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BY GEORGE WILLIAMN L0
MESNE ASSIGNIMENTS,
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e
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CEW YORX.

Be it known that we, Groren WirLian
Lonrtwer, a subject of the 1\mn oi (ireat Brit-
ain, vesident of Pi iqua, i the county of
Miami and State of Ghlo, and Jases Hovr
Loriyer, deceased, late a subject of the King
of Great Britai n, have invented certain new
and useful Im plovﬂ,ments in  Automatic
Telephone-Exchanges, of which the follow-
ingisa spemﬁcatlop

This invention relates to that class of o al-

paratus  known as automatic exchanges
whereby aity one of a number of substatio)
such for instance, as telephone subseribers’
stations may be put in electrical connection
with any other substation without requiring
the services. of central office operators,
through the automatic operation of ceatral
office anparatus common to the substations
and controlled by them over wires or eircuits
connecting said substations with the central
office.

The Invention claimed in the present ap-
plication relates more particularly to the
employment of central energy’ for talking,

N

-signaling and for adjusting central ex-

chanoe 1pparatu as digelosed in our prior
appheatlon for patent, ﬁled April 24th, 1900,
Serial No. 14,075.

The first part of the invention claimed in
the present application and described in our
nrevious application before referved to re-
lates to the employment of central energy
not only for the purpose of controlling or
actuating those parts of the exchange appa-
ratus Whlch require to be set to :lm erent
positions according to the different numbers
of the various subscribers’ stations, but also
for the purpose of oral transmission by the
sual contact or battery transmitters at sub-
seriber’s station and ‘Llc:»O for ringing up the
called subscriber.

-One part of our mventlon consists, broadly,
in the use of central energy for talking com-
bined with means controlled by a signal
from a subscriber’s station for connecting

said source of central energy and a repeat-

ing finduction coil with the calling and

called subscribers’ circuits after the settmg.

of the exchange apparatus to the desired
positions by the selecting impulses. )
Another ‘part of the invention consists in

MRS X ’)YT LGRII‘{EER, DECEASED; oF _PIQUA, OO,

EXCUHANGE,

1,204,285, Patented Feb. 11,1919,
Application fled Neovember 26, 1801, Serial Wo. 83,801, Renewed June 5, 1918, Serial Wo. 258,399,
"o all whom it may concern; the vse of central energy for sign 'uhng con-

7} r:]Jeci as hereinafter described and claimed.
Our present application also relates to cer-
sl improv einents on the apparatus de-
seribed 1 our prior apphcatmn before ve-
ferred to, and the object of this part of the
invention is to prevent racing or interfe ence
wi L‘w the position of the called subscriber’s
gual transmitter by the action of the ring-
m; current in case his transmitter sheuld
beinthe prehmmary impulse position at the
instant the calling subscriber presses his
button.

To this end the invention consists in the
provision at the central office of a suitable
relay operated over a circuit completed by
the movement of the called subscriber’s
transmitter to prehmmmy hinpulse posmon
and acting at the central oﬁice upon the cir-

cuits t} mreof to prevent the ringing currents
from going to the called subsecriber’s station
and changing or disturbing the position of
his ‘xpoarf\tus when the ecalling subsecriber
presses his button. The calhnc subscriber
will then get the line busy lndlcatlon, and
will desist from the attempt to eall, while
the called subscriber will be left free to con-
tinue his call,

Tn our prior application, as in the pres-
ent case, we have descrlbed a snbdivision
of the subseriberg’ oi.substation lines into
groups, cach group comprising any conven-
Fent or o‘\esu'ed number of hnes, say for ex-

ample, 100, and the provision for each group
of main hneq, of groups, sets or divisions of
telephone exchange switching apparatus
constituting prs ‘lCthdHV duplicates of one
another and adapted alike to be used by any
one of the substations of a group of lines for
effecting connection with the line of another
substation. Tn practice as many sets or
divisions ave amployed as may be necessary
to permit the 'maximum’ number of substa-
tions to be accommodated that will probably
desire to use the exchange at the same time.
Experience having demonstrated that the
maximum is- under ordinary commercial
conditions from 7 to 10 simultaneous con-
nections, there would be provided for each

86
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group of lines or section of the exchange .-

from 7 to 10 duplicate sets or divisions of
connecting apparatus, each embracing de-
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vices to be presently described. Provision
is .also made wheveby any substation im-

tiating o call may automatically seize and -

appropriate to its usc one of the percentage
of devices thus embraced in the exchange
and which may be idle at the required time
of use. Provision for preventing interfer-
ence in the use of it by the several substa-
tions is also provided and the apparatus for
effecting this embraces, among other things,
a means for giving control of the exchange
apparatus or a set or division thereof to the
lines non-simultaneously and in fixed order
of rotation, preferably through the medium
of a civcuit changer which closes circuit to
the various lines comprising a group of lines
successively. The various devices being
thus provided in number corresponding to
what may be called the traffic demand of the
systemn, it is obvious that they will constitute
a percentage less than the whole number of
main lines” which they, serve or, in other

-words, will be less in number than the whole

number of main Yines of a group which may
be connected to any group or set of such con-
necting apparatus. S

In the . following description: the term
“connector” is used to mean-any device in
the' form of an electric. switch, which, by
selective “aciion, may establish connection
with any one of a number of different cir-
cuit wires or connections leading to or from
said connector. By preference, we use that
form of gwitch in which fixed contact points
or tetminals and a colperating movable
brush or brushes are employed.  The term
“connector” is hereinafter employed to des-
ignate the devices called primary connector,

sscondary connector and interconnector, as

the function of these portions of the ap-
paratus is peculiarly to select one out of a
multiplicity of lines, cirenit or connections.
However, in parts of the description and
claimg where more specific designation seems
to be appropriate, they will be spoken of as
eircuit selecting switches. The same term
“circuit selecting switeh” is peculiarly ap-

ropriate for the same reason to.the device
hereinafter called thonsands register. What
we more particalarly. designate as a divi-
sion  of connecting apparatus embraces
preferably the following devices and inas-
nuch as our exchange is organized on the

“Tdsis of providing a percentage only of ap-

paratus fox eﬂ'ejcting connections, it will be
obvious that thé same kind of connectors be-

“longing to a tiumber of “divisions for the

60

same section of the: exchange taken collec-
tively constitute a group of devices less in
number than the whole number of substa-

‘tion lines of any group.. Thus, for instance,

takitig the devices hereinafter termed “sec-
ondary connector’” which is used to estab-

lish cohnection with the substation lines of

a group when they ave called lines, there

would be for such group of lines a series or
group of secondary connectors less in num-
ber than the whole number of the group
of lines served thereby. To said divisions
of which there may be a number, ag stated
before, 7 or more, embrace in our exchange,
preferably, in each division the following
devices whose function in the combination
will he more particularly hereinafter ascer-
tained : .

Ist: A device termed “secondary con-
nector” which is a circuit selecting switch
upon which all lines of a group of lines are
represented and which may be adjusted to
establish connection with a subgtation line
when such line is a called line. Each of the
group of secondary connectors comprising
the connectors upon the several divisions is
accessible for this purpose from any one of
the whole number of subscriber’s lines, a sec-
ondary connector that is for the time being,
idle, being automatically selected and iso-
Inted from wnse by other lines than the line
employing it as will be hereinafter more
particularly set forth. o

2nd: A primary connector upon which all
the lines of a group of lines are represented
and which may be adjusted to form connec-
tion between the substetion line used as a

“calling line and the circuits or connections

over which the selective signals are conveyed
to the signal receiving apparatus and over
whi¢h also talking connection is finally es-
tablished. By using a group or multiplicity

‘of sucl primary connectors forming a per-

cwntage of the main lines called and cach
capable of use by any oneof the whole num-
ber of a group of lines and by providing,
through such connectors, snitable connec-
tions to groups or series of signal receiving
devices and cireuit selecting switches, we
are enabled to adjust the amount of appa-
ratus required to the fraflic demand and
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thus malke unnecessary the use of individual

pieces of apparatus for each line.

3rd: A rotary switch for changing the

connections of varlous parts of the appa-
ratus at the varitous stages of the operation

of the circuit. selecting switches and the de-.

vices through which the calling line may
signal the called line and may form at the
central office the talking connection.

4th: A signal transmitter controller co-
vperating with the signal transmitter at the
substations in a specia]l way which is not,
however, an essential in the carrying out
of thy broad principles of our invention.

5th: An interconnector which is a cireuit
selecting switch used in a train of cireuit
selecting actions whereby the calling line
may be finally placed in conmeetion with a
secondary covnector on which the lines of

¢ same group us the calling line are repre-
the same grou the calling ling are ‘

sented or with a connector to which any
other group of lines of the exchange belong,
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lo eveniually for the
ny group of lines to
any subscriber of
fecting and adjust-

(‘cLoL of the m’onp

thus making it possibl
calling subser d,scr of a
establish connection T
the whole exchiange In
ing an idle ..i"mbr, con
. of »wond‘uy connecto
subseriber’s Tine belongs.
6th: A thousands Tegist
ployed when the excha
than a certain nnmbel *sections or groups
of niain lines, say 10; said thousands regis-
ter 1s in fact a unc'm ,ae;eu"mé, switch which
s employed when the M}r‘mu selecting” ac-
fons I-equlred to enable a calling “sub-
seriber” in lime ¢ :)Lmud in connee-
tion with'a called
more than three In
wgistez is a cireuit
is seb to position coul
of the digit in the i
called subscriber’s nuw
selective action procee
connector, and seeond
the control of
r(‘&penti\'elv te
vhcea of the e
"ir’m the for

srs said thousands
cting switch which

sands place of the
ber
tarough the inter-
7 connector under
auls corresponding
s, tens and units
"1'ibm"s number.

& will be understood
preferred form is
cordance with the
tion, although it is
it 1s not restmated

.rzrgzmized to operz

decimal system of

obvious that i

< such sy
7th: Cerinin velays tevmed signal relay,

1elea se relay and ringing velay, and acces-

sory devices to be 4 sed hereinafter.
The terms mentionsd in the above seven

heads ar '-;,)Ud only for convenience of de-
ser ription. The funeci ; of the various de-
ices will be bot“(\“ v*fiersLood from the

gene wul deseription the devices them-
sely ves and thady manner of operation from

ch it will readily e seen “that some of
the functions of the rotary. switch, signal
mlmnmer controller and nn‘grconaector
mighi be per;‘formeé, by other parts. When
the 1ppwatus ig organized upon a percent-
o busis throughout, we @uploy in addition

and for wd\ group of w xltiph city of divi-
~slongof eranecting apparatus cer ain devices
wherthy fﬂw one of d wonp of lines used as

@ mﬂmv nnn ma b sfore sending its select-

nuitically placed in con-
ton of an idle divi-
s which it is nec-
rioy in automatically
inn fo a connecting
e *econdax‘v connector
of the group te which $he called subscriber
is assigned. This apparatus, as already
stated, ig controllable by the lines of t}\e
group in which the ;nﬂ omgmates non-gi-
multaneously and in fxed order of rotation
and its action in giving such non-simultane-
s preferably effected

ous cont rol to snid lne
primarily by meomns a progressive con-

sion of connecth
essary for a line m >
establishing 2 conne
wire lu‘uhng to an 1dle

subecy L)Ql s main line are’

sndir ng to the value . th

after which the’

taét maker or civeuit changer forming a part
of the device termed a * decimal indieafor.”
Associated with said decimal ‘indicator
decimal vegister controller and division
starter, which said three devices are commen
to a nmmber of divisions of connecting ap-
paratus. These devices as combined with
the primary connec tors constitute collee-
tively speaking primary line connecting ap-
paratus whose funetion 18 to connect a “eali-
mmg main line to one out of a number or
group of idle primary connecting wires yer
which the selective signals contunhng{ the
circuit selec ting switches are received.

The terms decimal indicator, decimal reg-
ister controller and division starter are also
used only for convenience of description.
When the revolving line finder portion o
e decimal indicator finds a contact con-
nected to a substation line on which a call
has been initiated, it halts, but is vestored to
the use of otlier substa 1

RABuE)

Wity

tion lines after the
calling line bas appropriated to its use ap-
pdlams in an idie division of connixtine
apparatns., Coineidently with the seizure .
apparatus in such an idle division, & guard-
ing electric potential is established whereby
the calling line m‘w be protected from seiz-
ave by any other lne of the cxchange as
hereinafter move fully describe.

In addition to a line finder, the decimal
ndieator preferably embraces means for au-
tomatically determining the position  to
which the primary connector of the seized
dw]smn shail be sct to establish connectlou
from the calling line.

The division starter is & device employed
in association with the decimal indicator to
seize upon and appr opri iate to the use of a
calling line, apparatus in an idle division.

The decimal register controller merely
aids in setting the primary connector (o con-
nection with the linc m]hng. :

According to the broad prmcm]ob of the
invention am’ suitable means may be cw-
plo‘ved for bringing into onnlutmn an idle
set of connecting apparatus by anv salling
fine either f-mm,, {lenthy v -ﬂ) the witiation of
the call which is plcfezdh}f\ for the purpose
of e\pmltum the operation,.or by means of i
a signal given at (&71} thiie by the calling
lines.

The several d swus of connecting appa-

atug with ’rho qcoc ated means for Du‘nnt~
ting any calling lve of a group of lines to
pICk out an idle division constitute a section
of exchange apparatus that is a complete
unit adapt lee for use as an exchangs for
100 subscribers or that may be used in con-
aection with other similar sections for an ex-
change embracing as many groups of sub-
statmn hneb as may be de51red each group
comprising an arbitrary rmmber, say 100,
substation lines. For an exchange of 10
groups or 1000 substations, the thousands
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register is not necesst ary, but if additional
sections ot groups of miain Hies e’ employed,
it is desirable to use the thousands renlstur
W(, then use in each of the aforesaid divi-

stons an additional interconnector for each
additional ten groups or 1000 substations.
Sach additional interconnector. would be
werely a cireyit selecting switch duplicating
i its construction and wawanner ¢f operation
the interconnector for the first thousand
aud the thousands register would be a eir-
Juit selecting switch opex'atmn in response
to the first or thousands pi%c selecting
sigmal to pick out a civcuit selecting switch,
( x'itﬂrwnncctm ) controlling thie ((nmwtmns
to a set of idle tertiary cmmoctum wires
ronning to those groups of secondar Y o
nectors. which belong to that thowsand of

- subseribers’ lines embmcmg the line of the

- of hundred linés embracing said c
scribers’ lines. An idle ~'>condfm connector:

called subscriber and that particular group

alled sub-

or main-line-cirenit selecting switch having
thus been chosen through the civeuit select-
o action of the thousands register followed
by the circuit selecting action of the chosen
interconnector, said idle final main-line-cir-
cuit $electing switeh 1s adjusted by the se-
lective slgnals corresponding respectively to
the tens and units of the called subscribers’
number. By this train of circuit selecting
actions taking place through vnccesawdb
operating civeuit selecting m\qtchcg and by
using for each step of the train a group of
like cireuit controlling switches forming a
percentage ounly of the whole nuinber of
wires or connections from which it may
make a selettion, it becomes possible to ac-
commodate 10,000 substations
more than ten times the amount of -appava-
tus and connections that would be used for
an exchange of 1000, whereas with most sys-
tems heretofore employed the number of line
contacts and the complication of apparatus
increases as the square of the number of sub-
stations served. It will be obvious from the
subjoined description that this principle of
unployu a percentage of circult selecting
switches 13 in our apparatus extended to in-
clude not only the final main-line-cireuit se-
lecting switches, namely, the secondary con-

'nectms, but also the interconnectors or cir-

cuit selecting swit=hes acting at the hundreds
stage of selection and in the case of the use
of a thousands register, such percentage

. principle is shown as applied for those

switches which respond to the first selective
signals sent from a substation. When, how-
ever, any thousands register or any intercon-
nector has been selected and made available
for the use of any main line, it is for the

time being and during its use individual to .

that line and in that sense is as completely
a main switch as if it were. assigned per-
manently to the use of that cne line and

with o little
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could at no tine be used by any othe

While it is Pl(‘f(‘) able to carvy out the pei-
centage prineiple throngh the whole system
of sulectlno‘ .3\\']‘(ho~ wnd ul"\m)n;wdmw

wires, such p‘rmupm rayv he availed of (7111\' :

for a portion of the { »“mz of soh\ccing ac-
tions.

The- circuit wlnc ing  gwitches,
primary connector, secondary cony and
terconnector may each cousist of two
switches whose movements are codrdinated
in order to estublish connection bebween a
particular wire or convection in tnu apPa-
ratus and the hne contact or pumx de
Thig cotrdination of movenent g (‘mp%m vk
ior the purpose of redueing the ,

extent m\ moverent which would otherwise
bo NeCEssary.

Dpon one of said s Vf""(fi e all the tine
cireuits are represented in puings, hui s
points ave divided into QrouDs .
brushes which - ride over fthe respective
groups are connected to contacts or points ot
a second switeli which is termed the “regis-
ter”, and which may h,uL its brushes ad-
justed to find the brush which rides upon the
points of the particular group in the {u'_,
named switch wheve the civeuit desired is
represented.

As well understood in the ar$, however,
two movements on intersecting lines may be
given to a device carrying a by mh ot brughes
and by the codrdination ot these movements
the particular group and contact Point do-
511‘&(1 In said group may be found. 1t is pre-
ferred, however, to uge the expedient of two
independent switch wus, one of which s
adjusted to find the group ‘of points in which
the line desired ig lom{vu. while the other is
adjusted over the points of said ;410\1]1 to so-
leet or find the papticular point wanted.

Each primary connector, secondary connee-
tor and interconnector’; yaccording to this pre-
10110(1 plan, cmbraces therefores a switeh
having contacts or points for all of the lines
or ulomt&, and.a second switeh having a
limited number of contacts connected re-
spectively with brushes widing over tho
groups or sub-divisions into which the con-
tacts of the first named ave supposedly di-
vided. The sccond switch is herein termed
the “register”. The first 15 the “eylinder” or

cyhnder switeh” The two constitute the
connector.

As the register portion of the device may
be. of comp‘nahvdy small dimensions, it
may be operated by means of a stepping or
escape magnet. For the cylinder portion of
the connector, or rather for operating the
brushes thereof it is preferable to use a
power constantlv acting which is coupled
fo and uncoupled from the shaft CALTVIng
said brushes by means of a
magnetically controlled.

The chfches may, howewr, be adjusted
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and bronght to rest in the desired position
by the magmetic or electromagnetic aeta-
ating or controlling device, as will be weil
understood by electricians.

In our prior application, we have claimed
broadly the subdivision of the subscribers’
lines into groups and the provision for each
group of two or more main-line circuit se-
lecting switches, (secondary connector) each
adapted to serve all the lines of that group
in a manner to establish connection with
any one of the lines as a called line and the
further provision of means whereby sny one

of all the groups of lines when used ag 2 &

calling line may establish a counecticn with
an idle one of the group of secondary con-
nectors in any one of the whole number of
groups so as to be able to establish a con-
nection with a subscriber in any one of the
whole number of groups of lines, and, there-
fore, with any liné of the whole e wc‘hange
We have also claimed in said upphca’cmn
the provision of a primary connector and a
secondary connector on each section of the
exchange, the primary connector being ap-

propriated to forming connection with eall- -

ing lines, and the secondmv connector o
formmg connection with the called lines snd
intermediate devices whereby a connection
may be established between the called line
found upon the secondary connector and the
calling line found upon the primary connec-
tor.

We have furtner clzumed thereln an ex-
change having a primary connector and sec-
ondary corinector on each section as de-
seribed, and suitable means for establish-
ing s connection between the primary con-
nector of one section of the exchange; also
the subdivision of the. sections of the ex-
change into groups or grand divisions, each
-1ccommndauma a thousand more or less sub-
station lines, and each provided with suit-
able main-line-circuit selecting switches, and
further; providing and mflhmc avwﬂao?e
to the ubstauon hnes a series of mtercon-
nectors or cm‘al(, selecting swfcches control-
ling respectively connections leading to the
_ s’ﬂcmdfny connectors of said gr: Jid divisions
s0 as to permit any main h b‘" m auto-

. matically controlled action, to “)1 k out a

paviicular one of the series of intercon-
nectors assigned to a thousand grand divi-
stons and }m such interconnector io establish
coiinection with one of the secondary con-
nectors in that division and threugh the ad-
jnstment of the latter to establish connection
with the called lne.

We have also claimed in said application
the estub}x shing of a guarding potential for
o walling line as soon as the substation in-
itintes o call whereby the line of said sub-
on ey he antomatically protected from
zure by any other line and a similar
g ,,\mmn potential (as socn as the second-

&

enit selec

e 3

ary connector i sob or adjusted to proj P

position) whereby the calied Iine may b

proae‘weﬁ from saizurs by any other line
ran the one fivst calling.

This | profection agamt in Jerferenco is
secured bv rendering the part or parts of the
oowneutmu apparatus inoperative by means
of an eleciro-magnet operated from the cir-
ouit or o ortions of the apparatus on which
the guarding potential is established. . One
of the ways in which this nlagnet may act
is to cut off the conmo}lmg or v'eleasmg
carrent by which the pums are set to posi-
for offcting _connection, but said mag-
net might e made to act in other ways, as
we'z mdessiood in the electric art, so as to
vender the device inoperative In & manner
to prevent in termrewe

The preferable way of using this guarding
potential is to miake it ﬂontrol through a
suitable magnei, the action of a c1f'(,u1t clos-
ing deV’CO which must go to circuit closing
position in order to form a fa Jking - con-
nection between the calling and called sub-
scribers” iines. ‘

In said application we huve also se
ag in the preseni cage, the uge of g
tiom controiler” by wenns of hich t.he ca.ﬂs
coming from s ramﬂbu of tin
tirne ave 4 jalex
nectors of the s
vent the same : ;
secondary connector from two or thors lines
:*J_ the same insfant wuder con litlons fo he

seribed heveinaf Th
mo its the gpacin
from £wo ¢
which 1s
'm,’xm or,
erative connection

es_uon, an\i d 2&
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switch; Figs. 7, 8 and 9 are similar views of
the signal ‘transmitter controller, intercon-

" nector jand - secondary connector. ' For con-

venience the thousands register, signal relay,
release relay and ringing relay of one divi-
sion together with some other parts are also
shown in Fig. 7; Fig. 10 is a skeleton dia-

gram showing how difféerent sections of the

" ¢uchange are connected to one another; Fig.

10

15

20

1 is a general plan of the cylinder switch,
the register, and the controlling magnet and
mechanism connected therewith; Fig. 12 is a

‘side elevation of the same apparatus; Fig. 13

is a plan view of the cylinder switch with
the parts supported at the top of the rotary
shaft removed; Fig. 14 is a cross vertical
scetion on the line (A—A) Fig. 13; Fig. 15
1s 2 detail showing one of the contact ‘pieces
oy the switch cylinder; Fig. 16 is a plan of
the cluteh and its connected mechanism look-
ing from beneath ; Fig. 17 is a detail showin

the adjustment for the retractor spring of
the armature, Tig. 16; Fig. 18 is a cross sec-

tio: on the line (B—B) Fig. 16; Figs. 19°

and 20 are plan views of the register illus-
trating the nranner in which it is restored to

_zern; Fig. 21 is a vertical section through

the parts secured to the brush carrying shaft

© of the cylinder switch; Fig. 22 illustrates a

30
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85

modification in the maner of restoring the

register to zero; Fig. 23 illustrates the con-'

secution controller; Fig. 24 is g side cleva-
tion, and Fig. 25 a vertical'section on the line
{C—-C) Fig. 26, of a preferred construction
of the decimal 1ndicator; Fig. 26 is a’ plan
of the same; Fig. 27 is a plan view with the
plate which carries the magnets and brushes
removed ;- Fig. 28 is 2 detail side elevation
of the stop magnet for the decimal indicator,
and ifig. 29 is a detail plan of the frame with
the magnet removed; Fig. 30 is a general
plau view of the decimal register controller;
TFig. 81 is a side elevation of the same; Fig.

D¢

32 is an elevation showing the preferred con-

i struction of apparatus used at the substa-

tion; Fig. 33 is a horizontal cross section on
the line (D—D) Fig. 32; Fig. 34 is a rear

elevation of the apparatus shown in Fig. 823,

Fig. 35 is a detail view showing the switeh
springs and contact stops, Fig. 34; Fig. 36 is
a face view of the indicator used in connec-
tion with the signal transmitter at the sub-
station; Fig. 37 is a cross section ou the line
(E—E) of Fig. 36, and Fig. 38 is a cross
section on the line (F—F) of Fig. 36; Fig.
39 is a diagram of the connections of the
substation apparatus.

In the skeleton diagram, Fig. 1, the prin-
cipal parts for five divisions of one section
are shown. The purts are thus designated:
4 is the primary connector; 5 is the rotary
switch; 6 is the signal transmitter controller;
7 and 8 are two interconnectors respectively
for the first and second thousands of the ex-
\‘?hangc; 9 the secondary connector; 10 the
§

decimal indicator; 11 the decimal register
controller, and 12 the division starter.

The various connections between the parts
may be more readily followed by placing the
diagrams, Figs. 2, 3,4, 5, 6, 7, 8 and 9, re-
spectively in the same general relative posi-
tion in which the parts 10,11, 12,4, 5, 6,7, 8
and 9 respectively are shown in Fig. 1,

Defore describing in detail the several
Darts of a division, & construction of a eylin-
der switeh and cluteh, and a register switeh
suitable for
scribed.

Cylinder switch.

Referring to Figs. 11 to 15, the fixed con-
tacts 60 are pieces of wire or sheet metal
formed preferably as indicated. in Fig. 15,
and anchored in plaster-of-Paris or other
insulating material. In the diagrams the
contact ends of these pieces are shown by
cireles, Thelr inner ends project for en-
gagement by the switch brushes,while their
outer ends are left, free for the attachment
of wires or condnetors. The cylinder shown
has 12 longitudinal rows of contacts 60 each
row or ring containing 44 contacts; or four
quadrants of 11 contacts each, but might
have a greater or less number. Four corre-
sponding sets or gangs of brushes ¢f which
there are 12 in each vertical row, engage
with the inner ends of the contacts and are
carried by shaft 62 driven by gear wheel 63.

The cylinder 24 is fastened between two
plates 64. The Jower one is secured to a
plate 65, carvying a bearing for the shaft 62,
and provided with a depending pivot 66,
that enters a socket in the bracket 67, se-
cured to the frame of the apparatus; This
construction .permits the cylinder to be
swung away from its driving gear and al-
lows ready access to the outer ends of the
contact plates or points around its whole
peripliery. Each brush 61 consists, pref-
erably, of two springs turned up at their
forward edges to permit them to slide read-
ily into contact with the ends of the plates
60, and grasp said ends between them. The
brhishes 61 are set in slots cut in a block 67,
of vuleanite or other insulating material,
and are secured therein by clamp plates 68,
sectred to the face of the block 67, and in-
sulated from the brushes by the sheets 69 of
non-condnctor.  'Wires 71 secured to the

inner ends of the brushes pass out through 1

the upper ‘end of the cylinder 24 to connect

‘to other parts, or connect the brushes in pair

so 1 to connect the two contacts 60, upon’
which they are for the time bearing, and
thus close circuit between the two wires at-
tached respectively. to the outer ends of said
contacts. The blocks 67 are fastened to the
face of the arms of casting 70, secared to the
shaft 62. o ‘

The device, as thus constructed, affords a
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rotary switch ‘or circuit closer that may be
very cheaply constructed, with a large num-
‘ber of contact: points, sinee ‘the contacts 60
.may be stamped or eut in quantities from

sheet metal; and being assembled in 2 mold

_in proper position all that is required in

10

15

order to complete tlie switch cylinder is to
cast the insitlation arcund them in the form

shown, -

By -eonnécting the contacts 60 to the cir-

‘enits to be controlled, or to one another in
-TOWSs, or in any desired relation, and by con-

nection of the brushes 61 to one another, or
to other parts through the wires 71, the de-
vice may be used for the primary connector,

‘the secondary connector, the interconnector,
“the rotary switch and the signal {ransmitter

contyHer, -or for other parts, although for
some of these parts not all of the contacts
and brushes need to be utilized.

The -parts to which the wires 71 connect
depend upon ‘the use to which the device is
put; that is to say, what part of the appa-

. ratus it is employed in. Generally the con-

25

nections are to the contacts, brushes and elec-

- tromagnet -of the device termed “the regis-

‘30

85

ter ”'and, as illustrated in Figs. 5, 8, and 9.
The two ‘dontacts 60, whose brushes are

bridged, may be any two contacts and can-

not, ‘well be-identified -at this point. The
two contacts may he connected in very many

sways, as for instance, shown in Figs 5 and 9.

- The ‘manner of connecting themx for the

primary -connector, rotary switch, signal
‘transmitter - controller, interconnector. and
‘secondary connector, is shown in the: vari-
-ous diagrams illustrating such severa] parts,

“and it can oily be undefstood from an in-

40

‘spection of those diagrams and thé reading

of the general operation following later on. -

The ‘movement ‘of the ‘shaft 62 may be

- “controlled ‘in -any ' desired -way, as’ for in-

45

50

(533
o™

60
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stance by medns of an electromagnet 14 op-
erating on a clutch between the wheel 63 and
a suitable driving:power, ~ - . -
The . electromagnet. 14, when -energized,
connects the wheel 63 with a suitable driving
power, and when deénergized, permits the
clutch-to: disconnect the wheel 63 and driv-

ing power so that the shaft €2 will come to-

rest. :

~The clhutch.

The clutch and gear may be of the fol-
lowing or ‘any other desired construetion.

- {See also Figs. 16, 17 .and 18). 72, is &

wheel‘gearing to wheel 63 npon the brush
carrying shaft 62 The shaft .of wheel 72
carries o ‘wheel ‘82 geared through idler
wheels with' a “wheel 81 retating loosely on
shaft 75, and having clutch control disk 23
fastened ‘to its hub. The edge of the disk
is eut or notched to permit the enirance of a
dog 83, carried by ellbow lever 84. An-elec-

“tromagnet 14 operates the Jever and brings

“a serrated wheel 76 into engagement with a
serrated wheel or disk 74 keyed to a power-
driven shaft 78, When the wheels are en-
gaged power is transmitted to the wheel 72,
and wheel 83 of the brush carrying shaft
~from shaft 75 through wheel 78 ox the same
shaft with wheel 76 through an idle wheel
to wheel 78, and 5 second whee] 80 on the
same shaft with 79 and gearing to the wheel
72.  Wheéels 76 and 78 are mounted in & piv-
oted frame 77, which also carries the idler
wheels connecting wheels 78 and 79, and-is
operated by a roller on the end of the arma-
ture lever 8¢. The gearing shown is such
that the wheel 63 with the brush carrying
shaft 62 to which i is attached "will make
one whole revolution for one whole revoln-
tion of the disk 28, and the netches in the
quadrant where they are shown close to one
another ave so spaced that the brushes will
pass from one vertical row of contacts in
the switch cylinder to the next vertical row
while the edgé of the disk revolves a dis-
tance equal to that between the centers of
adjoining notches. . As soon as the magnet

Tifts the dog out of the notch and causes the
clutch to engage, the disk 23 will begin to
revolve go that the dog 83 rides on the con--
tinuous edge of the digk between the notches,
It keeps the cluteh engaped until the next
noteh g, veached.  Fhe: Tut’ch»will then be
automatically disengaged if:the magnet be
‘then discharged. “The wheel T2 and disk 28
will then come to vest together with all the

other parts geared up to them, such as wheel 1

63 attached o the hrush carrying shafi 62.
A momentary action of the magnet will Lifi
the dog out of the notch in the disk and
immediately set - the parts to revelving.
The notches are so spiced as to cause the
cylinder brushes to advance one or more, or
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any desired number of whole steps, depend-

ing upon the space between the notches. It
is obvious that the longer the space the far-
ther the brushes carried by the shaft will
revolve hefore the dog finds another notch.
When. it finds said noteh, it will drop into
it and disconnect the chiteh, thus bringing
the brushes to rest.” In some casés it may
he desived to have the hrushes revelve over a
number of contacts in the: cylinder before
‘they come to rest. The avvangement of the
notches snitable for the ‘primary connecior,
rotary switch, signal transiitter controller,
interconnector sad secondary connector; is
shown on the diagram of these devices, Figs.
5,6, 7. 8 and 9, ’ -

The disk (Fige. 11 and . 16) shown is
notched suitably to bring the brushes to rest
in 11 different positions, namely, normal or
N, O, and 1 to 9 inclusive: that:is to say,
in 10 different positions after leaving the
normal position N3 and then to cause the

without stopping, This arrangement of

116
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" brushes to make a thres-quarters revolution
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notches is suitable for the primary con-
nector or secondary connector when the con-
taets ave arvanged according to the decimal
system. When the dog is lifted from the
Iast notch of the group shown, the disk and
the brush shaft will make three-quarters of
a revolution without stopping until the dog
irly the normal or first notch of the group,
it will come to rest. The arrange-
tehes may obviously he varied to
regairements.

o
suif the

The register.

This may be constructed as shown in Figs.
25 is a sector of insulating ma-
terial like plaster-of-Paris in which any
desired number of rows of contacts 60 are
anchiored, and in position to be engaged by
& gang of brushes 61, as many in number ay
the rows of contacts. Brushes 61 are mount-
ed in an insulating block secured to a sup-
port 86 that in turn is fastened to an es-
capement sector 87, The number of rows of
contacts would depend upon the number of
conbections to be made 1 each of the va-
rious positions which the register brushes
are caused to take by the signals from the
subseriber’s station. For the primary con
nector there would be, preferably, three rows

1 as shown by the three curved parallel rows

of contacts at the top of Fig. 5. Through
the contacts of one row the connections for
the No. 2 side of the various lines of a sec-
tion would be made and through the middle
row for No. 1 side, while the inner row of
sontacts wouald serve for making the simulta-
neous connections with the corresponding

guard wires. which furnish the g}t}la.rding po-
tential already described for each line. For

thie interconnector, as shown in Fig. 8, there

would be four such rows of contacts corre-’

sponding respectively to the four bus wires
223, 622, 623 and 296, in each set of bus
wires. For the secondary connector three
such sets would be employed as shown in
Fig. 9, said three sets corresponding respec-

~ tively to.the three tap wires 325, 522, and

50

L g
(51

80

i of cach section, the thouss

523, which are joined to the No. 1 and No. 2

sides of the line, and to the guard wire 3 in~

multiple with the connections taken to said
wires from the contacts in the eylinder of the
primary connector. When the register is
used in connection with the eylinder switch,
it is preferably mounted on a plate 92 se-
cured to gear wheel 63 so as to revolve with
the brushes of the gwitch eylinder. It is so
mounted in the case of the primary connec-
tor, secondary connector and interconnector.
In the case of the thousands register no cylin-

der switch is necessary, since the number of -

the possible connections required to be made
thrvough it is comparatively small. Thus, in
the case of an exchange of 5000 subscribers
roquiring 5 interconnectors for each division

nds roglster woald

1,294,285

be required to complete one of five circuits
only. In each’ curvéd row of sector con-
tacts there would be .provided for the pri-
mary connector, 11 contacts. To the first of
them upon which the brushes 61 normally
rest, no connection would be made, and this
contact is termed the “normal contact”. The
succéeding contacts, 10 in number, corre-
spond respectively to the values 1'to 9 inclu-
sivé, and the character 0. The first contacy
engaged by the brushes after reaching the
normal is assigned to the zero character, and
the succeeding ones in order corresponding
to the values 1,2, 3, 4,5,6, 7,8 and 9.

- As will be seen, therefore, in the decimai
system, and for the purpose of making the
connections required, each of said contacts
after the normal contact would have a con-
nection from- it to a separate brush of the
switch cylinder. In the case of the second-
ary connector, the diagram of which is
shown in Fig. 9, 12 contacts would be pro-
vided in each row, the first of which would
be the normal contact, the next marked 500
2 dead contact (that is, it would have no con-

.nection) since 1n the case of the secondary

connector it is desired that the connection
should be temporarily opened after the
brushes make their first step. The succeed-
ing 10 contacts furnish the connections 0,
1, 2, 3, 4, &c. the same as in the case of the
primary connector.

A spring 88 secured at its free end to a
strap wound around the hub of the escape-
ment sector tends to turn the sector in the
direction of the arrow and cause the brushes
to move one whole step for each to and fro
movement of the scape lever 89, which is
moved in ohe direction by the armature of
magnet 28 -adapted to engage an arm 90,
and in the other by a spring 95.

The brush of the register normally rests
on a contact with which in the case of the
primary connector no connection is made,
and this is normal position. Upon the move-
ment forward to the next contact by the
action of magnet 18, or magnet 29, Fig. 5,
it will form. an electrical connection to one
of the brushés - of the cylinder switch if said
first contact be utilized as an electrical con-
tact. In the primary connéctor, Fig. b, this
contact woulg be connected to that brush
of the cylinder which moves over cylinder
conticts for the first 10 lines of the section,
and the next contact or set-of three contacts
in the same curved line would be connected
to the brush or brushes belonging to lines
10 to 19, and so on. The manner of connec-
tion of said contacts with brushes of the cyl-
inder may be clearly understood by reference
to Figs. 5 and 9. The three rows of sector

_contacts for the register are shown arranged

in an arc of a circle at the top of the figure
in each case, and the rows of contacts of the
eyhnder arve shown projected in straight
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-and are hence called “dedd conta
‘ab thb first step forward of the B;

.63, 50 as to 1otf1te with-it.

1,982

lines. The wovement of the™ .cylinder
brushes is deross the figure from left to 1'1g‘1t
sector brushes 1s
in the are of a circle over the contacts ar-
ranged above the plate 87, Aﬂfl in o direc-
tion from right to left.. The c\mm, en~
gaged by the brushes of the register at the
fcomm step forward from normal posmop

‘are shown connected to three brushes of the

eylinder.  The three similar coniacts of sald
vegister sector at the various positions scei-
pied by the register brushes in moving over
them in the ave of a cirele would be similk nm
conneeted each to their own set of three eyi-
inder brushes.

In the case of the secondary conuector as
shown in Fig. 9, the first set of three con-
tacts. engnwed bV the register brushies and
marked 0N are.not used as elernu mmacr\‘
. 806 thet
ushes the
only effect would be to break the wﬁuec‘q(m
made to the normal or zero contucts of tuc
contact sector. At the second step forward
the register brushes Wonid make & live con-

nection to a set of three conia which
would be connected in ths sai
set of contacts first engaged
of the register in Fig. 5. T
hive contact“ in sald sector is
9, as connected to its seb of
(~"hlldu‘

The scape teeth and pallets are so
that the scape sector may be forced

L
art
MR

Tormed
oal k JCL/
%ero poskmon when the support phue 92 upon

which the register is mounted rotated
by the superior force of the (rnvng power
for shaft 62, thus bringing the lng 93 de-
pendmg from the seC tor throu ol an apening
in the plate 92 against and past an obstruc-
tion such as a posf 94 upon the fized cvlin-

der 24, or other fixed support (see Figs. 19
and ’)()) The support plate 52, as-above
stated  at the beginuning oi the ffz*xe‘lpuou
whder this head, 1s secured w the w«v’—\""we’a
After the register
has been used in estabhbhmg a umn&x'tz(m, it
is necessary to reset it to normal position
veady for another use. The pivotal center
of the sector is eccentric to the center upon
which the plate 92 turns, so that by proper
adjustment of the overlap of the lug 93 and
post 94, they will clear one another at the
stant the sector brushes veach the normal
position and the support 92 may then con-
tinue its forward movement avound to nor-

mal ready for another operation. 1If the
register be mounted on a fixed support. i

may be restoved by the action of a pm on a
rotary part.  In this case, the pin upon.
the rotary part woild engage with the Iug
93, in just the same way that said lug, when
the register 18 mounted upon a rotary sup-

port, engages with the fixed post 94, as pre-

viously explained.

. portions of .

"section gn whic

,ws&; 3
The desired connevtions petween cyvlinder

brushes and register brushes may be made
by wires 71 (see Figs. 13 and 14) which
ave sufficiently flexible to allow for the com-
paratively small relative movement of t‘le
parts. Any desived connection between the
register contacts and cvlinder brushes may
be made dirvecily either hy the connections
71 or by other means.

Pivisions.

The preferred eonstruction of the various
the vonnecting spparatus in one
division of 2 section and the ceneral con-
‘nections and functions of the same are as
follows:
t will be assumed that each substation is
(olmam‘ed with central stadon by two
wires 1, 2, adapted for use as a metallic eir-
enit in mmmulmminw with dany other sub-
station. In the several dis werams, Figs. 5-9,
the fixed contact ’gomrq ave mdicated by the
small  circles. The cylinder contacts ave
shown in 12 straight pavallel rows and the
('outa‘c(,s in the three or more curved

i
tig’

ister
rows.

regi

Prim, vy CONNMCCLOT.

For cach primary connector the apparatus
‘icsulbed in connection with Figs, 11-18
may he utilized without material alteration.
This device plaves any substation of the
¢h it i3 located in connection
with the other portions of the apparatus in
the same c'iw“-mn

As shown in the diagram, Fig. 1 and as
alveady SLut(‘C, a group of such primary
connectors, {4, 4) would be employed for a
group m main bnes, and each is available
for use u3 any fue of the group so as to

-

1ain

place wain Hue in connection with some
one of 4 mm,a“ of normally idle connecting

wives or sets of wires whiclh become, for tne
the being, an exiension from the main line
ealling to the apparatus which receives the
sefm'h\e signals
switches bv whese, combined operation a
talking ecirenit is established 10 the line

called by ndjestinent of a secondary con-

anector.  There being five primary connec-
tors, theve would be five primary connecting
wires or sefs of wires with an idle one of
which a calling main line would establish
xonmction by sending a preliminary elec-
trical impuise. Ag aly eady stated the pri-
mary connectors aie organized on & pereent-
age basis and 't
able to each group of subscriberd lines is
less than the whole number of subscribers
in that group. They may be described as
circuit selecting switches or connectors whose
function is to pigk out or ‘select any main
line of a group when used 'as a calling line

and to the cireait 'selecting -

fe number of the same avail-

76
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o

89

90
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1056

110

126

and establish connection bet'ween said se- -

Tected main line and a termiinal of a local
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cirenit or circuits of the exchange apparatus.
Baid terminal forms the termlnal of a cir-
um or mrcmts which receive the selective
m Lzu sent from the main line station and
alss by preference is in effect a terminal of
2 MJM circnit over which the calling and the

ealled line are connected in the exchange
ﬂy par atus,

The two sides 1'and 2 of each line are

t¢ " connected to two contacts 60 assigmed to it

on_the switch cylinder, by branch wires as
icated in Figs. 1 and 5 , Where one such
tine is shown.

Sincé the line as shown is connected to a
sontact xdaﬂi ed to be engaged by a cylin-
der brush which is connected to a contact
of the register engaged by the brushes of

_the latter in the 4th position from normal,

said line would be one in the 4th 10; that
is, in the thirties.. Since the Lvhndu con-

tac* to which it is counected is reached by

5%

20

b

“tablished, talking I may take place.

40

45

the cylinder brush after passmo suceessively
over contacts 0,1, 2, a, 4, 5, the units value

“of the number deugnatmg sitch Ime Would

be 6. .

If, then, the 1eg1"tel brusheés gnd’ the
uylmde[ brushes ‘be adjusted the required
number of steps to reach the contacts to
which the connections are made; as shown
in the figure, it is obvious that by connect-
ing up. the regwta brushes to the desired
circuit. a path will be opened from th¢ line
to said circuit over which signals from the.
substation apparatus may be sent and over
which when the desired connections are es-

other hnes of the 100 11 the section to which
the primary :connectors belong would be

- similarly connected to other contacts on the
_switch cylinder.
In addition to two line contacts for each

hne A guard contact is provided connected

.in a similar way with a guard wire 3,-one
for each line. -
_central station.

ere 3isa local wire at the

This wire is cbnnected to all the guard

contacts of the correspondmd subscriber’s

line on all the 10 primary’ connector cylin-

- ders of the section In multiple and provides

50

the guarding potential already described

when a call comes from any line and the

5B

secondary - counector.

rimary connector is set to open up a path
¥or the signals from such line to the thou-
gands register, the interconnector and the
Fach wire 3 has a
connection to a cylinder contact in a row of

10 engaged by one of the cylinder brushes,

~‘which latter is connected to one of the con-

80

"/ 'tacts in one of the rows of the sector for the
.register, as shown in the case of the wire 36

“just ﬁuppoaed ‘This wire 3 runs through

85

all divisions of the particular section to

which its subseriber-helongs. It does not

extend into othm hundreds sections.
‘When the primary connector opens up a

“All the

1,304,285

path for the signals from any particular

line, it also makes connection for the wire

3 of that particular line by way of a cylin- *~

der contact and ¢ylinder brush 712 resting’

‘thereon, wire 71" and contact of the register
-sector, to the register brush which has been

ad]usted with the line register brushes to
rest on said contact, and to the lower. of the
three feed segments 650 which is connected
to a wire 221,

By tracm
the dia ig. 2 of the decimal indicator,
it will be seen that it terminates in a contact
engaged by a brush 116 which is joined to

- the lever of relay 214, so that when said

lever makes contact with its front stop 4

connéction will be established to a brash 113 ‘

riding on a feed plate 103 which is connected

to a source of energy such as positive bat--

tery indicated by the sign .

When the magnet 214 is energized (wh1c11
is done by the action of relay 211 actuated
by current from feed ring 103, brush 113,
coils of relay 211, back contact of relay ‘713

brush 111 and hne contact of decimal m-'

dicator, passing over the calling subscriber’s
line as soon as brush 111 finds the contact

of the calling line in the row of line con-

tacts in a ring 101) the guard wire 3 for
that calling subscriber will be temporarily
charged and all the guard contacts-for the
iiae of that- subscriber on the cylinders of
all the 10 secondary connectors in the same
section, and which guard contacts are all
connected in multiple to said line 8 in the
same way as the guard contacts for that line
on all 10 primary connectors of the same
section, will also obviously’ be charged.

Should then, any other subscriber attempt
to make connection with the calling su{)

scriber and set any unused secondary con-
nector in the latter’s section, the guard bus.
wire of the bus wire set used by such other
subscriber and running through all sections
of the exchange will become charged
through said secondary cennector and this
will result in preventing the apparatus
which said second calling subscriber em-
ploys- from going to the position ‘where he
can make or establish connection with the
]ine of the first calling subscriber. This
is effected by the action of the current sup-
plied from said charged bus wire upon a re-
lay which in turn controls the action of the

clutch magnet of Y}zat of the apparatus, as’
in the general opera- .

may be best descri
tion.

tlated) and the brushes 111 and 116 resume
their revolution, the charging of the guard
wire 8 is maintaingd over a connection from

the connection of wire 3 to -

After the relay 211 ceases to be enulgmed,r
(which occurs shortly after the call is ini-

70
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80
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the rotary switch in the same division with

the primary connector in uee.
a source of encrgy mdwamd by the sign +

" This is from.
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I*lo' () ‘at the upper left hand corner con-‘

nected as shown to a long feed segment 652
in the second horizontal row from the top
dnd by bridging brushes which in the mean-
time will Imve moved onto segments 652 and
652 and to wire 221, from w‘mch cireuit is

_through the primary counector in use .as

alr eady traced.

For the decimal system’ the 100 points for
“the 100 ‘lines 1 would be arranged in 10

groups and each having 0 to 9 peints, the
contacts of one group bemg -preferably in
‘the same quadrant of the eylinder and in-the
same hotizontal row. The points for the 2

and "8 lines would Le similarly arranged.
a brush 61 is émployed and
the three brushes corresponding to the 1, 2
and 8 lines of the same tens group are con-
nected to three contacts of the register “sec-
tor upon which the register' brushes rest
simultaneously. - The register brushes thenr
selves connect respectively with three cylin-
der brushes that, as soon as they leave the
normal ‘position, come into eontact with a

.vow of cennected. points forming feed seg-

ments 650 to maintain connection wah wires
122, 123, 221, correspondmg 1espcc‘m\ ely to

‘the 1,2 and 3 Lines.

Suppose that lines 1 and 2 are the two

sides of the line for subseriber No. 36.- Since

the 6 of this number is the sixth unit of the

fourth 10 in one hundred, the two wires 1,2,
are connected to contacts in one of the quad-

rants which would be reached by particular

cylinder brushes shown after the latter have-

passed successively.over contacts 0, 1, 2, 3, 4

and 5, in the row of contacts e,ngaged by the .

brush’ after. leaving the position - shown.
Since the number 36 15'in the fourth 10 in one
hiindred, the brush itself is-connected to a
contact of thie curved sector of the register
which- would be engaged by the ruglsfe
brush after passing from the position shown
successively over contacts 0, 1 and 2.. :

Lines to which other numbers are assigned -

would be conriected in a similar manner to
contacts of the cylinder, and the brushes

- riding over the quadrant in which said con-

50

55

65

tacts are located would be connected to con-
tacts: of the register sector depending upon
the tens value of the line namber. Assume,
for instance, that the brushes of the: reglsiel

"moved over steps 0, 1, 2, 3, 4, 5 and 6, and
‘then came to rest, this would be the position -

for all Jines, say from 60 to 69 inclusive:

$aid contacts would be connected to cylin-

(,1(,1 ‘brushes which would move over the con-

“tacts to which the lines 60 to 69 inclusive-
would be connected in regular order di-

rectly, each in: the samie way that the line
86 is shown connected.

To establish connection witi the contatts
for any particular line, the register brushes
are adjusted to contacts of the register sec-
tor connected 'with those cylinder brushes 61

trolled by the Iday 219, joined to a

A

that ride over groups of cylinder contacts in
which the'contacts of the line wanted are
located, and when said eylinder brushes are
adJUsted to the particular contact required
m that group, connection is esi,abhsned from
the No. 1 and -No. 2 sides and 3 line of
that substation tO the wires 122, HE‘;, aind
220 yespectively. With the .nmmmme’m

-shown, the maximum movement mquned of

the cylinder.brusles in order to find the con-

“tacts’ of any Hne or substation in the 100
assigned to a section is a quartex rey olution

of the brush shaft.

The wires 122, 123 are primary counecting
wires and as manv pairs ave.employed as
there-are primary connectors and as. the
service or traffic. may «demand, and connec-
tion is made with an idle pair of said wires
I response to a preliminary electric impulse
from a ealling subscriber’s station.

19 indicates the clutch magnet of the pri-
mary -connector, which is chalged to start
the eylinder brushes and is.discharged when

they reach cylinder contacts couespondmo

to. the units valye of the number .foi the
calling line ‘as .just explained.  The con-
trol disk 23, has a normal and 10 additional
notches which permit the elutch actuating

the driviug power in any one of the 11 po-

75

80
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lever to disconnect the cylinder shaft from -

sitions which the brushes may. be reyuired

to assurne. The normal notch bmws the

brushes automatically to rest when the disk .

93 completes a three-quarter revolution with
the dog resting on the uncut portlon after a
calls

The c¢lutch magnet is prefenblv con-
line of
coitacts conmcted up to form a feed seg-

‘ment 633 in one quadrant, and thence bV. &

pair of bridging brushes as indicated, with
n serlos ot contacts designated  as the

= nits ?
put in connection successively. The latter
contacts connecét with different wires respec-
tively in a cable 119 Joined to-the contacts
of a divided units ring employved in . con-

nection with the dee imal indicator, for the’
" purpose of pointing out or mdlmtmv the

units value of the number of the sibstation
(\lhng, as will- be described farther on.

By this is meant that when a brush of the

divided umits ving rests upon a’ contuct as-

signed to a p‘utlcuhl number, ag for in:

stdn(‘e. a namber 6, in all tens of o handred.

said contact will furnish current to the con-

tact numbemd 6. in the nnits zow of the se-

1060

105

row of contacts, with which, it is.

115

120

ries shown in the second quadrant of the

top row. of cylinder contacts, Fig, 5, and the
latter being charged will, when the rear one

of the two brushes connected .to 117 rests
thereon, supply current. fo ‘magnet 219.
thlough wire 117, and throuoh the feed | seg-
ment 1ust mentioned, so tlmt the magnet

o avill be, (harged “and will dxsconnect the

120
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" and the consequent position in ‘which the -

30
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clutch’ and bring the brushes of thecylin-
der to rest, all in the position where they
rest on the No. 6 contact of each quadrant
of contacts in the cylinder. o

_ The contacts of this units’ ring for the
decimal indicator are shown projected on

the plane of the paper at 105, Fig. 2; and -

the connection from one of said contacts is
formed by a brugh 115 to a brush 113 -bear-
ing upon’ another continuous ring 103 shown
projected on the plane of the paper which
‘1s connected to a positive battery or other

source of electrical potential, so that current.

may be supplied over the contact-of ring 105,
to one of the contacts in the units row at
the top of the. cylinder, Fig. 5,:through
cable 119, . . ‘

When the ‘connection s established from
the relay 219 to that contact of the units
row which torresponds to the units value of

the calling substation number, the relay is

chatﬁed. The magnet 19 is then discharged
by the breaking of its circuit through the
back contact of the relay and the connector

comes to rest with the cylinder brushes in -

the proper position. .
These cylinder contacts form stop con-
trolling contacts since the action of the stop

primiary connéctor will .come to rest depend
upon the selection by the cylinder brush of

- a contact which is connected to a circuit

.40

45

closed at a particular position of the decimal
indicator. - e C

The magnet 29 of the primary connector
registér is in a connection 188 between a
pair of brushes 61 which, as soon’ as the
cylinder brushes ' start :into rotation, ride

-respectively upon feed segments made by
-connecting up rows of contaets and complete
a circuit’ from 187 over which the register

may be adjusted. - -
Another pair of cylinder brushes 721, 724,
is bridged by a wire 654 and serves to close

-cireuits to ‘wires 98, 97, over ‘which the clutch

. magnets of the rotary switch and other de-

50

" station: ) . ,
In the ‘preferred manner of carrying out

55

vices.are energized in order to send the ap- .

paratus around to normal position- after
completion of a.conversation, :

The magnet 29 sets the register
toposition .corresponding.to the: tens value
of the number assigned to the’ calling ‘sub-

the: invention the required.number of im-

. pulses for this purpose is produced by & de-

60

- segment 655, in Fig. 5. Magnet 29 of the
. .register for the primary connector connects -

vice at the central office which is heremafter

. described under the head of “Decimal reg-

ister controller” and is shown in diagram
Fig. 8, connected by wire 187, with a feed

by wire 188 with a brush 736 adapted to en-

© gage with said segment when the cylinder

switch begins to move. . The action of this

_ferent

1,204,285

decimal register controller is regulated or
adjusted according to'the position assumed
by a device common to the lines 'of a sec-
tion and adapted to be sét or stopped in dif-
ositions corresponding to the par-

ticular Yine calling. o
The latter device is stopped by means of
an electromagnet acting on ‘a dog which
controls the revolution of a contact arm

‘nioving over a series of contacts the same in

nuitber-as the lines of a section. When the
arm makes connection with the line calling,
the magnet is charged and the device is
brought to rest in the particular position as-
signed or belonging. to that line.

For each division in each section of the
exchange one primary connector is em-
ployed. Rotary switch.

This devicé may be of any desired me-
chanical construction. Said device Consti-
tutes an auxiliary switeh «a’ for changing
the connections of the varioug parts of the
apparatus at different stages ,OF _the opera-
tion. The particuldr circuifs so changed
will be described in detail under the head
of “General operation”. It may be con-
structed from the switch cylinder previ-
ously described under the head “Cylinder
switch” by connecting :bryshes in pairs to
form bridging brushes, and by connecting
up ;the- contacts. to one another and to the
exterior circuits in the manner indicated in

the diagram, Fig. 6, or in any other proper .

way. A . o

* This auxiliary switch may be locked or
stopped. in its vamous positions by the use of
the mechanism described under the head
“The clutch” following the description of
the cylinder switch.

It will be assumed that the rotary switch
completes its action, or moves from normal
around to normal by making a half revo-
lution of the brush carrying shaft, and that
in such half revolution it ‘assumes seven
positions of rest as indicated by the romsan
numerals I. to VIL inclusive at the top of

“the diagram. - The brushes each pass over
- .one of the contacts 60, in moving from one
brushes .

osition of rest to the next position of rest;
i1f a clutch and gear such as already de-

70

75

80

85

90

95

100

105

110

116

scribed under the head of “The clutch” be -

employed, the disk 23 would then have its
notches spaced apart twice the distance of
those indicated in the case of the primary
connector.. This device requires the use of
but two of the vertical rows of brushes 61
already described under “Cylinder switch”
and of the contacts of the cylinder &

b re.
- quires the use of those in the first hﬁl‘&:df
the circumference starting from mnormal -

and a part only of those in the second half.
‘The vertical rows of brushes employed may

- be those on the same diametrical line, and
complete their operation by making a ‘half

120

‘125

180
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w'et( tieal rows of b shes. it 14 obvio b that

-5 eall, such eall is received
by means of the next idle

‘mal indicator from the position

vevolution. If the ratic of gearing de-
scribed under the head of “O'futeh™ be such
that disk 23 usﬂd wluh he cluteh fo the

revolution jor one
h:w carcying the

rotary switch makes one
whole revolumon of +hu

two similar set
mh()lﬂcx be’ pr'ﬂ*v
will operate
ot ‘Lhe rotary. swi
the next half reve
disk 23, Fig. 6. vn the
engages with normal notch
and the brushes arve in the
normal position.

One rotary switeh is useﬂ far
sion of a sectlon. When one divis
its rotary switch :s m uss fop
two subscribers an& an 0(,119;* subsn
the same section of the euchs

the rotary switeh in
be returned o nor:
versation has been
ratus of the division is
positiou. The principal

retary switch are as “o"ov
of them may be performoy by othes
of the apparatus. :

When the rotavy switeh of i
division sta awrts, it breaks i
ma;met cireuit, fh‘b zbohw

Ay ‘/

[ I.J

59
o

=
*a

m* circuits over Vmcb the
for is adjusted. It alse pr
gizes the clutch ma;{'xer for the az
connector and starts the device {er ,xed f’»e“r~
wmal register controller which, by wmcans of
the register magnet -adjusts the brushes
thereof to the position corresponding (o
the tens-value of the number of the «ub-
station edlling.

Tmmediately thereafter it starts the deci-
ol rest
which it had assumed by the inigial signal
from the calling substadion so th at 35 may
revert to the common use of other snbsia-
tions in the same section, and also completes
a substitute connection for keeping the
guard wire. 83 of the ealiing ._musmc%f\zr.
charged. " It also at this stage of the opera-
tion, prepares the cirewit over which an
interconneetor .of the same division may be
started or operated, and further preparés
the circuits over which cormectmcr appa-

‘Fatus of the samé division is operated or
,L,mrtmﬂed bv the signal transmitfer con-

trdller for the purpose of adjusting them
£ p%ﬂmn for . finding the cn‘bu:f of the
galled 1 me in the same or any other section.

Further, it-closes eonnections for charging
the guard cireuit. of the substation called

apon dla called substation’s seefion as soon
con ehmm hag been eg anhsheﬂ there-

n test ¢ireuit by weans
o is controlled in sueh
uh\. lie wanted be already
the 2 poar tus world be automati-
evented fyom coming to. po-dt;o.n
talking ﬁonﬂe(hon there-

,.1
Py
i e

m 11.‘;%«

',el.w 0“:’
th in ..u(’ ;,38
SR Rofary swi h
lay is shown in ng, 7 .md
same relay that is nerommtei
signaling 1‘@3&?"

found to ne idle,

“’antm 18
witch charges tht, guard mromt
> and closes cm,un‘s “whereby the

mmuniention may be carried
saclusion of the conversation
% moves to break such ecir-
1&1“ whe"ﬁbv dlmcb; v, Or
v be restored to not-

: mentioned 01 May
operate throngh the inter-
1‘0\:‘"““&h()1) with others:
- interconnec
r‘y the rotary
releases the pri-
1 turn releasing
5. Zero.

or produces electric

T u-“wr"vt or centrol the sig-
nal ﬂw contact arm of wln\,o.

aver

tons, hundreds and thon-
of contaets. It also
" or r*rmh'oﬂing pulses
L gm\(vs register
the same divi-
ary Lomlector @e;md
01 T‘h same or anv other
‘JS() embody certain cir-
the talk-
connections ave

maves

for

es throngh which,
and

\HIA'“‘

"f(*\'im nay eongist of
prov icusly deseribed, and u&ﬂizes
swizontal vows of contacts and i
o* bridging brushes connected up as
shown in Fig.-7. or in anyv other suirable
way.” The
an i npulse generator to actuate or control
the signal tran sinitters. These impulses oo
produced by means of pairs of henhes 71
ﬂnr' N6 suel as are df S(}h{‘ll mndder the hesd
f “Cytinder awiteh”. sald hrushes heing
cmmec»«)ci topriker and sne.of them avr
to move gver a

fapd cegment G.)G formed by

on may signal the exlled sub-.

witl’

N
ant

the switch.

three -

two apper brushes operate as:

anged -
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connecting iip a series of contacts in the cyl-
inder as shown in the upper row, Fig. 7,
ents 656’, one engaged by the lower
. and the other to move over the series of con-
© § tacts, every other one of which is connected
up to a suitable source of energy indicated
by the sign + as shown in the second hori-
zontal row. A similar arrangement . is
shown for the third and fourth rows. -
® The series of connected contacts forming
the feed segment would be connected to-the
circuit on which the impulses are to be pro-
duced by the action of the brush in the
second horizontal row -which, as it passes
over said contacts, ohviously makes and

breaks the circuit with the battery or other.

* source of energy. . . - ' .

From the upper feed ent 656 the
pluses.pass to. the line of calling subscriber
by wire 206, Figs. 7 and 6, to a short feed
segment 457 in the 6th row of contacts of

the rotary switch éylinder and thence by .
bridgin%1 brushes when adjusted to contnct -
ith, segment 658,
which is joined to 128, and from the latter:
to the lina 2 of the subscriber’s circuit,
connector - when the-
under the heading

therew to another feed.

through the prima
latter, as just described ,
“Primary connector” has been adjusted:bo
open up 'a )
nals from the substation apparatus; . :°

. The twe middle rows similarly ‘control -
the action of the thousands register, the in-.

- terconnector - register -and . secondary con-
nector successtvely, by furnishing impulses
of a number correspondi

dreds ¥ o0, the ' tens ylace.ﬁ the .units
- place’ of the number of the called sabscriber.
10:

i indicated:by the sign |- joined to:

segment . o gector 656 in- the ‘third" row.
From the:latter- current passes to the up-

46
" per-one of a pair of bridging brushes 70

- and -through-the interrupted series of con:

‘tacts engaged by the lower one of said pair

. in the fourth-row to. a wire 191, or to'a
wire 198, accordini’ to the position of said

50

‘brushes. During the first half of the revo-

lution the pulses pass to the wire 191 which..

connects to the magnet 30 of the thousands
register thereby setting the brushes of the
latter forward a number of spaces-or steps
corresponding to the value-of.the numeral
in the thousands places of the subscriber’s
number. In the second half of the revolu-
tion. the, pulses pass to the wire 193 and
through- tﬁ

sands register which has been previously
sot, as just mentioned, and thence to the
register of the interconnector over circuits

- formed through the rotary: switeh, as will

th from the line for the-sig- -

) £ - to_the value of
- the numeral in.a thousands place, the hun-:

ldce o
E‘hesepulsumfurnmhed fromya ﬁglaﬂtor ~or
by the sign 0.the arma-. and teans pulses: over wire 191, alread
" ture.lever.of & relasy 215 from. whoss back.
-contact g connection . is made to the feed .

e brush and contact of the thou-
" sent, the remaining seven pulses. will all be

1,394,385

be more pa.rticularly described in the gen-
eral opération. _
-These impulses operate on the magnét 81

-of the interconnector register diagram Fig.

65

8, to set the brushes thereof forward a num- -

ber of steps corresponding to the value of

the numeral in the hundreds place of the
“called subscriber’s number. ‘

In the next whole revolution of the sig-

nal transmitter controller the impulses sent

during the Birst half of said second revolu-

ation and act on register magnet 32. of the
secondary connector, diagrs
to set-the brushes tilemo “forward & num-
ber of steps corresponding to the numerical
value of the number in the tens place of the
called ‘subscriber’s number. . .

", In the last half .of “the second revolution
of the signal transmitter controller the

-Fig. 9, so as'

70

18
‘tion -pass by wire 19%, by circuits which
in detail will be traced in the general oper-

RO

'8.5‘

pulses paes by wire 198 over circuits to be
traced in detail in the generel operation and
-act upon the clutch magnet 22, diagram

Flﬁ g,o for the cylinder switch of the sec-
mdary :connector to cause the brushes of

~said cylinder switch to be set forward from

no:
corresponding to the numerical value of the
number -in the units place of the called sub-
scriber’sinumber, - 0 o ,
The two lower rows opetate to close the
cireuit. for coils that.temporarily hold up
the relay armature of the signal relay 2135,
and for other purposes.. These two rows con:
sist of .2 long segment 656 and two shorter
segments 656’, one. d- by the. lower

- brush of bridging brushes 718 during the first

half of each of the two complete revolutions

90

rmal position a number of stéps or spaces |

100

‘or~during thé transmission of the thousands

de-
scribed, and the other en 1 by, the lower
brush during-the second half revolution or

‘during the transmisston of the pulses over

wire 198 for the hundreds -and -units of the
sigmal as just deseribed. - .

So long as the armsture lever of the relay
215 is against its back contact; the pulses
which set the register and cylinder brushes
may pass through the'eircuit on the back
contact, but when said relay .is emergized

and the lever is drawn up, it is obvious that -

105

110

118

the pulses will cease to flow and actuate -
the register and clutch magnets. Hence, by

mu’i:&?said relay to-be ehergized: at some
artl

ar stage in-the movement of the
rushes on the si - transmitter’ controller

_the signal impulses which”flow throngh said

ster and clutch magnets may 'be cut off.

re
If this be done after three pulses have been

~ut off because the armature lever will re-

main held up through the closure of the

circuit from positive battery. indicated by

1%

138
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tion diagram Fig.
174, a bmmh be,unm thereon to an arm 142
CAITYIng a spring 734, which moves over i
civele of ping 735, all of which are normally
‘The circle i§ di- -
vided approximately into four sets of contact

G0
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the sign -+ through the armature lever, the
iront contact, a Teed segment 6567, brushes
TE6. the segment 636 cooperating therewitl,
and back by wive 282 throngh the velay cott
of reh) 215 to_the negative side of tha
The le]dv however, will
be dischar gm ‘vhﬂn t1 o Brushes reach the in-
terruption hetw eﬂn the two segmoents 6367

“or at the etd of the second segment 6367,
so that the armature lever may fall back,

and complafe on its back contact the con-

-nection for permitting the pulses to flow

through a register or cluteh magnet by
which the brishes of the variors devices
are 59t to position r*orre‘spondmv to the val-
ues of the nuwerals in the different places
The number
of pulses which shall thus be- permitted to
flow by wires 191 and 193 is determined by
energizing the’ magnet 215 at the proper
stage in the revelution of the signal trans-
m!ﬂ;er ‘controller over the clrcmt from the

sotwce of energy indicated by the sign +
through a coil of said relay 213 and bv wire

281 connecten to a short feed segment 659

i the rotarv switch, Fig. 6, from which

connection is made by, the bw'ldgmrr brushes
708 to the longer segment 659" joined to wire
122, which latter wire, as explained under
the head of “anal‘y connector” is placed
by said primary connector -in connection
with the calling line to open up a path for
the signals from the substation apparatus.

This ¢ connection is from the side of the

stthseriber’s cireuit marked 1. and the con-

nection therefrom to wire 192 is to the con-

usct of the switch cylinder, Fig. 5, a brush

710 of the cylinder switch when the same
has been moved to engage  said contact.
thence by wire 651" to a contuct of the reg-
ister sector engaged by the middle one of
the three register brushes 61 after the same

“has been adjusted forward the proper num-

ber of steps and -from said middle brush to
a cylinder brush adjusted to rest on the
middle one of the contact segments 650,
which is joined as shown to wive 122. -

The instant at which the relav magnet
shall be energized is determined by the ac-
tion of a rotary circuit changer arm at the
subseriber’s station. to be desombed more in
detail under the head of “%\l»«t(\t\m appi-
ratus”.

Tt is sufficient here to state that the No. 1
side of the line is connected at the snbstn-
39, by means of a ring

discorinected from earth.

pins each containing 10, and each group is

connected to a group. of contact plates, 10 in’

nmnhnr one group for wnits. one for tens,

ary

CAS

one for hundreds, and so on. These contadts,

10 in number, are provided with a circuit
closing” button 171, which may be adjusted
to place any one of the series of 10 with
which if ccOperates, inte connection. with the
carthor other return wire. The arm 142 is
caused to progress over said pins by the ac-
tion of a step magnet 83, which i 1s acted upon
by the pulses sent. over the No. 2 side of the

line frem the upper segment 656 of the sig-

nal tmnsmlttet wntroﬂw joined, as alrveady.

votary switch and primary connector with
the side No. 2 of the subscriber’s line. "As
soon as the impulses over the side 2 have
progressed the arm to véach the grounded
contact pin-which, it may he Aqqumed has re-
quired two pulses, the velay 215 will be ener-

85

70

75

s stated, to wire 206 and thence through the -

86

gized over the 1 side of the line by the

O'rm.nd eireuit, so ¢

of two pulses over the back contact of the

relay to operate the register or clutch mag-

net in"the thousands remster interconnector

or secondary conrector, as the case may be,
further transmission of pulses over said back
contact. will cease. although the transmission

hat after the transmission -

85

50

of pulses over the sutbseriber’s Tine to pro--

Lrese the arm L2 may continue so that the

latter will complete its movement over the

_points. connected severally to the 10 contacts

cngaged by button 171, and may pass on to

the next series of points corr eqpondmg to
the. hundréds, units or tens place in the
decimal system of numeration.

The cireuit over which the relay 215 is
thus energized at the proper time may be
traced from positive battery (<) diagram
Fig. 7, near relay 215, through a c’outhmeof
to wire 231, thence to a qhort segment 659,
Fig. 6, brushes 708, segment 659, wire 192,

and through the primary connector as all
‘ready traced by middle segment 650 of the
switch cylinder. brush be‘u‘mo thereon, mid-

dle brush 61 of the register, wire 651’ and to
the cylinder brush 710 when adjusted to en-
gage ‘with cylinder contact connected to wire
1, thence over the line to the subscriber’s sta-
tion to the rear spring of the telephone hook
169, to’ the contact stop therefor, ring 174,
brush engaging therewith and connected to
142, spring 734 carried by the latter,
the point or pin reached by the latter and
placed to eqrth through the adjustment of
1‘;]19 button 171 to position of connection with
that contact of the row engaged by it, which
is conpected to the contact reached by the
spring on the arm 142, to the button 171. and
thenee by earth to the grounded pole of the
nner‘\tor whose positive pole is indicated
by the sign positive (4) nest to relay 215,
Fig. 7
N i§ the normal position of the signal
transmitter controller brushes, in which
position aftér making two whole revolutions,

85

166

116

116

120

128
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the upper pair of brushes complete the sig-
naling ‘and talking circuit. The numhber of
contacts in a circumference of the cylinder

switch previously described being insufficient-

to provide the necessary number for the
operation of this device in one revolution, it

is preferred to connect up the contacts and

circuits so that the action shall be completed
in two whole revolutions, thus making ‘it
possible to utilize a switch cylinder having
the same number of contacts as that used in
the other parts of the apparatus. :
The signal transmitter controller has three

~ positions of rest; the first is the N or normal

15

20

osition ; the second position is indicated at
IS) N or subnormal position just before the
end of the first revolution, and the third
position is a second subnormal position on

the same contacts just before it completes the.

second revolution and reaches normal aﬁnin.
The device may be started and stopped by
means of a magnet 20 such as already de-
scribed for the cylinder switch, and a clutch
control disk 23, the gear being such as to

ermit the disk to make a:half revolution

for one whole revolution. of the brushes. In

the drawing the normal notch of the disk is -

- engaged by the dog, and the two other

45

40

45

50

niotches on the same diametrical line corre-
spond to the two subnormal positions. By
other arrangements of gear, disk, notches,
&c¢., the device might complete its actions in
one revolution. :
The contacts being’ connected up as shown
it'is obvious that the two upper brushes will
make and break the circuit g:rmed» through
them, and that simultaneously the bridgin
brushes in the third and fourth rows will

produce at the same time a similar action.

Other corinections are formed through this
part of -the apparatus, as will appear more
fully from-the general operation. :

¥t is -started into operation after a path

has been opened up by means of the primary
transmitter -
controller and the line from’ which the eall -

connector between said signal

comes. For this purposeé its clutch magnet

20 is connected by wire 52 to'a contact-in the -
4th--horizontal row of the switch cylinder,

Fig. 8; rotary switch diagram’ which is en-

.. gaged by, the lower one of the'second pair
" of bridging brushes 708 counting. from the

* leading from the upper segmeént 656 of dia- -

60

‘top, when the third pair of bridging brushes
T03 cotinting: from the top connests short

ségments 657 and 658 so 4s to place wire 206

gram Fig. 7, signal transmitter- controller
into -connec¢tion with wire 123, as already

described, over: which the.pulses may be .

sent to the No. 2 side of the line to move
the ‘progressive contact maker 142 of - the

", substation ' apparatus - diagram TFig. 89.

(1

The energizing circuit of the clutch mag-

net, diagram Fig. 7, is from positive battery
connected to the switch- cylinder contact,

1,204,285

Tig. 6, m the third thorizontal row, 4th
from N position at the left, over the second
pair of bridging brushes 708 to the cylinder
contact Fig. 6, in the fourth horizontal row,
to wire 52, through the magnet 20, Fig: T,
and to negative battery, ' o

While it is preferre({to use a signal trans-
mitter controller and signal transmitter

. combined as hereinafter described to adjust
‘the central office apparatus to the proper

required positions, the invention is not lim-
ited to such particular arrangement, but
other means may be employed for moving
the devices to the desired position and there

-causing them fo come ¢to rest under the con-

trol of a signal transmitter at the substa-
tion upon which the number of the substa-
tion called is composed or set up, - We pre-
fer, however, to employ the plan herein
described and which is herein claimed as an.
improvement on that system wherein the.
signal transmitter has a circuit maker and
breaker which, by making and breaking.the
line  circuit, causes an electromagnet at the
central office to actuate the contact brushes
of the various parts of the central station
apparatus by ‘means ‘of a pawl and ratchet

_serving to move said brushes step by step.

‘ Interconmector.

The main function of this device is to
establish connection with that section of the
exchange to which the called subscriber’s
line is connected and with an idle secondary
connector "in that section. When this hab
been accomplished 'signals are sent over said
connections to open up a path through said
secondary connector with the line called.

The number of interconnectors in each
division co ds to the number of thou-
sands of subseriberg in the sxchange, that is,
ons interconnector is used to control the
connections embracing the first thousand; a
second: interconnector to control-the ¢onnec-
tions ‘embracing the. sections of the second
thousand, and so on.. In other words, the
exchange is' not ‘only .divided into sections
througg:m,' ‘but-said_sections are grouped,

o
75
80
85
90
9"5‘.
100
106

130

preferably, in tens, each group being herein

termed a-grand division or group, orifi the
decimal systeni a thousands gmup’,. andrerch
5;’0‘19

the same manner as other groups. - The dia-
grams, Figs. 1 and 10, show two irtercon--

-nectors 7, 8; in each division, thai is to say,
-the number proper for an sxchange

-of 2,000

115

being served by its interconnector in |

130 °

subscribers. It is obvious that each grand '

.division or group might.embrace a ter
or less number ‘gf - sections’ than lmor

each interconnectar the cylinder switch and

-Tegister constructed, combined and operated
-ag in Figs. 11 to 21, may be used. -
-duces-the amount of movement which it is

is re-

necessary -to produce in order_to open up
the desired connection to a particular one of

125

18
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corresponding respectively to the secondary
connectors of the whole exchange. The
register would then act to select.a group of
cyTinder brushes controlling conhections to
one particular section of .. thousands group,
and said group of brushes in revolving
would select an idle secondary connector of
that section. :

In other words, and as will be apparent
from the description of the operation, the
register portion of the interconnector is the
part thereof which effects a preliminary

- selection of any desired group’of the sec-

ondary connectors which are the main-line-
circuit selecting switches for establishing
connection 1o any one of a group of main
lines used as a called line. , o
In this instance the contacts of the sector
for the register which are engaged by the
register brushes at the first step forward of
said brushes, would be connected to a par-

-ticular group of brushes in the cylinder

switch for the interconnector, and the lat-
fer brushes would make contact at each of
the 10 successive positions of rest which they
may assume, with contacts connected respec-
tively to wires leading fo the 10 secondary
connectors of one particular section of the
exchange. Thése would be, sty the second-

‘ary connectors for the first hundred in the

first thousand. _

The contacts. of the sector for the register,
Fig. 8, engaged by the. register brushes at
the 2nd step forward would connect in a
similar way with .another group of four

‘similar brushes cotperating with four rows

of contacts, 10 in each row, which would be

‘engaged by said brushes successively and

which would connect in the several positions
of the brushes with the 10 bus wircs for the
10 secondary connectors of another section,
which would be the second hundred of the
first thousand, and so on for'the 8 other scc-
tions of the first thousand. For the next
thousand another interconnector would be
used and would be called into operation over
the thousands register if the number of the
called subseriber were in the second thou-
sand. Each seccndary connector in every
one of the 10 sections of the sgcond thou-
sand would be connected to its own set of
four bus wires. in the same way as the sec-
ondary connector in all sections of the first
thousand, and said four bus wires would be
extended through all sections of the ex-
change and in every section would be con-
nected to the second interconnector of each

division. - By then moving the four brushes .

of the register of the one or the other in-
terconnector according to which is ecalied
into operation by the thousands register, di-
agram Fig. 8, to position of connection with
four contacts joined by wires 660 with a =et
of four cylinder brushes 61 "us shown, and

1,284,285
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then moving said cylinder brushes forward
through a quarter revolution, connection
would obviously be established from the reg-
ister brushes to all of the sécondary connec-
tors in a section in succession, and if the
cylinder brushes were brought to rest in
their second position forward from normal,
connection would be then sstablished with
the secondary connector in the second divi-
sion of said section. Hence, if thérs be 10

.positions of contact for the register brusbes,

and - 10 corresponding sets of cylinder
brushes, each moving over four sets of con-
tacts, 10 in each row, and the latter be
joined respectively to wires leading to the 1)
secondary connectors of oné section, it wonld
be possible to establish connection from said
register brushes to any one of 100 secondary
connectors. '

- The register should have four rows 6% con-
tacts and corresponding brushes, and cylin-
der brushes in correspounding groups of four
to provide four circuits through the inter-
connector in each of its adjusted positions.
One. of these circuits, which is that over
which the signals for the tens value come,
would be as follows:—from wire 322 which
extends from the rotary switch, Fig. 6 dia-

~gram down through Fig. 7 diagram, to the

third of the feed segments 650 counting
from the top, thencs to a corresponding eyl-

- inder brush resting thereon after the cylin-

der shaft has started, thence by one of the

-connections 71 to the register brush, third
from top, thence to the contact 60 of the i

contact sector engaged by said brugh in its
9th position, thence by cylinder brush 696
and from the latter to the cylinder contact
to which the brush may have been adjusted
and then by a tap wire as shown to o bus
wire 622, which is'one of a group of four
numbered 223, 622, 623 and 296. Each of
the other three cireuits would be forimed in
the same way at the same time by other

_register brushes and contacts and by ether

corresponding cylinder brushes, contact seg-
ments and contacts in obvious manwner, fo
open up a path through said secondiry con-
nectors to the other 3 bus wires. When a
thousands register is used these wires con-
stitute tertiary connecting wires since they
are  the wires which are selected by the
“thousands” and “hundreds” signals and
then form a path for circuits over which the
third selective signal acts in adjusting the
secondary connector or final main-line-cir-
cuit selecting switch so as to connect said
tertiary wire or wires to the called main line.
Two of these circuits make the talking and
signaling cirenit; the third is 4 link in the
circuit furnishing guarding potential o the
guard contact on the secondary connector of
the called subscriber at his section, and the
fourth cireuit is ased to adjust a part of the
secondary connector seized.. The second
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ay also sevve ws o test civenit by which
the interconneetor selects an idle secondary
conmector on the required section. Refer-
ring more particularly to Figs. 8 and 10,
G498, 622, 296, represent a set of bus
wires corresponding to the 4 circuits just
mentioned. As many o these sets are used
for each interconneetor ag there are second-
ary connectors in ail the sections of the ox-
change served by it. 622 and 623 are two
sides of the signaling and talking circuit.
223 is u test or guard bus, and 296 serves for
adjusting » part of the secondary connector.
Taking one sef of bus wires, a secondary
connector on one division of a particular
section has its purts connected to bus wires
223, 622, 623, 206, by corresponding tap
wives 224, 492423, 99. This set of bus
wires runs through all sections embraced in
all grand divisions or groups of the ex-
change, and in each section is connected ag
shown in Fig. 8, by tap wires with contacts
on one of the interconnectors in overy divi-
1. It the secondary connector be'in the

5 grand division or group each set of
ires s connected to all the intercon-

7, and if in the Second thousand, to
aterconnectors 8 in every division of
le exchange. All the secondary con-
nectors in the same section are connected in
regular order and in a similar way to con-
tacts of the interconnector cylinders adapt-
ed to be engaged in succession by the same
group of four cylinder bruzhes. Of thoese
groups of brushes there are as many as there
are sections of the exchange served by the
interconnector, and each group of brushes is
-connected s shown with  a partienlar set
of contacts of the vegister andapted to be
engaged by the four brushes thereof in one
of 1ts several adjusted positions of vest. The
four brushes of the vegister are mounted
on the escape seginent 87 which is ad-

justed by o magnet and escape lever as de-
scribed under the head “The register.”” This
magnet is numbersd 31 in dingram Fig. 8,
and the four brushes cobperating with the
four rows of contacts in the contact sector
are shown in their normal or dead position

marked N. Connection hptween the four

- vegisier brushes and wires 992, 322, 328, 59,
corresponding respectively to bus wires 223,

622, 623, 296, 1s made by means of connected

groups of eylinder contacts forming feed

segments 650 and brushes (apper four in the

second vertical row) adepted to ride thero.

on when the shaft of the interconnector

starts into revolution. ¥ normal position

the register brushes resi on dead contacts.

The other ten groups of ecylinder brushes

bracketed in groups of four each, and eor-

responding rows of contacts correspond to

ten different sections served by the inter-

conpector. 31 is an adjusting magnet of the

vegistel for the interconnector, and 21 »

Y
>

1,294,285

f

clutch magnet for the cylinder brushes. -

while 23 is the clutch control disk provided
with 11 notches in one quadrant, one being
the normal notch and the 10 others repre-
senting the 10 different positions which the
cylinder brushes may assume in selecting an
idle secondary connector. These notche,
which with the disk 23 are the same as al-
ready described under the head of “The
clutch” obviously permit the shaft carrying
all of the cylinder brushes to be moved from
their normal position indicated in the dia-
gram Fig. 8 and to come to rest in any onc
of ten different positions in their first quar-
ter revolution so as to make connection upon
cylinder contacts corresponding respectively
to one of the 10 secondary connectors in
every section of the exchange. After such
first quarter revolution the next moveent
of the brush carrying shaft wounld be o
three-quarter revolution, since the disk 23 ix
uncut at its edge for a corresponding move-
ment and the cylinder brushes would then
resume the normal position or that indi-
cated in the diagram.

Magnet 21 is controlled over wires 54 and
55 end magnet 31 over wires 194 and 193
which are connected with the register
through a contact and brush of the eylinder
and a supplemental contact 352 and hrugl
351 mounted respectively on the fixed and
revolving parts 64, 92, all ar anged o that

~when the interconnector starts the connec-

tion with magnet 81 will be broken. The
signaling pulses which operate magmet 31
flow from the source of energy indicated by
the sign 4 in signaling relay in Tg. 7 dia-
gram, the long feed segments 656, third
from top and through the pair of brushes
706 resting on the same and on the inter-

rupted row of contacts immediately beneath

the same in the second half of the eylinder,
and wire 193 to brash of the thousands
register which moves over a row of contacte
over which said brush is adjusted by the
action of magnet 30, Fig. 7, contact engaged
by said brush and joined to a wire 194 load-
Ing to the interconnector corresponding to

the ‘value of the numeral in the 1,000th

place. of the called ‘subscriber’s number.
thence by diagram Fig. 8, to a contact of the
cylinder for the interconnector upon which
normally. rests the upper brush in the third
row, then from said brush through magnet
81 which is connected to insulated brush 351
carried by the plate 92 which, as explained
under the head of “Register” is secured to

the gear wheel 63 and revolves with the:

brushes of the switch evlinder, thence to
fixed contact 352 engaged by brush 351 in
the normal position of the plate and itself
mounted upon the fixed plate 64 which
forms the head of the fixed cylinder carry-
ing the rows of cylinder contacts as de-
seribed under the head “Cylinder switch,”
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thence to wire 195, back through the Fig. 7
disgram to a contact 1n the lower row
the rotary switch cylinder diagram. Fig.
and. by the pair of bildging brushes 685 of
said rotary switch in the gecond position as
indicated at top of vertical vow, to another
gondact in the
i3 the negative pole of the genersior as in-
dicated by the sign — shown on the wire
joined to the last named contact.

6,

ot

saxne vertical line with it, and.

These-

nulses move the register brushes Fig. 8, step -

by step so long as the armature lever of the
velay 215 is against its back centact. When
the magnet of the relay is excited by the cur-

it flowing over wire 231 and through the
robary switch, priwary connector and No. 1

_sides of the calling subseriber’s line to

ground through the signaling devices and

eed nader the head “Signal transmitter
riroiler” the flow of pi
ster magnet for the
2 and the brishes of said vegister will
to rest. 1f they have been sent
forward from normal three sieps so as to

es through the
onnector will

. rest upon the 3rd set of the electrically con-

40

e
&

80

nécted contacts in register contact sector,
they wiil be in connection with s group of
cylinder brushes which moves over the group
of eylinder contacts that join with the 10
groups of bus wires to which are connected
respectively the 10 secondary connectors in
the 8rd one of the 10 sections eontrolled by
that interconnector with which a connection
has been established by action of the thou-
sands register. The magnet 21 for control-
ling the position of the brushes in the cylin-
der of the interconnector is operatsd over a
circuit which is closed as soon as the signal

transmitter controller has sent over the long -

feed segment 656 and the two sets of iuter-
rupted contacts below the same Fig. 7, the
two sets of pulses corresponding to the
thousands and hundreds value of the called
subseriber’s number. The hundreds value of

‘that number determines obviously from the

explanation given under “Signal transmit-
ter controller” the number of steps that the
register brushes operated by magnet 31,

Fig. 8, must he sent forward from normal

position. The circuft of the magnet 21 is
cloSed on contact No. 43 in the 4th row of
eontacts, diagram Fig. 7.

The eircuit ig from the armature lever of
relay 215 connected directly to positive bat-
tory, to back centact thereotf, long feed seg-
nment 656, 3rd horizontal row and by bride-
ing brushes 706 to contact 43 when said
brughes arve just about to complete their frst
Walf vevelution, I
hrnsh of the thon
i by mag
686 in line w
crmnected
dingram Fig

oo
o

ndicator at said station by the path already

hand or outer.

way of wire 55, through diagram Fig. 7, to
a contact 781 of the rotary switch Fig. 6, in
the “vertical row, under No. 2 position, 8th
from the top and by a pair of bridge brushes
732 when adjusted to rest on 8th contact
and contact immediately above the same, to
wire 56, thence to a wire 57, to which a simi-
lar connection is made from all the rotary
switches of the same section, then through a
magnet 218, and to one of 4 number of con-
tacts 431, Fig. 6, engaged by one arm of the
continually revolving circuit changer 480 to

_the other arm thereof and to a feed segment

432 which is joined to the — side-of the
source of energy whose -} side is connected
to armature lever of relay 215. This is the
connection at, the first instant of closure of
the circuit, but the magnet 218 immediately
closes a ciréuit on its front contact so that
after the arm 430 leaves the contact 481 just
mentioned theve will be still o complete cir-
cuit by way of the substituted wire or con-
nection 670, Fig. 6. Since all the 10 rotary
switches of the same section are comnected
to the wire 57, leading to a particular con-
tact of the series 431, Fig. 6, any intercon-
nector on the same section may have its
magnet 21 actuated. .
The interconnector for other sections
would be connected over similar connections
over arm 430, Fig. 6, but through a different
contact of series 431, on which there would
be as many contacts as there are sections in
the exchange; hence, no two interconnectors
which are on different sections can be actu-
ated at the same instant. No two intercon-
nectors which are on the same section can be

_actuated at the- sume instant because the

order, as more fully deseribed

lines of the same section are placed in con-
neetion with the devices which start the ap-
paratus of the same section into operation.
one ata time only by means of the revolving
circuit changer consisting of a contact arm
moving over a series of contacts to which the
lines are separately connected in regular
3 under the

head “Deciinal indicator.” ‘
The supplemental contacts 352, 351, ave
employed only becanse all the contacts and
brushes of the cylinder switch Fig, 8, are
utilized in otherv ways. The brushes of the
register actuated by magnet 31, Fig. 8, may
be restored to normal in the manner already

explained under the head of “The register.”

In Fig. 10 the general plan of connection

“for an exchange of several thousands is

" shown.

At the left a part of the eighth sec-

" tion for the first thousand is shown, namely

the section for substations 700 to 799; and
at the right a part of the ninth section for
the second thousand or for substations 1800
to 1899, Two interconnectors of each see-
tton and their corvesponding bus wires are
shown, The bus wires for 2.of the 10 sots
of bus wires for one of sueh seetions are
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shown at'228, 622, 623 and 296. Two similay
sms for another section ave marked 2237
1227, 6287 and 2067, '
Tn T ig, 8 the t QLLJ wires in Call lines run-~
ning Lrom the interconnector correspond to
the frst two divisions of secondary con-
nector in one section of the exchange. The
dotted lines mndicate the connecetions for o
secondary connector of another sectiow.

e ()Nrim Y connector.

rfhe .@*c:mda“; conmector, diagram Iig, 9,
may be sibstantially the s 'amp in medmm(aai
constriction as the primary connecter. Tig
cylinder coritacts ave connected with the two
sides of the line wive by (,apf' 5238, 522, and
with o guerd wire 3 of that line by tap 325,
Thig wive 325 of tLe, Rownd ary connector
diagram Fig. 9, is shown attached to the 10p
wire 3 in ‘Uw 1. The tap wires 422, 425,
and 224 301111110 the secondary connector
with its bus wires correspond respectively
to the tap wires just mentioned. The Jfouﬂh
tap wire !mm & to the bus, namely 99, con-
nects to the clutch magnet 22 of the second-
ary connector and to negative battery or re-
turn, The ‘taps 422, 4‘2“. are connected re-
with two brushes of the second-
ary (/onnwtor register by feed segments and
cylinider brashes engaging therewith as soon

" as the eylinder J%mft starts into rota ion as

4G

&1

]

o
(=13

68

mmca{“c. und ‘he 9"4: \\ue 13 tu conner*n(‘“

hegtucnt W hid’; be 6‘111,5 dt fhn r\omwl posmon '

’Of 2 eylindey brash. Urom the contact of
"1*‘01%01' 1‘1’11%(& nwm 18 & nfn'm‘ﬂ Lon»

““ h m\d wm,fw-i Whu‘(, connection 1s
Su\’)l\()n when the shaft starts into rota tion.
Refflsfﬂ' magnet 32 iz in the connection
423, 1J(L. from one of the bus wires to carth
or veturn by & pair of connected cylinder
brushes and’ (‘U]lml(‘tq which close the connec-
tion in the normal position of the cylinder
shaft only. These brushes in diagram Fig.

"9 are shown as the top brushes in the first

and f.}i]‘cl vertical rows. -They arve joined
1 o J

by a wire 662-in the cireuit of Whi(-h 1s the

magnet 32, One of the contacts in- the nox-

mal position of said brughes is joined to wire:

196, and the othel to earth or 1 U urn as m(h-
eated by sign — at the bottom of the bank of
eylinder coqm ts. "The connection 198 is
taken from tap wire 422 which is shown con-
nected to the upper of 8 teed segments 650.
When the eylinder brush in Jine with such
seginent moves over the same, it establishes
{ho connection as shown to tho upper or
outerr brush of the mglawr whenee the cir-
cult continues after adjustwent of said
h} ush by magnet 32, to one of the contacts
of the register sectov to whieh the brash is
adm sted md thenee by the inner of the 2

wives 717 (o the evlinder brush 718 which is

adapied to engage the cylinder eontact con-

 particnlar wires of the

AYULH al row (‘(]UT){H‘“ from ufﬂ(‘
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their first step forward zfter leaving con-
tacts 500 correspond to the first 10 subscrib-
ers of the section and the successive contacts
of the register sector to the successive tens
in regular ‘order.

any ohe group the 10 corresponding sub-
scriber’s lines are connected in regular order

by tap wires 522, 528, le‘l(hnor to the 2 sldev

of the line, as mdlcated in Fl”‘ 1.

The manner of operation in opening- up
the connection between the tap wires lead-
ing from the bus wires and the tap wires
leading to the subseribers’ wires of the same
section is substantially the same as the oper-

wtion of adjusting the primary connéctor to
open up the path between any subscriber’s’

line and the wires 122, 123, diagram Fig. 5,
leading to the votary switch and thence to
the intercounector.

The units value of the called subscmber S
number determines the number of steps for-

ward that must be given to the eylinder
brushes Fig. 9, and the tens value governs
the number of steps forward to be given to
the brushes of the register. The cylinder

brushes engage 10 contacts in making a

guarter revolution, in doing which they pass
over contacts corresponding ‘to all the lines
of the section. In returning to zero or N
position by a forward movement through
*hr e-quarters of a revolution they are not
required 4o perform any action. AN sub-
scribers’ lines of the same section or group
are similarly connected to the cylinder con-
tacts of the 10 secondary connectors belong-
ing to that group.

The clutch control disk is constructed to
permit the cylinder brushes to be adjusted

“to any one of ten p031t10ns in a quarter revo-

Iution, and then to make a three- quarter

revolition to normal position.

45

60

60

The first group of contacts engaged by the
register brushes after leaving normal and

indicated at 500, are dead contacts, upon’

which they vest temporamly at the 1nstant

- of ssizure by the interconnector, thus Pre-.

venting any other interconnector fro.n seiz-
ing the same secondary connector,

The register is adjusted qccordlng to the
tens value of the called subscriber’s station
number, and the eylinder brushes according
to the units value of that number.

" There béing one or more of such main-
line-cireuit selectlng switches terrned sec-
ondary connectors for each group of main

hnec and there ‘being also for all of the -
main lines of all groups, a circuit-selecting .

switch (interconnector) one or more for each
group of lines in which each of said see-
ondary connectors is represented, it will be
obvions that the operation for establishing
a connection from any main line to a sec-
ondary eonnector and to # main line repre-
sented thereon involves a train of circuit

In each row of 10 con-
_tacts engaged by the cylinder brushes of

. 8L

selecting actions in which interconnectors
operate as circuit-selecting switches to pick
out an idle secondary connector in the de-
sired group and that all lines may, by such
civenit-selecting action, seize upon any sec-
ondary connector of any group. The inter-
connector switch by its selecting action picks
out. an idle secondary connector in that
group of secondary connectors belonging to
the group of lines which includes the called 75
line and its action may be said.to be of a~
two-fold character for it not only as a switch
selects the required group but picks out or
seizes upon one of said secondary connectors
that may be idle or ready for use. The se-
lection of the group, however, is apart from
its selection of an idle member of that grou
for the former action takes place in obedi-
ence to the selecting signals sent by the
transmitter while the latter action is an au-
tomatic action determined by the condition
in which the secondary connectors are found
as the interconnector proceeds in its search
for one which is in normal position and
therefore in position to close some test or
trip circuit upon which the interconnector .
acts. - The said secondalv connectors aro
comprised in groups or series of secondary
connectors each having a multiplicity of line
connections greater in nurnbm than the num-
ber of secondary connectors in the group and
said secondary connectors form a percentage
less than the whole number of main lines
and proportionate to the trafiic demand.

Tt is preferable that the several connectors
of any group, for instance, the group appro-
priated to making connection with the lines
as called lines should he separate or individ-
ual pieces of apparatus or self-contained
mechanism each having its own set of
brushes, contacts and brush carrying shaft.
This however is obviously not necessary in
order to realize the broad prmcmle of group-
ing and electrically connecting the lines and
connectors. The number of qelecﬂno- con-
tacts. on each Interconnector (selechng
switeh) depends upon the number of select-
ing switches, (secondary connectors) em-
ploved and if but one section of exchange
with ten secondary connectors thereon be
used, selecting contacts ten in number only
would be required on the interconnector. It
is.preferred, however, to install each inter-
connector with a capfxcltv for selecting see-
'ondary connectors in a large number of see-
tlons preferablv ten.

. The term * secondary ” is nmploved in the
’eerm “gsecondary connector” in allusion to
the fact that the movable eleménts or brushes
of said instrwment In e'%tdbhshmg connection
with the called line are used in analogons
manner to that plug of a mannal cord circuit
which is placed in the called line terminal
and is the second one of the cord terminals
to be used by the operator; the other having 130
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heen already used in establishing conuneetion
with the calling line. Similarly we use the
term “ primary ” in the term “ primary con-
nector” in alluston to the fact that the mov-
able elements of the same correspond in

" funetion to the cord terminal of a manual
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“the line called.

exchange which nuike connection with a
calling line when 4 call is received. Iaving
regard to the action of those portions of the
dppmatus involving the primary connector,
interconnector and secondary connectar, the
action may be thus outlined:

By the primary connector a calling line
is connected to an inter connoctor and the
latter by the sclecting signals selocts a sec-
«m(huy ‘connector in the vequired gv O,
which secondary connector um[vl the uetion
of the further selecting signals, picks out
There is ihus formed from
the contact of the secondary connector to the
Hne called a urcml,,.\.n.\l(»g()\x {0 a mrd eiy-
cuit of a mannal exchange. More or less of
the apparatus requived for selecting and ad-
justing the see <)11(th\ switeh or wiv( for may
he retained in the circuit thus established by
the connecting of a calling line to a sccond-
ary switeh and the antomatic uhmlmon( of

,(lm latter to select the Tine ealled.

T housards vegister.

The thousands vegister is simply a select-
nm switch by whose means one of a numbe
of mteumm(‘doh may be selacted accor (1'110
to the value of the number for (he subst: ation
eadled. " This selecting switch may be of any
desived construction and responsive to a se-

4 lcctue siznal or signals of anv desived char-

acter sent from the substation. If niore than
two Interconnectors are emploved it iy pwf-
erable to use a step by step seleetive switch.
T said number be, for instance, in the first
thousand, interconnector 7 will be bronght

into ~operative rvelation to the appar atus
seized by the calling subscriber for the pur-

pose. of effecting connection with another
substation. - Tf the number of the ealled sub-
station is in the second thousand, the thou-
sauds register is automatically set to make
a second interconnector, namely, 8 operative

this connector being Hm one for establ ish-

. ing eireuit with bus wires lez ading to sections

of the exchange whevcon substations 1,000
to 1,999 inclusive are vepresented.  Tn.the
same manner, if the substation ¢éalled be in
the third thousand, the thousands register
seized will be set to position to establish
an operative connection for another inter-
connector - whereby the ealling substation
might find th - particulur cection in the said
third thousands wherecon the substation

wanted is represented in contacts on an idle

secondary connector. Tts operating magnet
indicated ut 30 1 the diagram Wig, T vo-
sponds to the thousands signal vent throngh
it fromi wive 191 and the long feed segment

1,204,285

656 thirough the interrupted row of contacts
imn)ml}ltv] y below it which are engaged in
the first halt of the first vevolution of the
stgnal transmitter contvoller, Fig. 7.

The thousands register Fig. 7,may he con-
strieted like the register alveady descr ibed,
or in any other desived manner, but requives
only two brushes and two ro ws of conffx(:t:a,
the first of which in each row ave the N or
Zero contacts w hih* the succeeding contacts
conmect vespeetively with the civenits of the
different, interconnectors in the same divi-
71()]1 One brash connects throngh wive 107,
with the rotary switch and devices control-
Hing the operation of the interconnector, and
the contacts connect with the operating mag-
nets 31 and 21 for the register and c‘,‘hndm,

‘brushes of the interconuector over wires 194,

Hd. The register magnet 31 1s operated by
stgnals ((mowp(mdmu ‘o the hl.nd'mh valae
of the called sn-wm iber’s nunaber, as already
explaiued under the head “ Signal transmit-
ter contvolier ™ by impulses coming from
the long feed segment 656 and 7)11‘45}10 700,
Mg 7o during tne second Talf of the first
vevolution. The o agnet 21 atter the oper

tion of the x.mﬂl.m, 0 Wig. 8, releases msl
23 and couples up <\hndm' henshes of inter-
connector and s energlzed in the manner
already explained by the cemrent flowing
aver the contact 43, Fig. 7, as alieady st ated.
This vegister way be vestored fo zero with
the other parts of the appuratus Duooany
destred way.  If it be mounted upon a
fixed support, as for mstance, thes rotary
switeh eylinder, It may be arranged so that
4 projection upon its disk 87 will he en-
anged by either of two ping 95 earvied by
the wheel 92 secured to the shaft of the ro-
tary switch as indiented in Fig. 22, One pin
operates in the fiest half 10\()}11»1011 of the
rofavy switeh, and the next In (he seeond
hali oe after the second operation of the
rolary switeh, The pins automatically dis-
engage the ug on the disk 87 as soon as the
Latter reaches normunal position and ax ex-
plained 1 connee f'inn \'xit'h the operation of
the register, Figs. 12, 19 and 20, This
is duce to the fact Hm[ the disk would be piv.
oted cecontrieally to the (QMO > axvound ‘.\hl«h

the lng 95 shown in dotted lines Fig, 22
wonld revolve, .
Belays.

The different relays

vvs emploved in each di-
viston are indicated in

the dingram Fig, 7

. They may be mounted on any “desived p,u‘

of the apparatus,

: 215 15 signal velay, 216
1s a release relay, &

217 » ringing relay aud

w20 special vefay, all conn zctod and oper-

ating as will be fully wnderstood from the
deseription of the operation. The release
velav s used to elose the civenit o n wire
109 for the purpose of energizing the clutch

magnet of the rotary switch disgram Fig. 1
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8, when the’'same is in the taiking position,
and thereby initiating the actions which
gend all the parts arcund fo zero or nor-

mal position. The current for this pirpose

is supplied from batteries 203 and 202 work-
ing in series and cennected to armature lever
of veldy 216, whence the current passes,
when the relay is actuated, to front contact,
wire 109, contact in the lower horizontal row
of the rotery switeh cylinder, Fig. 6, under
position V, which is the talking position,

and by the lower pair of bridging brushes”

699 when in such position, to the long feed
segment in the next to the lower row which
is connected by wire 663 with the cluich
magnet 17 for the rotary switch, and thence
to negative battery or opposite pole of bat-
tery 208, Fig. 7.. -

207 is a generator of pulsatory or vibra-

tory current which is connected to the cir-
cnit of the called subseriber by the operation

. of the relay 217 in any division, for the pur-
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pose of ringing the call bell at his station.
205 is a non-inductive resistance shunting
the coils of relay 217 so that they shall not
interfere with conversation; and 204 is an
induction coil having two equal windings.
202 and 203 indicate sections of a continu-
ous current, generator which supplies energy
for the various operations heiein described.
For the local operations at the central sta-
tion but one section of said generator is or-
dinarily employed owing to the lower volt-
age required, but for the operations con-
ducted over the circuits of the substations
both sections are employed in series to give
an increased voltage. For conversation, one
section only of the continuous generator is
used. The connection from sald generators
to the apparatus of one division is shown,
but the apparatus of other divisions may be
supplied. from the same generators in mul-
tiple in obvious manner. For the sake of
simplicity, these multiple connections are
omitted on the diagram; so also are the con-

.nections by which positive nnd negative bat-
tery is supplied from the generators {o the

various parts as indicated by the signs posi-
tive and negative throughout the diagrams.
The -1ocal circuits are, generally speaking,
metallic cireuits. Some of the operations
are conducted between the substations and
the central station over ground cirenits, in
which cases the ground represents negative
battery. S
The particular way in which the several

" relays described operate in connection with

60

ather parts of the apparatus will be set forth

in detail in deseribing the general operation.

Relays of any form or character may he em-
ployed and, generally speaking, the devices
may be operated: either on closed or on open
circuit. ‘This and other modifications in the
manner of ntilizing the relays to contrel ac-
tions of variows patts of the current used to

contfusion cannot result. The special obj

dicator which connects them suscessivaly or
: !

energize such relays and canse them fo per-
form the necessary actions will be obvious to

electricians.

“Consecution controller.

This device serves for the whole exchauge,
and renders the connecting apvaratus on dif-
ferent sections respectively capable of op-
eration only in snceedsion or ene af 4 tims
by closing their operating cirenits soeses-
stvely: Or, in other words, it spaces et sig-
nals coming at the same instant from sub-
sevibers’ lines helenging to different groups
m & mainer 1o delay the action of the ap-
paratus'of one gronp so that it can only op-
erate after the apparatug controlled by the
different lines of the other group has pro-
gressed/ to the peint where interference o

-
(At ¥

e

&

ec
s to prevent interference if two subscribers
on different sections should attempt at the
same instant to connect with the same sub-
seriber or with fwo different subseribers on
the same section. Interference between sub-
seribers of the same gronp calling 2t the
same instand ig prevented by the-decimal in-

one at a tin v o
which puts the
eration.

~ The conseewtion controller may aet me-
chanieally or electiieally, but prefersbly
electricaliv. Tt comprises a continually op-
erating cirevit changer which intermititently
bhut suceessively closes the operating cix
for some part of the apparatus for ono se
tien and then in suceession similar cirem
for other sections, _

In connection with each cirveuit a device
in the nature of a relay is provided whereby
the closure is proloviged if, when fivet made,
the apparatos on that particular civenit is
ready to operate. This leaves the consecn-
tion controller free to niove on and clo
giveuits for other sections: Hence, the inter-

H

connectors will start one after the other and |

the one first operating will make connection
with the set of by wires belonging to a sos-
ondatry conuector to which the ealled au
seriber is conuneccted and will adjust said
secondary connector to connection with
Hne. The guerd bus wive for that secondary
connector is then charged and also a1l guard
poiuts for the Iine called apon all the sec-
mdary  connectors of the same  seciion.
When, thevefore, the other calling subscriber
by meang of hiz interconnector adjusts an-
other secondary connector to connection with
the same cuiled line he will get the “line
busy” indication over a test civeuit as heve-
inafter sot out in deteil.

The cirenits clozed ave preferably those
hy which the interconnectors are started on
their way o seize an idle secondary connee-

tor. The magnet s excited by cusvent from 188

145

118
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and 11, and divided cond
1G4, one ter mou‘ the “units

!nnsh w115
1111% 105 and

ring and the other the “tens” ving,
Preferabiv the decimal indicator con-
stantly revolves and is  auntomatically

brought to rest by a signal from a substa-
tion.  As soon as the division of mnmmw'-*"
apparatus seized by that stution s’ pa eil
beyond the point where it nwmy be seized
from some other calling s su bt mun the deei-
mal indicator resumes its revolution. The
cirewits of the decimal indicator and control
wagnets associated therewith are shown in
Fig. 2. The decimal ndicator alse has a
civenit changing arm earryving brush E‘ﬁ
and a divided contact ring l}b W
ments, one for each line, whereby s

')

o,

) -
guar (]—

ing potential muv be cstablisched on the,

guard contact of the ealling line on all the
primary connectors of the section. The me-
chanieal construction may be siuch as shown
in Figs. 24 to €6 inclusive. ,

101 is a divided line contact ring having
one contact or segment for cach line of the
seetion.  Saild segments are mountod apon
w hacking plate or ring and clamped and in-
silated from one ancther as shown in the
vertical section, Fig. 20, in o manner similae
fo the segments of a conunutator for o dy-
namno,

106 1s the guwd contach ring ilso con-
inining ag many k(\mm‘n s as there are lines
in the section, and each connected o 1{5 ap-
propriate guard wire 3. '

102 38w continuous feed ring connected
with a reluy contact lever by hrush 112 and
joined by wire 230 running as shown Trom
dingram Fig, 2, through diagram Fig. 3, to
and through o relay magnet 212 which oper-
ales on a starting magnet 16, the }(IH'('E‘ in
tirn being used with devices for bringing
one of the divisions of connecting appaia-
tus inte operatiorn. ‘

102 s a continuous gugh which
by moeans of hr"lf‘h 118 cirrent s supplied
to the cireuits passing throngh the décimal
indieator, '

105 is the divided “units?
and 104 the divided “tens” contoit ring.

Rings 101 and 105 nay be sepavately
mounted and secared in position like ring

ring th

contach Ting,

106, Rings ]i)-,, 103 and 104 mre mmxmed
apon the same hacking ring or plate T332

All the backing l'rmw qroe imm.«z 4<m~H 1618 and
Lo the head i‘,.,\ )
vions rings aud segments are taken out
through the opening of the héad 129 so as
1ot 10 intertore vxtu the free rotation of the
hrushes 111, 112, 118, 114, 115 and 116.
nection with *“v'mmnh of rings 101, 105 and
106, may benmdehy t;heshm.l dersor luz,mt;mn
them, and with rines 102, 103 and 104, by in-

<k

W

sulated pins pasding (‘.Inon;g_n the hueking
ving. The brush holders are mommted upon

arms 126 united at thelr lower cuds b w utifi-

onnections from the va-

Clon-
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.slot connection, and. is capable of longitudi-

ments corresponding to
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ening ring 128, and at their upper ends in.a
plate 127 to which. rotation is imparted from
a:shaft 131 revolved by wheel 132 and carry-
ing friction disks 133 and 134 which embrace
the plate 127. By means of these friction
disks and plaé the parts of the decimal in-
dicator may be brought to rest at any time
and the driving power and shaft permitted
to continue their rotation. This avoids.the

‘hecessity (of stopping the driving power

whenever the stop magnet 15 is actuated.
Disk 133 is. factened to the shaft, and disk
134 is connected with the shaft by a pin and

nal movement on the shaft.. Plate. 134 is
forced against plate 127 by means of aspring
185, whose power is adjustable by a nut 136
mounted on the end of the shaft.131. 130 is
a bracket which carries the plate or head 129,
The latter affords a support and bearing for
the rotary shaft. ; S
The tens contact ring 104 contains. 10 seg- .
ments of equal length and its individual seg-
ments correspond respectively. to the differ-
ent values of the numeral in the tens place
of the substation numbers. =
The units contact ringh
t

contains 100 seg-

substation numbers and is divided into ten

‘groups of ten each, the similar contacts of

which gromps are connected together; that is,
the No. 1 contacts of .all the groups are in-.
terconnected and similarly.the No. 2 con-

groups of contacts whose individual mem-
bers are interspaced with one another. Kach

group of ten contacts occupying the same .

arc or portion of the units ring corresponds.
in position with one of the segments in the

bens contact ring, soithat the brush riding on

the units contact ring may make connection

with ‘2 units contact of any value from 0-9
inclusive, at-the sameé time. that another
brush makes contact with. a segment of any
value in the tens ring. Hence, any fumber

- from 0 to 99 may be represented &s to its tens

- B0

.and units value by a brush riding upon the
tens contact ring in conjunction with the . T ' >
-ring 124 is fixed to the stationary parts as

brush riding .over the units contact ring,
the number so indicated depending upon the
circumferential position of the two brushes:
at any instant. A

The manner of connecting up the éégﬁxénfs

- of the units contact ring is more clearly in-

55

. tacts of the units ring may be connected up -
in other ways, and.the contaets of the two .

dicated in the diagram, ¥ig. 2. The.con-

rings and the brushes riding on them ar-

- ranged in different relations to one another

40

5

from that shown, and yet permit the num-
ber of the 100 substations to be “indicated”
by the two rings. - : o

The several segments of the divided tens
ring 104 connect in numerical ordet with
corresponding wires in a cable 185, which

‘the ealling substation namber. . ;

¢ 100-units of the.’

.Wfires{l’e,ﬁd' to and are connécted in numerical
order: to contacts of a-device termed “deci-
mal register controller” which will be pres-

ring 104 to a series of contacts numbered 0,

eleéctromagnet 29, for the primary’ connector

-register. By the action of the decimal reg-
ister controller codperating with the decimal

-ently described. This cable runs, as wdi- .
_cated. in diagrams Figs. 2 and 3, from the

70

1,9, &ec.,, to 9 inclusive, Fig. 3. Over these
-contagts the relay 210 is operated to govern
:the number of impulses. which pass to an.

75

indicator, the adjustment of the register to

- the tens value of ‘the calling subscriber’s

number is accomplished. The 10 intércon-

“nected groups of contacts on the ring 105
‘connect in numerical order with wires in

the cable 119, which wires are connected in
numerical -order with a set of 10 contacts

.on each of the 10 primary connectors for the
~several divisions of  conuecting apparatus.
“These contacts codperate with magnet 219 on

the primary connector. Fig, 5, to bring cyl-

80

85

inder, brushes of said primary connector to .

~ position corresponding to the units value of

- All of the No. 1 contacts of the ten several

groups are joined ‘to one wire, and these
‘wires represent each a different value in the
units .place. Each connection to a wire of

.cable 119 may be obviously made by simply

connecting one of the ‘contacts of the group
representing the one value. . o
ounted npon the plate 127 is a stop mag-

. net 15, the armature of which is furnished
with a dog 125 (see Figs. 28 and 29) adapt-

ed to engage with a crown stop ring 124,
havirig 100 teeth. properly located to cause
the brusheés.to come to rest upon a contact
segment when the dog is. forced down into

‘engagement with the ring by the action of

the magnet. ~The blade spring as indicated

_in Fig. 28 keeps the dog normally raised,

but. the mement the magnet is excited-the
plate carrying the dog and the brushes come
to rest, although the shaft 131 which drives
the brush structure may continue to revolve,

This is due to the fact that the crown stop

shown in Fig. 25, to which the varions con-
tact.rings are secured; while the magnet and

.dog are suppotrted upon the rotating parts

carrying the brushes ‘and rotated by fric-
tional connection with the constantly revolv-
ing shaft 131, ; '

" The relays 211, 213, 214, whose coil and
contact stop circuits are connected with the
brushes shown in diagram (Fig. 2) are also

‘mounted upon the revolving structure, thus

dispensing with the necessity for feed con-
tact rings which would be required if they
were mounted upon. an exterior fixed sup-
port. Relay 211 ig coninected to a brush 111
bearing on the line contact ring 101, and

_may be operated ftom any substation of a

80,
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section as soon as the brush 111 finds the line
contact of that substation in ring 101, Re-
lay 211 controls the action:-of the clutch
magnet 15,.and relay 214 serves to charge the
‘6 corresponding contact for the. substation
~calling on the guard ring 108. -
‘The circuit for the clutch magnet 15 is as
shown in diagram Fig. 2, from the brush 118
"bearing on ring 103 to one terminal ‘of coil
of said magnet 15, and from the other termi-
nal thereof directly to the front contact of
relay 211, thence by the armature of said
_relay to the brush 112 and to the continua-

10

tion of the circuit by wire 230, down through -

15 diagram Fig. 8, and to and through the coils
of relay 212. The relay 214 is in a branch
around magnet 15 as shown between the wire
leading from brush 113 and the wire leading
to the front contact of relay 211. The con-
tact on guard ring 108 is charged by current
which passes through the circuit leading
from brush 113 and magnets 15 and 214 to
the front contact of relay 211 and armature
lever, -at which. latter point the ecircuit
branches, one branch 'passing to 112 and
wire 280, and -the-other passing through

20

25

. magnet 213 and: thence to back contact of:

relay 214, armature lever therefor and to

30 charged P oo R
- The special: functions and operations of

these various relays and their operation in
. conjunction. with the decimal indicator will

be described in the general operation.
' Decimal register eontroller.

85

One of these is used for each section.

‘This device acts in connection with the deci-

- mal indicator to adjust the primary connee-
40 tor into position corresponding to the “tens”
value of the calling subscriber’s number,
and the several ciréuits in cable 185, leading
from the “tens” indieating ring of the deei-
~-mal indicator operate as tedt cirenits, which
4% determine the number of impulses which

- shall be sent by the decimal register con- -

troller over the wire 187, which runs through
*-all divisions and is tapped at each primary
conhector to the register magnet 29 thereof.

50 While the impulses may pads-from the deci-

mal register controller to the wire 187 tapped-.
to all primary connectors, said impulses will
pass only through the register magnet. of the

primary connector in the division which is
11
seen, from the description of the
eration, the rotary switch' of th

] igter magnet 29 of the primary:connector in
0 ‘
‘potary switch starts into operation.: In all

other divisions, however, the: rotary: switch -
is at.rest and hence the circuits threugh the -
magnets 29 in such-other diyisions are open. .

85 The impulses are. produced by the movement

“disk such as already described. Its clutch

brush 116 bearing on the contact to be:

started in response to the call. As will be

Feheralropr :
l e division .
started completes the connection for the reg-:

the same division with it as soon .as the said .

vl L b
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of the brushes 120 of the decimal register
controller over a row of interruptec. contacts
in the divided ring 50, as will be presently
described, but said impulses cannot flow
until a smtable source of enérgy is connected
to the brushes by the action of a magnet 210,
which latter is energized by the current over
“one of the Wires in the cable 185 depending

70

- upon. which one of the contacts in ring 104 -

the brush 114 may rest on when the decimal 75
indicator stops in response (o the signal
from the subscriber’s station. ‘

.. The decimal register controller is started
directly or indirectly in response to a signal:
received from the calling substation, and &
when started revolves until it finds & wire

of cable 185 rendered alive by contact of

brush 114 with the tens ring in the decimal
indicator. It then begins to send pulses into
the magnet 29 of the primary connector in
the division seized. It may be constructed
as shown in Figs. 30 and 31. v ;
This device may be driven and controlled
by means of the clutch magnet and control

35

80
magnet 18, Fig. 8, is energized to start the
brushes into rotation over the circuit from
positive battery, Fig. 3, connected to wire
40, to wire 41, to the rotary switch Fig. 6,
-and then by a tap wire 44 to one of a pair of 95
contacts which are bridged by brushes 678,

ag soon as said switch starts into operation

80 ds to form the connection to negative bat-
tery from wire 44. The brushes 120 complete
their phase of action in a half revolution 100

' and hence the disk 23 has two notches sepa-

rated. from one another by half the circum-
ferenice of the disk. . o, -

The brushes 120 thereof are connected to-
gether and are mounted in brush holders 225 108
secured to arms 182 fastened to the hb of a
dri‘ving;wheel 180, and provided with a stay
ring 138.as in the decimal indicator. They
revolve over a compound ring, one half of
which, 121, is a continuous feed segment, 110
and the other half of which is made up of
separate insulated segments. Said com-

"pound ring is fastened to a backing ring by

a clamp plate 183 and the backing ring is
secured to a fixed hub or. base 139 corre--115
sponding to the hub 129 of Fig. 25. ‘

The shaft carrying arms 182 and wheel
-180 may be supported in a similar manner
to-that of the decimal indicator. ' ,

In the divided segment 50, 10 of the con- 120
‘tacts: are connected in numerical order as
dlready explained, to the 10 wires respec--
tively of cable 185, the contact marked zero -
being connected to the wire which terminates
in the segmeént marked 0 of ring 104, Fig. 125
2, and so_on in regular order throngh the
correspondingly humbered contacts ani sev.
ments. ‘

‘Between the .contacts just mentioned. in.

. .

“the divided ring 50 are contacts all con- 130
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nected to wire 187. After leaving the con-
tact connected to-wire 187, and bhefore reach- -

ing the next contact connected to the same
wirve, the forward brush 120 passes over the
contact to which no connection is made.
While said brush rests upon a contact ¢on-
nected to 187, it is by .means of the rear
brush, connected through the feed segment
121 and wire 186 with the armature lever of
a relay 210. If said relay is excited the
armature will be against 1ts front contact
which is joined to a battery or other source
of energy. If, then, the ciréuit is closed to
said source of energy and the forward brush

then engages one of the contacts connected

to wire 187, the current will pass over said
wire, but will be immediately broken as the
brush passes forward to the next contact con-
nected to said wire. But, as will be obvious,
it the relay is not e\clted no current will
flow to said wire 187. So 10ng', however, as
the relay is excited, current ‘will- first flow
over wire 187 and Wll’ then cease flowing so
as to produce a series of pulses as the for-
ward: brush moves onto and off of the con-
tacts connected to said wire.

The charging of the magnet 210 is deter-
mined by the condition of the contacts con-
nected to the wires in 185 and lying between
those connected. to wire 187. If the relay
is charged, for instance, when the forward
brush passes contact numbered 4, and is kept
charged thereafter, the forward brush 120
will thereafter pass over, 5 contacts con-
nected to 187 and this will produce 5 im-
pulses on the civcuit 187 so as to set the regis-
ter brushes of the primary connector for-

ward 5 steps, 0, 1, 2, 3 and 4. Hence, the
oharmng of the wire in 185 belonging to a
segment in the ring 104 bearing any particu-
]zu numeral may “be made to produce on

wire 187 the number of impules of the same

numerical value, because when the forward
brush finds the contact of the divided seg-

5 ment 50, which is connected to that wire of

" the cable, the magnet 210 will be charged

80

<y
L

over the cireuit from positive battery Fig.
2, brush 118, wire 680, brush 114, wire of
cable 185 to 'the correspondingly,numbered
contact in the divided segment 50, forward

‘brush 120, then to rear brush 120, feed seg- .

ment 121, wire 186, coil of 1e1,1y 210 and
negative battery Up to thls time no im-

pulges will be sent over wire 187, for the

reason already explained, but thereafter
the forward brush will pr odice pulses flow-
ing from positive battery Fig. 3, to the front
contnct of the relay and by feed segment
121, rear brush 120 and forward brush 120

wnnegted in succession to the remaining -

contacts of the divided segment connected
to wire 187,

The relay may be discharged by the ac-
tion of current in an opposing winding
tluomfh W hich current is sent from a contact

27

48 aftel the device has completed its action
over the circuit from positive battery ¥ig.

-8, front contact of the relay 210, relay lever,

wire 186, feed segment 121, rear brush
120, forward brush 120, conlact 48,.and"
through said opposing wmdmg, up to which

70

time the relay has been held up by the. di- -

rect connection from positive battery Fig.
3, tront contact of said relay, armature lever
thelefm, coil of relay connected to said ar-
mature lever and directly to negative bat-
tery. - When, however, the current flows

75

through both coils as just explained, the

magnet loses its power and the armattue
lepS to its back contact so that the device
is. ready for another operation. -Another
contact 46 near the end of- the divided seg-
ment 50 is connected to a wire 49 runnuw
through all divisions and connected in mul-

: tlple to the magnets of the rotary switches

in the first poqmon thereof, to send the
same forward to the second position. This
takes place just before the forward brush

‘engages contact 48, and the current flows

through the chitch magnet 17 of the rotary
switch from positive battery Ifig. 3, to the
front contact of relay 210, wire 186, feed
segment 121, zear brush 120, forward brush
120, contacf 46, wire 49, tap wire 51 and to
and through the pair of contacts in the two
lower rows of cylinder contacts, Fig. 6, in
the vertical row under No. 1 position and by
the bridging brushes 699 previously adjust-
ed to such position by the movement of the
switch forward from normal position and
thence through wire 663, and magnet 17 to
negative battery.

It will be understood that while there is
a similar tap wire to every one of the 10
rotary switches, the current will flow only
to and through that rotary switeh which is
in the idle. division previously started by

N

“the action of cwrrent flowing from the divi-

sion starter, as will be presently described,
over bridging brushes 699 in their normal
position, while at all other switches that

80 -

85

40

95

100

105

110

have been left on normal position or have -

passed beyond the No. 1 position, the con-
nection from 51 through the cluteh magnet
17 will be opened.

The shaft cavrying brushes 120 may be
operated in the same manner as the shaft
of the cylinder switch by means of a clutch

_controlling magnet 18 together with a clutch

controlhng disk 23 w hich, if geared to make
one whole revolution for one whole revolu-
tion of the brushes 120 would, as indieated,
have two notches di'unetrically opposite one
another.

The clutch magnet 18 may be momentar ily
energized to start the device by an impulse
from the seized idle- division. .6f connecting
apparatus, for instance, from the rotary
switch thereof, sent over the wire 41 connect-
ed to all the rotary switches oz the section
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“in muliiple, ” When the brushes 120 com-
plete a half revolution the dog drops into.

the notch of the disk 23 and the brushes

come to rest ready for another operation,
Cthat brush which was in the first half revo-

Lubion, the'rear brush, becoming at the next
operation the forward brush. .

Division starter.

This device (Fig.4) responds to a call or -

signal from any substation of & section on
which it is located for the purpose of making
one of the normally idle divisions of cou-
neeting apparatus. operative. "It is prefer-
ably controlled from the decimal indicator

. when the latter responds to a call and comes

30
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to vest, but may be controlled .directly or
indirectly by a signal from_the substation
in any desived manner. This is done by
meang of an electromagnet 16 operating on
yw clubeh which connects the brush-carrying
shaft of the said division starter to a suit-
able driving power. When started, it closes
@ eivenit for the clutch magnet of the rotary
switch in one of the 10 divisions of connect-
ing apparatus in the one section to which
it belongs. If 10 sets or divisions of con-
necting apparatus are provided on a sec-
tion, the division starter will have 10 start-
ing positions, When it starts and seizes an
idle divisicn 1t aufomatically comes to rest
again in positicn favorable for starting an-
other idle division when the call comes from
another line on the same seetion.

When any division is in_ use the starter
is caused to pass the stop position corre-
sponding to said division by proper electri-
cal or mechanical controlling devices operat-
ing autonatically, But when the division
is idle the etarter stops in position ready for
starting saic division.

Said antomatic controlling: devices consist
preferably of a clutch operating magnet and
twao. cobperating eireuit controllers, one on
the votary switch and adapted ta close cir-
cuit when the rotary switch is in normal

_position, and. the other operated by the

sbarter and acting to close another break in
the eirceuit just before said starter reaches
that position of rest from which 1t starts
to. bring the apparatus of an idle division
into operation.

. When the division starter moves from any
of its positions of rest it starts the rotary
switch of. the corresponding idle division by

any desived means, preferably by elosing the

circuif.of the clutch or starting magnet for
the switeh or other portion of the division.
The division starter is started by means of
a cloteh or stop magnet 16 brought into

operation at or about the time that the deci- .

mal indicator comes to rest. For this pur-

pose the circuit of the clutch magnet 16

may be closed by the line relay which re-

1,204,285

sponds to a call from any sabstation of the
seetion, ‘ :

The division starter may close and break
civrenit by means of a pair of bridging
brushes-moving over a double row of con-
tacts and mounted upon a shaft driven and
controHed by means of a cluteh, electromag-

net 16 and a control disk 28, suitubly notched

to allow the brushes to move from one con-

tact over an intervening contact to another.

contact before they automatically come to

Test again. - The double row of contacts may
be mounted .in the same way as the contacts.

65

70

of the primary connector. - Referring to dia- -

gram Fig. 4, contact points for four divisions
of rotary switch ave shown, there being for
cach” division 4 pairs of contacts. For the
ten divisions 40 pairs would be passed by the
bridging brushes in one revolution of the
division starter. '

N is the normal stop position for the
Drushes, immediately after leaving which
they pass over a pair marked 13 and send
an tmpulse over a starting circuit 37 for an

idle rotary switch in an idle division. This’

impulse flows from positive battery through
wire 36, by a pair of contacts marked 135
and bridging brushes 61 when they leave the
N position and pass over said contacts, to
a wire 37 and thence to ¥ig. ¢ diagram to
a pair of contacts in the N position of the
cylinder for the rotary switch and @ pair
of brashes 699 normally engaging the same,
and thence by wire 663 to and through the
magnet 17 of said rotary switch. ~This starts
said rotary switch and allows its brushes to
move forward from the normal position to
the No. 1 position. It should be understood
that there are as many leading wires 87
and pairs of contacts 18 in the divis'on
starter as there are rotary switches or”di-
visions of apparatus, namely 10. The pairs
at the 8 N positions complete civenits. 39,
which are test circuits and lead to contacts
at an N position of some part of the ap-
paratus in a division, preferably the rotary

switch. There are as many of these circuits.

39 as there are rotary switches, Each said
circuit is complete when the rotary switch
is in the normal position excepting at the
contacts S N of which there are 10 pairs in
the division starter, one for each rotary
switch. The test circuit for any rotary

_switch would be as follows: from positive

battery Fig. 4 diagram, to and through a
winding on the magnet 16 which is opposite
to the winding connected to wire 35, then
through wire 38 to contacts S N and the
bridging brushes of the division starter when
moving over said contacts, then by a wire
39 to the rotary switch diagram 6, and over
cylinder contacts engaged and bridged by the
pair of brushes 678 when the rotary switch
shaft is in normal position, and to negative
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irs of contacts between the
ons are idle or space eon-

battery The p
N &B‘ N I‘Jt
taets. . ]

The control disk 28 may make any num-
ber of revolutions for one whole revolution
of the shaft carrying the brushes for the
division starter. Ifs notches are uniformly
spaced around its whole periphery, since the
positions of rest of the division starter are
uniformly spaced. 'The space between
notches is sufficient to permit the brushes to
make a forward movement from N poutlon
to 8 N positien and from 8 N to N again.
No eonnection is made in the position of said
brushes on contacts mnarked N.

The clutch magnet 16 ispreferably pro-
vided with two windings, one of which is
a starting and the other a release winding.
The- circuit of the former is controlied by

a relay magnet 212 which is ‘)rcfembu m
a cirveuit clesed on the decrmL indicato
This circuit may be closed by the 'nmm 5;1
the relay 211 af the time the decimal ingi-
cator comes to rest and reay be traced from
positive battery Fig. 2 rmo 103, brush 113,
clutch magnet 15 and telay 214 i mid 1ple
to front contact of the velay 211, relay a»
mabure lever, brush 112, ring '025 wire 2 %O
through Bzg 3 diagram, to Fig. 4 and to
and through the coils of relay ‘)12 and to

negative battery. When the maguet 1§ iz

e‘)

‘ energmec{ thereby ‘it keeps the clutch en-

35

40

which the dog may drop inte s

gaged until the release winding acts, atter
Toteh in the
disk and bring the bridging bru shes 10 rest.
When the decimal mdlcator findd the c: ‘Ixng
line segment, thus cansing relay 211 to be
eneig:wed as already expialhed relay 212
is charged and closes the circuit of one coil
of magnet 16 at its front comtact. The
brushes of the division starter then leave
their position on sajd contacts N and move
to the contacts' 8 N, in doing which they

- pass aver contacts. 13 and by closing the con-

50
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nection to 37 and to the clutch magnet of
the LOé-c‘lZ’y switch' as already explained,

start’ said )hry switch into o(t'on m
ToR c‘n ag :hc N contacts it will mmz iete a
eon ion to a wire 39 from pos mue bat-

tery thmugh the 6eenerg17mw coll on itg
own clufch magnet 16, by wire 38 to 39, und
thence ,xzrouqh the (ontm ts on the rotary
gwitch to which 89 is connected, said con-
nection 59 being that for the rotary swiich
in the division mext to that rotury switch
which hag yo,s been started by the passage
of the brushes over the contacts 13 as just
stated, If said votary switch be idle tho
connection would be'complete by the hyidg-
ing brushes 678 hecause they will"bhe in the

-nmnml posxtlon and the cluteh magnet 16

T will, by tne fictioniof the curreni in the op-

posing coil, be discharged so-that the dog-

mayv drop bA(k into the notch and bring

a8

the brushes to rest momentarily on the S N
position in the division startér. This posi-
tion is retained so long as the circuits
through both coils of 16 are kept closed,
but the moment that the relay 212, Fig. 4
loses its power, which will happen the in.
stant that the relay 211 is discharged
through the break of the No. 1 sidé of the
line by the instrument at the subscriber’s
station and which takes place automatically
through the action of the apparatus in the

division of apparatus seized at the central-

station, then the circuit through the front
contatt of relay 212 and one of the coils for
magnet 16 will be broken so that the current
which has been flowing in the coil connected
to 38, and over contacts S N and 39 to the
next idle rotary switch will immediately
charge the magnet and couple the shaft of
the division starter to the driving power.
The brushes of the division starter will,
therefors, immediately' move on from S N
position where they automatically come to
vest, as just described, to the position N
where they are immediately in front of con-
tacts 18 which are connected to a wire 37
that leads to a rotary switch in the same di-
vision as that connected to wire 89 by the
current over which the brushes were sent
forward from said 8 N position. They
will come to rest on the N. position just
stated, because when they move forward
from said 8 N position they break the cir-
cuit over wire 39 and (the clutch magnet
being thus dlscharoed when the -brushes
reach said N p051t10n the dog will drop into.
the notch, which is ‘coincidently opposite
said dog, and the clutch will be disengaged
so that the brushes will come to rest.

This is the position for starting the ro-
tary switch whose circuit 89 has just pre-
viously been found complete when the
brushes reach the § N position. Had the
division starter found the circuit over 39
incomplete on reaching the S N contacts, the
clutch magnet 16 would have remained ex-
cited by the action of the current in-the coil
controlled by relay 212 and flowing from
positive battery over the coil of magnet 16
connected to wire 35 and through front con-
tact of relay 212-and by the armature lever
thereof divectly to negative battery, so that
the starter would have moved on until it
found -an idle switch and would then come
to rest as just explained by the action, of
current over the S N contacts connec ted to
said switch.

This part of the ‘xpp'udtu‘a might be con-'

strueted and connected up in othm ways.
The division starter and -the primary
conneciors contrelled thereby constitute u

35

70

75

80

86

20

88

100

105

110

1¥5

120

128

primary line u‘:nnuw ng spparatus adapted .
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122, 123 in response to a preliminary elec-
trical impulse from.a calling substation
after which the selective signals passing
over an idle wire produce the required ad-

justment of the interconnected selecting

switches.’
Substation apparatus.

At each substation an automatic signal
transmitter is provided for setting the cen-

- tral station apparatus into position to make

connection with the line called, by the ac-
tian of signals or impulses sent over the
line connecting said signal tramsmitter at
the subscriber’s station with the central sta-
tion apparatus. Preferably an .indicator is
used at each subscriber’s station having in-

.. dicator buttons corresponding to the thou-
- sands, hundreds, tens and units of the deci-

20

25

mal system. By setting these buttons so
that they shall respectively indicate the
values of the numerals in the different deci-

mal places for. the number assigned to the

subseriber with whom connection is desired,
any subsceriber may prepare the circuits of
the apparatus at his own station so that it

- will automatically send the proper charac-
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ter or number of signals by which the cen-
tral office apparatus may be operated and
caused ' to form a connection between such
subseriber’s’ line and the line of the sub-
seriber wanted. At each substation there
is also a ringing key for controlling a relay
at the central office whereby the calling gen-
erator may be connected to the called suh-
seriber’s line, and in addition, there is a
suitable telephone switch for connecting the
two sides of the line to one another through
the telephone transmitting apparatus dur-
ing conversation, or for breaking such con-

‘nections and connecting the two sides of-

the line to the parts of the signal trans-
mitter apparatus. Suitable intermediate
locking devices are provided between the
switch and the signal transmitter, and of
such character that the position of the
switch cannot be changed while the signal
transmitter is in operation, and so that on
the other hand, the signal transmitter can-
not operate unless the switch is in proper
position. , ‘

_ Also the signal transmitter is preferably
organized to send an initial signal in the

manual operation of bringing it into action, -

The circuit-changing parts of the sub-
station -apparatus .and the mechanism for
operating the same may be constructed in
the manner to be now deseribed or in any
other suitable way. Referring to Figs. 32
to 39, 142 is a circnit changing arm having
a spring actuated contact shoe or lever T34
movable over a series of contacts 735 con-
nected in regular order to corresponding
contact plates or points of the number indi-

68 cator. The contacts engaged by the shoc

1,294,285°

may consist of pins 172 set in a plate 161
of insulating materizl. The active or cir-
cuit-making pins extend through the plate
and are there connected to vlates of the
number indicator. Other pins 172 serve as
space or insulating segments for engage.
ment by the shoe. Their position. with re-
Iation to. the circuit making pins is indi-
cated by the solid black points in the;dia-
gram, Fig. 39. Pin 140 engaged in the nor-

70

75

mal poesition of the arm 142 connects to the -

call bell 146. Pin 141. connected te earth
is engaged to send the initisl signal, and
contact pin 145 is engaged by arm 142 to
make an earth connection after it has passed
over the last set of contact pins connected
to the number indicator. The un-numbered
contact pins comprise 4 sets or quadrants
co_rresgondipg to and connected respectively
with the units, tens, hundreds and thousands
set of contact plates on the indicator.

80

]

The indicator (Figs. 36, 37, 38, 39) has

4 sets of contact plates 197, 10°in each row

or set, and a corresponding indicator button.

171 for each set. Said button carries and
adjusts contact spring or plate 198 over the
plates 197, and is provided with a proper

set the.button ta position corresponding to
the numeral in one of the decimal places
of the called subseriber’s number and there-
by place the contact spring in the corre.
sponding proper position so that it will
form connection with one of the serie¢ of
plates 197 by which the line will be ground-
ed and thereby cause the proper number or
character of signal to be transmitted. Con-
nection from the plate on which the-contact

90

‘index as shown to enable the subscriber to

95

100

spring so rests is formed to ground by the.

_spring, the metal block 199 carrying the

same and the metal guide plate which
forms the face of the indicator and should
be connected to ground in any proper way.

The connections, of the first two indicator
plates in each set to the corresponding con-
tact pins of the 4 sets of quadrants of con-

.tact pins 172 over which the arm 142 passes,

are shown in Fig. 89. The remaining pins
of the sets are connected in regular.order
to the remaining eight plates in each row

108

110

115

of the indicator. The mechanism for oper- -
ating the arm 142 may be constructed as

follows: . o
" 153 is the operating lever for the trans-
mitter and 151 is a ratchet wheel that turns
loosely upon a pin fastened to the frame
or support: 175 and engaged at its toothed
edge by a pawl carried by a gear wheel
152 also rotating loosely on said

of the wheel 151, and serves to wind up a

120

_ pin. The .
operating lever 153 is fastened to the hub

125

spring one end of which is secured to the-

pin 154, projecting from the lever, while
its other end is seeured to the fixed support-
ing pin for wheel 151. When the lever is

180
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pulled, down the spring is wound up. On
letting go of the lever ratchet wheel 151
engages the pawl carried by the gear wheel
152, and the spring in unwinding turns
said wheel. Gear wheel 152 engages a
pinion carrying the wheel 158, to which
latter is secured the pawl 159, engaging a
ratchet wheel 160. Ratchet wheel 160 is

- secured ito the shaft which carries the con-

tact arm 142. The pinion carrying wheel
158 rotates on a bushing or bearing in which
said shaft turns. - « , )
Wheel 160 carries a pin 162 adapted to
be engaged by a hook -163, which is sup-
ported on the operating lever 153 and is
so arranged as to turn the wheel 160 and.

‘thereby move the contact arm 142 forward

from pin 140 to pin 141 at the end of the
downwird throw of the operating arm.
Whaéel 152 ‘gears also through a train of
wheels with the rotary escapement 167,
having two arms adapted. to engage in turn
with a pallet 168 carried by the armature

lever of a stepping electro-magnet 33.

The pins or projections from the escape-
ment 16, move in different concentric paths
as indicdted, and the pallet 168 when ac-
fuated by the magnet disengages one arm
and allows a half revolution of the escape-
ment, because the end of the pallet 168 is
now in positien to be struck by the pro-
jection from the shorter arm of the escape-
ment which can revolve from the position
shown in the drawings only half a revolu-
tion before it is thus stopped-by the pallet
168. When the magnet is deénergized the
pallet 168 releases the latter arm and al-
lows another half revolution. One com-
plete revolution of the escapement 167 takes
place for each momentary impulse sent
throngh the magnet 33. The gear of the
mechanism is such that the arm 142 will
move forward one whole step, or the space
of two pins for each rdvolution of the. ro-
tary escapement. ' ’

169 indicates a switch preferably con-

structed to form the -support:for the tele-

phone as usual in the art. The lever 169

- operates on contact springs 147 and 148

50
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60
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connected respectively with the No. 1 and
No. 2 sides of the line and engaging con-
tact ping as .indicated in-the diagram, all
in such manner that when the lever is down
the spring 147 will connect 'line 1 with a
continuons contact ring 174 on the face of
plate 161, d@nd thence by rubbing contact
spring with arm 142, while the spring 148
conneets line 2 throngh bell 146 with the
normal contact pin 140, so that, as will ‘be
seen, the bell is in cirenit hetween lines. 1,
2. in the normal position of the apparatus.

‘Stepping magnet 33 is in a'branch from
148 to o contact 179, - Spring 144 engages
1T and eonunects this branch to carth as
saon ag the arm 1295 moved forward from

ax

pin 140 to pin 141 in the operation of pull-
mg down the lever 153 to start the trans-
mitter.

The spring 144 may be operated by means
of an elbow lever 143 having a toe engaging
with a cam disk150 secured totheshaftofthe
contact arm 142, and having a noteh or de-
pression so located as to permit the spring
142 to break the ground connection when the
arm 142 stands in normal position. The

forward motion of the arm 142 and disk 150 -

in the direction of revolution of the hands
of 'a watch and from the normal position
shown brings the unmutilated portion of the
disk into engagement with the toe of the

elbow lever and moves the horizontal arm

thereof downward, thereby moving the ver-
tical arm sidewise against the pressure of
the spring 144, which tends to throw the
toe into the notch. When the toe is out of
the noteh on the unmutilated edge of the
disk the spring 144 is pressed against the
contact 179 and .is kept in contact there-
with until the noteh on tlie disk revolves
around opposite the toe, at which time the
spring will throw the toe.into the noteh and
will itself become disengaged from the con-
tact 179.  In this position, which is the nor-
mal position of the parts, the arm 142 com-
pletes the connection with a contact pin 140
connected as shown te the bell 146 and
thence with the contact which is engaged by
spring 148 when the telephone is on the hook
169 carrying said spring 148. ‘

When the hook 169 rises under the ac-
tion of a suitable spring, the springs 147
and 148 break the connections just described
and connect the two sides of the line through
the telephione receiver, telephone transmit-
ter 27, and the ringing key 26. The latter

device is adapted to throw a resistance into

the circuit of the two lines.

In a shunt to the ringing key 26 is a re-
sistance as shown. At the central office is &
ringing relay 217, see Fig..7, which, by the

operation of the apparatus there, is included.

in the circuit of a ealling subscriber’s line.
When the ringing key is depressed, the re-
sistance is introduced into the circuit and
the ringing relay, by going to its back con-
tact, throwg the ringing current on to the
called subscriber’s line, as will be more par-
ticularly deseribed in the general operation.
As will be seen, the operation of the ring-
ing key does not disconnect the telephone re-
ceiver from the line and hence permitg the
ringing signal sent to the ealled subseriber's
line to be received in the ealling subseriber’s
telephone when repeated back by means of
guitable devices at the central station, and
which are operated hy the vinging current
going to the ealled subscriber’s eircuit,
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In order that the switeh 169 may be pre-

vented from changing from normal position
during the tamwmission of a call; & second
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. cam disk 155 is secured to the shaft of the .

. contact arm 142 and is provided with a

10

noteh so Jocated that a toe upon the pivotad
lock arm or Jever 156 will-be forced into the
notch by any suitable spring and free the
arm 169 while the arm 142 is on the normal
contact 140. When, however, the arm 142 is
advanced, the cam disk draws the end of the
lock lever into position to lock the lever 169
by coming into the path of the block or pro-
jection 157 on said lever. When, however,
the arm 142 has transmitted a call and has
advanced areund. to contact pin 149, the toe

. -of the lever 156 drops again into the notch

15

20

25

30

35

on the disk 155, so that lever 169 is again
freed and may then change its position to
connect the two sides 1, 2,0f the line through
the ringing key 26 and telephone apparatus.

To prevent the signal transmitter from

operating ‘in case the lever 169 be not in
proper position to connect the two sides of

the line to the signal transmitter, as would.

be the case if the telephone were raised be-
fore pulling down the operating lever 153, a
pivoted lock or stop 164 may be provided.
This is nermally raised by a pin 165 on le-
ver 169 when the latter is down, and then
is out of the path of the block or projection

166 on armi 153, so that the latter may be de--
pressed to its full extent and sufficiently to .

advance the arm 142 to pin 141, When,
however, the lever 169 is in raised position,

‘as would be the case if the telephone is off

the hook, the stop 164 drops by gravity into
position to be engaged by projection 166 and
prevents the lever 153 from being pulled
down to its full extent. Hence, the nitial

signal will not be transmitted when the arm

40

45

‘50

65

80

~trolled by the magnet 33.

153 is pulled down, because it cannot -be
pulled down sufficiently far to cause the

hook 163 to engage the pin 162 and thereby.

turn the-wheel 160 and-move the contact arm
142 forward. In this case the arm 153 will
simply remain down with the projection 166

engaging the stop 164, the spring being held

from unwinding by the escapement con-
No effect will
then be produced in the central office appa-
ratus, the Iine 1 being out of connection
with esirth at the subscriber’s station. By

“pulling down the lever 169, however, lever
153 will be freed and may be thrown down
to its full extent and the call initiated, but
in this case the lever 169 will be held down:

in' the proper position until the call is com-

pleted, as already explained, by the lock arm

156 and projeéction 157 on said lever 169,
The circuit is. charged for the transmis-

sion of speech by a battery or other source

of energy at the central office.

Other devices for causing the signal trans-

mitter circuit changing arm to move for-
ward step by step might be used in place
of that described. It is preferable, how-

ever, to employ a mechanieal power like

!
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that of -a_spring inteﬁnittenﬂjr released b.y

‘means of a magnet instead of depending

upon the’ actuating power of the magnet
alone. . . :

Othér means might be employed for caus-
ing the signal transmitter to complete a con-
nection when it has been stepped forward a
determined - number of steps by thie action of
the stepping magnet 33. It is' preferable,
however, to use a separate set of indicator 76
plates and buttons, eonnected as shown, It
is obvious that the initial signal might be
transmitted in any desired way by complet-
ing the earth comnection from the 1 side
of the line, but if is preferable to complete 80
the connection automatically in the act of
pulling down the operating lever for the
signal transmitter.

General operation.

The general operation of the apparatus is
as follows: .
. Normally all parts stand at rest excepting
the decimal indicator and the driving:
power. As an example it will be assumed ¢
that subscriber No. 736 desires to call sub-.
seriber No, 1845. -
- After setting the indicator, Fig. 36, to the
number 1845, the subscriber pulls down the
arm 153 to its full extent, thereby moving
the ¢ircuit changer arm 142 from contact 140
to initial contact.141 through engagement
of hook 163 with pin-162. This grounds line -
1 by spring 147, ring 174, contact arm 142
and centact 141, thereby sending the initial 100
‘signal which excites stop relay 211 by cur-
rent from positive .over ring 103, (Fig. 2)
brush 113, coils of relay 211 and back con-
tact of relay 213 the instant that the brush .
111 finds the segment 36 connected on line 105

70

85 .

ring 101 to 1. :

Relay 211 closes the circuit of clutch mag-
net 15 from positive battery, ring 103, brush
113, coils of 15 and front contact of relay
211, to brush 112 and ring 102, thus bring- 110
ing - the decimal indicator to rest with
brushes 116 and 111 on the No. 36 segments
by the instantaneous action of the cluteh

~magnet which, as already explained, ro-

tates with the shaft which carries the 115
brushes 116, 115, 114 and 111, and has a
dog which engages, when the magnet is
excited, with a fixed stop ring 124 "The
brushes 116, 115, 114 and 111, all rotate to-
gether and the contacts in the several rings 120
which they ‘pass over are connected up in
fixed numerical order to their several cir-
cuits and so that when the brush 111 rests
upon contact connedted to the side 1 of any
subscriber’s circuit of a section, the brush 125
‘%16 will rest upon the contact connected to

he guard wire 3, corresponding to that
same line. Similarly the brushes 114 and
115 will rest upon contacts which corre-
spond to the numerical value of the numer- 130
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als in the tens and units places of the same
subseriber’s number and electrically point
out or indicate the circuits for wires in
cables 185 and 119 which it is necessary to
charge in ordsr to set the register and cylin-
der brushes of the primary connector in di-
vision seized to position where. they will
open up a path Jfor the signals from the

‘same line through the primary connector to

the wires 192 and 123 and the apparatus of
the same division, as already explained.
Closure of circuit on the front contact of
relay 211 to excite the clutch or stop mag-
net 15 at the same time supplies current
from positive battery to the wire or connee-
tion 230 leading from ring 102 through the
low resistance velay 212 of the division
starter and to negative battery (see diagram
Fig. 4.) This current which also excites the
magnet 15 flows from positive battery con-
nected to ring 103, by brush 118 constantly
bearing theveon, to magnet 15, front contact
of relay 211, to armature lever thereof,
brush 112, continuous contact ring 102, wire
230, Tig. 2-diagram, then through Tig. 3
diagram, to and through the coils of relay
212 directly to negative battery, Fig. 4.
This operates the clutch magnet 18 of the

latter, by closing the connection from posi-

tive battery as indicated at lower right hand
corner of Fig. 4, through one coil of said
magnet and by wire 35 to front contact of
relay 212, armature lever thereof and di-
rectly to negative battery. .

- Relay 211 also closes on its front contact
the circuit throvgh coils of the relay 214 in
branch to 15 whith relay charges the guard
wire 3 of the calling substation with posi-
tive potential by connecting positive hattery
to the same through brush 113, front contact
of relay 214 and brush 116 now at vest on the
#3506 contact of the guard contact ring 106,
because it stops at the same time with the
brush 111 and upon a contact corresponding
to the line contact in ring 101. This clhiarges

-all guard points of the #36 line on-all the

secondary connectors of the same section,
because the guard points of kaid line in all of

~said secondary connectors are connccted in

multiple to wire 3 corresporiding to that line
and in the same manner as guard contacts
belonging to said line on the cylinder of the
primary connectors. Should any secondary
connector on the section t¢ which said num-
ber 36 line belongs be adjusted to position of
connection with the tap wires 522 and 5923
connected to the two sides of said line, the
connection will at. the same time be fermed
from the guard wire 3 of such line over tap
wire 825 and through said secondary con-

nector to tap wire 224 and bus wire 223

which extends. as already stated, past all
divisions of all sections of the exchange, in
the same way as the other three hus wires
of the same set, and brings said guarding

“tacts corresponding to the ten diffs ent

.
e
=i~.))‘€‘.,t>

potential up io centacts of an interconnector
1n all divisions of all séctions, thus prevent-
ing any other line ¢n any section from form-

th the line calling, ever

ing .connection wit
though said other line may 1
ary connector to & i and
also causing & “busy to be given to
the line attempting to make the connsetion,
as will be described farther on. - When &
decimal indicator stops, brushes 114 snd 11
come to rest on contects of the vnits and tens
indicating rings 104, and 105, so as o indi-
cate or point out the number 36 on said rings
and to establish connections over the proper
wires in cables 185 and 118 for causing the
parts of the primary connectoriin the divi-
sion seized to come to vest in position to con--
nect the two sides of the calling line 38 with
wires 122, 128, and its & line with wire 921
(figs. 5 and 6.)
The indicating brush 115
cach tenth of its revelution, maks conie
sitecessively with the ten wires in the cab
119, It is so located with reference to
other brushes that when the brush 112
any line, the

nd-

a8y

1
e

3

T

T
g
b33

804

oo

O

on the contact of any sy e
whose number is 1, the brush 115 will at the

same time rest on & contact in ring 105 con-

nected to the No. 1 wire in cable 119, and

so on for all values in the units place. "This ¢5
makes it necessary, obviously, -that there
should be 10 different positions in the cir-
cumference of revolution of brush 115 in
which it shall make connection  with, the.
same wire in cable 112 when the exchange is
organized in' the decimal system. Wh
brush 111 engages a No. 38 gontact, brush 1
engages one of the ton contacts of ring 105
all of which ten are connected to the Neo. 8
wire in the cable 118 &

er
15

5

3]

it is conveniend to
connect all said 10 contacts to one of a se-
ries of wires 675, see Fig. 2, and similarly to
connect each other set of 10 contacts corre-.
sponding to each units value to another one
of said wires and in multiple.as shown. The 116
contacts corresponding to the numerical val:
ues-0, 1. 2. 3, 4, are shown as conmedied. A
some point in the ring 105 .

a set of 10 con-

et
o

ues 0 to 9 inclusive are connected in regular
order to the wires in cable 119. - When the
brush 115 rests upon a No. 6 contact the con-
nection is formed from positive battery, Fig.
2 diagram, ring 103, brush 118, wire 680,
brush 115, contact 105, a wire 675 to which
said contacts would be connected, thence to
the corresponding wire in cable 119 through
the contact to which said cable wire is di-
rectly connected, to the No. 8 contact in the
units row of contacts, upper row of primary
ig. 3, 1n each of the ten divisions
section t0 which the calling line be-
WWhen the brush of the switch cylin-

to wire 117 passes over

5 connecte
a fapt wwhich 3 dped ag aann ag
contact, wimch 1t doed ag s00n o8

118

128

longs,
der Fig.
satd No. 8

daad
]
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the shaft of the primary connector in the

.division in use is started into operation by

the action of the clutch magnet 19 whose cir-
cuit is closed by the action of the rotary

switch in the same division over circuit 45,

as will be presently explained, the current
passes through said wire 117, and by the
brush bearing on the feed segment 653, to
and through relay magnet 219, to negative
battery. This brings the cylinder brushes to
rest in the No. 6 position. On the tens ring
104 the brush 114 similarly connects to the
segment joined to a wire in cable 185 which
corresponds to the tens value of the calling
subseriber’s station number. The segments
of ring 104 are connected in regular nu-
merical order and are 10 in number and cor-
respond to the numerical values in one place
of the decimal system. When current flows
from brush 115, a branch current flows to
brush 114 and then to No, 3 wire of cable 185
to the particular contact 3 of the divided
segment of the decimal register controller so
that, as fully explained under the head
“ Decimal register controller ” impulses will
flow over circuit 187 through the register
magnet 29 of any primary connector whose
cylinder brushes shall have been started into
operation so as'to bring the brush connected
to the wire 188 into contact with segment
655, which 1s connected by a tap wire 676 to
wire 187 running past all ten primary con-
nectors for the one section and similarly con-
nected by tap wires 676 to a segrent 655 on
each of said primary connectors. Since the
line 36 calling is in the fourth ten, the regis-
ter magnet 29 of the primary connector re-
ceives four pulses and moves the brushes for-
ward 4 steps to the eontact in the register
sector which belong to brushes on cylinder

-in said primary connector moving over cylin-
der contacts for all lines numbered 30 to 39 -

inclusive. -

At the division starter, Fig. 4, relay 212
closes on its front contact the circuit 35 from
positive to negative battery and through one
coil of the elutch magnet 16, thus starting
the division starter by energizing the clutch

magnet so as to free the clutch controlling

disk 23 and connect the brush-carrying shaft
of the division starter with the driving
povwer, as explained under the head of “Divi-
sion starter”. This causes the bridging
brushes to move on to a pair of contacts 13
and thereby close the circuit of the clutch
magnet 17 for a rotary switch of an idle
division of apparatus over the circuit from
positive battery, wire 36 Fig. 4, contacts 13,

wiré 37, to contacts of the rotary switch

Fig. 6, in N position and to negative battery.

This starts the rotary switch and all its.

brushes move forward from the normal posi-
tion, thus isolating it from interference and
breaking the circuit of the clutch magnet 17,
so that by the action of the disk 28 the switch

1,294,285

will automatically come to rest in No. 1 posi-
tion. ’

At the division starter, Fig. 4, the brushes
after passing the contacts 13 just mentioned
connected to a rotary switch of one division,
automatically but temporarily come fo rest
in the S N position preceding the contacts

13 corresponding to the rotary switch of the

next idle division of connecting apparatus
(as already described in connection with the
description of the division starter) by clos-
ing circuit of the deénergizing coil on 16
from positive battery, wire 38 contacts 8 N
wire 39 and bridging brushes of the idle ro-

‘tary switch in the N position, so as to neu-

tralize the magnetism of the clutech magnet
16, and thus cause the clutch to be disenguged
at the instant the dog, as already explained

80

under the head “ The clutch ? finds the noteh

in the edge of the disk 23; but when the re-
lay 212 is discharged by the action of relay
211, which oceurs as soon as the decimal
indicator begins to move again and reverts
to comnion use, the circuit of the first acting
coil on 16 is broken and the deénergizing
coil operates to cause the division starter to
move its brushes to the N position where it
automatically comes to rest by the action of
the disk 23 and dog. ’

As soon as the rotary switch of the seized
-division leaves the N position, it starts the

brushes in the cylinder of the primary con-
nector in the same division, by closing a
connection for the clutch magnet i9 on
the primary conmnector so that said clutch
magnet will act on the clutch and ¢onnect
the brush-carrying shaft in contact cylinder
with the driving power, as already ex-
plained under the head “Cylinder switch”
and “The clutch”. Theconnection over which
said clutch magnet 19 is energized can be
traced beginning on diagram Kig. 5, at the
lower right hand corner, from positive bat-
tery, through back contact of relay 219 used

with said primary conneetor, coil 19, wire ;

45, bridging brushes and contacts of rotary
switch between the N and No. 1 positions:
seventh and eighth horizontal rows, brushes
688 and then by wire 674 joined to a contact
leading to negative battery. The rotary
switch also starts the decimal register con-
troller by closing the circuit for magnet 18
of the decimal register controller from posi-
tive battery, Fig. 3, by wire 40, coil 18,
wire 41, leading to rotary switch diagram
Fig. 6 and from which tap wires 44 lead
in multiple to all the rotary switches of the
section, pair of bridge brushes indicated at
678 and adapted as soon as switch startg to
bear on contacts between N and No. 1 posi-
tions of the rotary switch seized and to

o
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90

100

105

120

negative battery. The latter connection is -

broken when the rotary switch reaches No.
1 position, but the connection 45 remains
closed, as shown, the magnet 19 being only

130
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the head “Decimal reglster controller”, to
wire 187 after engaging the contact No.
- in the divided segmernt 50 connected to wire
No. 3 of the cable 185 as fully explained
under the same head, four pulses are trans-
mitted over the cncmt just traced, and ‘the
prushes of the primary connector register
move four
or to pos1t10n ‘to bear upon contact points
corresponding to the value of -the numeral
in the tens place, of the calling subscriber’s,
number, namely, upon the No. 8 contact
points.
The brushes of the primary connector
cylinder having been started by the rotary
switch in the same division as already stated,
move over c¢ylinder contacts 60 untii the re-
. lay 219 is excited over a connection through:
bridging brushes of the cylinder which are
jomed to one another sy connection 117, Fig.
5, and which, as soon as the brushes Teave
the normal position, ride respectively upon
the feed’ segment 653 connected with relay
219 and upon a series of separate contacts
maikeT “units” and connected respectively
with the wires in cable 119. When the relay
- is excited by one of the brushes reaching

steps over their contact sector

70
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‘the live umts contact and which, as already
explained, is the No. 6 contact rendered

alive over No. 6 wire in cable 119 connected,
as already explained, to one of the 10 No, 6

contacts of the divided units ring 105, Fig.
2, upon which brush 115 is brought to rest
when the decimal indicator comes to rest,
the current in clutch magnet 19 is broken

96

100

and the brushes come to rest in position cor- -

responding to the units value of the number
of the substa th.‘O numbered 736. As alréady
stated it was assumed that the call was com-
ing from_statum No. 736. This means that
said station is numbered 36 in the 8th hun-
dred of the exchange and accordingly all
the primary connectors on the 10 divisions
of the section of the exchange to which that
hundred subscribers are connected will be
connected in multiple to the subscribers wires
of such section. The remaining hundreds
of the first thousand of the exchange would
be similarly assigned to and connected to
sections of the exchange each containing the
10 divisions of the appdratus comprising, as
already stated, a primary connector, a ro-
tary switch, a signal transmitter controller,
mtewonnecbor and secondary connector.
The circuit actuating relay 219 may be traced
Jfrom positive battery, Fig. 2, ring 103, brush
113, brush 115, segment in one,.of the groups
" of units ring 1()(), wire of units cable 119,
to which all divisions of primary connector
in the same section are similarly connected,
tap wire from No. 6 wire in said cable to
No. 6 comtact in the selective units group
at top row of primary connector seized, and
by brush and wire 117 to feed sggmcnt 653,
wire 118 and relay 219, thus breaking the

105
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crrcuit of clutch magnet 19. The current
ﬂows to wire 118 becanse the feed segment
653 is engaged by the cylinder brush con-
neeted to wire 117 as soon as the cylinder
brushes start into revolution through the
acfion of the clutch magnet 19, as already
splained. The brushes of the primary con-
nector connecting with the No. 3 contacts of
the primary: connector register would be
thus Jo’ught to rest upon contacts belonging
to the 1,2 and 3 linss of the subseriber caH—
ng, - and said lines are now connected by
brushes 61 of the register to cylinder brushes
resting upon feed qwments joined respec-
tively to wires 122 Lu 221, leading to the
rotary switch cyhndu- in the ame division.

In the meantime 1 remains connected to
sarth ab the substation over contact 141
through the act of pulling down the lever
153, T he No. 2 side of the line at the sub-
station is connected to earth through step-
ping magnet 83 by way of spring 148, con-
et thercfor magnet 33, contact 179 and
sprjng 144, which™ has been operated by
means of Jever 143 and cam wheel 150, which
moves. with the arm 142 when the initial
signal is sent. Magnet 33 having heen put
in civenit with 2 in this way, or any other
suitable way, is ready to operate the signal
transmitter by wmeans of 1mpulses flowing
over line 2 from the signal transwitter con-
troller through the rotary switch, by the
path opened up by the primary connector
from the line 2 of the calling su‘)am'ib r to
the said rotary gwitch, said impulses flowing
from positive battery and upper feed seg-

went 656, Fig. 7, to wire 206, as already ex-
plained. :
In the decm’nl register controlier the

brosh 120 in cmnp]ptmrr its movement re-
stores its relay 210 to normal condition by
closing connection through s deénergizing
coll of said relay from positive battery to
front contaet of relay, wire 186, segment
121, brushes 120, contact 48, which is the
last contact in the divided segment 50, and
second coil of relay 210 to negative battery,
and automatically comes tp rest in normal
position through the automatic action of its
control disk 93, It also, and just before
closing contact 48, sends the rotary switch
forward from No. 1 to No. 2 position in or-
der to prepare the cirenits for the next stige
of the operation and with the result o be
presently. described, by momentarily encr-
gizmg the stop magnet 17 over the cireuit
from positive battery, contact of !mm' 210,
186, 121, brushes 120, contact 48, -wire fi()
1‘unnmﬂr through all d1v1510n5 of the section,
tap wire 51 of the switch in the seized divi-
sion, contacts 11th and 12th rows under the
No. 1 position, and to negative battery
through 663 and magnet 17.

Tt will be seen that as yet no connection

_)
123,

15 made m hv rotary switch with 122
and 221, and that hience no disturbance from
stich a c(;mwcuon can arise when the eylin-
der brushes of the primary connector {urmg
adjustment pass over eontacts of another
fine which n another division may have
been alveady connected through the prim:lry
couneetor of such division with 123, 122, 221,
leading through the votary switch lhmo to
other p(nts of the apparatus.

This will be understood when it is remen-
beved ‘h.A‘ the evlinder contacts for each line
in all ten divisions of primary connector are
connected in multiple from the same wires
2. 1, 3, so that if line 33 for instance, be
already connected up over n‘nofhor primary
connector 1o \\im G2l 122, 123, for that
connector, the cylinder brushes of the pri-
mary connector used by subseriber 86 would,
in passing over the No. 5 contact of the
switeh evlinder for the primary conmector
used by subseriber 36, close the eircuit fron

sany parts of the apparatus with which the

wires 221, 122, of the primary ceunectoy
usedt by ubs(]; et 35 may have been con-
‘»o(,m» b\ the rotary ww iteh in the s une divi-
sion with the Tatter and over said wires 1, 2 2,
3, to and through the primary e mitector in
use by snbwrl])( 86 and to the wires 123,
199 ynd 221 connected therewith.

In passing from the No. 1 to the No. 2
position, the 1ot: wy switeh starts the signal
Dransmitéer controlle a, g, 7, i the samo

divizsion by sending a mmmnhnv bnpulse
~)(

magnel from mmtl ve battery,

through

Fig. G, coutnety | and Hth vows hetween
the N Y jons, wire 52, magnet
20 and n mm!y ory. The sign ] s

mitter conirol (‘L 1hon makes neavly o whale
vevolution until it comes to vest automalti-
cally in the 5 N position or on contacts No.
43 by the action of the eontrol disk 23
notehed as shown, This is due to the fact
that the next notely i the disk succeeding
the notel for novmal poesition wlich is the
one with which the dog ix shown engaged,
Ties just short of half the distance aroind
the circumference of the disk, aud inasunich
as the gear in this ease is such that the disk
makes 1 half revolution endy for one whole
rovolution of the switch evlinder shaft nsed
in such zignal transmitter controller. it 1s
obvious, as ah‘u:t(lv explained under the
head “The cluteh.” the ‘wml shafts and dviv-
ing power must remain conpled up to the
fime the noleh 680 finds the dog. Said
noteh is properly located to cause the eluteh
to disengage at the iustunt the cvlinder
brushes reach the contact No. 43, Tere it
vemains tewnporavily af whm it its move-

maent to this posifion if sends impualses over,

the side 2 of substation line (o ack upon mag-
net 33 and move the signal transmitter arm
12 forward o half revolution over the two
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. from positive battery connected to second or -
‘interrupted horizontal row of cylinder con-
tacts, as already explained, Fig. 7, bridging-

28

35

1204385

quadrants of commutator contacts corre-
sponding to the “thousands” and “hundreds”
order, and. connected respectively fo the
plates in the thousands and hundreds rows
ot the indicator. It also sends impulses,
synchronously with these passing over the
line, to various parts of the counecting ap-
paratus to set them in proper relative posi-
tion, ‘ .

Besides starting the decimal register con-
troller, the rotary switch also, on the 5th
and 6th rows, formed a connection from 206
1o 123 gver which the first impulse from the
signal transmitter coutroller operates the

. magnet 33, at the subsériber’s station and

advances the arm 142 one full step to a dead
position, thus breaking side 1 of the line at
141 and releasing the decimel indicator
which thus immediately reveris to common
use. - This impulse goes over the No. 2 line

brushes, upper feed row 656 of contacts, 206,
193 through primary connector to 2, spring
148, 33, 144, 179 and earth. The No. 1 side
being broken, the relay 211 on the decimal
indicator is discharged, thus discharging the
eliteh magnet 15 and the decimal indicator
then resumes its revolution. This is due to
the fact that the charging circuit of the
relay 211 is over ths No. 1 line, as explained
at the beginning under “General operation”
so that wpon the breaking of said circuit by
the arm 142 in passing from iwitial contact
141 the relay armature for 211, Fig, 2, will

. fall back and open the circoit of the clutch

4§

o
(=1

magnet 18,

When the decimal indicator starts again
into revolution through the actions de-
seribed, it vemoves positive battery from
wire 8 at 4he decimal indicator, but the
votary switch provides a substitute charge

for said wire over wire 221 from positive

battery, Fig. 6, two upper rows of contacts,
921, and to¢ the primary connector. This

iy

~ charge is maintained through ths remaining

positions of the switch, as shown, until the
brughes pass over to the Fo. 6 position,
which is the position assumed at the close
of conversation, and $hus protects the lines
in conmnection with one another from inter-

ference, through the attempt of another sub-’
seriber to make connection with the calling
%8 .

sihscriber 7386, : .
At the decimal indicator the brush 116 of

- the guard ving 106 is also kept alive from
© gaid wire 8 so that when it resumesits revolu-

80

tion and again finds the same segment, the

relay 218 will be charged, thus breaking the
circuit at its back contact from positive bat.
tery, feed ring 108, 118, relay 211, back con-
tact of relay 213, relay lever and brush 111,
101 and 1.

This provenis disturbance on

av

the line -of the calling subscriber when the
brush 111 again finds segment 86. It alse
prevents the stopping of the decimal indica~

85

tor again after it reverts to common use and -

while the call is-coming in from the calling
subscriber, because at the instani the brush
111 finds the line contact in 101, the relay

913 breaks the connection from the positive -
" battery feed ring 103, through brush 113,

relay 211, and back contact. of said relay 213,
and current is prevented from going to line
1 at this instant from said continuous feed
ring 103, over the path named. The charg-
ing circuit of relay 218 is from the live

brush 116 to back contact of 214, thence.

through coils of relay 213 to brush 112, 162
and by 230 to megative battery through low
resistanee relay 212 in the division starter.
The latter relay is not actuated at this-time
becguse it is-of low resistance or few ampere
turns, and ‘the resistance of the relay 218
cuts down the potential. o

The decimal indicator might be-caused to
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revert to-common uge in any other proper .

way by suitable devices set into action by a
circuit cléser carried by the rotary switch
or -other part of the apparatus, after the
operation has been carried along to the stage
described., :

In Jeaving the No. 1 position the rotary
switch bresls the connection 45, so that no
effect will be produced on the clutch magnet
19 by any change in the position of the lever
of relay 219, vesulting from the movement

of the brush 115 of the decimal indicator.

when the latter reverts to_common use,
which brush 115 sends current to said relay
219 at each revolution by the path already

described through a wire of cable 119 and.

until the cylinder switch of the primary
connector leaves the pesiticn in which it
has been set for opening up the path from
the calling subscriber to wire 221, 122, 128,
and is sent around to normal position. |
The rotary switch having been: started
from No, 1 position by the decimal register
controller by current over the contact 46 in
the divided segment 58 and civeuit, as already
explained, breaks the circuit or connection
to its magnet 17 at the contacts engaged by
the bridging brushes in No. 1 position.and
connected to 663, and automatically comes

“to rest in the No. 2 position by the action

of its control disk 23. This is due'to the

. fact that the next notch in said disk that

finds the clutch dog is so located as to permit
the dog to drop into it and disconnect the
clutch at the instant the eylinder brushes in
the rotary switch reach the No. 2 position,
at which time the magnet 17 is discharged,
and ‘it ig-enly agnin charged over the feed
segment connected t¢ 668 and the bridging
brushes of the two lower rows of cylinder
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contucts after the actions which take place
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while the brushes rest in this position have
been completed. S
Rotary switeh No. £ position.

- The signal transmitter controller having
been started by the ro ary switch sending
current over wire 52 i passing from the
No. 1 to the No. 2 position, as previously
explained, and having by an initial pulse

advanced arm 142 at the substation so as to”

break the side 1 of the line with the result
described, now continues to transmit pulses
over 206 and 2, from positive battery, Fig. 7,
upper pair of bridging brushes, wire 206,
feed segments 657 and 658, brushes 703, Fig,
6, wire 123, to upper feed segment 650, cylin-
der brush now resting thereon, outer brush

61 of the register, contact in the outer row -

of the register sector contacts No. 6 and
cylinder brush 709 now resting on cylinder
contact connected to No. 2 side of sub-
seriber’s eireuit, then to the magnet 33, as
ajready traced in the case of the first im-
pulse sent over this ciyeuit, to earth or re-
turn.  The first pulse, us already explained,
moved the arm 142 forward from contact
141 over two pins to a dead or open circult
position, thus breaking the No. 1 side of
tho Jine to discharge the relay of the decimal
indicator and allow the latter to resume 1ts
yevolution. The next pulse ufter this initial
puise moves the arm 142 from the dead pin
681, Fig. 89, over the first contact in the

" first quadrant in obvious manner.

The arm 142 now moves over said contacts
until it veaches the contact connected with
the plate in the thousands row to which the
indicator button has been set. The No. 1
side of the line is then connected to earth,
thus energizing the relay 215 (Fig. 7) over
the wire 281, rotary switch, 3rd and 4th
vows, and side 1.of Jine, thus hreaking cir-
cuit at back contact of relay 215 and closing
¢ireuit at tlhie front contact. This cireuit
may be traced from positive battery, Fig. 7,
at pelay 215, through wire 231 to the short
feed segrment 659 of the rotary switch, Fig.
., by bridging brushes to segment, 6597, then
to wire 192 and through the primary con-
neetor ¢ylinder, evlinder brush - adjusted to
rest, thereon, middle register brush, contact
of seclor middle row, 6th position, to a cyl-
inder hrush 710 which has been previously
adjusted to the eylinder contact-connected to
No. 1 liae, thence over line No, 1-to the sub-
seriber’s station, through spring 147, contact
therefor, ring 174, arm 142, to that contact
in the circular row to which the brosh of the
arm shull have been adjusted by the series
of impulses, then to the corresponding con-
tact plate of the indicator, thence to the indi-
eator button or spring and to earth.

During the stepping of the arm 142 to this
position, corresponding stepping pulses are

sent through the magnet 30 of the thousands
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register from positive battery, Fig. 7, back
contact of relay 213, bridging brushes, 3rd
and 4th contact rows of signal transmitter
controller, 191, 192, rotary switch 11th and
12th rows, and to negative battery Fig. 6.
The first “of ‘these pulses goes immediatel
o fter the pulse that moves arm 142 (Fig. 39
to dead position.

The thousands button of the indicator
having been set to the second contact plate,
which is that appropriated for calling all
Jines in the second thousand and hence is the
one with which connection must be made, to
call substation 1845, two stepping impulses
will ‘have been sent through magnet 30 of
the thousands register from the pair of
brushes 706 riding on long feed segment 656
and the interrupted row of contacts beneath
the same in the first half of the circumfer-
ence before the relay 215 is energized, after

-which the circuit of said magnet is broken

at back contact of relay 215 and the thou-
cands register conies to rest.. The impulses
which actuate the magnet 30 synchronousty
with. those flowing over the line to actuate
the stepping magnet 33, Fig. 39, pass from
positive battery connected . to the armature
lever of relay 215, back contact of said relay,
long feed segment 656, bridging brashes 706,
wire 191 connected to the interruptea row
of contacts beneath the middle row 636, mag-
net 30, wire 192, to the'rotary switch Fig. 6,
thence by contacts 682 in the second position
of the rotary switch and the bridging
Dbrushes 683 which have already been adjust-
ed as described to rest thereon and to nega-
tive battery. During the transmission of the
remiaining pulses of the “thousands” set
sent over line 2, the relay lever is held up by
current over circuit from positive hattery,
Fig. 7, front contact of relay, bridging
brashes 5th and 6th rows, 282 and to nega-
tive battery through coils on the relay, Af-
ter the bridging brushes pass the thousands
set of stepping contacts, this ctreuit is
broken on the 6th row, Fig. 7, and the relay
armature goes to. its back contact where it
closes the connection to be presently traced
over which the immpulses may flow to act on
the magnet 31 for the register of the inter-
connector  synchronously with the line im-
pulses flowing over the line 2 of the calling
subseriber in just the way that the thousands
register magnet has been actuated.

In the meantime the arm 142 has passed
the ‘“thousands” quadrant and now {)egins

to move over contacts of the hundreds order

or second quadrant by the action of pulses
sent by the signal transmitter controller at
the first and second rows, second half of
cylinder, simultaneously with which pulses
are sent through register magnet 31 as fol-
lows: positive battery, back contact of relay
215. brushes 3rd and 4th rows movine over
the hundreds set of stepping contacts, wire
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193, brush of thousands register which has

Just béen brought to rest on a. contact of - ¢

the inner row joined to intereonnector No. 2
(which is the interconnector for all sections
of secondary connectors embracing substa-
tions whose numbers are among the second

. thousand) wire 194, contact and brush’ of
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interconnector cylmder resting’ thereon in
normal or N position, magnet 31, brush 351
and contact 352 engaging “with one another
m normal p051t10n of interconnector only,
wire 195, which is the common retnrn wire
for all the interconnectors of the same di-

vision and there uns from Fig. 8 diagram, -

through Fig. 7 diagram, to the rotary switch
diagram Fig. 6, and to negative battery
through rotary switch eontacts 684 9th and
10th rows and bridging brushes 685 which
by the adjustment of the rotary switch to the
No. 2 position are now resting on contact
684. The magnet 31 therefore steps the reg-
ister brushes, Fig. 8, forward unt:] arm 142
at the subscriber’s station passes the com-
mutator contact in the second guadrant con-

nected with the No. 8 plate in the hundreds,

row of the indicator, or the one correspond-
ing to the 9th hundred, at which time the

relay 215 is again excited over wire 231 and

line 1 by current from positive battery Fig.
7, ‘connected directly to relay coil 215, wire
231 to diagram Fig. 6, segments 659 and
659’ and bridged brusheq 708 resting there-
on, wire 122, to primary connéctor Fzg, 3,
and through 'said primary connector to fine
1, by the same path just traced in the case
of the current which actuates said relay over

line 1, when arm 142, Fig. 39, reaches the’

contact in the circle of pins which is con-
nected to the second contact plate of the
indicator. - In this case, however, the arm
has now progressed into the next quarter
of the circumference of the row of pins en-
gaged by it so that now the conneotlon is
from said arm to the No. 9 plate of the in-
dicator .and to the indicator button which

has been adjusted to contact therewith and

thence to earth in the same manner as in
the case of the thousands button. The relay
215 at this instant bréaks the circuiu just
traced through its back contact and magnet
31, and the brushes of the register come to
rest after having been sent forward by nine
pulses to position to engage with contacts
Joined to a group of brushes in the inter-
connector cylinder that ride in succession
over points.connected in_ regular ovder to
different sets of bus w1res\be10ngm<r to.the
section of the called subscriber, namelv 9th
section in the second thomsands, and there
connected respectively with the 10 dwlsxonﬁ
of secondary connector.

The relay 215 is held on itz fron contact
while the 10th pulse goes over line 1 and
while the signal transmitter brush moves
over the 10th contact in the fourth row,

second half, over civenit just traced in the
case of the thousands register mag :
The circﬂit BT W luz‘}w the relay is the
held up 50 as ¥o cut off the Jast pulse whick
would omherwlse fow to ohe register ma (rnen
of the intercenmnector is EI‘O”‘H positive i
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and then the magnet 218 is excited and
keeps the connection -to negative battery
dosed at its front contact by wire 670" and

670 after the brush 430 passes off the seg-
mcnt which it does immediately. The mag-
net 21 is then exeited, thus starting the in-
terconnector and the actions to-be presently
described follow.

Until the consecution controller, however,
closes the circuit for the intereonnector mag-
net, the actions of the apparatus arve delayed
and the rotary switch will remain on the No.
2 posmon because, as will be preaently

shown, it is only started to the No. 3 posi-
tion by the action of the relay at the instant
that the interconnector finds w; idle second-
ary econnector, and the signal transmitter
controller remains at vest on the 43 contact
because its clutch m - 2et is again opp"mt(wd
over the connection b: - .1v when the rotary
switch leaves the No. . - osition and passes
to the No. 3 position. 'The curvent for thus

St

operating the clutch magnet 21 is supplied

from the long feed segment 052" Fig. 6,
which is wnne(*ted by a wirve 687 with one of
the pair of contacts the lower one of w hich
joins, as shown, to the wire £2 and which
coutacts are adapted to be bridged by the
1,‘111' of bridging brushes 688. Tf two differ-
ent signal transmitter confroilers on differ-
ent sections of the exchange should start
at the same instant in response to calls com-
ing from substations on those different sce-
tions and thus the conunection 6 should be
closed for two interconnectors an different
sections of the exchange at 3rl(nh<“t]}y the
same instant by said substations seeking
connection with one and the same .,Ubut(ttlﬂ'ﬂ
sald interconnectors would start inte opera-
tion, one after the other. in the order in
which the cireuits for their clutch magnets
were comploted by the consecution (mmol-
ler, and the one first operating would he
the fivst to estublish the connection with the
set of bus wires for the secondary connector
of the called substation’s section and would
in one of said bus svires establish the con-
dition which, as will be described, would
prevent the conmecting apparatug used upon
the section and in the division of the second
operating interconnector from going to talk-
ing position, and thus cavse the second call-
ing subseriber to receive the indication of
“line busy”. ,

That the interconnectors of said different
sections would be compelled to act one after
the other, will be obvious when 1t is remem-
bered that the circuit for the clatch magnets
21 of all the interconnectors. on one section
is comg]eted as already deseribed over the
wire 37, Fig. 8 diagram, running through
all d1v1s ons of the same section "and from
said wire through one of the consecutive
contacts: 431 in ‘the consecution controller,
as already explained, while the same km’:
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of. connoa’ﬁma for the interconnectors of all
divigiong in another soctlon would be com-
Notrvi through another wire like 57 and an-
other one of the row of contacts 431 of the
consecution controller engaged befor(, or
after that one {hrough which the circuit for
the cluteh magnets of the other section is
completed. Tn other words, each contact in

“the divided segment 431 of the consecution

controller represents the return connection
tor all the clutch magnets 21 of all the inter-
connectors in the 10 divisions of one section
of the exchange. 20 contacts in the segment

431, each wmtzl(‘f having its own magnof, 218

and bus wire 57, would provide for 20 sec-
tions of rentral station apparstus and

would place the civenits for the magnets 21

of all the interconnectors of one section in
opcramc condition and immediately there-
after all the similar cireuits for the next sec-
tion and so0 on r'onseuutlvely for all the sec-
tions.

The interconnector clutch magnet 21 hav-
ing been onm'ﬂl/gd as explained over the cir-
cuit 96 frowm the contact 43 on whiel the sig-
nal transmitter controller is now tempora-
rily at vest the shaft carrying the gangs of
hrishes i the cylinder theveof will bemn to
revolve and the set of interconnector brusheg
solected by the mgr ter (Iig. 8) now begin
to move over the contacts connected respec-
tively by tag
they find o s

, the &m‘on(hwv connector of

whif’hj in the ealled section, is in norm.d DO~
‘fmn
33

to sonnect the bus wire 223 of said ‘set
ztf‘uo hattary over tap wire 224 Fig. 9,
cent 650 cylinder brush 60()
g .v:; enid segment in the normal posi-
Hm u* Hw evlinder brushes, inner brush 61
of ister Fig. 9, normal contact en-
g;u;(wl rhox eby and b\/ a wire 691 to a cylin-
dev brush which in norms al position engages
a contact connected- by wire 689 with nega-
tive bzi‘tfr"rv It said secondary connector
were in use the connection just described
would be opuled owing to the movement of
the parts away from normal position and
hence no cireuit described would be formed
when the said interconnector brushes reached
the contacts connected by tap wires to the
hus wires to which the said secondary -con-
nector in use s connected. If the secondary
connector be at rest, or in normal position,
the. connection just stated will be closed.
This excites relay 215 over cirenit frora posl-
tive Lattery, Fig. 7, relay coils, wire 231,
bmm-h to Tth and 8throws of romrv swﬂ:ch
as indicated at 692, the upper one of which
pair ig joined with a short feed segment in
the same row terminating in a vertical row
nnder position V to wire 992 through Fig. 7
diagram to feed segment 630 4th row, mtnl'
(mmonmr cylinder brush, inner brush of reg-
ister now Pfsfmg on contact to which it was
previously set by the hundreds pulses, & wire

to H(\ st of bus wires until,
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71’y cylinder brush 698 riding on contacts
connected severally to the bus wires 223
which von throngh all sections of the ex-
change, and belong to the section wanted,
contact of that bus wire 223 to which the idle
secondazv connector first found idle in that
section is joined, tap wire 224 at said sec-
ondary connector, Iig. 9, feed segment, cyl-
inder brush 690 in normal position joined to
inner brush 61 of secondary connector on
pormal coutact, and to negative battery by
another brush 61 of cylinder resting on nor-
mal contact, connectad by wire 689 to neg-
ative b(xttuy

Until the relay 215 is excited it is obvious
that the clutch magnet 21 of the intercon-
necior Fig. 8 will remain excited over the
cireuit thl ough the back contact of the relay,
as just explained, and hence that the ciutch
for the interconnector will remain engaged
since the doo being held up by the magnet,
will not drop into any of the notches in the
edge of the disk, which notches pass by the

dog as soon as the clutch causes the brush-.

carrying shaft of the interconnector cylinder
to revolve. But when the set of cylinder

brushes.in action finds the bus wire 223 of .

an idle secondary conmector, at which time

-one of the notches in the disk is opDhosite the

dog, the relay 215 will be excited as already
described.

At the saume time ﬂldb it stops the inter-
contiector by breaking circuit, relay 215
closes eircuit at its front contact and thus
actuates the magnet 82 of the secondary con-
nector found idle, over cireuit from positive
battery, front contact of relay 215, segment
6567, contacts 43 5th and 6th rows, wire 53,
1ot(u\ gwitch 9th and 10th rows at pair of
contacts 694, bridging brushes 678, connec-
tion 663, hne 322 running through dlaoram
Fig. 7, feed segment 650, “3rd row in the in-

terconnector cyhnder cvhnder brush now-

resting thereon, register brush 695 next to
the inner one by connection T1, register con-
tact No. 9 position, one of the connections
71’, cylinder brush 696 now resting on con-
tact joined to bus wire 622, tap wire 422 at
the section of called subscriber, idle or seized
secondary connector.on said section, wire
196, bridging brushes 61 resting on normal
contd(ts Alld joined through magnet 32 and
wires 662 and 691 and to negatl\e battery.
When the register magnet 32 is energized
over the cireuit just deseribed, it acts upon
the escape lever for the escape segment 87
and eauses the register brushes to move one-
half step forward toward the three dead con-
tacts marked 500, Fig. 9. When the relay
215 is dischar O'ed by “the movement of the
rotary switches brushes 678 forward from
the pair of contacts 694, and which takes
rlace iminediately as will now be deseribed,
th (A"Chlt of the magnet 32 over which it is
snergized as j ht stated is broken at the

41

front contact of the relay, the register es-
capement moves in the reverse direction and
allows the escapement sector 87 to move an-
other half step so that the inner brush breaks
the counection from 224 over feed segment
650 and cylinder brush 620 and councction

697 over which, as just described, the relay -

215 is excited for the purpose of breaking
the circuit through the interconnector clutch
magnet 21, so that any subsequently acting
intergonnector will not stop on the bus wires
of the secondary connector already seized by
the action of the magnet 215 whose cireuit,
as slready explained, is through the register
brush connected to wire 697 and nor nmI con-
tact of the register connected to wire 691,
Fig. .

At the instant the r@lay ’)1.) 15 excifed over
the civeuit through the brush 693 of the in-
terconnector ﬁn& ng o bus wire 223 whose

tap wire 224 is connected to earth through a
secondary connector in normal x)oql‘mom as
already wq»l.uned so as to cause said relay
to close circuit on its front conta e;t 1t starts
the rotary switch from position Mo. 2 by a
cireuit branched from that already described
for actuating the inagnet 32 of the secondary
connector found idle. This circuit is the
same as already traced aver the front contact
of the relay Fig. 7, by segment 656", bridging
brushes 716, contact 43, wire 53 leading up to
the pair of contacts 604 of Fig. 6, buta Dranch
is taken from 58 to the pair of contacts 698 in
the two lower vows of cylinder contacts. Fig.
6, immediately under the No. 2 position whero
the cireuit is closed by the lower pair of
bridging brashes 699, to wire 663, and to and
through the clutch magnet 17 of said rotary
switeh to negative battely This connects
the clutch of “the rotary switch to the driv-
ing power and moves the dog out of the
noteh in the disk 23 with Whlch said dog en-
gages in the No. 2 position of the pflrts and
the disk moves to bring the next notch
around beneath the dog, at which instant the
pair of brushes 659 will be in position to en-
gage the two contacts in the two lower rows
of oylmder contacts in the vertical line with
position 8. The circnit of the magnet hav-
ing been opened when the brushes 699 leave
the contacts at 698, 1t is obvious that the dog
may again drop into the notch and bring fot
only the brushes 699, but all the other brushes
of the rotary sw1tch to rest in the No. 8 po-
sition. Said rofary switeh in moving for-
ward breaks the connections already traced
for the thousands register magnet 30 and the
magnet 21 of the interconnector. This is be-
cause the pairs of cylinder brushes in the
rotary switch which, as already described,
complete said connections when in their Mo
9 ‘msmon have Ieft the pairs of contam
642 and 694 1n muvmn forward to the Wo.
3 nOsmnn and hw hroken the connections
at said conbacts. The rotary switch alse
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breaks the energizing circuit of the relay 215

" just traced by wire 281, wire 222, bus wire
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223, 924, and normal contact of register in
secondary connector, thus permitting the ar-
mature lever to fall back, and . discharge
magnet 32, thus causing the register brushes
to come to rest on dead contacts 500 and
break the connection of 224. S
The relay lever now rests on its back con-
tact in readiness for the transmission of
tens and units impulses to the secondary con-
nector, and the rotary switch starts the sig-
nal transmitter controller from S N position

by momentarily closing the circuit of clutch -

magnet 20, from positive battery, Fig. 6,
connected contacts forming feed segment
652" by wire 687 leading therefrom fo the

upper one of a pair of contacts immediately -

succeeding the pair 692 in the Tth and 8th
rows and engaged by bridging brushes 688 in
passing from No. 2 to No. 3 position, 32, to
clutch magnet 20°and negative battery. The
rotary switch then comes automatically to
rest in the No. 3 position because it breaks
the circuit of its own clutch magnet and the

‘dog drops into the next notch. The signal

transmitter controller, being released, now

leaves its first S N position and proceeds to.

move a whole revolution during which tens
and units pulses are sent over line 2 and
through the secondary connector seized on
the section of the called subscriber.

The cireuits by which these tens and units
pulses are sent will be described under the
next head. The signal transmitter control-

ler makes a whole revolution because after

the dog is lifted out of the notch 680 which,
as explained, is the one corresponding to
the 43 contacts, the next notch in the disk
is diametrically opposite and, as already
stated, the. gear is such that the shaft car-
rying the cylinder brushes in the signal
transmitter controller will make a whole
revolution for one-half a revolution of the
disk 23. :

Rotary switch No. 8 position.
Y Y4

In this position the relay 215 is still con- -
nected by 231 with No. 1 side of line and arm

142, and the signal transmitter controller is
still connected over 206 with No. 2 side of
line and magnet 33.

- ‘The back contact of relay 215 is connected
to-the first set of stepping contacts of signal
transmitter controller, and by wire 191, 176,
through the rotary switch by the pair-of ¢yl-
inder brushes which are now in.the No. %
position, to wire 665, 322 to inugnet 32 of
the secondary connector register. A similar

o connection from 58 to 59, is formed by the

totary switch from the second set of step-
ping wontacts for operating and controlling

the magnot 22 of the secondary connector as
fa-3 ar .

will bo presently described.

Tn this position the votary switeh also
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completes in the 11th and 12th rows, a con-
nection from 100 (Figs. 6 and 7) over which
it may be sent from the 3rd to the 4th posi-
tion after the signal transmitter controller
has passed the two sets of stepping contacts
and has set, the secondary connector to posi-
tion-to connect with the called subscriber’s
line. This having been done, the rotary
switch may pass to the fourth position where
it will close a connection which will charge
‘the guard wire of the called subscriber over

one of the set of bus wires connecting the -

interconnector used by the calling subscriber
with the secondary connector seized by said
interconnector and set by the last two sets of

70
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80

stepping impulses so as to open up-’'a con- .

nection between two wires of said set of buy-

wires and the two sides of the called sub-
scriber’s line, . L
The signal transmitter controllet having
“been already started, as described on its sec-
ond revolution, first sends pulses over both

206 and 191, the former passing through-

magnet 33 at calling station over the side
2 of the.line by the identical path already
described in the case of the pulses which
send the arm 142, Fig. 39, over the first and
second quadrants in the circle of pins for

transinitting. the thousandths and hun-

dredths signals. The arm 142 is therchy
caused to move over the ten contact pins in
the third quardant which connect severally
with the ten contact plates adapted to be en-
gaged by the tens button of the indicator set
to the position as shown in Fig. 36 where it
will expose or point out.the No. 4 on the facd
of the indicator plate. Synchronously with

the transmission of the first 5 pulses over the:

line 2 to send the arm 142 forward and over
the fifth contact in the tens quadrant, pulses
“pass through magnet 32 of the secondary
connector seized on section of called sub-
scriber from back contact of relay 215, Fig.
7, to middle feed segment 656, first set of
stepping contacts immediately benecath the
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same over the bridging brushes 706 moving

on them and by way of 191, 176, rotary
switch 9th and 10th rows, bridging brushes
678 adjusted to the third position, connection
*603, wire 322 through diagram Fig. 7, to dia-
gram Fig, 8, where connection runs from

said wire 322 either to the third feed segment -

650 in the cylinder of the interconnector for
for the first thousand or to the similar seg-
ment for the interconnector of the second
thousand. The connection for the first thou-
sand is by one of the wires in the group 7T01.
That for the intercounector of theé second
thousand is shown in the Fig. 8 in the full
lines and this, it is assumed, has been started
into operation by the completion of the con-
nection 54 to its clutch magnet 21, through
the action of the thousands register magnet
30, Fig. 7, us already explained. Tts brushes
will aceordingly have left the position shown
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and be in coutact
The conneciion
branch wix _
ef the inte 1!,@-211’10{””
conditions suppesed, be openedt 2
fend segments 850 un the cylinde
interconnector No. 1, because the
brushes therecf willnot have been starte

will be hence in normal position out ot con-
tact with the feed segments 650, The connec-
tion from 322 will accordmﬂ be by way of
the feed -segment 650 of interconnector 8,
whose brushes have been startad, the regis-
ter brush 695, and thenece to the sw-.,or con-
tact to whlch ‘it has been adjusted, as
already descz‘ibed by the }nm(h'“ds' szo;n}
and by one of the connections T1' to the
brush 690 which, as already dos}-"u‘*r)J has
been brought to rest automatically on. the
cylinder contact connected to bus wire 622
and the idle secondary vm‘nectur m the
seetion of the. called subscriber and by tap
wire 429 for said secoi Lu"' sonector io
wire 196, and by cylinder br mu es and con-
nections BJQ, 881, including the register mag-
net 32,10 the nem«.we batter v by wive 689, as
mrea(i*y exphmed in conmection with the

)

1

, operation of S&mmg the register brushes

'fx-'om normal position to the dead contacts
The puises which then circulate through
magﬂut 32 during the fringmission of the
pulses through magnet 33 at the subseriber’s
station, move the reglstbxv brushes of the sec-
ond‘u'v connector forward unti] the': 'rm 142
at calhng subseriber’s station in mé vm g over
pins in the third-or tens quadrant of the eir-
cle pass the ﬁ‘tfh pin which has been connect.
ed to earth by qeutmc d\e indicator buiton
of said indicator.
The relay 215 is then excited over connec-
tion 231 and"iine 1 as alveady described,

oW

thus bz ea ting the Lovmeu{/mn of she magnet

32 and ng the register by ?mhfs i
upon the ”o. e’s.: e«'mi‘awe o
where the when
armatire Li. tﬁe ch* Bt of
sirenit on { at its front contact to geed
segment 856” and by the lower paiv of bridg-
ing brushes in the signal transmitler con-
troller to the long “eeu gegment connected
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15 1,

h/\ r@’ 32

X
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.
ipEsad
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1ae 19
by wire 232 to a coil of the relay until the
signal mwsmli,ter controller pzab%a through
its “tens” phase and. hrcam the holding cir-
ith cr‘umc% row a4

al 'e‘xdy explained, and permi its the relay
lavar to drop back ‘wwn In the me'mtmw

L the “tens”

quadrant aﬂo beging to move - ver the units
. qi.t.dz';rt of om ots whila, ng EDY e 'mw
pulses ave seni through ma 2 of the

secondary connecior from
to I‘LL{V -'rm&tm’e laver of

e mwt“r*'
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contacts and bridging

theveon and over the sé

22 it do.)ea.

fmoving over the units quadrant, and which,

wire like

the row immediately below and in the second
halt of the eylinder by 193, 58, rotary switch
Tth and $th vows nnder No. 3 position and

to contact with which the pair of bridging
brushes 688 have moved in Fig. 6, then from
the upper contact of said pair to mro 59,
down through the diagram Fig. 7, to the
point where said wire branches to one of the
set 701 and to the first feed segment 650
shown? ‘The branch by wire 701 passes to
the similar top feed segment 650 of inter-
connector:No, 1, but 541(1 interconnector not
having been started over the eirvcuit of a
54 connected to the first contact
pagsed by the vegister brush of the thou-
sands register, the cireuit will be opered at
the feed segment 650 of said interconnector
Xo. 1, Because the eylinder brushes will all
be in their normal position. In the inter-
conuector No. 2, the brushes have already
moved forward and come to rest as pre-
vicusly sxplained, so that the cireuit from
59 would Le through said interconnector by
the brush resting on upper feed seginent
(m(), register by ush 702 which, as ‘Lh'uuly ex-
;‘ :zine(L has been moved to the ninth con-
ct-and thence by a connection 717 to a cyl-
inder brush 702 which has been adjusted
and brought to rest on a cylinder contact
connected, as already deou'ﬂoeu, to a bus
wire ﬂ%m Ju nee over said bus wire to the
secondary connector which has ah'eady becn
set into action on the called subscriber’s sec-
tion through tap wire 99, Fig. 9, cluteh mag-
net 22 for the secondary wnnector cy vlinder

uid Lo enrth by wire 689. The first

fad

switeh o
of wa pulses operates the cluteh of the
secondary connector.and withdraws the dog
from the first. or normal noteh in the disk
23, and the succeeding pulses permit the disk

~and . the eylinder by ushes to move past the

positions corresponding to the succeeding
notehes and until the arm 142 of the trans-
mitter inp:\s;w‘iﬂg over itg last or units quad-
rant finds the contact which huas been con-
nected to ground by setting the units button

of the indieator. The velay 215 is then
again excifed by the cuprent passing over
the Tine 231 and the No. 1 side of the line
by exactly the path described in the case of
the.thous: mds hundreds md the tens pulses,
and to the arin 142 which is however now

“when it reaches the sixth countact pintherein
forms the ground connection over the No.

G contact plate and indicator button set to
connection therewith. The arm will have
reached this position by the action of six
pnlses sent throngh the magnet 33 at the
substation Fig. 39, from the wire 206, and
apper pair of ¢ stepping contacts Fig, 7, flow-
ing through feed segments 657 and 658, by
br xdf}mg Drushes 703, ¥i ig. 6. and thence by
wire (23, over the primary connector, No. 2
ltue Dy the saiie path taken duwring the
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thousands, . hundreds and tens signals and
six simyltaneous pulses will have been sent
over the circuit just traced through magnet
22 of the secondary. connector in the. called
subseriber’s scetionh, But, at this instant,
the relay being excited over line 1, will leave
its back contact and cut off the further flow
of ‘pulses through magnet 22 which will
therefore permit the dog of the clutch to

‘ihmediately drop back into the notch in the

disk 28 which presents itself to the dog when
the cylinder brushes have reached the No. 6
contacts in the quadrant of the secondary
connector or eylinder counting from the nor-
mal contact-of that quadrant upon which the
cylinder brush normally rests. Thebrushes
retain this position because no further im-
pulses can flow thuough the magnet 22 while
the signal transmitter controller is sending
the remainder of the unifs pulses over the
line No. 2 of the calling sabscriber, owing
to the fact that when the relay lever is
drawn up by the current over lime No. 1,
eoincidently with the transmission of the
sixth pulse, it remnains held up by the cireuit

“ostablished through its front contact and

segment 6567, lower pair of bridging brushes
716 and wire 232 connected to a long seg-
ment 656 and to a coil of said relay as al-

ready explained, until the signal transmitter

controller brushes have passed over the re-
maining portions of the contacts by which
the set of ten pulsés corresponding to the
units place in the decimal system have been

transmitted over the line No. 2 of the calling.

subscriber. :
- The brushes. of the secondary connector
e¢ylinder are now mpon the contacts for
the No..1 and No, 2 sides of the called
subscriber’s line, namely, the No. 45 line.
9th section of the second thousand of the
exchange, and apon the contact for the cor-
responding 3 line. ‘
By the final pulse over 206 and 2, sent
just before the signal transmitter controller
reaches the S N contact, the arm 142 is
sent to make contact on pin 145 connected
to .earth, Fig. 39, thus again placing the
No. 1 side of the calling subscriber’s line
to earth so that current may again flow
over said line but from the release relay
216 over the rotary switch in the 4th posi-
tion for the purpose of sending said switch
forward to the No. 5 or talking position

‘when the calling subscriber lifts his tele-

phone and as will be presently described.
On reaching the S N or No. 43 contact
the sighal transmitter controller automati-

cylly but temporarily comes to rest by the

action of the notch .diametrically opposite
the notch 680 in its disk 23, but just previ-
ously thereto it breaks the hold-up circuit
for relay 215 by breaking said hold-up cir-
cuit. when the lower pair of bridging
brushes pass the contact 42, thus permitting

“ceiver ras heun removed from the hoek 168

‘veaches or comes to rest in the S

1,204,285

the lever t0 go to its back contact if ihe
civenit fo that coil of the relay 215 which

is connected to 231 and is henee charged
over line No, 1 and grounded pin 145 be at
this instant-broken. If the telephoue ye-

before hrm 142 reaches 145, the said cireuit
torough 231 and line 1 will ‘have been
broken before the arrival of the arm st this
contact, because the hoolk will then be freed
by the lock lever 156, and the relay lever
will therefore go immediately to the back
contact. .

If the telephone is not lifted entdd later,
the circuit by 231 will be first broken
i the rotary switch which will have left
the No. 8 position through the action of
the sigual transmitter controller when it
N i
tion as just stated, where the conncction
100 to the clutch magnet of the rotary

DO&]~

switch is now completed over cirenit feom

positive battery, Fig. 7, connected at the
left {o the 9nd horizontal row of contacts
in the cylinder counting from the top and
by the upper pair of bridging brushes 711
to the contact in the upper row, 8 N posi-
tion, wire 100 to Fig. 6 dingram, to con-
tacts in the vertical row No, 5 position and
in the last two horizontal rows of cylinder
contacts of the rotary switch, bridge by S

I

699 which have reached the No. & positio
and eluteh magnet 17 to negative battery.
The cirenit of the magnet 17 is broken when
said brushes leave the No. 3 position, but
the dog rides on the edge of the disk be-
tween the notches thus keeping the clutch
engaged. Coincidently with the arvival of
the cylinder brushes upon the cylinder con-
tacts in the vertical row under the No. 4

T4

B4

90

i n
b

[+

10¢

105

position, the next notch will, owing to its

Incation in the edge of the disk and to the
ratio of gearing employed, be in position
to allow the dog to drop into the notch and
thus disconnect, the clutch. Ieuce, all the
cylinder brushes of the rotary switch will
all automatically come to rest again in the
No. 4 position. The circuit 231 wiil be

‘broken 1n the rotary switch when the same

leaves the No. 8 position because the seg-

110

115

ment 59 in the switch cylindoer to which

said wire 231 is connected comes to an end
at the contact in the No. 8 position as
shown. _

The circuit just previously closed at the
back contact of the relay 215, and thence
by 3rd row and contact 43, 8 N position,
is used in the test to be now deseribed.

Before reaching the No. 4 position where
it. nutomatically comes to rest again, and
again completes a connection for its clutch
magnet, the rotary switch closes a test cir-
cuit through relay 215 operating now as a
test, relay, and 232 to guard wire 3 of called
subscriber No- 1844, and ai or ahout

120
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same time a connection from wire 96 con-
tact 8 N position and back contact of relay
215 through control magnet 20 of signhal
transmitter controller, in the mannerand for
a purpose to be now. described.

If subscriber 1845 has alveady undertaken

to tall another subscriber, his guard line or -

wire 3 will be alive or connected to positive
battery either from his decimal indieator
by the connection of brush 116, Fig. 2, with
the contact of divided ring 106 in the deci-
mal indicator for the ten divisiens of the
section to which said subscriber 1845 is con-
nected, and in the same way as described
at the beginuning of the general operation-in
the case of the calling subscriber 736, or

from the rotary switch seized by him,-

namely, subscriber 1845 by the connection
921 from segment 652 just as in the case of
the rotary switch used by subscriber 786 at
the beginning of the operation, and depend-
ing upgn the stage reached in his sub-
seriber 1845% call, and hence the test civeuit
closed by the rotary switch seized by sub-
seriber 736 in his own section will be com-
plete as follows: starting from secondary
connector on section of subscriber 1845
which has been set to connection with the
cylinder contacts for his 1, 2 and 3 lines, as
already set forth, frem positive battery
charging his No. 3 line, as just explained
at the beginning of the operation, to tap
wire 325 leading to the cylinder countact of
the secondary connector which has been en-
gaged by a cylinder brush 704, by connec-
tion 71’ to the contact of the register sector
in a row engaged by the previously adjusted
brugh of the register, to cylinder brush 690,
lower feed segment §50, tap wire 224, bus
wire 223, running through all sections of

the exzehange and past the interconnector’

No. 2.used, as already described, by sub-
seriber 736, whe was 1n the 8th section of
the first thousand, cylinder contact of said
interconnector -joined by tap wire to said
bus wize, .a eylinder brush 693 which has
been brought to rast on said contact, as al-

ready explained, 2 connection 71" to thecon-

tact oh fhe inner vow of sector contacts to
which the inner brush 705 has been adjusted,
as aiready explained, then by s connection
71, to a cylinder brush 708 which has been
brought to rest on a jower feed segment 650,

then by wire 222 up through diagram Fig.

7, to diagram Fig. 6, and to the four cylin-
der confacts in & horizontal row the left
hand one of which forms the upper one of
2 pair over which the bridging brushes 688
pass as the switeh moves from the No. 8
to the No. 4 positien, then by wire 282 con-
nected to the lower ome of said pair of
cylinder contacts and to and through one

"coil of the relay 215 and to negative battery.

Therefore the relay 215 will be excited
and no current can flow over the connection

L8

96 to the control magnet 20 of signal trans-
mitter controller from positive battery,
back contact of relay 215, long feed segment
656, pair of bridging brushes 706 which ave
now on the vertical row of contacts under
S N, contact 43, 4th horizontal row, wire
96, connection 107 te Fig. 6, branch 707
leading to upper of a pair of cylinder cou-
tacts passed by lower pair of brushes 699
in moving from No. 3 to No. 4 position and
simultaneously with the passage of brushes
688 over the pair of contacts in the same
vertical row by which the test civeuit just
described is closed, thence by a branch wirs
to wire 52 and to and through the clutch
magnet 20 of the signal transmitter control-
ler diagram Fig. 7 of calling subscriber 736,

Therefore, the sigpal transmitter control-
fer will not now leave the S N pasition. But
if subscriber’s line 1845 be not in use and
his wire 8 be dead, no current will flow over
the test circuit just described throngh coil
of relay 215 on the section of calling sub-
scriber 736 and hence the armature of relay
will remain against its back contact and the
release circuit of 20 over the back contact
of relay 215 being completed by the rotary
switch, the signal transmitter controller
passes one short step to.the I position and
there automatically comes to rest. This is
because the notch in disk 23 from which the
dog is withdrawn at this stage of the opera-
tion is the one diametrically opposite notch
680, and the next notch is at such a peint
that when the cylinder brushes have passed
the space from S N position over the last
vertical row of cylinder contacts and to the
first vertical row marked N where they com-
plete the whole revolution, the dog will en-

ter said notch and free the clutch so as to 1

stop the rotation of the cylinder brushes.

" This is the position which the signal trans-

mitter confroller must assume in order to
establish through it and through the rotary
switch, the -talking connec‘ai@n as described
under “rotary switch 5th pdsition ™.

The rotary switch besides breaking the
connection 231 at short segment 659, ¥ig. 8,
from relay 215 to line 1 as just described
in passing from 3rd to 4th position, also,
and before reaching the 4th position, con-
nects 1 with release relay 216 by the row of
contacts immediately succesding short seg-
ment 659 and connected to wire 233, so that
its coils are in a cirenit including arm 142
and contact 145, which circuit is closed in
the rotary switch until it leaves the No. 4
position. The circuit is over the No, 1 side
of the calling subscriber’s line and through
the normally closed coatact of telephone
switch so that the breaking of circuit at
gaid contact may discharge the relay 2106
~which eloses a circuit 108 by which the mag-
net 17 of the rotary switch will be energizad
80 as to send the cvlinder brushes thereof
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forward to the No. 5 position. This circuit

. when complete charges relay 216 from' bat-

teries 202, 203, in series by 216, 233, rotary
switch 3rd and 4th rows, bridging brushes
708 which bear thereon as soon as they leave

the No, 8 position 122, middle feed segment

650,.cylinder brush which has been brought
to rest thereon, as already explained, middle

- . one of the brushes 61 for the primary con-
10

nector register and brought to rest on con-
tact connected to 651" to cylinder brush 710

brought to rest on cylinder contact, connect-’

ed to No. 1line, 147, 142, 145 and earth, and

. breaks the circuit at the back contact of the

15

relay. If the circuit is, however, open at
the contact spring’ 147 of the hook lever,

" Fig. 89, by the lifting. of the telephone

20

1 3-2
o<

30

either before or after the rotary switch has
established such circuit, the connection 108
at the back contact of the relay 216 will be
closed, thus causing the rotary switch to

pass on from No. 4 to No. 5 position without -

stopping in the No. 4 position, because its
clutch ‘magnet 17 is energized over 108 as
follows: from battery 202, 108, bridged con-
tacts rotary switch 11th and 12th rows;
lower pair of brushes 699 when in the No, 4
position to magnet 17 and negative battery.

Tri-the usual operation of the apparatus
the rotary switch comes to rest on this No. 4
position because the actions proceed to this

- point. before the subscriber would naturally

.40
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raise his telcphone after seeing the arm 153
cease - its retrograde “movement.

at the contact:-spring 147 of the hook at this
time, and hence the magnet will be charged

over the No. 1 side of the line from the bat-

teries and by wire 233 over the cireuit just
traced and the armature will be held off its
back contact so that the release cirenit 108
for the rotary switch will be open. The sub-
sequent raising of the telephone sends the

rotary switch forward by the action jist de-

seribed. "It should be understood that the
directions to the subscriber are to allow the
arm 153 to fully complete its backward
movement after being pulled down to start
the signals and then lift the telephone from
the hook and press his ringing key 26.

Rotary switch fth-position.

Tt being assumed that the line wdnted is
not busy and that the signmal transmitter
controller has therefore reached N position,
the rotary switch complétes a connection for
charging the line 8 of the called subscriber
through contacts. on the signal transmitter
controller N position, and keeps said wire 3
charged until it, (the rotary switch) leaves
the No. 5 position at the conclusion of the
conversation. This charging which gives
said wire a guarding potential to. protect

" the subscriber 1845 from interference is

' Therefore -
5 the circuit of magnet 216 will be complete

1,204,285

acquired from any source of electric energy
and over path as follows: from positive pole
of said source to lower of the two cylinder
contacts - bridged - by the upper pair of

brushes 711, Fig. 7, in their position under

N, as shown, which is the normal or zero
position, wire 226, to Fig. 6, to the short
feed segment the beginning of which is en-
gaged by the pair of bridging brushes 688
when they reach No. 4 position, to the longer
feed segment engaged by the upper brush, to
wire 222 connected to the same, through dia-

gram Fig. 7, lower feed segment 650 of the

interconnector whose cylinder brushes have

already explained, brush 706, wire 71, brush

»705 of the interconnector register, register

contact to which said brush has been adjust-
ed, as already explained, wire 71’, cylinder
brush 693, which has been moved to ¢ylinder
contact connected to bus wire 223, then
through the latter to the 9th section of the
2nd thousand of the exchange, to tap wire
224 leading to the secondary connector ad-
justed to connection with the 1, 2 and 3 lines

of subscriber 1845, as already explained,

lower feed segment 650, Fig. 9, cylinder
brush 690, wire 697, inner register brush
adjusted to sector contact which is joined by
a wire 71’ to a cylinder brush 704 adjusted
to rest on cylinder guard contact for sub-

" seriber 1845, which contact is connected by

wire 325, with wire 3 of the called substa-

tion, from which the guarding potential is

distributed to the guard contacts belonging
to said subscriber on the cylinders of all the
other nine secondary conriectors on the same
section joined in multiple by similar wires

"325 to said wire 3.

As already explained, the signal trans-
niitter controller coming to rest on the S N
position, sends a current over 100 and
through the rotary switch contacts No. 8 po-
sition to the clutch magnet of the Iatter to
send said switch forward. Should the sig-

. nal transmitter controller remain in this po-

sition, as would be the case if the line called

‘be busy so that magnet 215 will be excited

over the test circuit, and as already ex-
plained, the switch will nevertheless ad-
vance to the No. 4 position where there is
still a connection for the relay 216 from bat-
tery 202, to' the coil of relay 216, to wire
233, by the row of contacts immediately suc-
ceeding. segment 659 to 659 by bridging
brushes 708 in No. 4 position and by wire

85
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-been sent forward from normal position as °
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122, through primary connector as already

traced to No. 1 line, which cirenit will, how-
ever, be opened as already described at the
end of the description under 8rd position by
the lifting of -the telephone, and the rotary
switch will pass on to the No. 5 position
as there described.. Hence any attemnpt of
another subscriber, as for instance, No. 952,
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.to now make connection with 1843, would
be frustrated because the signal transmitter
controller in the division seized by 952 on
his own section, will be prevented from ge-
ing from S: N position after the seizurc “of
any idle secondary connector on the sect ion
-of 1845, in the same manner thai “ho sigual
tranmmttor controller seized by station m(,,
would have been prevented, as rlh‘@ ady de-
scribed, from going to N position in case
wire 1840 had been itself a calling wire.

-1t being assumed that the rotary switch
has come to rest in the No. 4 position, and
that. the subscriber thereafter lifts his tele-
phone on seeing arm 153 at rest, the hook
lever 169, will break the earth connection of
1. 'This dlccharges relay 216, which closes
connection 108 already descrlbed thus send-
ing rotfxry gwitch forward hom No. 4 to
No. 5 position, where it again automatically
comes to rest, but ready o be sent forw ard
from this posﬂ:lon at the conclusion of o
conversation by the action of current over
the connection 109 from the front contact of
relay 216 when the telephone is again placed
upon the hook lever so as to complete the
connechon\{rom 1 to earth by 145 and there-
by again charge the relay 216.

At the substation of the calling sub-
scriber the release of lever 169, besides
‘breaking the connection of 1 to ear m breaks
at 148 the connection to 33 and beH 145, and
connects the 1 to the 9 side of the hm
through telephone receiver, telephone trans
mitter 27 and ringing key 26 shunted by a
resistance.

Rotary switeh 6th position.

This is the talking position when the sig-
nal transmitter controller is at the same
time in the N position .

The 1 and 2 sides of the calling life are
now connected together at the central office,
+, the connection b“lng from 1 side to 122, con-
“tacts of rotary switch 8rd and 4th l'OWb, 5th
position, Fig. 6,233, one coil of relay 216,
battery 902, one coil of induction coil 204,
ringing relay 217, another coil of relay 216,
wire. ?34 contacts 5th and 6th rows of ro-
tary swmch 123, and 2 side of line.
‘connections: “hetween line 1 and wire 122,
and between line 2 and w1re 128 are by the
paths opened: up by the primary connector
as already.deseribed and have been set forth
a number of .times in connection with the
signaling. .and. other opefations over said
lines. The current does not fow to earth
because the earth.connection has been breken
at calling subscriber’s station at confact 145
by the forward movement of the arm 142 as
jnst stated. - In relay 216 the two ¢oils neu-
tralize one another’s effects and the connec-
tion 109 for starting the rotary switeh from
the 5th posmon thereiore remaing tempo-

1,204,485
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arily open at the front contacts of the re-
L_w):, W mlu the relay 217 now opens a connee-
tion at 1ts back contact.

"’ho calling: subscriber having, ss just
e d alu\ the folei)hone c”t rhe hook,
s to hig car and depresses the

! , thus throw ma' the resistance

o the cirenit and causing the rvelay 217 to

closo cirenit on its back contact and send
current from the ringing generator 201
through the bell of called subsecriber.

This circuit may be traced as follows:
from generator 201, supplying the relays
of the division and sections in multiple,
back contact of relay 217, 285, bridged con-
tacts of signal transmitter contloller, N
position, 236, votary switch contacts which
could be located on the second half of its

-~
an

cylinder but in the No. 5 position of a pair-

of bridging brushes in one of the vertlcal
rows of ¢y hnder brushes to wire 3823,
threngh Fig. 7 diagram, to the intercon-
nector No. 2 set as alrea wdy described by
the calling subscriber, feed-segment with
which ecylinder brush 718 has been brought
into cngagement, register brush ]omed ta
.1-) and adjusted to rest on the sector con-
tact joined 4o eylinder brush 7i4 adjusted
%0 rest on cylinder contact which is joined
to the bus wire 628 over snid bus wire to
the 9th section of exchange in the 2nd thou-
sand, tap wire 423, idle secondary connector
pre\ lously seized on called subscriber’s sec-
tion, feed segment of cylinder, brush bear-
ing thereon, ‘middle register brush, eylinder
bragh 715, bearing on cortack connected to
528, to 1« Mc nf substation nne 1845, brush
147, 142, 140, bell 148, 148,
subseriber’s line, tap wire 52 ‘at central
office, brush 61 of secondax‘y connecror CVx—
inder hearing on col‘t(u,t conneeted to 52
outer conta ct 1; ragister sector, outer remx—
ter brush ng herwn brush and fepu
segrment comnected . to 422, through inter-
connector to 322, over cirenit already traced
in reaching 166 to actuate register magnet
3%, ‘omdo’od (‘OHE“Lth 9k and 10th rows of
rouar’; sv’ltch, 7, bridged cbntdc(s of sig-
el transmitter con’crcﬂer. 3rd and 4th rows,
288, me side of repeating induction coil
204, and back to opposite pole of generator
203. These currents operate induc tively in

-n()v:

the coil 204 and produce currents which.

fow in the other side of the mcluctwn coil

to coils of relay 217 and one coil of release-

relay 216 over 234 o the. lower one of a-pair
of contacts under No. 5 gosmmn engaged
by the brideing brushes 703 when in such
poaluon, from the upper contact of the pair

‘o the feed segment in the same row which
is eonnected to wire 123 and through the

path already opened up through the pri-

mary connector to and over m‘;hng stib-
pa)

scriver’s line 2, through his telephone and

2 sice of called”
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"148 and 147 cuts out the hell ‘
telophone into circuit between the two sides

4.5

cic over the 1 side through the primary
cornector by path already traced to 1922,
to segment 659, bridging brushes 708 when
in the §th position, to 233, the. other coil

of release relay 216 and to thé induction’
“goil: through battery 202, this beivg the cir-

enit just traced over which the ringing key

‘operates relay 217 to cause the same to con-

neet ringing generator 201 to called sub-
seriber’s ciremt.  These induced currents,
by passing through the télephone recetver

-of the calling subseriber, produce a:sound

that gives notice to him that connection has
been made and the call transmitted to the
called subscriber.. The release of the ring-
ing key at the calling substation causes re-
Iny 917 to close connection on its front con-
tact and to throw oub the genérator con:
nection to 201 on its back countact. At its
front contact.a connection from one pole of
hattery 202-to wire 235 is made, so that the
two gides 1, 2, of the calied subscriber are
now-connected through one coil of 204 and

“said battery over the wires 235, 238, in just
. the same way that the two sides 1, 2, of-

the calling subscriber. are connected over
wires 283, 234, through the other coil of
204 and said battery. There is now, there-
fore, an inductive talking connection be-

tween the two circuits at the central office .
o that conversation may be carried jon when'

the called subseriber, in response to the sig-
nal, 1ifts his telephone from the hook and
his telephone switch by means of itg springs
and puts the

of-the line. . _

Inasmuch, as the circuit of the called sub-
seriber is, as just éxplained, from the call-
ing generator by wire 235, through contacts
in the N position of the signal transmitter
controller, no currents will flow over his
circuit from the signaling génerator when

- the calling subscriber depresses his key, and

hence no induced currents will be produced

by the induction ecoil in the calling sub-

seriber’s circuit, and no answer-back signal
will be heard at the calling substation if
the signal trapnsmitter controller has not
previously passed from the 8 N position
one short step to the N position. This it
will fail to.do in case, as a’ready described
in connection with the operation of the ro-
tary switch in passing from the No. 3 to
No. 4 position, said switch in applying the
busy test should find that the line wanted
ig already in use, i which case the relay
215 would be prevented from closing - the
connection on its back eontact to the cliitch

‘magnet of the signal transmitter controller
at the time the brushes of the latter are on

the vertical row of éontacts under 8 N after

making their 2nd revolution. In that event:

the calling subsiation would hear no signal

5 cn depressing his key, which would' be

1,204,285

notice that the line wanted s husy,
and he would then restore the telephone
to the hook, thereby connecting the No.
1 line to ground by contact 145 at hig sta-
tion. ' :

This charges the relay 216 over line 1 and
contasts in the 5th position of the switch to
which the switch, seized by the caller at-
tempting connection, moves automatically

everi although the signal transmitter con-

troller may ‘be retained in S N position.
The current which actuates the relay 216
at this stage of the actions flows from sec-
tion 202 of battery grounded through sec-
tion 208, Fig. 7, through the relay coils to
wire 233 to the lower of the I;l)air,of con-
tacts engaged gy cylinder brushes 708, Fig.
6. When in No. 5 position, feed segment
659’, wire 122, to segment 650 Fli 5, brush
resting thereon, middle register brush ad-
justed to rest on contact connected to 851/, to
brush 710 and by cylinder contact No. 1 side

i

80

85

and by path just described to ground at

subscriber’s station. This causes the relay
216 to close the.connection 109-on its front
contact over which current now flows to
pair of contacts in the lower rows of cylin- -

90

der. Fig. 6, engaged by brushes 699 in their -
No. 5 position and .to wire 663, through .

clutch magnet 17, energizing the latter and

sending the rotary. switch brushes forward

to the next position and results in the same
actions as are produced by hanging up the
telephone at the conclusion of a conversa-
tion and as will be presently described.

It will be observed that in this opération
the. same source of electromotive force,
namely, battery or.section of battery 202

which 1s used for conversation, furnishes

also electromotive force or energy for con-
nections and disconnections,’

In order to prevent interference. with the
position of the called subscriber’s signal
transmitter by the action of the ringing
current in case his transmitter should, at the
instant the calling subscriber presses his:
button, be in the initial signal position (in
which case the ringing current would flow
by 148 and 179 through the magnet 38 at
the called subscriber’s station) an additional
relay may be employed. This relay is so

-connected to the circuits that it will be ener-

gized. by current flowing through 148 and
179 at this stage of the operation, and will
act in such manner as to prevent the ringing
currents from flowing to the called sub-

. seriber’s ‘circuit. - It is preferred to use a

double’ wound relay such as indicated at
220, Fig. 7, and to have it act by rentlering
relay 217 unresponsive to the action of the
calling subscriber’s button. The two wind-
ings.are In the.two sides respectively of the
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called stibscriber’s circuit, so that under nor- .|

mal condjtions neither ringing current nor
talking ctrrent will affect it. Neither will
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the relay have any effect on the speech, since
there being no magnetism there will be neo
inductive offect. The relay will also serve.
to make better balance between calling and
called lines, as they will be made thereby
identical with exception of relay 217, which

is rendered harmles: by the bridging non-.

inductive resistance 203.

The relay 220 controls a local circuit run-
ning through an auxiliary ceil on relay 217
which cirenit is closed when the armaturve
relay 220 is drawn forward. The effact of
this auxiliary coil is to charge said velay
217 and prevent it from hrowmg the ring-
ing generator onto the circuit in cabe, at the
instant the calling subscriber‘resses his but-
ton to cause relay 217 to release its arma-
ture, the called subscribér’s signal traus-
mitter should be in preliminary impulse po-

“sition, that is to say, with the arm 142 clos-

ing connection on the contact 141, and with
spring 144 closing contact at 179. In that
event a sort of compound civeuit will be
tormed as follows, so as to energize the re-
lay 220 and close the circuit of the auxiliary
coil on relay 217. The combined voltage of
batteries 202 and 203 will be applied to the
No. 1 side of the line, the current being
made to flow from ground at the central
office to 235 by the front contact of relay
217, and thence through one of the windings
on relay 220 to the No. 1 side of the line
and directly to ground at the called sub-
seriber’s station. .The cwrrent would flow
after reaching 235, to the lower pair of con-
tacts in the Vertical row under N. Fi Fig. 7,

~ over the pair of bridging brushes 716 now
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in normal position, wire 236, pfur of contacts
in the vertical row under No. 5 position of
the cylinder brushes for the rotary switch
and from the upper of said pair to wire 523
down through the Fig. 7 diagram to the
No. 2 interconnector vs}m'h has been put in
action as already described by the mhmg
subseriber. and is in the same division with
the primary connector used by him in mak-
ing the call, to a feed segment 650 on tha
(vhnder of said intercounector, the brush
713 alveady adjusted to malke contact there-
with, by a connection 71 to the sector brush
ond from top, to the contact sector te which
it has been adjusted and which is connected
by one of the wires 717 with the cylinder
brush 714, thence from cylinder contact con-
nected to the bus wire 623, over said bus wir

through all intermediate sections to the see-
tion of the Lﬂtd subseriber 1843, then by
the tap wire 423 leading to the so ondary

connector lh(‘l(lV Ad]lhiul as described on
saldl section to open- np the path with the
lines 1, 2. 3. for that subscriber 1845, to
middle feed segment 630 in the cylinder of
said connector to cylinder brush adjusted
tor vest thereom to the middle of the three
register brushes, then by the one of the wires

71’ te the cylinder brush 715 adjusted bo
1'e§t on the cvlind@r conm(f comveﬂ'ted

Jed
%ubqo iber ns lmh 1 in 1“5,). 1, J"*ncc G
said subscriber’s station apparatus, to s},x\ '
147, contaect 141 which 1s the pr
impulse contact as already des
rectly to earth by the wire to which spring
144 1s connected. The hattery 202 will also
tend to send 4 current over 235 and the No. 78
1 side of the hne returning over spring 44
and contact 1

w1

=

179 over the No, 9 side of
line and to 238, through the other wing
of relay 920, to the opposite pole of ba
202. By proper adjustment of the
resistance, a potential at the terminal of §
No. 1 side of the line at the called .
scriber’s station cau be szcured, which
be approximately equal to the potum
the connection betwe een Dbatteries 202 anc
at the central office. Hence no current <wil
actually flow over 238, thus leaving the rela
220 to be energized Dy one winding in the

circuit 235, wherebv said velay will be enex-

gized and its lever strongly held forward 80
50 as to close eireunit of the auxiliary coil on

relay 217. This auxili coil will prevent

the lever 217 from going to its L:Wk eon

taet when the calhh., subscriber pu hl
ringing key. The caller will thus get s bus sy BB

288 i

eall. As no current flows in he wirs
and 2 side of the line, the magnet 38 will not

be affected.

At the conclusion of a conversation ths
calling subscriber returns hib receiver to the 108
hook, which charges relay 216 by ground imf'_
line 1 and sends ihe rotary’ \Wltch forw
from No. 5 })O.uLIOU. thus i
ing and alﬁ‘nahng m"c 1
wntac{s mn

the 3x¢
The curvent "'i;i(lk
passes from batle
thereot, to wirve & ;
contact under No, 5 positi
in the vertical rov

639" to which pogiti
708 have been ad

to wire 122, then th-‘mwh the primary con-
nector by the viveunits a }'mdv fraced & nun-
ber of timex to the Yo, 1 hne. of ealling sub- i
seriber thence at his station to spring 127
and contact therefor, AT 142 and contact
145 to earth. When the re elay 218 is charged
it closes the connectlon on its front contact
by which eurrent flows from battery 202 to 128
wire 109, to the pair of contacts at the bot-
tom of the rotary switch eylinder and into
contact with \v}\ich the brushes 699 have
been adjusted to No. 5 pumtmn thence over
said bridging brushes to the connection 663,
and thro HOh the cluteh magnet 17 for the
rotary switch cylinder. This sends the cyl-
inder brushes forward from the No. 5 posi-
tion and they lrmediately come to rest on
the No. 6 position since the next noteh i the i8¢
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disk 23 rveaches the dog coincidently with
the arrival of the cylinder brushes on the
contacts in the No. 6 position, the action
being again as alveady explained. Betaveen
its 5th and 6th posivions the rotary switch

-aetnates the magnet 33 of the calling sub-

seriber and steps the arm 142 from contach
145 to normal contact 140, over cirenit from
positive batterv, Fig. 6, to the long segment
6562’ in the second horizontal row  from
which a connection is made by T18 to a pair

_of cylinder contacts adapted to be engaged

by the bridging brushes 703 in passing from
position 3 to position 6, then from the upper
of said pair of contacts by connections as
indicated ruuning to the short feed segment
658 which is connected to wire 123 running
up to the primary connector and by the path
opened up through the same to No. 2 side
of the calling line, as already described,
then at the substation of said subscriber to
tclephone switch spiing 148, contact for the
same, wire 719 through magnet 83 to contact
179 and spring 144 to earth. The spring
144 is at this fime in connection with con-
tact 179, because when the contact arm 142
is on the point. 145 the lever 143 will be still
held over hy the uncut portion of the cam
disk 150. The actnation of the magnet 83
releases the escapement device and permits
the driving spring to move the arm 142 one
step forward to its normal position which is
that shown so that sald apparatus is now
ready to be used for another call. The ro-
tary switch also sends an impulse through
the magnet 20 of the signal transmitter con-
trotler to send it forward to N position in
cage it has been left In the S N position
when the rotary switch makes the test as
already deseribed, thus putting the signal
transspitter controller into position ready
for use at some subsequent time. This im-
pitlse goes from contacts forming the pair in
the two upper borizontal rows which arve
in vertical line with contact 43, bridging
brushes 711 to wive 100, contacts 11th and
12th rows of votary switeh forming a pair of
contacts 1 the two lower horizontal rows
which are passed by the pair of bridging
brushes 69¢ in woving from No. 5 to No. 6
position, and the upper one of which pair is
connected to wire 100, then to the lower con-
tuct of suid pair and hy the horizontal con-
nection shown, to 52 and magnet 20.. The
magnet #0 of the signad transmitter control-
fer 15 therefore excited and the clutch dog
heing at such time in the notch diametrically
opposite 680, will be withdrawn from the
same but will, when the noteh contiguouns
thereto is reached, which is the normal
notely, permit the clutch to disengage and
stop the cylinder brushes which would then
be on-the N or normnal position. Retary
switel immediately passes on to the 6th posi-
tlon and comes to - rest,” closing the con-

b
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nection to its clutch magnet 17 from 97 and
primary connector cylinder, over which 1t
may bhe sent another step forward to the No.
7 position.

Rotary switch No. G position,

In this position the connection from mag-
net 19 of the primuary conpector is closed
over a branch 719 Fig. 6, from 45 and
through contacts 3rd and 4th rows of rotary
switeh to negative battery, thus connecting
the cylinder brushes with the driving power
so that they now revolve three quarters of a
revolution to normal position where they
automatically come to rest by the action of
the disk 28. In this operation the magnét
19 is energized over the circuit through the
pair of bridging brushes 708, which in No. 6
position of the rotary switch cylinder rest
on the pair of contacts, one connecting with
719 and the other or lower one of the two
directly to negative battery. While the
brushes occupy this position the maguet 19
remains charged so that the dog may pass
the remaining notches in the disk 23 and
reach the unent edge of the disk, after which
the cluteh will be held engaged, as alrveady
explained, until the disk has revolved around
again to bring the first notch opposite the
dog when the latter will immediately fall
into the noteh and thus disconnect the clatch
and bring all the cylinder brushes of the
primary connector to rest in thelr normal
position. The secondary connector is also
sent around to normal by current in a. simi-
lar way, by closure of connection: at the Tth
and Sth rows of rotary switch. from positive
battery over wire 59, and cirveuit already
deseribed in connection with the setting of
the brushes of the secondary connector cyl-

inder under the control of the units pulses.

The current for this purpose flows from
the posttive battery Fig. 6, through the con-
nected row of segments 652” and by thé con-
nection 718 to the pair of contacts engaged
by the bridging brushes 688 in their No, 6
position and from the lower of sald pair to
wire 39 through diagram Fig. 7, to the No.
2 interconnector which has been placed in
action, as already described, to upper feed
segment 650 of its cylinder then to the cyl-
inder brush adjusted - to contact. therewith
and to register brush 702 and to contact to
which 1t has been adjusted in the use of said
interconneetor, then by a connection 717, to
a cylinder brush 708, thence over a eylinder
contact connected to the bus wire 296 lead-
ing through all sections to the secondary
connector used on the section of the called
gubseriber for making connection with his
wives, then by a tap wive 99, through the
cluteh magnet 22, for siid secondary con-
necior, and to negative bhattery or carth ay
shown. SR

The cylinder brushes of the secondary
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connector then rotate and finally bring up
on the normal position when the normal
notch reaches the dog for the clutch. The
reason why the dog may drop into said notch
at both the primary connector and secondary
connector iz that the circuits described as
formed through the clutch magnets 19, 22,
for the primary and secondary connectors
are over contacts of the rotary switch and
before such positien is reached the clutch

“magnet for the rotary switch will have been

energized so as to send the pairs of cylinder
brushes 708 and 688 past the No. 6 position
thereby breaking the civeuits just described
for said clutch magnets 19 and 22. The en-
ergizing of the clutch magnet for the rotary
switch to produce this result is accomplished
as follows: .

As the primery connector passes to nor-
mal position it closes the conpection from
positive battery to bridged contacts on the
%nd row of primary connector cylinder, op-
erating as the primary connector begins the
last half of its revolution (and therefore
after the dogs on the disks 28 of the primary
and secondary connectors are well engaged
with the uncut portion of the disks) to wire
97 and to the magnet 17 of the votary switch.
The current to energize said clutch magnet
17 fiows {rom positive battery Fig. 5, by a
wire 722, to a cylinder contact 723, thence

" ‘4o the cylinder brush 724 which passes con-

85

o
(413

tact 723 at the beginning of the second half
of its revolution, then by bridge wire 654,
to brush. 721, to a contact 725 engaged by
brush 721 when 724 engages 723, then from
723 to wire 97, to rotary switeh diagram,
the lower one of a pair of cylinder contacis
under No. 6 position, bridging brushes 699,
engaging said pair at this position and from
the upper of said peir of contacts by the
lateral connection shown leading to wire

663 and through the clutch magnet 17, The

rotary switch therefore moves to the Tth
posttien and again comes automatically to
rest, ) '

Rotary switch No. 7 position.

In this position of the votary switeh the

“intercennecior is released by cinrrent passing

from  positive baltevy, ¥ig. 6 diagram,
through the copnected row of contacts 6527
by eennection T18. to a pair of contacts un-
der the Mo, T position which in such posi-
tivn "are enguged *by. the bridging brushes
$58 and from the lower contact of said paiv
to wire 107 connected to the outer brush
of the thousands register whicly, as already
deseribed, is adjusted to the sector contact
486 connecting with the interconnector No.
2, then by said contact over wive 84, o and

thromgh the magnet 21, Fig, S, aud back by

&
ot

wire 35, through the diagram Fig. 7. o a
commection 728 of the Wig. § diagran, then
to o pawr of cylinder coutacts engaged by

8

bridged brushes 703 in the No. 7 position
and from the lower contact of said pair to
negative battery. The current in the cluteh
magnet 21 brings the clutch of the intercon-
nector into adtlon again and the cylinder
brushes thereof begin to revolve together
with the clutch control disk 23 for said in-
terconnector and said cirenit through the
magnet remains closed until the group of
notches in the edge of the disk has been
passed and the dog can ride on the uncut
portion of said disk., When the first or nor-
mal notch is reached the dog drops into it
and brings the cylinder brushes to rest in
the normal position. The dog is permitted
to do this because the magnet 21-will have
been discharged through the movement of
the rotary switch from No. 7 position by
the closure of the circuit through its own
clutch magnet and contacts in the No. 7
position. The circuit so closed to send the
rotary switch forward is over the brushes
of the primary connector just before they
reach their normal position. The path of
this circuit is as follows: from positive bat-
tery, Fig. 5, by connection 727 to eylinder con-
tact 720, cylinder biush 721 which engages
720 just before it reaches the normal posi-
tion shown where it completes its whole
revolution by connection 654, to the rear
brush 724 which simultaneously rests on the
eylinder contact. 728, then by wire 98, to
the rotary switch Fig. 6, and to a pair of
contacts under No. T position, engaged by
the brushes 699 in such position and by the
lateral connection to wire 663 through the
clutch magnet 17. This latter impulse is
obviously a momentary impulse but sufli-
cient to cause the clutch of the rotary switch
to be fully engaged and to permit the disk
23 to move sufficiently. to bring thé uncut
segment 728 under the dog thereby keeping
the cluteh engaged until the normal notch
729 comes under the dog when the clutch
will be released and the cylinder brushies
which are then in the N position will come
to vest. The rvegister brusues of the primary
connector. the nterconunector and the sce-
ondary connector are all forced back to zero
by the action of the fixed lug or stop which
is engaged by the vegister escapement sector
as the register moves -bodily around with
the eylinder brushes.  The thousands regis-
ter escapement sector is restored to normal
by the action of one of the pins 95 on o
revolving portion of the rotary swilch as
already déscribed.

It has alveady heen explained under "Ro-
tary switell No. 3 position” that, by means of
a test civeuit, the apparatus will be anto-
matically held and prevented from going to
ringing and talking position if the line
to be called be in use. This result ay he
accomplished by controlling the position of
any ‘portion of the apparatus. If has al-
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‘ready been described how one part, as for

instance, the signal transmitter controller,
muay be prevented from moving to contacts
through which connection is established and
niaintained. The vesult wmight be accom-
plished by canging some portion of the ap-

" paratus to pass the position for establishing

10
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such connection.
Swmmary.

To briefly summarize the operation of es-
tablishing connection “between substations
736 and 1845 by the particular arrangement
of apparatus shown, the initiatory act of

5 pulling down the transmitter lever at the
.substation 736 places the No. 1 side of the

line to ground direct, and the No. 2 side of

- the line to ground through the transmitter

operating or controliing magnet 33. This
cnuses the current to flow over the No. 1
side ‘of the line when the decimal indicator
10 finds the No. 36 line plate or contact and
through the line relay 211 of said decimal

indicator. The indicator is thus stopped on-

the No. 1 side of line 36. 'When it stops it
starts the division starter 12 which had pre-
viously been stopped in position to start the
idle part of the connecting apparatus. The

division starter as soon as it starts, closes

the circuit and starts an idle rotary switch
5, sending it from normal to No. 1 position.
In moving to No. 1 position, the rotary
switeh starts the decimal register controller
11 and also the cylinder brushes of the pri-
niary connector 4 of the same division,

.which stop automatically in the poésition in-

. dicated by the decimal indicator 10, while

W
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at the same time the decimal register con-
troller 11 in completing its revolution sets
the register of the primary connector 4 to
position indicated by the tens brash of the
decimal indieator. This places the primary
connector in conuection with substation 736
and connects the 1, 2 and 3 lines for said sub-
station with the rotary switch 5. As the
decimal register controller comes to rest 1t
sends the rotary switch to second position,
thus starting the transmitter controller 6.
The transmitter is then stepped forward in
unison with said controller over the No. 2
side of the line. The first movement of the
transmitter Wig, 39, breaks the cireuit of the
Ne. 1 line to the decimal indicator relay 211
and perinits the decimal indicator to revert
fo common use.
gtation 736 is now charged and all guard con-
tacts of said line are charged upon the pri-
mary and secondary connectors 4, 9, of the
section, while the No. 1 line is connected
to the signal relay 215 operating with the
sienal transmitter controller.

When the transmitéer brush finds the con-
tact pin eonnected to ground by the thou-

sands indieator, the relay lever is drawn up.

While it wus against its back contact the

The guard line of the sub-

1,294,285

thousands register .13 was stepped forward
to find the interconnector 8 for the second
thousands., -

In engaging its fromt contact the relay
lever closes circuit through the secondary
winding of the relay which holds the lever
in its forward position until the signal trans-
mitter has passed the thousands set of pins.
By this means the thousands register is left

In position to connect the interconnector 8.

When the signal transmitter controller 6
passes the thousands stepping contacts, the
relay lever is permitted to drop back and
“close circuit to the hundreds register of the
interconnector 8 selected by the thousands
register. |
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The signal transmitter is now _-

stepped forward together with the hundreds

_register of the interconnector until - the
transmitter finds the pin in its hundreds set
of pins which has been grounded by the
hundreds indicator. The signal relay lever
is then drawn up and the interconnector
register .is' stopped .in connection = with
irushes of the interconneetor éylinder which
will pass over contacts representing all sec-
ondary connectors in the eight hundreds
section of the second thousands of the ex-
change. " The relay lever remains against its
frent contact until the transmitter has been
stepped over the hundreds set of pins. The
transmitter controller 6 steps the signal
transmitter past the hundreds set of pins
and in coming to rest permits the signal
velay lever to drop back and start the inter-

connector.cylinder brushes which revolve un- -

til they come to the contact connected to an
idle division of the secondary connector 9
m the section of exchange for substation
1845 when they are stopped by current flow-
ing over said contaet and through one wind-
ing of the signal relay so as to cause the lat-
ter to break at its back contact the circuit
of the controller magnet for.the intercon-
nector cylinder. ‘

The rotary switch 5 is now started to 8rd
position by cireuit through the transmitter
controller and relny lever which is against
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its forward contact. This breaks the circuit -

of relay magnet and allows reley lever to fall
back again, and the signal transmitter con-
troller 6 is again started and sends a third or
tens set of impulses to the transmitter and to
the register magnet on the secondary con-
nector which has been setzed and is isolatéd.

When the transmitter finds in its third or
tens set the pin which has been: grounded
by the tens indicator, the secondary con-

nector register stops on contacts connected-

to brushes of the secondary connector cylin-
der which pass over a set of contacts therein
to one of which line 1845 is connected and
stops as before becguse the signal relay lever
breaks circuit gt7its back contact. .

The transmitter controller passes the tens
set” of contacts and the relay lever again
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closes on ifs back contact and the signal
transmitter is now stepped over its units set
of pins. The, eylinder brushes of the sec-
ondary connector are now stepped forward
until the transmitter finds the pin grounded
by the units indieator and the secondary coun-
nector brushes are now in con’qectlon with
The. rotary
switeh now moves forward to pmii‘ion. just

in front of the talking position, and the

transmitter having been given a final step
by the agual transmitter controller, closes
s ground for No. 1 side of the calling line
over which the release relay 216 is opumtca
py ene of its windings.

The lifting of the “elephone from the
hook allows *he rvelease relay lover to fall
back and cause the rotary switch to move
forward to talking position. This com-
pletes the signaling and talking eireunit pro-
vided that the test ,applied by the votary
switch in moving ap. to positiop just in front

of the talking position, has found the line.
Swvanted al\enmged so that the signal trans-

mitter controiler will have been ecaused to
move forward the final short step from 8 N
to N posiﬁ'o*l, which is the talking positicn
for it. - The talking and sm‘nmhno connec-
tion being then compiete, 81 ﬁoqmtlon 736 can
call 1845 bj owomhng the ringing key, which

ans ringing relay to put callmg generator

into ciremé of 1345 through one winding of

the repeating coil 204. This sets up an in-
dueed current in the Jine 786 which informs
sabstation 738 that the bell of called sub-
sc‘*lbor is ringing. The talking cireuit is
through tra wnsmitter controller on normal
p()SlHOﬂ and rotary switeh on talking posi-
tion. Had the guardcontact of substation
1845 been ¢k wmd by the said substation be-
ing busy, mmi rel ay 215 would have been
heid up Jhwmf«t its front contact, thus pre-
vmtmw the teansmitier (onumﬂor from go-
ing to the talking position.
"./ hen -the ioienhnno 18 placed on the hook,
ether after a completed call, or a busy
e, the g mmd cirenit is completed throngh
J‘To 1 side of line and release. relay 216 and
said velay leveris drawn up to its front con-
fact S0 as to cause rotary switch to move for-
ward fro . Mo, § or tqlkmg position. Tn
moving to No. 6 position, the rotary switch
sends an impulse that puts the signal trans-
mitter to nmm&l m)‘ﬂtmn ready for another
call and -also %ends the sugml transmitter
controller forward from 8 N position to N
position provided it has heen left in S N po-
sition on the application of the busy test.
The rotary swur] then comes temporarily
to rest in this 6th position where it mvtlatos
the train'of operations by which the primary
connector, interconnector and secondary con-
nector together with the rot.ry switeh are
sent sround to normal.  As soon as the pri-
mary connecior and rotary switch are at

S3

normal, they are in condition to be selected
and seized by another calling substation.
Al other devices and combinations of de-
vices, circuits and apparatus described in the
ermomo- specification, but not claimed
herem are claimed in our previous applica-
tion filed April 24th, 1200 wherein we have
set forth and claimed broadly the gencral
principle of working a telephone exchange
with a group or series ef main line circuit
selecting switches termed secondary con-
nectors for eacli of the groups of lines into
which thes substation lincs of an exchange are

divided and the furthier provision of “auto-
matically controlled switches and connec-.

tions wherepy any line of all the groups of
lines may place itself in connection with any
secondary connector of any group, which sec-
ondary conunector may thereafter be adjust-
ed by the selective sighals to connection with
the line called, said invention being capable

of being carried out with many variations

i its minor details, some of which . details

- are specifically ehlmed in the present appli-

cation.
‘What we claim as our invention is:
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1. In an automatic telephone exchange, .

the combination with a signal transmitter
at a subseriber’s station and a relay at the
céntral station for phc ng a ringing current
upon the subscriber’s line when called, of
means for cutting off the ringing current

28

responsive to current ﬁccme over a eircuit

established at the called subseriber’s station
when his apparatu$ is in position to send a
‘pr eliminary impulse.

. In an automatic telephone exchange,
thc combination with the central office ex-
change apparatus, of devices at the central
of‘hce controlled by the calling subscriber for
causing ringing current to flow to the called
subseriber’s 1.1no, and a double wound relay
placed in the two sides of the called sub-
geriber’s line and controlling the circuit of
said devicess

In an automatic telephone exchange, a
chﬁorentml relay at the central office, means
controlled by a calling subscriber for con-
necting the two coils of said relay to the
two sides of a cailed subscriber’s line, means
for supplying current of one potential from
the centval offics through both coils of said
relay, and means for snpplylnw additional
potential to a single coil of the xehy, as and
for the purpose described.

4. In an automatic telephenc exchange the
combination of a sounce of clectrical encrgy
at the central station adapted to supply cur-
rent. to the talking ecireunits of calling and

atled lines at a given potential and also
adapted to supply current of additional PO-
tential over one side of the called line, a
differential relay included in the talking cir-
cuit of the called line and kept in a nentral
condition when supplied with the source of
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battery-used for talking purposes but adapt-
ed to be thrown out of balance when the ad-
ditional potential is supplied over one line
and one winding of said relay, as and for the
purpose described.

5. In a telephone system the combination

with a plurality of lines, a plurality of sets’

of switches for the common use of said lines
in interconnecting any two of them, a plu-
rality of relays, one for each of the switches
of one'of the sets, means for placing an idle
one of said relays under the control of a

.calling line, means under the control of said

relay for adjusting the switch associated
therewith, means likewise under control of
said relay for adjusting a switch of another
set, means for sending ringing cnrrent to a
line to be called, means associated with the

alling line for actuating said relay mn ad-
Jhstl‘l" the switches, and means associated
with the called line for actuating said relay
in controlling the application of ringing cur-
rent thereto. : ,

6. In a telephone system the combination
with a plorality of lines, a plurality of
switches, each of a ditferent class, a single
relay, means for actuating it for the purpose
of controlhng all of said switches in build-
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ing up a connection to a desired line, means
for testing said line, means for senduur ring-
ing current thereto, and means dependenb
upon the condition of said line for again
actnating said relay to control the sending
of unnn g cirrent thereto

7. Ina tn]cphon( system, the combination
with subscribers’ lines, automatically actu-
ated switching apparatus for connecting
lines, busy ﬂ'uard apparatus for said lines
conditioned for operation by snid switehing
apparatus, means at subseribers’ stations for
injtiating calls to the central switching
office, and means for applying signaling cor-
rent, to wanted lines, of meuns rendered of-
fective hy the means for initiating a call
from any line to disable said means for ap-
Plying signaling current to that line.

Swned at quua,. Miami county, Ohie, th
19th (uy of November, 1901.

FEORGE WILLIAM LORIMER,
GEORGE WILLIAM LORIMER,
As administrator of the estate of James
Hoyt Lorimer, deceased.
Tii the presence of—
Crarx B. Jamus,
Wirrprasm C. J OHNSTOV.
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