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To all whom it may concerr:

ing at Boston, in the county of Suffolk and
State of Massachusetts, have invented certa:n
Improvements in Telephone Circuits and Ap-
paratus, of which the following is a specifica-
tion. | | _.

My invention relates to asystem of electro-
telephonic intercommunication, wherein sepa-
-ate line-wires, each leading from one or more
sub-stations, converge to a central station,
where any two of the said line-wires may be
placed in electric connection with one another,
so that the station or stations connected nor-
mally in circuit with one of the said two wires
may communicate with the stations on "the
other wire of the pair, every other line-wire
in the system being temporarily excluded from
interfering in any way with the said union.
Such organizations are known as ‘‘telephone-
exchange systems.’’ S |

Experience has fully demonstrated that asa,
matter of commercial economy it 18 not prac-
ticable to operate such systems as ordinarily
constructed and arranged with any degree ot
financial success in very small towns and vil-

‘lages or other sparsely-populated localities, as
it 18 rare that a sufficient number of subscrib-

ers willing or able to pay a remunerative
rental can be obtained. Moreover, asthe value
of an exchange-telephone is in geometrie ratio
to the number:of stations with which direct
communication is obtainable, it is not offcn
that sufficient inducement in that direction
can be offered to persons insuch small centers

of population to make it worth their while to
“rent a telephone; yet the expenses of office-
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rental and manipulation are substantially as
oreat in an exchange of twenty sub-stations
as they would be in an exchange of one hun-
dred. Reflection upon these considerations
has led me to devise for such towns as are un-
able to0 sustain the expense of a regular ex-
change, or for auxiliary central points, a sys-
tem of village intercommunication in which
the several sub-station lines converge to a
definite point, where I locate a special or-
canization of instrumentalities or automatic
circuit-changing devices, by means of which
each of the functions of a regular telephone-

(No model.)

: hjf the operator at a distant central station
Be it known that 1, Taro. N. VAIL, resid- |

over a singleindependent line-wire extending
between the said distant central office and the
point of convergence of the several sub-station
lines, hereinbefore referred to. Ishallherein-
after, for convenience, refer to the said point
of econvergence as the ‘‘auxiliary’ or *‘exten-
sion’? exchange, to the connecting-line as the
‘‘trunk-line,”” and to the distant central sta-
tion as the *‘main station?’ or *‘ office.’”’

My presentinvention is based upon the pat-
ent 1ssued to George L. Anders, October 14,
1884, No. 306,457, and constitutes a practicai
exemplification and extension of the principles
therein contained.

In a separate application for Letters Patent
filed contemporaneously herewith, I have de:-
seribed another system adapted to perform
the same functions, in which each sub-station
line passes successively through a series of
contact-springs, each spring being placed 1in
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juxtaposition to one spring of one other cir- -

cuit, whereby by bringing such springs into
contact with one another, and simultaneously
removing their normal connections, the two
lines belonging to the springs so united may
be connected together. Furthermore, each
line, after passing its complete series of con-
tacts, ends in an electro- magnetic cireuit-

changing instrument, by operating which the

sub-station on such line may connect its line
direct to the trunk-line leading to the main
station, and simultaneously remove the nor-
mal ground terminal from both, and likewise
lock out the remaining sub-station lines from

interfering with the new compound circuit 80
constituted.

The invention described inthisspecification
provides that the several contact - springs,
whereby any or all of the two lines may be
connected in pairs instead of being actually
included in and forming a part of the cireult,
are in normally open branches thereof,where-
by the number of necessary contacts is dimin-
ished. | |

My invention, briefly described, comprises
the following cireuit arrangements and instru-
mentalities, all of which will be dealt with
hereinafter in detail. Amn auxiliary or sub-
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sidiary station is established at asuitable point

exchange system can be perfectly controlled | adjacent to the sub-stations to be served, and
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constitutes an intermediate station between
the said sab-stations and the main station,
which would ordinarily be at a considerable
distance Irom the sub-station distriet, and lo-
cated at the nearest large town. IFrom this
subsidiary centrul office electric-cirenit lines
radiate to any number of sub-stations, where
the usual outiit of telephonie instrauments are
placed for the use of the subscribers. Trunk
lines also extend from the atixiliary exchange
to the main station. An aatomatic cn*emb
changing instrument is also placed there,

whicl is ('{11‘)11)]0 of being rotated by clock-

work, and which 15 cmltlolled by an electro--

magnet and lever-detent operated thereby,
tlm clectro-magnet being in the cireuit of the
trunk line, and controlled by the electric im-
pulses which may traverse the same. After
passing through the helices of the said elec-
tro-magnet the circuit of the trunk line passes
through a suitable resistance to earth, and a
branch cireunit is led from it at a point be-
tween the electro-magnet and the resistance
tothearmature-lever. Thecommon earth-ter-
minal of the radiating lines is led to an abut-

ment at which the clock-work is brought to

rest after every single revolution, and as the
retaining - lever of the clock - work 18 at all
times in Lt}umtt with the armature-lever the
several lines are thus normally connected
through the branch line to earth. When, by
the a(‘*lmn of the main-office operator, the le-
ver-detent ab the auxiliary station releases the
clock-work,permitting it to rotate,the said le-
ver 1s not allowed to escape beyond the con-
trol ot the electro-magnet, and the operator
ab his will may actuate it to remove any one
or more of the ground-terminals from the sub-
station lines to send call. -signals of the said
Ilnes or to connect any number of pairs of the
said hnes together.  Kach of the said lines
may, moreover, communicate with the cen-
tral station direet, imasmuch as the resistance
in the intermediate ground will prevent more
than a definite pmtlou of the electr luiv from
escaping there.

In the drawings which illustrate this in-
vention, Ifigure 1 1s a4 diagram denoting the
nature {)f the object to be attained. Fig. 2 is
a diagram of the arrangement of the mm}h
and 10(3.:1[ circuits at the auxiliary exchange
tracing the course of but one of the loeal or
sub- hlm circuits. I'ig. 3 is a diagram ex-
planatory of the sever al combinations which
may be made of a definite number of lines.
Fig. 4 1san elevation of the controlling elec-
tro. magnet and clock-driven lever-arm, show
ing the ecircuit-conneetions of the 101‘11101'
lun.s 5 and 6 illustrate the form of ground-
connection which I prefer and the meth{}ds
of removing and restoring the same. Fig. 7
is an elev 1L1011 of the same apparatus shown
in Iig. 4, but representing the same when at
rest or unmison. Flgs. 8 and 9 illustrate the
mechanism and mod(, required to connect any
two cireuits together, or, per contra, to discon-

wire m,

I*Igs 10 and 11 §

show aii alternative (’men'leﬂtinﬂ deviee, and
Fig.121s a diagramr Pprcbenmw the complete
systent dJllM]ﬂG(l m accordance with my in-
vention.

To the end that my invention 5]1*111 be more
clearly understood, I will recite the separate
operations which arerequired to be performed.
It is required that the sub-stations upon each
local line shall have the power to signal and
communicate with the central station through

the intermediate station, and to be connected
through both auxiliary and main station with

a separate line extending outward froin the
latter. Itis also requisite that the main station
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should have the power to lock out duringsuch

connection the remaining sub-station lines, so
that they shall be unableto interfere until sach
communication 18 discontinued and the nor-
mal condition of circuits resumed. 1t is also
required that the main station shall be able
to operate the Imstrument at the auxiliary
exchange 1n such manner that it may pick
out any line, disconnect its normal ground-
terminal, send call- signals over that lnm Con-

{ nect any two lines t(}flether and {]I‘SLO]]IIL{ t

the same when a (,onnnulncatlon 1S (:(}mplebcd
restoring the original connections.

1 Lsmbhsl; an a,uﬂ]nry cenfral station. (see
H, Fig. 1,) fromn which I radiate the several
sub-station lines o q v t, &c., each of which

nas one or more sub-stations connected there-

with i1 a manner well anderstood, each of the
sald sub-stations being provided with tele-
phones and call receiving and sending devices,
the former usually being an electric hell, while
the latter may, according to circumstances, be
either a magneto-generator or a battery and
lmy

Iixtending between the subsidial y station
and a main station, CO, which may bea con-
siderable distance :1,“-*'::1;}7 1 a trunk-line which
preferably terminates in aswiteh-board at the
station C O, by means of which it may at the
will of the attendant be conneeted with any
other line entering the said station € O for
through communication, or may be connected
with the office call I‘G(‘f‘IVIII“‘ and transmitting
devices or with the eentral-station Lf‘](*]')]](llw‘v,
as hereinafter indicated. At the subsidiary
station H the trunk-line cireuit is continued to
the electro-magnet M, thence passing to the
rlieostat or resistance
to ground at (x. The resistance IR may be
adjustable. An electrie carrent transmitted
from C O over the said line must, itis cvident,
passthrough the electro-magnet M, energizing
the same. In addition to the electro-ma gnLL
M, I provide a line selecting and connecting
{11)1}1111)115, all of which may, if desired, bo
placed upon a common base board, B. ’I‘lm
sald apparatus comprises a rotatable shaft, I,
actuated by a clock-train, C, and held in pl:-_’},(*
by being supported in ‘ZL tube or sleeve, b,
which sleev ¢ may besecured orotherwise ,sup-
ported on the base- board, and aids the shalt I8
In sustaining a bar, j, upon which, pivoted at
P, is a lever, the arm L whereof is slightly
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heavier than the Op‘posfi‘te arm, R, causing the
lever to be normally tilted, so that the sald

arm L is lower than the arm R when the ap-

paratus is unaffected by the action of .the
electro-magnet. When this condifion pre-
vails, the depressed arm Lirests upon the limit-
stop 4%, which may, as shown, be in one plece
with the bar j, or may be otherwise fixed in
any desired way. | . |

Instead of effecting the normal depression
of the arm I, by gravity it may be done in any
other convenient way—Ifor example, by a re-

tracting-spring attached thereto and united to -

some fixed point upon the revolving mechan-
ism.
crumed at the pivot-screws p,and is held, when
at rest, by means of the springs s against the
limit-stop ©. The end of the armature-lever
is provided with a contact-point, ¢, which at
all times presses upon the complementary
point ¢’ of the swinging lever, and while the
latter is- thus mechanically controlled by the
former the points are alsoadapted to serveas
an electrical connection between the two le-
vers. It will be observed. that the points ¢
and ¢ are.in the same vertical line as the cen-
ter of the upright shaft K, and that 1n conse-
quence of such a construction the said points
are always together, the swinging lever be-
ing thus uniformly controlled by the arma-
ture-lever irrespective of the position of the
former in its orbit of rotation. When the
apparatus is at rest, the long arm L bears
against the metal post S, to which is attached
a wire, g, forming thecommon terminal of ase-
ries of branch or local sub-station lines herein-
afterto be described. ThepostSthusperforms
the double function of a unison or stop for the
clock mechanism, and an electric link in the
chain of conductors, by which the sub-station
lines are united to their terminal ground and
to the trunkline. Whenthearm I:is brought
up against the post S, as in Fig. 7, 1t serves
as a detent for the clock-train, which is thus
brought to rest at the conclusion of each revo-

Iation of the shaft I¥ and the swinging arm.

1t may at any time be released from the said
stop by the action of the central-station oper-
ator in sending over the main line an electric
current, which, energizing the electro-magnet
M, draws down the armature « against the
connter force of the spring s.

by thelever [ of the same,and is thereby trans-
ferred to the swinging lever by means of in-
creased force exerted uponthe point ¢'. Sinee
this point is about the middle of the shorter
arm R, the first result of such increased press-
ure is to rock the lever on its pivot P, press-
ing the shorter arm R thereof down onto the
limit-serew ¢, which is preferably adjustable.
A second result is that the end of the lever f
being thus uplifted higher than the top of the
stop-post S, is freed from the said stop and.

impelled by the clock-motor C, passes onward,

and with the shaft E as a center, describes a
circle, as indicated in TFig. 2, passing succes-

The lever ! of the armatare « is ful--

Thismovement
of the armature is of course participated in

be a maximum number,

sively a series of circuif-changers belonging to
the several cireuits of the system, which, by
the accomplishment of certain specific opera-
tions at certain times, may be actuated by the
arm L of the swinginglever with the ultimate
result of changing their relations to one an-
other. T may here state that so long as the
current continues to pass through theelectro-
magnet M, so long is the depression of the

‘arm maintained;. but when the current ceases

to flow and the electro-magnet becomes again
neutral, the arm I, by virtue of its superior
weight, is again depressed. It follows, then,
that by repeated impulses and intermissions
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of the magnetizing current, the end L of the

swinging lever may be caused-to rise and fall
at will, and that though it may be raised by
the first impulse of electricity to free 1t irom
the stop S, it may be at once lowered, by re-
moving the battery from the line, until 1t ar-
rives in its rotation opposite or immediately

below the circuit-changertobe operated,when

it may be again elevated to achieve the sald
operation, and then again allowed to fall until
it arrives at another such point, and so on ad
libitum. Further, the clock trainor motor Cex-
ercises a constant power uponthe revolving le-
ver, which is only completely annulled when
the long arm Limpinges against the stop-post,
but which may be checked or lessened in de-
oree by any friction against or work done by
the arm L. In the first place then, if, after
nassing all the cireuit-changers, the electro-
magnet is again energized, instead of striking
the stop-post it will pass over the same and
commence another revolution, and in the
second place, whenever the end fof the arm

L. is opposite acircuit-changer and is at that

time elevated by the sudden energization of
the magnet, it will be pressed up against the
said cireuit-changer, and will thus be mechan-
ically retarded. |

Referring now to Fig. 2, it will be seen that
the several circuit-changers of the different
sub-station lines are ranged round the circle
described by the end f of the arm L and are
adapted to be struck by the same when the
said arm is passing round in the direction
of the arrow, provided that when passing
below any given circuit-changer it 1is ele-
vated by the action of the electro-magnet.
The instrumentalities so arranged comprise
for each line a single ground-switch and a
series of connecting-switchesin numberequal
to the total number of centering lines less
one. In the present instance I have shown
but four sub-station lines, although 1t-may
readily.be imagined that any reasonable num-
ber may be grouped in like manner. In the
majority of cases, ten or twelve lines would
| Each line 1s repre-
sented by one of theground-terminal switches,
D, and by three connecting-switches, J. 'This
may be clearly elucidated by reference to the
diagram, Fig. 3, in which it is assumed that
five lines center at a given station. 1 have
numbered these lines from 1 to 5, and it 1s
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‘evident that a subscriber stationed upon any

one of these lines may desire to communicate
with stations upon any of the other lines.
Ten combinations of lines are requisite to
make such an arrangement. T accomplish it

by running from each of the lines a series of-

normally-open branch lines equal in number
to the sum of all the remaining lines, and by
bringing each branch near to one of the
branches of cach other line. For example,
from line No. 1 I run four branches—one to a
co-ordinate branch from No. 2, a second to a
similar branch from No. 3, a third to No. 4,
and a fourth to No.5. Inlike mannerbranches
are led fromeach line. As shown, the several
pairs are not united but merely brought near
to one another, so that whenrequired aunion
No. 2, for instance,
may readily be connected with No. 3 by first
removing the terminal grounds of both lines
and then bringing the two points 2 and 3 to-
gether. Such is the principle which is eni-
bodied in my invention.

I will now trace the path of a single sub-
statton line throughtheapparatus, after which
I will describe the form of cireunit-changers
which may be adopted. The line No. 1 ex-
tends between the sub-station Z, where it is
of course connected with any preferred style
of telephone apparatus (not shown) and the
subsidiary central station, T. Enbering the
said station T'it connects directly at the screw
o with the metal base plate or block e, where
1t normally terminates as a circuit by means
of the flat spring » which bears upon the top
of the rocking ground-plate D, this plate be-
ing 1n electrical connection with the common
ground -wire g leading to the stop-post S.
Through this post all of the sub-station wires
find earth, when the system is at rest, vie the
lever-arm. I, contact- points ¢ and ¢, arma-
tare-lever /, fulerum-post p, connecting-wires
koand m, resistance R4, and wire n. A nor-
mally open or inconmplete branch extends,
however, from the line-wire to a series of ex-
tra contact-springs equal in number to all of
the remaining wires of the system.

As Indicated in the drawings, the wire o
leaves the line-wire at o point before reaching
the ground-spring. 1t is convenient to attach
the branch wire o', as shown, to the screw o.
IFrom that point it is led successively to each
of a series of non-conducting blocks, J J” J%,
where it branclhies to eontact-springs of, o°, and
0°, and, in fact, to as many additional Springs
as there are additional wires. Thus at the
block J the spring o is in close juxtaposition
to a stmilar spring similarly branched from
No. 2 wire, and I have consequently marked

the two springs 1 and 2 at the block J’ in like
manner. ‘“L'he spring ¢°is brought into close

communion with a spring branched from eir-
cuait 3, the two springs being marked 1 and 3.
Ab the block J* the spring o° is placed close

to the spring comnected with ecireuit 4, and

the twoare marked 1and 4. The other blocks,
J°, Ji and J° which T have shown, each carry

similar springs, and each consequently consti-
tute points of connection—at J*, between cir-
cults 2 and 3; at J*, between 2 and 4; and at J,
between3and 4. Itisquiteobvious, moreover,
that this principle of arrangement may be ear-
ried out irrespective of the nmmber of cir-
cults, all circuits in the system heing arranged
precisely 1 the same manner that I have de-
scribed—that is, each eircuit terminates nor-

ally in a removable ground-plate connect-

g with the ecommon ground-wire, and has,
also, a normally-open branch extending to a
series of conneeting springs, each of the said

springs being in.close proximity to a similar

spring of one of the other circuits. It must
now be evident that to conneet any of the
pairs of circuits together for throngh commu-
nication it is only necessary to trip off the

ground-connections of the two  cirenits con-

cerned, and then to bring the two contiguous
springs of such circuits into metallic connec-
tion. By myinvention I not only accomplish
this in the caseof asingle pair, but Tamableto
connect the total number of circuits in the sys-
temin pairs, if so required,and, fu rthermore, to
disconnect the two wires of any pair from one

another and replace their ground-connections

withoutinterfering with the connection of an y
other wires which are paired. So far as Iam

- aware, this has never been accomplished in a

subsidiary exchange operated from a central

cxchange at a distance, prior to my inven-

tion. |

Figs. 5 and 6 show one form of the appliance
which I use as a ground-plate, and illustrates
the mode in whieh it may be removed and re-
placed. It consists of a metal rocking-plate,
D, pivoted at the point ¥, and adapted, when

tilted in one direction, as shown in the left-

hand view, IFig. G, to pass under the free end
of the circuit-spring » and to make electrical
contact therewith., The wire ¢ leading to the
ground 1s attached to the rocking piece, and
thus the line is terminated, as hereinbefore
deseribed, when the spring rests on the plate
D.  When tilted in the other direction, as in-
dicated in the right-hand view of Tig. 6, and
in Fig. b, the ground-connection is removed
from the cirenit. |

In Fig. 5 the act of tilting the ground-plate

| 1s indicated. In the right-hand view of Itig. 6

the removalis completed, and the end £ of the
moving lever is indicated in two snceessive
positions—{irst, in contact with the end of the
metal block ¢, the progress of the rotating arm
being thereby arrested, and, seeond, as being
released from the said block and as passing
onward in the continuance of its revolution.
1t can be maintained in the first position as
long as may be required by simply keeping
the battery-carrent on the main line, and while
so held the telephones at the eentral station
may be introduced. I avail myself of this

construction when two lines have already been
connected and itisdesired to ascertain whether
the conversation is or is not; conel uded; as by
causing theleverto make contact with theblock
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e of either of the two connected lines, as de-

scribed, the eperatel may readily llsten to the
eonvereetlen which is passing thereon. Inthe

left-hand view, I'ig. 6, the act of replacement
is indicated.

In Figs. 8 and 9 Ishow one form of connect
Or. The two springs1 and 2 are shown affixed
to a non-conducting block, J, as in the dia-

gram Fig.2. Center ed below them on a piv-
et o/, is a connecting rock-plate, D identical

in form with the gr ound plate. The moving
power, which in practice is the end f of the
arm I of the revolving lever, is shown 1n Fig.

8 as having just str ek up the end of the rock-

ing plate, and as having thereby disconnected
the two springs, 1 and 2, and consequently the
lines 1 and 2 from one another.

In Fig. 9 the two springs 1 and 2 are repre-

sented as being in contact through the metal
substance of the plate D, which,to form such
connection,has just been Struek up. In prac-
tice suﬁable limiting-serews, as d° d*, will of
course be required to prevent the plates from
swinging too far on either side.

I‘lﬂ‘s 10 and 11 illustrate a modification in

the eonnee’mng device which show it as mov-
ing in a horizontal plane on the turnstile

punmp]e The connector 1s a four-rayed star
adapted to turn horizontally on the pivot S
Two of its rays,k’,opposite to one another,are
of non-conducting material, and these nor-

~ mally are in position under hhe circulf-springs

35
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1 and 2,which,as in the former apparatus, are
affixed to the block J. When, however, the
turnstile is caused to rotate a quarter of a rev-
olution, the conduecting-arms D are brought
into contact with the springs 1 and 2, which
are thus united through the metal ef the sald
arms.
I operate the tur nstile mechanism by plac-
ing an npwardly-projecting pin, p, on the L
end of the lever-arm L, which pin, when the
lever end 1n 1tS 10tat10n reaches the connect-

ing device and is struck upward, by the elec-.
' tro- -magnet, bears against the projecting ray

of said device and carries it forward bringing
the next into position. It will thus be seen
that connections and disconnections are ef-
fected in the same way. I am, of counrse, not
restricted to a four-ray connector, as 1t may
frequently occur that a greater 11umbe1 wiil

be preferable; and to that end I reserve the

right to employ any number I see fit.

Fig. 12 isa diagram of the complete system,
and is intended to facilitate the explanation of
the method of operation. It shows a number
of sub-station cireuits, 1, 2, 3, and 4, centering
at a subsidiary exchange, T, which in turn 1s

connected by asingle lme w1th the central sta -

tion C O.

Althoughin pmetmethesevelaleu cuitchang-
ers and connectors D and J are ranged round.

the periphery of a circlein the orbit "of the ro-
tating lever, I have, for purposes of iliustra-

: fion, delineated them in this diagram upon the

projection of Mercator, in a strzughb line, and
have placed the actuatmg mechanism 1n a po-

sition on oneside apart from the same. Each

-eircuit,at its sub-station orat some convenient

point between the ground-plate D and the 7o
sub-station,is provided with a high resistance,
RA. It has also the regular sub-station appa-
ratus of telephones, signal-bell, and calling ap-

paratus, as shown in detail in one instance ab

IY,eircuit 3. Theline passes trom the sub-sta- 75

-tlon direct to the conduecting-block e at the

subsidiary exchange, and thence t0 ground,as
hereinbefore exphmed The normally- epen

‘branch of each line passes to the non-conduct-

ing-blocks J, where it connects with contact- 8o
springs, these springs being placed near to

others belonging to the other circnits of the

system. Tw-o of these circuits, No. 1 and No.

3, are shown in Fig. 12 as being connected to
one another, the ground-plates being tilted to 85
one side, and the springs 1 and 3 being united

by theupright position ofthe eennectm o-plate.
The ground-plates are connected by branch
wires ¢, ¢°, ¢°, and ¢* with a common ground-
wire, g, leading to the post S. Against this go

post normally rests the long arm I. of a bal-

anced lever, which isadapted to be rotated by
clock-work, so that its end jf passes succes-
sively under the several tilting cir cuit-chang-
ing plates D, theése being, as before desembed 05
arranged 1n a circle of which the central shaft

of the rotating lever is a center. When the
lever-arm rests against the said post S, the
lines 12 34, &ec., find earth-terminal thereby

“oie the said lever, the armature-lever [, the 100

wires £ and m, the resistance RA, and the wire

n, also by wire k, electro-magnet M, and over
‘the main line and via the annunciator an at

the central station. When the lever arm
leaves the post S, the lines need not be de- 1035
prived of a ground-terminal, for, as shown 1n

Figs., 2 and 12, I may, where required, pro-

vide a simple attachment, whereby as soon as
the lever moves away from the said post a
secondary ground -terminal isestablished. This 110
comprises a spring, 30, furnished with a con-
tact-point, 32, which is adapted to make con-

tact with the pest S. It is, however, normally
prevented from making eenbfwt t11e1 ewith by

a pin of non- cenduetmn material, 31, which 115
18 pressed against by the lever-arm when the

said arm 1s dt unison, whereby the said spring

30 is held away from the post; but when the
lever is released the spring 30 -by its own re-
8111e11ey is brought into contaet with the post, 120
and since 1t 18 attaehed to a ground-wire, g,
a ground-terminal is- thus at_once provided
for the several sub-station lines, so that sta-

| tions on the same line can call one another.

S Bis a switch-board at the central station 125
through which the main line may be connected
with any linecentering there. The said main
or trank line, after passing throughthe switch-
board, may be connected through a small -
switeh, 2°,oranequivalent device, with thestud 130
8, leading to earth through anordinary annun-

ciator. This would be its normal position, so

as to receive cails. The small switch 2° may

- also be placed on either of the other two studs,
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position to operate the rotary lever at the
subsidiary station and to transmit signals,
and the circuit 1ncludes an indicating device,
Di, a key, #°, and a main battery, MB. When
placed on the stud 10, the telephones T’ and T*
are brought into circuit and conversation may
be earried on.
nected through the switeh-board S B with any
other line, the switch 2z° may be thrown off
altogether, or the circuit-terminal otherwise

removed, and the trank line may then becon- .

nected with anyother by means of the switch
cross-bars, in o manner well understood.

1 do not restriet myself to the use of man-
ual transmitting devices for operating the ro-
tary arm, and for sending calls, since it is ob-
vious that automatice transmitters—such, for

-example, as that desecribed in the patent of

Thos. D. Lockwood, No. 296,588, of April 8,
1884—may beadvantageouslyemployedin con-
nection therewith. - | |

Operation: I will now describe the opera-

tion of my invention as briefly as may be, so
that the relations of the several instrumen-
talities may be more clearly perceived. When
any one of the sub-stations Z desires to com-

municate with the central station, the gener-

ator 1s operated, or a battery-call is sent in the
usual manner. The electricity so transmitted
passes over the sub-station line, and,arriving
at the subsidiary exchange, there divides,
traversing the several paths open to it in in.
verse proportion to their several resistances.

T'he remainder of the sub-station lines fo-

gether constitutes one of the said routes, the
subsidiary station-ground forms a second, and
the line to the central station diverging from
the second at the junction of the wires & and
m 18 the third. The object of the resistances
R in each of the lines and in the intermedi-
ate ground,is to prevent a large proportion of
the current from passing over the first and
second routes to the detriment of the calling-
current. These resistances are accordingly
made sufficiently high to subserve that func-
tion, and when a call is sent in, the annunci-
ator an at the central station becomes ener-
gized and announces the said call. I so ad-

50 jJust the electro-magnet M that it responds

onlyto a current much stronger thanany gen-
erated at the sub-stations. It therefore re-
mains unaffected by the action of the sub-sta-
tion in calling. In like manner conversation
may be carried on between the sub-station and

- the central station without any other altera-

60

tion of circuits than that of changing the little
switch £* from stud 8 to 10 to bring the tele-
phones into cireuit. When it becomes nec-
essary for the central station to select any
given one of the sub-station-lines, and send
call-signals over the same, this is done by
turning the small switch to the stud 9, as
shown, and sending a single pulsation of elec-
tricity to line from the battery MB. This

YWhen the line is to be con-

key.

324,191

9 or10. When placed on the stud 9, it is in | ture « to be attracted. The result is that the
lever-arm L is released from the post S, and.
‘the clock-motor C is permitted to revolve the

said arm, which thereupon travels round the

circle of circuit-changers. Let it be required
now to call over No. 3. When it is seen by
the dial Di, which rotates synchronously with
the rotating lever, that the lever end f is be-
low the right-hand end of the tilting ground-
plate D of line 3, as in Fig. 6, (the dotted line in
that figure, as also in Figs. 8 and 9, represent-

Ing the normal piane of rotation,) asecond im-

pulse of electricity is given by pressing the
The electro-magnet again attracts the
armature, which presses down the arm R of
the balanced lever. The other arm, I, conse-
quently flies up, and its end f strikes the end
of the ground-plate, tilting it away from the
spring », and thus removing the ground-ter-
minal from the cireuit. Assoon asthe key is

S0

85

released,the rotating arm falls to its ordinary

plane, but as it passes below the metal plate
¢ 1t 18 again forced up, and may be,by repeat-
ed strokes of the key at the central station,
caused. while passing the said plate, to strike
upward a distinet number of {imes corre-
sponding to the number of times the key is
pressed. Sinece theend 7 of the leverisin di-
rect electrical communication with the main
line, 1t follows that every time it makes con-
tact with the lower surface of the metal bloek
e a pulisation of electricity is transferred over
the sub-station line and gives the signal.

T'he length of the blocks ¢ may be regulated,

as desired. To connect any two of the sub-
station lines together at the subsidiary ex-
change—say No. 1 and No. 3—the central sta-
tion will cause the mechanism to revolve, and
will suceessively remove the ground tilting
plates D from the said circunits. The travel-
ing arm will then pass on until it reaches the
point where the contact-springs of I and 8 ad-
Join one another on the same base-block, and
as 1t passes that point the tilting lever there
will be tilted intherequired direction to make
the contact, the proper time for action by the
central - station operator being in all cases
known by the synchronic action of the indi-
cating-dial D 7. Disconnections are effected in
substantially the same way, care being taken
in all cases to strike the reverse end of the
tilting lever, listening, prior to disconnection,
being eftected in the manner hereinbefore in-
dicated. When it 1sdesired to connect one of
the sub-station lines through the subsidiary
and central exchanges with a line centering
at the latter point, the central-station attend-
ant will, to prevent interference from other
lines, pass the rotating arm once round and
remove the grounds of all lines except the one
with which connection is required. Commu-
nication will then readily be maintained. As
an alternative mode of accomplishing the
above, 1nstead of tripping all the ground-
plates I may simply trip the ground of the

passes over the line and through the magnet | line with which connection is desired, and
M,energizing the same, and causing the arma- | then cause the end f of the lever to be held
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against the metal block ¢asinthe ¢‘listening-

oft’’” operation. It will be necessary, if this
mode 18 adopted, to keep sufficient battery on
the line to sustain the elevation of the lever-
arm. I prefer, however, the former mode of

procedure.
- I may, without departing from the Splrlt of |
my 1nvention, employ at the central station a

| nmgnet&generzitor adapted to send straight

IO

currents, in lieu of a battery, such a sub-sta-

- tion being one which would readily suggest
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an armature and lever therefor,
lever adapted to be rotated by clock-work,:
but at all times 1n contact with and connected-

itself to one skilled 1n the art. Furthermore,
I do not restrict myself to the precise form of
circult changing and connecting pieces shown,
since I have herein shown one modification of
the same. Others are mere matters of detail.

Having now fully desceribed my invention, I
claim— |

1. A telephone-exchange system compris-
ing a main central station, a subsidiary or aux-
1liary central station, a series of sub-station
lines converging to the latter, a trunk line
extending between the main and auxiliary
central stations, a double series of circuit-
changers for the lines terminating at the sub-
sidiary station, one of the sald series being
arranged to effect the removal and replace-
ment of the ground-terminals of the several
lines, and the other providing for the connec-
tion of any of the two lines together, a rotat-
ing lever operated by a Sultable clock motor
and adapted to select and actuate any of the

said circuit-changers, and an electro-magnet:

in the trunk-line circuit- provided with an
armature-lever controlling the said rotating
lever and 1ts clock-motor, substantially as
described.

2. In a subsidiary telephone-exchange sys-

“tem, the combination, substantially as herein-

before described, of a trunk-line circuit ex-
tending to a distant station, an electro-magnet
included 1n the said circuit and provided with
a plvoted

by the said armature, a series of sub-station

lines converging o a common terminal wire,

and suitable counections, through both of the
said levers, whereby the several sub-station
lines are by their common terminal-wire con-

nected normally to earth, and whereby they

are disconnected trom earth when the pivoted
1ever 18 in the act of rotation, for the pur-
poses specified, -
3. Inan auxiliary telephone- exchmwe a Se-
ries of sub-station line-cirenits prowded with
removable earth-connections, and with nor-
mally-open extensions branched from a point
on said lines external to said ground-connec-
tions, and each extension leading by sub-
branches to a series of connecting points or

springs, each of the said connecting points or

springs being adjacent to a similar point or
spring of one other of the series of line-cir-
cuits, combined with movable connection-
pieees,. whereby any two adjacent springs

representing any two eircuits may be con-

nected together to constitute a compound cir-
cuit for the purpose of inter-communication,
substantially as hereinbefore specified.

4. The combination, substantially as here-
inbefore described, in an auxiliary telephone
central-office system, of a series of lines con-
verging to said stations, a series of circuit-
changers therefor arranged in a circle, each
sub-station line being represented in the said
series by a single earth-terminal circuit-chang:-
er, and also lw a series of separate connect-
ing circuit- changers, one for every line in the
_System, a trunk line extending from a distant
central station, an antomatic selecting and con-
necting apparatus located at-the auxiliary sta-

tion, fixed at the center of the circuit-changer

circle and consisting of a rotating arm actuated
by a clock-train motor, and adapted to trav.
erse the edge of the said circle within range
of the several circuit-changers, a stop or unt-
sont adapted to arrest the motion of the rotat-
ing arm and clock-motor at the end of each
I‘evolutlon, and an electro-magnet provided
with an armature and armature-lever, and
included in a separate main-line clrcmt ex-

tending from a distant station, the said elec-

tro-magnet being adapted, as herein shown
and described, to control at all times the ro-
tating arm for the purposes specified.

5. The combination, in an auxiliary tele-
phone-exchange sy Stem of two or more sub-
station lines converging to a central point, each
provided at its sub-stations with telephones
and signaling apparatus, and each having in

‘branch circuit at the said central point a me-

chanical ground - switch and a series of me-
chanical connecting -switches equal in num-
ber to the total namber of converging sub-sta-

tion lines less one, with a trunk llne connect-
ing said point of convergence with a distant
central station, an eleotro -magnet included in

the said trunk- line circuit, and apparatus com-
prising a revolving arm, a motor to revolve

the same, and a ]ever acbuated by the electro-
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magnet to-control the said arm, whereby the
oround-switch of any sub- station line may be

antomatically oljerated, and whereby any palr
or number of pairs may be autonntleally COn-
nected together at the will of the operator at

the dlsta,nt central station.

6. The combination, with a 1ever adapted
to be rotated in a hm]mntal plane and to
rock on a pivot in a vertical plane, an electro-
magnet, an armatare, and an armature-lever
controllmn the vertlcal rocking movement of
the said rotatable lever by a beari ing thereon

at a point immediately above the center of To-
tation, of aseries of mechanical circult-chang-
ers or-switches arranged in circular series in.

ITI§

120

125

the orbit of revolution of the said rotatable-
lever and within range of thelonger arm there- -

of, the said arm being brought alternately into
']mitaposnlon with each cireuit: changer by its
rotation, and being caused to opemte any.de-

| sired one 1n passing by its rocking movement

I30




10

LS

20

30

40

50

60

under the actuation of the controlling-lever
and electro-magnet, substantially as hel einbe-
fore described.

7. The combination, in an auxiliary central
Si‘.ﬁlti{)l] of a main or trunk line, a series of

sub-station lines, a ground- Lenm]ml ineluding:
a high resistance ]101‘111“111t,11l]v conneeted w1t11 |

the main line, and normally serving the sub-
station lines lllhO and means, as nuhcﬂled
actuated by an e]evm o-magnet included in the
matin line-cireuit for {]I%(DIIIIECLIH“‘ the several
sub-station lines from the said ”'l{)lll]{] termi-
nal, substantially as described.

S The comDbination, in a subsidiary tele-
phone-exchange, of a lever saupported on a
vertical rot: 1t¢1ble shalt, so as to be rotated by
a suitable motor in a borizontal plane and
hung on pivots at a point nearer to one end
1111111 the other, so that the longer arm is nor-
mally deple%ed, and 5o that it may rock on
the said pivots in a vertical plane, a stop or
unison post against whielt the said longer arm
rests to normally arrest the rotary ‘motion
thereof, the said post being electrically con-
nected with the common terminal wire of a
namber of cireuits, a controlling -lever fur-
nished with an armature and Upuated by an
clectro-magnet in a main cireuit, the said le-
ver at 1ts free end resting lightly upon the
rocking lever at a point in the same vertical
plane as its center of rotation, and a ground-
wire, including a rheostat or other suitable
resistance, attached to the said controlling-le-

er,whereby the several cirenits connected by
the common terminal-wire with the said uni-
son-post are completed to the earth through
the satd rheostat when the apparatus is at rest
through the conducting substance of the said
post, the two levers, the ground-wire, and re-
sistances, whereby the said cirenits may be
disconnected from the said earth-terminal, and

reconnected to earth dirveet by releasing the
rotating leverfrom the said post, &ub%tdntm]]y
as 1_1(,1(-*1*1 specified.

9. The combination of a series of mechanieal
switehes or circuit changers arranged round
the eircumference of a cirele, each consisting
of contact - springs sunitably mounted upon
base-blocks, and of metal plates mounted on
arbors or pivots, so that when turned in one
direction they may be cansed to malke contact
with the sand springs, and when turned in the
other direetion they may be freed from such
contact, with a traveling arm supported upon
a vertical shaft actuated by a suitable motor
to pass round the circle of circuit-changers
within range thereol and passing each sue-
cessively, and actuated by an armature-lever,
and an electro-magnet in an independent cir-
cuit to fly upward and strike when passing
any desired cireuit - changer to operate the
same, as specified.

10. The combination of a selecting mech-
aunism at a subsidiary exchange, with a series
of ground-switches, each representing a sepa-
afe sub-stiation eireuit,and each comprising a

¥
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- contact-spring mounted on a nietal block, and

a tilting ground-plate therefor, a trunk line,
and an eleetro-magnet included therein, con-
trolling the satd selecting mechanism, the said
trunk line extending between the subsidiary
exchangeand a central station, asource of elec-
tric energy located at the said central station,
and a key or other circuit-closer, whereby the
current from such source may be directed
momentarily to the line to set in motion the
seleeting mechanism, and again when the
selecting mechanism arrives at the desired
circuit: to throw the ground-connection from
the said ecircuit, and to signal the same by re-
peated contacts with the metal base-bloek of
the ground-switch, substantially as specified.
]1 The emnhuntlou of a ground-switeh, a
metal supporting and Slwmlmg block, a con-
necting-switeh, a revolving arm, a motor to
aetnmte the same past the said block and
switeh, and a separate lever operated by an
electro-magnet to start the motorand to hring
the mvolwnn arm in contact with thesaid in-
erlmlem"Lhtles as 1t passes them all at an
auxiliary exchange, with a trunlk line from

sald auxiliary exchange to a distant central

station, and a source of electric energy, a

cireuit-closi ng key, and an indicator adapted

to rotate &.Vne]nmmus]v with the said revoiv-
ing arm all at a main station, whereby the
cuuenb from such source may be directed fo
line momentarily, to start the motor and re-
volving arm ag 1in when the desired circuit
18 1‘(11(3110(] to throw off the ground-plate; a
third tmm to send sign: letuthe sub-station by
striking Lht,, rotating arm any namber of times
g inst Lhe call-block as 1t passes the same;
.zmd finally, to operate the crmnecbmmmvlbch
and connect the two lines together, substan-
tially as hereinbefore described.

12. A mechanical switch or circuit-changer

consisting, substantially as hereinbefore de-

scribed, of a mnon-conducting basc-block or
Snpporb, two contact-springs affixed thercto
and supported thereon,each of the said springs
constituting a separate cireuit-con nection, and
a L(}I]dll(}lﬂll“ block ~or plate having a broad
upper sm‘ﬂwe the said plate being balanced
on a pivot 8o % to tilt i either (]11‘{‘(‘(](}1] in
combination with a movable aetuating-arnm,
whereby, when erect,said plate may he ¢ mc;ed
to impinge upon both circuit-springs and unite
the sameelectrically, and when tilted in either
direction by said arm it may be disconnected
from the said springs, opening the cireuit be-
tween them.

15. A mechanical switch or eireuit changer,
consisting, substantially as herein shown and
described, of a contact-spring attached to a
metal b: 130 and connected by wire with one
part of the circuit, and a conducting block or
plate connected by wire with the other part
of the circuit, and pivoted at its center so as
to be tilted in either direection,
bion with a movable actuating - arm, wlhereby

- sald plate is adapted, when tllted in one di-

in comlinge
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‘rection, to impinge upon the said contact-

spring and to make frictional contact there-
with and close the circuit, and when tilted 1n
the other direction by said arm to be freed
from such contact, opening the circuit.

14. The combination, in an auxiliary cen-
tral station, of a main or trunk line extending
from a distant central station, a series of sub-

station lines, each provided at the point of

convergence of all the lines with two branch-

es, one of the said branches terminating ina.

oround-connection and the other extending
fo aseries of normally-open sub-branches, each
of which ends in a connecting-spring placed

in close contiguity to a spring representing

'-some other circuit, the said ground-connec-

20

tions . and connecting - springs being all ar-
ranged in circular form, a common ground-
terminal for main and sub station lines, an
electro-magnet included in the main line, and
means, consisting, substantially as ‘described,
of a clock-rotated lever revolving within the
circle of ground-connections, and line-con-
nectors controlled by the said electro-magnet,
and operated over the trunk linefrom the dis-

tant station, whereby the oground-connection
~may be removed from any one or more of the

39
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sub-station lines, and whereby one or more
pairs of the sub-station lines may be connected
together, substantially as hereinbefore de-

seribed.

15. The combination, in an auxiliary ex-

change system, substantially as hereinbefore

described, of a main or trunk line cireuitcon-
necting with a distant central station, an elec-
tro-magnet included therein, and a oround-
terminal wire therefor, including a suitable
resistance, with a rotatable rocking lever, a
clock-motor therefor, a stop or unison post,

against which the rotatable lever normally

rests, a controlling-lever attached to an arma-
ture governed by the sald electro-magnet, and
resting at its free end upon the rotatable lever
at a point in the same vertical plane with 1ts
center of rotation, whereby the said control-
ling-lever is enabled to control at any fime
the rocking movement of the said rotatable
Jever, a connecting-wire from the said control-
ling-lever to a point on the main-circuit

oround-wire between the electro-magnet and

the resistance, and a series of sub-station cir-
cuits, converging to a common terminal wire
leading to the stop-post, whereby, when the
apparatus is at rest, the several sub-station
lines and the main or trunk lineare provided
with a common ground-terminal and resist-
ance, and whereby the said sub-station lines
may be disconnected from the same when the
rotatable lever is by the depression of the
controlling-lever released from the stop-post,

- for the purposes described.

" 16. The combination, in an auxiliary cen-
tral station, of a main or trunk line, a series
of sub-station lines, each having in circuit a

. snitable resistance,a ground-terminal,likewise
including a resistance, the said ground-termi- |

and connecting mechanism

'nal being permanently econnected with the

main line, and normally serving as the com-
mon ground-terminal of the several suh-station
lines also, and means, as indicated, actuated
by an electro-magnet included in the main-
line cireuit for disconnecting the several sub-
station lines from the said ground-terminal
when desired, substantially as specified.

17. The combination, in an auxiliary tele-
phone - exchange, Wwith 2 series of ground-

switches of the character herein described,

each representing the terminal of a sub-sta-
tion line, and a series of metallic base or call
plates to which such ground-switches are at-
tached, the whole being arranged round the
segment of a circle, of a trunk line extending
hetween the station where the said appliances
arelocated and a distant central-station, signal-

‘sending apparatus at said distant station, and

a rotating line-selecting arm operated by an
electro-magnet included in the trunk-line cir-

cuit, the said arm also being in a branch cir-

cuit from the said trunk line and adapted to
pass the several ground - switches and call-
plates successively, and to be brought into
contact with the same when desired, whereby
the call-signals transmitted from the said cen-
tral station may be directed by means of the
said arm and call-plate to the desired sub-sta-
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tion, and whereby the trunk line may be tem-

porarily united with any of the said sub-station

lines for listening purposes or for telephonic.

communications, substantially as herein de-
seribed.

100

18. The combination of & series of sub-sta-

tion lines converging to a subsidiary exchange,
a series of sub-stations, one or more located.
on each line and provided with call signal-
transmitting devices, a central station and
call-receiving instruments located thereat, a
trunk line extending between the central and
subsidiary exchanges, and a series of resist-
ances included in the trunk line and sub-sta-
tion circunits, the said sub-station circuits be-
ing normally connected as a joint or comp ound
branch cireuib of the said trunk line, whereby
call-signals transmitted from any of the sub-
stations are prevented from being dissipdted
over the other sub-station lines, and may be
caused to operate the call-recelving instru-
ments at the central station.

19. The combination, substantially as here-
inbefore deseribed, of a series of sub-station
lines converging to a subsidlary cenfral sta-
tion, a trunk line connechbing said subsidiary
station to a main central station, a selecting
located at.the said
subsidiary exchange and comprising an elec-
tro-magnet in the trunk-line circuit, and ro-
tating lever and controlling-lever in a branch
cirewit of said trunk line, whereby the action
of the main station said rotating lever may
connect itself with one of the sub-station lines,
opening each of the others, a battery, key,

and indicating -dial at said central station,
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whereby the selecting device may be operated
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- thereto at the subsidiary exchange, may be
- said central station, for the purposes specified.
~Inbefore deseribed, of a lever placed on a ver-

1O

15 . o
- acontrolling-lever furnished with an armatuare,

20,

- trolling-lever irrespective of the position of
- the former in its orbit of horizontal rotation,

25

by means of the electro-magnet, and a switch- |
~ board also at the central station, whereby the

‘rocking lever at a point in the same vertical

trunk line and through it the line united
conneeted with any other line entering the
20. The combination, substantially as here-

tical shaft and actuated by 2 clock-train mo-
tor to rotate in a horizontal plane, but fixed
unequally on pivots, s0 as to rock in a verti-
cal plane, a stop or unison post with which
the longer arm of said lever is normally in
contact, and which by such normal contact
maintains the quieseence of the said motor,

and normally being in light contact with the

plane as the center of rotation thereof, so that
the rocking movement of the rotating lever is |
at all times under the contro] of the said con-.

and an electro-magnet in a main circuit,
adapted, when energized, to attract the said
armature, and to depress thereby the free end
of said controlling-lever, whereby the rotat-
ing lever may be released from its stop, the |

motor permitted to move and to rotate the
saud rotating lever, and also whereby theshort 30

arm of the rotating lever may be depressed

‘and the longer arm correspondingly elevated
‘ab any desired point in the sphere of its revo- -
lution, for the purposes specified. |

21. The combination, in an auxiliary cen-

. 35
‘tral station, of a main or trunk line, a series
‘of sub-station lines, a ground-terminal Includ-

ing a high resistance permanently connected

with the main line, and normally serving the
40

sub-station lines also, a separate and direct

ground-terminal, means, as indicated, actuated -

| by an electro-magnet included in the main-

line circuit for disconnecting the several sub-

station lines from the said first ground termi-
nal, and other means, as described, for there-

upon connecting them automatically to the

direct ground, _substa,ntia,lIy as described.
~ Intestimony whereof I have signed my name -

to this specification, in the presence of two

1885. __ .
B TIIEO N. VATL.
‘Witnesses: I '
- GEO. WILLIS PIRROE,
- THos. D. Lockwoon.,

‘Subscribing witnesses, this 4th day of April, ' 50
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