact to be connected to an in-
termediate point in said source, and an opera-
tor’s telephone set connected in cireuit upon
actuation of said key for receiving the signal
upon application of the charged test-contact
to a charged test-thimble.

(. Inatelephone-exchangesystem, the com-
bination witha telephone-line extending by its
limbs from a substation to an exchange, of a

-source of current at the exchange for supply-
1ng talking and signaling currents to said line,

a plurality of test-thimbles for said line nor-
mally disconnected from circuit, a cord-cir-
cuit at the exchange for connecting said line
with another for conversation, means where-
by the connection of said cord connecting ap-
paratus with said line causes saild test-thim-
bles to be charged by said source, a test-con-
tact Tor said cord-circuit normally connected
with a terminal of said source, an operator’s
listening-key, actuation of said listening-key

serving to disconnect sald test-contact from |

the terminal of said source and to connect said
contact with an intermediate point of said
source to charge the test-thimble to a slightly

i

!

different potential from the charged test-thim-
bles, and an operator’s telephone set ad aphed
for connection in circuit upon actuation of
said key for receiving the signal upon appli-
cation of the charged test-contact to a charaed
test-thimble.

8. ]

Inatelephone-exchangesystem, the com-
bination with a telephone-line extending by its
limbs from a substation to an exchange, of a
source of current at the exchange, a test-thim-
ble for said Iine normally disconnected from
cireuit, a cord-circuit at the exchange for con-
necting said line with another for conversa-
tion, means whereby the connection of said
cordd connecting apparatus with said line

causes sald test-thimble to be charged from

sald source, a test-contact for said cord-cir-
cuit normally disconnected from but adapted
to be connected to an intermediate point of
sald source to be charged toa potential sli ohtly
different from the potential of the charged
test-thimble, and signal-receiving means for

indicating the condition of the tested line
upon application of a charged test-contact to
the test-thimble.

9. Inatelephone-exchangesystem, the com-
bination with a telephone-line extending by its
[imbs from a substation to an exchan ve, of a
source of current at the exchange for supply-
ing talking and signaling currents to said line,
cord connecting apparatus at the exchan ve for
connecting said line with another for conver-
sation, a_test-thimble normally disconnected
from said line, but adapted upon the connee-
tion of said cord connecting apparatus with
sald line to be connected with said line, means
whereby the connection of said cord connect-
g apparatus with a line having a conduct-
ively-completed circuit throueh a substation-
transmitter, causes said test-thimble to be
charged to a potential intermediate between

‘the potentials of said source of current, a test-

contact associated with said cord connectine
apparatus, means for charging said test-con-
tact to a potential intermediate between the
potentials of the terminals of said source of
current but different from the potential of the
test-thimble of a busy line, and a sionalinge
device adapted upon application of the
charged test-contact to the test-thimble to in-
dicate the condition of the tested line.

In witness whereof I hereunto subseribe my
name this 15th day of April, A. D. 1903.

HARRY G. WEBSTER.

Witnesses:
Lynw AL Winnraws,
o OTIN SYTATIL.
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