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To il whom Tt may concerm.:

- Be it known that I, Mo G. KeLroga, of
Chicago, in the county of Cook and btsxte of
Illmols have invented certain new and useful
Improvements in Multiple Switchboards for
Telnphone Exchanges, of which the following
1s a full, clear, concise, and exact dmcnphon
reference bemﬂ had to the accompanying
drawings, :torrmne a part of this specification.

My mV{mtlon relates especially to a tele-
phone-exchange system in which met‘ﬂhc -C1T-
cuit lines are used.

1t consists in asystem of calling, Switching;,
testing, and clearing-out signals which I shall
clescribe and claim in detail. |

In the accompanying drawings, Figure 1
and

my lnvention.

In Ifig. 1, A A" are two multiple switch-
boards, to each of which all the lines of the
exchange are connected. As many boards or
sections may be used as are necessary for the
exchange in which the system is used. Iach

switchboard or section has a switch for each
line of the exchange. HKach switch has two

contact-pieces, marked ¢ 7, with which, re-
spectively, the two contact-pieces of a loop-
switch plug are connected when a plug is
placed into the switch for switching. These
loop-switch plugs are marked D Din the draw-
ings. ¢/ are the switch-holes into which the
plugs are placed, and ¢ 4 the rubber strips on

which the metal parts of the switches are

mounted. 7 w are the line-annunciators, of
which there is one for each line. These an-
nunciators are distributed among the several
boards or sections of the eachange‘, and each
1s placed at a section where its subscriber’s

calls are to be answered. Kach operator has |

as many pairs of loop-switch plugs D D as
she may need 1n order to properly attend to
the lines which are allotted to her. Y Y are
switches, one for each pair of plugs. Hach
switch Y has two switch-levers and three pairs
of contact-bolts on which, respectively, the
two levers may be altem&tely placed. ¢ ¢are

there 1s one of each for each pair of pl

“switch-conductors.

ng-out annunciator of the pair of plugs

the operators’ telenphones, of which there is
one for each operator. B I3 axe calling-gen-
erators, of which there may be one for each
operator, or one generator may answer for
several or all of theoperators. J J are test-
plugs, and ¢ z.are induction-coils, one of each
for each operator. The contact-piece of each
test-plug 1s adapted to be placed for testing
into connection with each contact-piece 7 7 at
1ts switchboard. o are clearing-out annun-
clator s, and « @ are retardation-coils, of which
1958,
B’ is a test-battery, R is a rheotome, and » ¢
resistance-coil, of which there may be one of
each for the exchange. Oneside of each me-

‘tallic-eircult line is connected to one of the
contact-pieces—say g—of each switch of the

line.
to the other contact-piece—
switeh of the line. One csu:le 01
say that side which 1s connected to the con-
tact-pieces ¢ ¢ of its switches—is grounded
through the annunciator « of the line.

The two contact-pieces of each switch-pluge
are connected with the two contact-pieces of
the plug which i1s its mate by two fHexible
One of these switch-con-
ductors is connected to one of the levers of
the switeh Y of the pair of plugs, and the
other conductor is connected to the other le-
ver. 'The two contact-bolts of each switeh Y
which form one pair are connected together
through the operator’s telephone and one coil
of her induection-coil 4. The bolts of the next
pair are connected together through the clear-
s, and
the bolts of the third pair are conuected t0o-
gether through the operator’s generator.
The rheotome R and the resistance-coll 7 are

The other side of the ]ine iS c{}mwcted
U oF each

placed in derived or parallel circuit with each

other. One of the flexible conductors of each
pair of cords is connected through the retarda-
tion-coil ot the pair of plugs to one side of a
circuit connection which contains the battery

each 11110—--~—
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B’ and the rheotome R and resistance-coil »

in derived or parallel circuit. The other side

of this circult connection, which contains the
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battery, rheotome, and resistance-coil, as de-
scribed, is connected to the test-plug J of each
operator through the other coil of her induc-
tion-coll 2. The rheotome R should prefer-
ably be such as to give some defined musmal
tone 1n 1ts vlbratmns

The annunciators, both line and clearing-
out, should be such as to offer high retarda-

tion to telephone and alternate currents, and
other currents which rapidly change in char-

acter and for the purpose which will herein-
after be described the respective resistance of
the line-annunciators should be much higher
than that of the clearing-out annunciator.

Inthe subscriber’s-station apparatus(shown
in Fig. 2) 1 is the telephone-switch; 2, the
calling-generator; 3, the signal-receiving bell,
and 4 the subscrlbel telephone The switch
1 has two pairs of contacts and circuit con-
nections, substantially as shown, by which
when the telephone is on the switch it is
shunted or short-circuited trom the circuit ot
the line and the signal-receiving bell 1s1n the
circuit of the line, and when the telephone is
off the switch the signal-receiving bell is
shunted or short-circuited from the circuit of
the Iine and the telephone is 1n the circuit of
the line. The calling-generator 2 i1s prefer-
ably an alternate - current generator of the
usual kind, and has an automatic device of
the usual kind with contacts by which the
generator-armature 1s shunted or short-cir-
cuited, while the generator 1s not operated,
and the shunt is automatically opened by the
operation of the generator. It has also an-
other pair of contacts by which the line-cir-
cult i1s automatically grounded during the op-
eration of the generator.

The subscriber’sstation apparatus should be
connected in the line-circuit in such a direc-
tion that when the generator i1s operated it
and the line - annunciator are in a closed
ground - circuit which contains one side or
branch only of the line-circuit.

The operation of the system is as follows:
When a subscriber operates his generator to
send a call, he automatically establishes a
oround connection by which his generator
and line-annunciator are included in a closed
circuit. Theannunciator theretfore indicates
a call. The operator then places one of her
switch - plugs into the switch of the line and
moving the switch Y connected with the
plug used connects her telephone into a com-
plete circuit with the line and by conversation
finds out what line i1s wanted. This complete
circuit is established by the connection of the
two contacts of the plug (which are connected
with the two sides of the operator’s telephone)

to the two contacts of the switch, which are

connected to the two sides of the line, respec-
tively. When the operator finds out what

line iswanted, she tests that line, as will here-
after be indicated, and if she finds 1t free or
unswitched she places the other plug of the

776,063

pair of plugs into the switch of theline wanted
and moves the levers of the switeh Y of the
pair of plugs so that they are connected with
the two sides of the operator’s calling-genera-
tor. The generator then bridges the two sides

of the circuit of the two lines established by

the placing of the plugs in the respective line-
switches, and calling-current passes over both
line - circuits and rings the bell of the sub-
seriber wanted.
levers of the switch Y so that they are con-
nected to the two sides, respectively, of the
clearing-out annunciator of the pair of plugs,
and the linesare then in acomplete circuit for
conversation with the circuit bridged by the
clearing-out annunciator of the pair of plugs.

The clearmm—out systemis asfollows: When
either Subscmber after conversation isfinished

operates his generator to send the clearing-out

sional, he automatically grounds his circuit by
the operation of the automatic device of his
oenerator. The current generated will then
divide into four parts, passing through four
branch or derived circuits. Twoof these cir-

cuits are a circuit from the subscriber’s ground

through his generator and one side of his line
and thence through the two line-annunciators
in derived circuit to ground at the central
office. Another of these circuits 1s through
the complete metallic circuit of the two hneS

Theoperatorthen moves the:
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The other circuit is through the complete cir-

cuit of the line of the subscriber who sends
the clearing-out signal and the clearing-out
annunciator which is used for the connection.

As the resistances of the line-annunciators

‘are much hicher than the resistance of the
clearing-outannunciator,very little ot the cur-
rent Uenerated in sendmfr the clearing-out sig-

nal will pass through the line-annunciators and
considerable of Such current will pass through
the clearing-out annunciator. The line-an-

‘nunciators may, moreover, if considered nec-

essary or desirable, be of such construction and
acdjustment as not to be operated by the same
strength of current passing through them as
will operate the clearing-out annunciator, and

1n the latter case there wﬂl not be the necessity
of as great a difference of resistance between

the clearing-out and line annunciatorsas would
otherwise be necessary tomake the system op-
erative.

The subscriber’s calling-generator should be
of such power and adjustment to the other ap-
paratus and circuits and the other apparatus
and circuits should be so adjusted to each other
as to resistance and sensitiveness of operation
and to the calling-generator that when a call

is sent from any station and the line 1s not
gawitched for conversation the line-annuncia-

tor will invariably be operated; but when two
lines are connected together, as above de-
scribed, and their circuit is bridged through
a clearing-out annunciator the operation: of
the mllmo generator of either subscriber will

mvarlably operate the clearing-out annuncia-
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tor and invariably fail to operate either lme-
annuncilator.

When two lines are connected together for

conversation as above described, thelr COM-

10

bined circuit is grounded throwrr‘h the line-
annunciators of hwh resistance and retarda-
tion of the two lmes The description here-
tofore made contemplates that the plugs are
placed in the line-switches in such a direction
that the two ground connections of the com-
bined circuit throucrh the annunciators shall
be on the same side of the circuit. The op-

eration might, however, be varied in such a

20

30

35

4.0

55

6o

6

way that the ground connections shall be from
the two sides of the combined circuit.
case part of the calling-current from the op-
erator’s generator will pass through a circuit
which contains the two line-annunciators.
The resistance of this circuit should in such a
case be sufficiently high so that enough of
such current will not pass through the line-
annunclators to operate them. In that case
also the resistances of the annunciators and
their construction and adaptation to the sub-
scribers’ calling - generators should be such
that when a generator is operated to send a
clearing-out current the clearing-out annun-
clator through which part of the generated
current passes will invariably be Opemted

and the two line-annunciators through which

part of the generated current will also pass

will nwarmblv not be operated.

The test system is as follows: Ther heotome
R should preferably be such as to give a de-
fined musical indication. When an operator
tests a line to find out whether or not it is in
use, she places the contact-piece of her test-
plugs J into connection with the contact-piece

7 of the switch of the line, her telephone be-

ing then in closed circuit with one coil of her
induction-coil 7. If the line is then switched

Tfor use at any board by the insertion of a plug

into a switch of the line at another board, a
complete circuit is established which contams
the other coil of the operator’s induction-coil,
the test battery B, and the rheotome R, and
resistance-coil » in derived or parallel circuit,
and the current of the battery B’ being varied

by the operation of the rheotome the tele-
' phone will sound or respond with a tone of the

kind to correspond to the makes and breaks
of the rheotome. The operator will therefore
know that the line is in use and will proceed
accordingly. The complete circuit thus es-
tablished may be traced as follows: say from
the contact-piece of the test-plug used in test-
Ing, through one coil of the induction-coil,

thence throm:rh the circuit connection Whlch

“contalns the battery B’ and the rheotome and

resistance -coil in parallel circuit. thence
through the retardation-coil connected with
the pluo by which the line is switched, to the
line, and thence through the connectmn of the
line to the cgntact—-plece of the line to which
the contact-piece of operator’s plug is applied

| t{,lephone 1n closed circuil
coll 2 as used forthe test-signal may be called -

Other
forms of apparatus may be used for the op-

In that -

1ng each line at the subseriber’
his generator is operated —as, 101‘ instance, by
snitable contacts on the td{,phone-sw:ltch or
by a key manipulated by the Subscrlbel 101"

for testing. If the 1111(3 1s niot switched for

‘use when the test is made, no such complete
circult 1s established and the operator’s tele-

phone will not sound.

The system which includes the opera;t()'r'"

the. test-lecewmﬂ ” instrument.

erator’s test-receiving instrument, to one side

of which her te-‘st-plucr is connected and fo the

other side of which is connected the circuit
connection which contains the rheotome and
test- battery.

The adva,nt‘we of using a Iheotome whwh
gives a certain defined or musical tone is that
the operator on making the test cannot be mis-

led by any inductive effect or electric dis-

charge from the line to think that the line is
switched when it is not switched. She can

always distinguish the certain defined musical

t and her induction-.
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tone from any accidental inductive or other -

electrical effect which may exist on the line
The use of the re-

and affect her telephone.
sistance - coil 1s that: the test-circuit is not

broken, but 1s.only varied as to its resistance
*by the operation of the rheotome.

The sys-
tem would, however, be operative and effect-
ive mthout the use of the resistance - coil.
Among the various forms of rheotome which
may be used as described to produce a defined
or musical tone when a test-circuilt is com-
pleted through a test-receiving instrument and
battery may be mentioned the electroharmonic
transmitter of Klisha Gray, shown in his Pat-
ent No. 165,728, of July 20, 1875.

Instead of Lhe rheotome md 10%13&11106 coil

in multiple or parallel circuit or the rheotome
alone, as heretofore described, other forms of
supplemental apparatus may be used which
when closed with the test-battery and a test-
recelving instrument when the test of a busy-
line is made will produce a defined or musical

tone in the test-receiving instrument which

the operator will readily recognize as distinct
from any inductive, static, or cross effect

QO
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which may be indicated in her test-receiving

instrument when the tuat 1s made of a hne-_!

which 1s not in use. - It is also evident that
the calling system I h.:we described could be

operated Wlthout any apparatus (ms a rheo-
tome) to vary the test- circuit, and 1n that case
‘the operator would get a bn‘nple click in her
telephone when she Lebted a line which was

already switched for conversation, or other
forms of test apparatus might be used.

Itis evident that the system hei
could be operated with other means of ground-

the purpose.
I claim as my invention—

1. In a telephone ehchame system, met%l-r-"

hereindescribed

s station when
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lHe-cireuit lines, and annunciators, one for each
line. and a permanent ground connection from
one side of each line containing the line-an-
nuneciator, in combination with switching ap-
paratus to connect together any two of said
lines for conversation into a complete metal-
lic circult which does not contain either line-

annunciator, and a clearing-out annunciator

bridged across between the two sides of said
complete metallic circuit, the resistances of
said line-annunciators being high as compared
with the resistance of said clearing-out annun-
ciator. '

9. In a telephone-exchange system, metal-
lic - circuit lines, multiple switchboards,
switches, one for each line on each board,
each switch having two contact-pieces to which
respectively the two sides of its lines are per-
manently connected, and annunciators one for
each line, and a permanent ground connection
from one side of each line containing the line-
annunciator, in combination with switching
apparatus at each board to connect together
any two of said lines for conversation into a
complete metallic circuit by connecting to-
oether their respective contact-pieces at that
board, and a clearing-out annunciator bridged®
across between the two sides of any such com-
plete metallic circuit, the resistances of said
line-annunciators being high as compared with
the resistance of said clearing-out annunciator.

3. In a telephone-exchange system, metal-
lic-circuit lines and annunciators, one for each
line, one side of each line being permanently
orounded through the annunciator of its line,
in combination with switching apparatus to
connect together any two of said lines for

conversation into a complete metallic circuit |

which does not contain either line-annuncia-
tor, and a clearing-out annunciator bridged
across between the two sides of said complete
metallic circuit.

4. In a telephone-exchange system, metal-
lic - circuit lines, multiple switchboards,
switches, one for each line on each board,
each switch having two contact-piecesto which
respectively the two sides of 1ts lines are per-
manently connected, and annunciators one for
each line, one side of each line being perma-
nently grounded through the annunciator of
its line, in combination with switching appa-
ratus at each board to connect together any
two of said lines for conversation into a com-
plete metallic circuit by connecting together
their respective contact-pieces at that board,
and a clearing-out annunciator bridged across
between the two sides of any such complete
circuit. '

5. In a telephone-exchange system, metal--
lic-circuitlines, and annunciators, one for each
line, one side of each line being permanently
orounded through the annunciator of 1ts line,
in combination with switching apparatus to
connect together any two of said lines for con-
versationintoacomplete metallic circuit which

776,068

does not contain either line-annunciator, acall-

ing-generator at each subscriber’s station lo-
cated in the main or closed metallic circuit of
its line whenever operated to send a signal
either the primary or clearing-out signal, a
oround connection to the line when the gener-
ator is thus operated, with the generator and
the annunciator of the line in the complete
oround-circuit thereby existing, and a clear-
ing-out annunciator bridged across between
the two sides of said complete metallic circuit.

70

75

6. In a telephone-exchange system, metal-

lic - cireuit lines, multiple switchboards,
switches, one for each line on each board,
each switch having two contact-piecesto which
respectively the two sides of its line are per-
manently connected, and annunciators one for
each line, one side of each line being perma-
nently grounded through the annunciator ot
its line, in combination with switching appa-
ratus at each board to connect together any
two of said lines for conversation into a com-
plete metallic circuit by connecting together
their respective contact-pieces at that board,
a calling-generator at each subscriber’s sta-
tion located in the main or closed metallic cir-

cuit of its line whenever operated to send a

signal either the primary or clearing-out sig-
nal, a oround connection to the line when the

ogenerator is thus operated, with the generator

and the annunciator of the line in the com-
plete ground-circuit thereby existing, and a
clearing-out annunciator bridged across be-
tween two sides of any such complete circuit.

7. In a telephone-exchange system, metal-
lic-circuit lines, and annunciators, one for each
line, one side of each line being permanently
orounded through the annunciator of 1ts line,
in combination with switching apparatus to
connect together any two of said lines for con-
versationinto a complete metallic circuit which
does not contain either line-annunciator, a
calling-generator at each subscriber’s station
located in the main or closed metallic circuit
of its line whenever operated to send a signal
either the primary or clearing-out signal, a
oround connection to the line when the gen-
erator is thus operated, with the generator
and the annunciator of the line in the com-
plete ground-circuit thereby existing, and a
clearing-out annunciator, bridged across be-
tween the two sides of said complete metallic
circuit, each line-annunciator being operated
or responding when its subscriber’s generator
is operated and the line is not switched for
conversation, but when two lines are connect-
ed together into a metallic circult for conver-
sation, neither of the line-annunciators being
operated, but the clearing - out annunciator
bridged across between the two sides of the
metallic circuit being operated when the call-
ing-generator of either line is operated to send
the clearing-out signal. | |

3. In a telephone-exchange system, metal-
lic - eircuit lines, multiple switchboards,
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switches, one for each line on each board, each
switch having two contact-pieces to which re-
spectively the two sides of its line are perma-
nently connected, and annunciators one for
each line, one side of each line being perma-
nently grounded through the annunciator of
its line, in combination with switching appa-
ratus at each board to cohnect together any
two of sald lines for conversation into a com-
plete metallic circuit by connecting together

their respective contact-pieces at that board,

a callmg -generator at each subscriber’s station
located in the main or closed metallic circuit

of its line whenever operated to send a signal

either the primary or clearing-out signal, a
ground connection to the line when the gen-
erator 1s thus operated, with the generator
and the annunciator of the line in the com-
plete ground-circuit thereby existing,
clearing-out annunciator bridged across be-

tween the two sides of any such complete cir-
cuit, each line-annunciator being operated or

responding when 1ts subscriber’s generator 1s
operated and the line 1s not switched for con-
versation but when two lines are connected
together into a metallie circuit for conversa-
tion, neither of the line-annunciators being
operated but the clearing -out annunciator
bridged across between the two sides of the
metallic circuit being operated when the call-
ing-generator of either line 1s operated to send
the clearing-out signal. .

9. In a telephone-exchange system, metal-
lie-circuit lines, and annunciators, one for each
line, one side of each line being permanently

orounded through the annunciator of its line,
in combination with switching apparatus to

connect together any two of said lines for con-
versation into a complete metallic circult
which doesnotcontain either line-annunciator,

a calling-generator at each subscriber’s sta-

tion located in the main or closed metallic cir-
cuit of its line whenever operated to send a
signal elther the primary or clearing-out sig-
nal, a ground connection to the hne when the
generator is thus operated, with the generator
ana the annunciator of the line in the com-
plete ground-circuit thereby existing, and a
clearing-out annunciator bridged across be-
tween the two sides of said complete metallic
circuit, said generators and annunciators be-

ing so related to each other and the circuits

that each line-annunciator responds when 1ts
subscriber’s generator is operated and the
line is not switched for converstion, but neither
of the line-annunciators 1s operated but the
clearing-out annunciator bridged across be-
tween the two sides of the complete metallic

nected together into a complete metallic cir-
cult for conversation,and the calling-generator
of either line is operftted to send the clearing-
out signal. |
10. In a telephone -exchange SY%GIH me-
tallic - circuit * lines, HlLllth]B switchboards,

thelr respective contact-pieces at that board,

ahd a |

sald lines being temporarily .
- oether at a bom d into a combined eirecuit for

i
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switches, one for eachline on each board, each
switch having two contact-pieces to which re-
spectively the two sides of its line are per-

-manently connectéd, and annunciators one for

each line, one side of each line being perma-
nently grounded through the annunciator of
1ts line, In combination with switching appa-

ratus at each board to connect together any

two of said lines for conversation into a com-
plete metallic circuit by connecting together

a calling-generator at each subscriber’s sta-
tion located in the main or closed metallic cir-
cult of 1ts line whenever operated to send a
signal either the primary or clearing-out sig-

‘nal, a ground connection to the line when the

generator isthus operated, with the generator

and the annunciator of thelineinthe complete

oround-circult thereby existing, and a clear-

Ing-out annunciator bridged across between

the two sides of any sueh complete cireuit,

- said generators and annunciators being so re-

hted to each other and the circuits that each
line-annunciator responds when its subscrib-

er’s generator 1s operated and the line is not
switched for conversation, but neither of the
line-annunciators is operated butthe clearing-
out annunciator bridged across between. the

two sides of the complete metallic circuit 1s

operated, when two lines are connected to-

“gether into a complete metallic circuit for con-

versation, and the calling-generator of either

lineisoperated tosend theclearing-out stgnal.
11. In a telephone-exchange system, me-

tallic - circuit lines, multiple switchboards,

switches, one for each Iine on each board, each

switch having two contact-pieces to which re-
spectively the two sides of its line ar e perma-
nently connected, and annunciators one for

each line, one @qde of each line being perma-
nently g l*ounded through the annunciator of
1tS lmeﬂ 1n combu‘mtlon_ with switching appa-
ratus at each board to connect together any
two of said lines for conversation into a-com-
plete metallic circuit by connecting together

thelr respective contact-pieces at that board,

and a clearing-out annunciator in circuit with
the two lines of any such complete circuit.

12. In a telephone-exchange system, me-
tallic-circuit lines, multiple switchboards,
switches, one switch on each board for each
line, each switch having two contact-pieces or
terminals to which the two sides or branches
of the line are respectively connected, two of
connected to-

conversation, by connectnm together their re-

spective contact pleces or terminals at that
board, in combination with two ground. con-
nections to one side of said combined cirenit,
the line-annunciators of the two lines thus
connected together, one 1n each of said ground
connections, a calling-generator at one of the
subseriber’sstations of the two lines when they

are thus connected operated in the circuit of
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the line to send a clearing-out signal, and a

oround connection to said subscriber’s line at

his station when the clearing-out signal 1s
sent, said ground connection at the subscrib-
er’s station being on that side of the generator
that the generator and the two line-annunci-
ators are in closed circuit through one side of
the subscriber’s line only, said annunciators
being so constructed or related that they are
not operated by the current passing through
them when the clearing-out signal 1s sent.
13. In a telephone-exchange system, me-
tallic - circuit lines, multiple switchboards,
switches, one switch on each board for each
line, each switch having two contact pieces or
terminals to which the two sides or branches
of the line are respectively connected, two of
said lines being temporarily connected to-
gether at a board into a combined circuit for
conversation by connecting together their re-
spective contact pleces or terminals at that
board, in combination with two ground con-
nections to one side of said combined circuit,
the line-annunciators of the two lines thus
connected together, one in each of said ground
connections, a calling-generator at one of the
subscriber’s stations of the two lines when
they are thus connected, operated in the cir-
cuit of the line to send a clearing-out signal,
a ground connection to said subscriber’s line

at his station when the clearing-out signal 1is

sent, and a clearing-out annunciator in ¢ircuit
with sald generator, said ground connection
at the subsecriber’s station being on that side
of the generator that the generator and the
two line -annunciators are in closed circuit
through one side of the subscriber’s line only,
sald annunclators being so constructed or re-
lated that the line-annunciators are not oper-
ated, but the clearing-out annunciator 1s op-
erated by the current passing through them
when the clearing-out signal is sent.

14. In a telephone-exchange system, multi-

- ple switchboards, metallic-circuit lines, each
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line connected to each board, and means at
each board to connect any two .of sald lines
into a closed metallic circuit for conversation,
in combination with a battery and a rheotome
connected in series in a circuit connection, to
one side of which circult connection each line
is connected whenever and as long as it is
switched at a board for conversation and only
then, and test-recelving instruments, one at
another board, each connectec on one side to
the other side of said circuit connection and on
its other side to a plug adapted to be placed
for testing into connection with either of said
lines.

15. Inatelephone-exchange system, multi-
ple switchboards, telephone-lines, each line
connected to each board, and means at each
board to connect any two of sald lines Into a
closed circuit for conversation, in combination
with a battery and a rheotome connected 1n

65 series in a circuit connection, to one side of

. versation and only

776,068

“which circuit connection each line is connected

wheneverandaslongasitisswitched ata board
tfor conversation and only then, and test-re-

ceiving 1nstruments, one at another board,

each connected on one side to the other side

of sald circuit connection and on its other side

to a plug adapted to be placed for testing into
connection with either of said lines.

16. In atelephone-exchange system, multi-
ple switchboards, metallic-cireuit lines, each
line connected to each board, and means at
each board to connect to any two of said lines
into a closed metallic circuit for conversation,
in combination with a battery and a rheotome
connected in series in an ungrounded circult
connection, to one side of which circuit con-
nection each line is connected whenever and
as long as 1t 1s switched at a board for con-
then, and test-receiving
instruments, one at another board, each con-
nected on one side to the other side of said
circult connection and on its other side to a

plug adapted to be placed for testing into con-

nection with either of said lines.

In a telephone-exchange system, multi-
ple switchboards, telephone-lines, each line
connected to each board, and means at each
board to connect any two of said lines into a
closed circuit for conversation, In combina-
tion with a battery and a rheotome connected
in series 1n an ungrounded circuit connec-
tion, to one side of which circuit connection
each line 1s connected whenever and as long
as it 18 switched at a board tfor conversation
and only then, and test-receiving instruments,
one at another board, each connected on one
sicdle to the other side of said circuit connec-
tion and on its other side to a plug adapted
to be placec for testing 1nto connection with
elther of said lines.

18. In a telephone-exchange system, multi-
ple switchboards, metallic-circuit lines, each
line connected to each bhoard, and means at
each board to connect any two of said lines
into a closed metallic cireuit for conversation,
in combination with a battery and a supple-
mental apparatus connected in series 1n & cir-
cuit connection, to one side of which circuit
connection each line 1s connected whenever
and as long as it is switched at a board for
conversation and only then, and test-receiv-
ing instruments, one at another board, each
connected on one side to the other side of
sald circuit connection and on 1its other side
to a plug adapted to be placed for testing into
connection with either of said lines.

19. In atelephone-exchange system, multi-
ple switchboards, metallic-circuit lines, each
line connected to each board, and means at
each board to connect any two of said lines
into a closed metallic circuit for conversation,
in combination with a battery and a supple—

mental apparatus connected in series in an
ungrounded circuit connection, to one side

- of which circuit connection each hine is con-
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nected whenever and as long as it is switched In testimony whereof T have hereunto sub-
at a board for conversation and only then, | scribed my name. '

and test-receiving instruments, one at another T N YT Ny

board, each connected on one side to the other , MILO G. KELLOGG.
5 side of said circuit connection and on its other Witnesses:

side to a plug adapted to be placed for test- Axna M. Brownx,

ing into connection with either of said lines. L. D. Kerroca.
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