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To all whom it may concern: ,
Be it known that I, FRANK A, PICKERNELL,

residing at Newark, in the county of Essex

‘and State of New Jersey, have invented cer-

tain Improvements in Multiple Switch-Board
Busy-Test Circuits and Apparatus, of which

- the following is a specification.
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This invention relates to multiple tele-

phone switch-boards, and especially to busy-
tests adapted for use in connection therewith.
- Multiple switch-boards are now almost uni-
- versally employed in central telephone-ex-

changes even of moderate size, and wherever
employed 1t is obvious that for each section
some form of busy-test appliance must be pro-
vided whereby an operator at such seetion

may at any time be enabled to ascertain

whether a given line called for is oris not al-
ready in use at anothersection of the switch-
board. As long as earth-completed circuits
only were in use it was not difficult to pro-
vide an efficient test; but the use of metallic

circuits has made the problem a complex one. |
The objeet of my invention is to provide a |
test arrangement which shall be simple in

construction and operation, reliable in result,
and which shall be completely localized—that
is tosay, that the test-circuit shall be entirely
insulated from the line-circuit. -~

It has been found, also, in multiple switch-

~boards as ordinarily constructed that when
~a connection is made between any two lines

at any section of the switch-board (the jack-

- frames of the several spring-jacks of eachline
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being permanently connected to serve asone
side of the circuit through the switch-board)
a long discontinuous branch remains attached
at one end to each of the united circuits, and

this being laid up behind the switch-board,

with similar branches of other circuits, pro-
duces cross-talk due to electrostaticinduction.

- Another object of my invention is to avoid

this disadvantage by so arranging the cireuits
that when aconnection is made at any spring-

L

jack the extensions of the line concerned,

~through the switch-board inwardly, shall be

totally cut off. |
In the accomplishmentof the objects stated

above my lnvention consists in a busy-test
circuit and apparatuscomprising a third wire
for each metallic eircuit through the switeh-
board uniting the several spring-jack frames

| of each line, and a corresponding additional

test-wire leading to a battery and earth, pro-
vided, in connection with each connecting-
plug and flexible conductor, combined with
an operator’s telephone whose electro-mag-
netic helix has an earth-wire branched from

118 center.

It also consists in combining the above in-
strumentalities with a double separable con-
tact spring-jack for each line at each switch-
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section, sothat whenevera connection is made

by inserting a plug in a spring-jack the ex-
tensions of both sides of the line concerned
through the switch-board are totally disecon-

I nected.

In the drawings which illustrate this inven-

tion, Figure 1 is a diagram showing the test-

circuit and apparatus in its simplest form,
and Fig. 2 is a similar diagram in which the
compound contact spring-jacks are employved
to disconnect the inwardly-directed line-ex-
tensions of the switch-board. o -'
- The drawing Fig. 1 indicates a multiple
switch-board M in three sections 8,82 and 83,
to each of which are allotted a certain portion
of the incoming ecireuits, so that calls of the
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said circuits so apportioned arve attended to

at such section only, while each of the said
sections are also provided with spring-jacks
or connecting devices for all the lines enter-

go

ing the central station, so that in a manner

well understood a call coming in on any line
is responded to at its own terminal section
onlyandecan there be connected with any line
of the system, including those terminating at

or responded to atother sections. FEach line

1s represented by a suitable connection de-
vice (in this case a spring-jack) at each sec-
tion and has an annunciator at |
swering section only. - -

90"

1ts own ‘an-

At each switch-section a suitable ke'y-bo-mﬁd B

Is in practice placed with a number of con-

‘necting-eonductors having at their two ends

connecting-plugs, which, when placed in two
spring-jacks representing any two lines, act
to unite such lines.

key devices the operators’ telephones at each
section can be introduced into the circuit of
any plug and cord connector, oralternatively
a disconnecting-annunciator can be in like
manner introduced. In practice there are
also ringing keys associated with each con-

By means of suitable
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‘necting-cord, whereby call-signals can be sent l
over any line to which said cord is attached.
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Inthedrawings,forthepurposeof avoidingun-
necessary complication, the latter instrumen-
talities are omitted. Ihave forthesame-rea-
son shown but a single double-plug-connect-

‘ing conductor and the operators’ telephones at

section Sonly. Two metallic eircuits L and L?
are shown as entering the central station and
are supposed to extend outwardly toexchange-
stations. The two wires 1 1’ of each pass
through the several switch-board sectionsS§°
33 &e., it being of course understood that as
the number of entering lines increases the
number of - sections must also be increased
and include in their circuit at the sections
where they are respectively terminafed their
call-annunciators ¢ and a®. -
At each section oneof the wires 1 loops and
the other wire 1’ branches into a spring-jack,
the construction of which I will now explain.
The spring-jacks of line L are marked, re-
spectively, J, J% and J? while thoseof line 1A
are marked 4, 75, and 7% Each jack 1s pro-
vided with a metal frame or stem B, which

supports, butisinsulated from,the other work-
ing parts, and of which the plug socket or

sleeve C for the reception of the plug-con-
nector is either an integral partor electrically
connected thereto. This frame by means of

“aninsulating-block csupportsthejack-springs

or movable contacts s and s*and the anvilor
resting contacts ¢ and #*, and each jack thus
comprises a frame terminating outwardly in
a plug-cocket supporting but insulated from

two spring or movable contacts, which, when

at rest, bear upon two fixed or resting con-
tacts, from which they are separated upon the

insertion into the socket of a suitable plug-
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connector. It is, however, to be noted that
while the resting contact ¢ is an electrical con-
tact, whereby the circuit entering the jack 1s
continued in the direction of the jack nextin

succession, its counterpart ¢* is non-electrical,

and in this case is merely a mechanical stop

b ' * 2
~ for the spring s-.

‘Considering first the circuit L,we may trace
it through the switch-board as follows: by
wire 1tocontact-spring s and point tatspring-
jack J, wire 2, spring s and point ¢ at the
second spring-jack J? wire 3, spring-jack J%,
wire 4, call-annunciator @, and then out by
wire 17; but from wire 1’ branches 5, 6, and
7, normally discontinuous, extend to the re-
spective springs s* of the several jacks J, J%,

“and J3for the purpose of enablingany double

- as well as the other.

Go

conductor-plug inserted in the said jacks to
connect with this side of the metallic-circuit
In the same way the
other circuit L? passes successively through
its series of spring-jacks 7, 7%, and % its side !

looping first through jack j, then passing on

to wire 8, jack 7% wire 9, jack %, wire 10, an-
nuneiator ¢?, after which it continues out as

‘wirel’, which, asin thefirst case, has branches

11, 12, and 13 to the second spring ¢* of each

|

tween its two portions 7 and 1~

‘trically interconnect the said lines.

of its spring-jacks, and the same mode of con- |
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nection is carried out irrespective of the

number of circuits entering the switch-board.

Each metallic circuit has a third wire w,
which traverses the switch-board and which
unites electrically the frames or stems of its
several spring-jacks, and which has no other

connection whatsoever, and thus the jack-

frames B of circuit L. are all united by wire
w. while those of cireuit 1? are all united by
wirew®. Thisthird wire is a part of the busy-
test appliance and forms a part of the test-
circuit, which, when operated, is capable of
being completed by the means I am now
about to deseribe. |

At each section is an operator’s telephone
outfit, which can be looped to'any connecting-
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cord circuit by means of a suitable loop-key

I for each of the said connecting-circuits.
In the drawings the telephone-loop endsin
two contact-springs f and % and in practice

may be of course branched to any numberotf -

such contact-springs to serve other pairs of
plugs and their cords. -

T is the operator’s receiving-telephone, K
the transmitter, and I the transmitter induc-
tion-coil, which to maintain a balance 18 di-
vided, the telephone T being interposed be-
The trans-
mitter E is, as usual, placed in circuit with a
local battery b and with the primary helices
of the induction-coil, and for convenience, if
desired, a small cireuit-opening switch may
be added to theecircuit. The primary circult
leading from one pole of the battery passes

QO
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by wire 16 to the primary helix ¢ of one part

of the coil 72, to wire 15, to the primary helix
d? of the second half of said coll by wire 14, to
the transmitter E, and thence by way of the

switch z to the opposite pole of the battery.

From one terminal of the receiving-telephone
T a conductor leads by wire 13, secondary
helix e of one-half 1of the induction-coil wire
19 to contact-spring fof the loop-key %, where
it is ended, and is when at rest discontinu-
ous. From the other terminal of the said
telephone the other conductor of the tele-
phone-loop leads by wire 20 through the helix
e® of the second half 2* of the induction-coil
and by wire 21 to the opposite contact-spring
2 of the loop-key k. Krom a point at the

center of the telephone-helix, or, if it should
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have two helices, from a point between them, '

is extended a wire 17, leading to earth at G.

P and P? at each switch-section are plug-
connectors, forming the terminals of two flexi-
ble conductors 26 and 27. They are adapted
to be thrust into the plug-sockets constituting
the spring-jack frames, and, as i1s well under-
stood in the art, whenso placed in the spring-
jacks of any two lines theyserve in conjunc-
tion with their connecting-conductors to elec-
The
plugs P and P? have a special construction
and have three contact-surfaces all insulated
from one another, which respectively make
contact with complementary contacts within
any spring-jacks into which they may be

120

125

130




| 466,702

thrust. The maiﬁ-line plug-conta,cts are the plug-socket or jack-frame of the line desired

tip-contact p, which is adapted to connect with |

- the back springs s, and thereby with one side
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of the metallic line-circuit the first stem- |

contact ¢%, which is adapted to connect with
the jack-spring s* and thereby with the other
side of the metallic line-circuit, and upon the
insertion of the plug not only are these con-
nections made, but the said springs are, more-

over, at the same time lifted from their rest-
- 1ing-contacts ¢ and £, | |

I will hereinafter refer to the third plug-
contact and its electrical connections. From
the tip-contact of plug P the conductor 26
(usually in a flexible cord) extends to the cor-

‘responding tip-contact of the other plug P? of

the pair. From the outermost stem-contact p*
of plug P the conductor 27 extends to the cor-
responding stem-contact p* of plug P2
annuneclator £ is bridged by wire 23 between
these plug-uniting conduectors, connecting

‘therewith at the points « and a?, and it serves

to receive signals to disconneet transmitted
from exchange-stations. Spring-contacts ¢
and g are suitably mounted within the cam-

loop key /& in such proximity to the telephone-

loop contact-springs 7 that when the eam is

‘turned down their terminals are just out of

connection with each other, but that when
the cam is turned into a vertical position they,

‘are forced together. These contact-springs g

and ¢* are also bridged by wires 24 and 25
between the plug-uniting conduectors 26 and
27,80 that when the cam is turned up the tele-

phone-loop and telephones are connected

across and are brought into communication
with the plugs and through them with the

- spring-jacksand circuits. Thethird conduct-

40,
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- by listening at the sald telephone .while-the;l

ing-surface p°is also on the plug-stem just
behind the surface p* and on the insertion of
the plug in a jack it connects electrically

with the socket C, and thereby with the frame
B, and the third wire w uniting the said frame
with theframes of the other jacks of the said

line. From this conducting-surface p®a wire
28 leads to a testing-battery or other electrical
source N, the otherpoleof which connects with

“the earth. |

One testing-Dbattery by suitable connec-
tions, as shown, can be made to supply all of

the sections, and so faras the testisconcerned |
“the wire leading from the center of the tele-

phone-helix of each operator’s telephone and
that leading from the earth-pole of the test-
ing-battery N, (common to the entire system,)
instead of being grounded, may be united to
each other. | o

The operation of the test-circuit is as fol-
lows: Line L* is in use, the plug P? at switeh-
board section S° being inserted in its jack 45,

Suppose it to be called for by some subscriber

who 1s connected with another switch-section,
the operatorat suchsectionmustascertain first
whetherline I.° be at liberty. This isdoneby
first elevating the cam-key % so as to connect.
the telephone to a particular cord, and then

The

is touched by the tip of one of the plugs with
which the telephone is now connected. If the
line required bealreadybusy, a click is heard.
If it be at liberty, there is silence, for if a
plug be in another socket of the desired line
at another section, as shown, a local circuitis
partly formed for the battery N by way of the
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earth, battery N, wire 28, plug-contact »° on

plug P+ at section S% socket and frame B of
Jack 7% wire w? to socket-frame B of the same

line at all other sections, including of course

section 8.  The touching of the socket-frame

30

B of jack j” at section S by the tip of plug P?,

which thus serves as a contact-maker for the

local test-cireuit, (the telephone being intro-

duced,) completes the said local-battery test-

circuit through the telephone-helix or a part 85

thereof by way of plug-tip p, conductor 26,
junction-point x, wire 24, key-contacts g and
/5 wire 19, helix ¢, wire 18, telephone T, and
earth-wire 17 to earth at G, and the establish-
ment of the current of battery N through the
telephone necessarily produces a sharp click,
which cannot of course appearif the tip of a
plug be applied to a jack-frame of a line not
in use, and therefore having no connection

| with battery N. It iseviden{ that this test is
-equally applicable to central-station switeh-

boards where mixed cirenits—that is to SaYy,
both metallic and earth-completed circuits—

are operated, and although the test-cireuit

is perfeectly localized and is insulated from
the line-circuit at all points, and can there-
fore be depended upon to give an absolutely
trustworthy test,no extra appliances—such as
condensers or retardation-coils—are required,
and consequentlythereis no increased compli-
cation. Itisevident that this busy testcan be

‘applied with equal facility to multiple switch-

boardsin whichbothsidesarebranchedinstead
of one or both being looped into the plug-sock-

ets. In'the arrangement of Fig. 1, however,

there is still one defective feature. Suppose
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that in a multiple switch-board having a con-

siderable number of sections a connection be
made with a given line L. by inserting a plug
into the spring-jack of said line at some sec-
tion where there are still a number of spring-

jacks beyond. For illustration, we may in-

stance section S of Fig. 1; but the side I’ of
Lidoes not loop. It branches into the spring-
jacks. It is evident that, though the inser-
tion of a plug into a jack—say J—actually
breaks the circuit on one side ! between s and
t, it cannot break the circuit on the other side
[’y and we then find this condition, that the
metallic eircuit L, by its two conductors 1 and

17, is united through the twoplug-conductors

with some other similar line, but that one
side of it 1” has a single-wire extension pro-
jeeting from it at the
fron the said point by wire 1’ through all re-
maining sections and annunciater ¢ and then

line, finally ending discontinuously at the
point ¢ of the jack.in which the plug is in-
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point 5 and extending
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| back through all the jack-contacts of its own
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wire 6, fixed contact #*, and spring s* at jack

35
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serted. As this extension lies closely packed
among the wires of other circuits, its electro-
‘statie capacity is high and it introduces in-
ductive disturbanece to its own -circuit, adja-

cent circuits acting inductively thereon. 'T'o
remedy this I arrange the spring-jacks, as
shown in Fig. 2, to cut off both inwardly-di-
rect extensions when a connection is made
by a plug.  The loop-key and testing-circuit,
including the third wire w, uniting the spring-

jack frames, remains unchanged. The ele-
ments also of the several spring-jacks remain’

unchanged; but the mode in which the con-

nections of the jack are arranged with re-.
spect to the two wires of the metallic eircuit

main line is made to differ, and both wires
now lead through separable electric contacts
in each jack.
leads by its wire 1 through each jack J of its
series, passing in each from the contact-spring

s to the fixed contact {, and after reaching

the final section of the Dboard and passing

‘through its annunciator o its wire 1’ is re-

traced in reverse order through the jacks,

passing in each from the fixed contact ¢’ to

the spring-contact s, so that its route 1s from
1to s, jack J to the fixed contact?, then by wire
2 to jack J? through spring s, fixed contact
t, wire 3, jack J3, through spring s, and fixed
contact ¢, then to wire 4, annunciator a, wire
5, fixed contact % and spring s* at jack J°,

J2 wire 7, fixed contact ¢*, and spring s° of

jackJ,and thus towire1’. The other circuits

are similarly connected. It will be observed
that returning through the switch-board the
circuit passes in every case from the fixed to
the movable contact. With this construction
whenever a connecting-plug is introduced
into the cireuit its tip-conductor p makes con-

tact with the inner spring-contact s or s°
while.the first stem contact-piece p* connects

with the longersprings or s% both spring-con-

_'45
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tacts being simultaneously disconnected from
their resting contacts ¢, whereby the jacks of

all sections in an inward direction through

"the switch - board are cut off or entirely dis-

connected on both sides of the circuit, the
line out connecting by both conductors to the
plug-conductors and having both of its con-

ductors open immediately beyond, so that

any disturbance which may tend to be set up

in the cut-off portion by static induction is

in any event prevented from reaching ‘the
main - line talking -circuit and 1s therefore
harmless. Switch-board cross-talk is in this
way totally prevented.

I claim as my invention—

1. A busy-test system for metallic-circuit
multiple switch-boards, consisting in a series
of metal spring-jack frames or plug-sockets
for each circuit, supporting but insulated
from spring contacts or terminals represent-
ing the conductors of said circuit, an inde-
péndent conductor for each circuit extending
between the several spring-jacks of said cir-
cuit and uniting electrically the insulated

The cireunit I, for example,

| metal framesthereof, plug-connectors adapted

to be inserted in -the said plug-sockets and

each provided with independent insulated

contact-pieces at its tip and stem arranged to
connect with the circuit-terminals, a third
contact-piece arranged to connect with the
plug-socket frames, a testing-battery having
one of its polesin permanent connection with
the said third contact-piece, and a telephone
or similar testing-instrument detachably con-
nected in cirecuit with the said tip contact-

piece and with the return-conductor of said

battery, substantially as described.
2. In a metallic-circuit multiple-switch-
board busy-test apparatus, the combination

of a series of triple-contact connection de-

vices for each main metallic circuit, one at
each section of the said switch-board, two of
the said contacts being terminals, respect-

30

ively, of the two conductors of the said me-

tallic cireuit, and the third of all of the said
series being electrically united to form to-
gether part of a local test-circuit normally
open at two points, the said three contacts

being in each device insulated from one an-
other, a test-battery included in said nor-

mally-open local cireuit, conducting devices
in pairs,substantially asindicated herein, for
uniting at any switch-board section the two
main-conductor terminal contacts of one of
the said econnection devices with those of any
other and for simultaneously closing the said
local test-circuit at one point, and a telephone
at each switch-section connected by one of its

Qo
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terminals with the said local circuit and pro-

vided at its other terminal with a contact-

maker whereby the local test-circuit may be
closed at its second normally - open point

through the said telephone and be enabled to
oive a busy-test signal therein at a switch-
section differing from that where it was first
closed, for the purposes specified. o
3. In a metallic- circuit multiple switch-
board, two conductors extending from section
to section of said board to constitute the di-
rect and return conductors of a metallic main
circuit and both provided at each section

with connection terminals whereby they may

be united to other circuits, a third conductor
for each metallic circuit extending also be-
tween the sections of sald swifch-board and

105
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uniting a series of independent terminals in-

sulated from but closely associated with the
said pairs of line-terminals, metallic-circuit

plug and cord conductors at each switch-.
board section for connecting the terminals of

any two circuits, a contact-surface on each
plug adapted to connect with the independ-
ent switeh - board terminals when the said
plug is employed to effect a line connection,
a third conductor in each plug-cord connect-
ing the same with one pole of a test-battery,
and .a telephone bridged between the two
main conductors connecting any two plugs

and connected also with the return-conductor

of said battery, substantially as described.
4. The combination of a multiple switch-
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board, termmal contacts at the sections of | ~ In testimony whereof I have signed my
said smtch board for the incoming metallic | name to this specification, in the presence of

line-cireuits, connectors or plugs in pairs hav- | two subscribing witnesses, this Sth day of
Ing contacts and conducting-wires for unit- Au gust, A. D.1891.

5 1ng two line-circuits, &sepamte wire for each

. metallhc circuit eonneetmn‘ the several sec- | FRANK A PIC KERVELL
tions of the switeh-board, and a correspond-

Ing test-circuit having termlnal contacts at Witnesses:

said connectors or plugs,substantially as and ST W. DUNBAR
10 for the purpose deserlbed | : | C. . PICKERNELL
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