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UNITED STATES PATENT OFFICE. 
FRANK R. McRERTY, or NEW Roc:IELLE, NEW YORK, ASSIGNOR. To WESTERN EE20 

SREC COMPANY, OF NEW YOBE, IN. Y., A. CORPORATION OF ELLINOS. 

TELEPHO-TE-EXCHANGE SYSTER. 
ii. (9,683. 

To ?till whom, it may concert: 
Be it known that I, FRANK. R. McBERTY, 

citizen of the Inited States, residing at 
New Rochelle, in the county of Westchester 
and State of New York, have invented a cer 
tain new and useful improvement in Telers 
phone. Exchange Systems, of which the fol 
lowing is a full, clear, concise, and exact description. 
My invention relates to telephone ex 

change systems and contemplates in general 
an improved organization and arrangement 
of circuits and apparatus whereby the inter 
connection of telephone lines and trunk 

is lines may be controlled and accomplished 
speedily and with precision. 
The object of my invention is to provide 

in a system involving mechanical switching 
apparatus, a controlling organization by 
which such mechanical Switching apparatus 
may be governed in its operation to estab 
iish the desilii connection, which control 
g organization is in turn governed or set 

by distant so-called sender apparatus ac-. 
cording to the designation of the desired 
line. 
A further object of my invention is to provide a system in which a secondary con 
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connection of the desired line. 
More particularly my invention involves 

trolling organization may be adjusted or 
set in controling condition by impulses 
transmitted over long or short lines by a 
primary controller, and whereby such sec 
ondary controller may be automatically and 
quickly associated with the line or appa 
ratus associated with the primary con 
troller taken for use. -- 
A further object of my invention is to 

provide in a system involving mechanical 
switching apparatus adapted to operate and 
be controlled according to what is known as 
the revertive in pulse system of control, a 
secondary controlling organization adapted 
to be set by impulses received therein from a 
primary controller operated from a calling: 
line, and having been so set to coöperate. 
with such mechanical Switching apparatus 
to accomplish through said apparatus the 

a system including automatic switching ap 
paratus, a primary sender mechanism adapt 
ed to be manually set according to the desig 
nation of the line desired, and to transmit 
impulses in accordance with such designa tion, and a secondary controllier Rdapted to, 

specification of letters Patent, 

be set or adjusted in response to the receipt 
of the impulses from such primary co 
troiler, and when so set and adjusted to con 
trol the operation of the mechanical switch 
ing apparatus to produce the desired con 
nection, such secondary controlling appa 
ratus being adapted to be automatically 
connected to the circuit of the primary con 
trolling apparatus and to be disconirected 
therefrom upon the completion of the de 
sired connection. - 

My invention is shown as applied tie a full automatic telephone exchange system, 
but it should be understood that while it is 
particularly adapted to and has been found , 
especially efficient in connection with ful 
automatic systems, my invention is not con 
fined to use in such systems, but may be ad 
vantageotisly used in connection with any or 
all systems involving mechanical switching 
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apparatus which must be rapidly and accu. 
rately controlled. I have furthermore show 
my invention in connection with mechanical Switching apparatus of a particular form, 
but it will be apparent that it is not confined.3 
to use in connection with switching appe 
ratus of this type, but may be used with any 
switching apparatus of suitable or conven 
ient structure and arrangement. Further 
more, while the mechanical switching appa 
my invention is controllied according to 
what is known as the revertive impulse sys 
tem of control, it must be understood that 
my invention is not limited to such system, 
of control, but may, if desired, be used in 
connection with switching apparatus de 
signed to be controlled by impuises received 
from the controlling apparatus, as will be 
hereinafter pointed out. • 

SE 
ratus in connection with which have shown 

My invention also includes certain detaiis, 
of the construction and organization of the 
circuits and apparatus involved in my in 
proved controlling system by which the fore 
going results and operations, and other re 
sults and operations incidental to the proper: and expeditious accomplishment of the in 
ter-connection of telephone lines and trunk 
lines in systems of the character indicated may be best accomplished. 35 

in the drawings, Figures i, 2, 3 and 4, 
when placed together form a single diagram 
illustrating diagrammatically the circuits 
and apparatus involved in the full automatic exchange systein comprising in part a sys 3. 
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tem of control in accordance with my in 
vention; the lines which extend to the edge 
of each sheet being continued on the neigh 
boring sheet. The proper arrangement of 
the sheets for viewing the system as a whole 
is made by placing Fig. 2 to the right of 
Fig. 1, Fig. 3 iniinediately below Fig. 2, 
and Fig. 4 immediately to thie right of 
Fig. 2. 

Like parts are referred to by the same ref 
erence characters throughout the specifica 
tion. 

Line finders.-Apart of the apparatus in 
volved in the preferred form of my inven 
tion and as shown in the drawings herein 
comprises a series of line finders such as 
the one shown to the left of Fig. 2 on the 
upper part thereof. These line finders may 
be of any usual or convenient construction, 
but each comprises preferably a set of three 
brushes adapted to be rotated to sweep over 
any desired and convenient number of Sets 
of line terminals, each such set of line termi 
nals comprising three terminals, that is, two 
line terminals and a test terminal. The 
three brushes referred to may be driven in 
any preferred manner, but on the drawing 
they are shown as driven by the power imag 
net 253. This power magnet when ener 
gized will cause the rotation of the brushes 
over the terminals by means of an electro 
magnetic clutch such as is well known to the 
art and therefore need not be further de 
scribed. So long as the power magnet is 
energized the brushes will move over the sets 
of terminals of the various lines until they 
come in contact with the terminals of the de 
sired or calling line when, in a manner to 
be hereinafter described, the power magnet 
will be de?nergized and the brushes will 
stop in contact with the terminals of such 
line. It should be further noted that the 
test brush as indicated on Fig. 2 is made of 
elongated form so that it will make contact 
with the test terminal of one set of terminals 
before breaking contact with the test termi 
nal of the preceding set of terminals. The 
line brushes, however, will not bridge from 
one line terminal to the next. It will be 
furthermore noted that these line finders 
when not in use may rest upon the terminals 
of a line with which they were last opera 
tively connected since in the normal condi 
tion of the apparatus associated therewith 
the various brushes are connected in no way 
to any, electrical potential or ground and 
therefore cannot in any way affect the line 
on the terminals of which they are resting. 

Ásequence switches. The local controlling 
circuits associated with the various parts of 
the exchange system disclosed herein, which 
local controlling circuits must be established 
in definite order at successive stages of the operation of such system to bring into 
service the different devices or parts as 
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are required, are in the present embodiment 
of my invention established by altonatic 
electromechanical switching appliances 
which are terned sequence switches. As will 
be noted by reference to the drawing, there 
is a sequence switch associated with the 
primary finder apparatus and the first se 
lector, a sequence switch associated with the 
secondary controller apparatus, and a se 
quence switch associated with the final selec 
tor. Each of these sequence switches con 
ists in its elements of a novable switch op 
erating member, a number of circuit 
changer's or contact devices actuated in se 
quence as said member is moved from one 
position to another, an electromagnet and a 
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motor mechanism operated or controlled by . 
said magnet for advancing said movable 
member through its successive positions. 
The sequence switch may control any de 

sired sequence of operation, whether of the 
same or different devices. In each position 
to which this movable member is advanced, 
a circuit is established whereby a given op 
eration of the device or devices under con 
trol is made possible, and at the same time 
another circuit is established whereby the 
motor mechanism of the sequence switch 
may be actuated automatically when such 
operation of the device or devices under con 
trol has been completed; so that as each op 
eration takes place the sequence switch wit 
be automatically moved to the next position, 
in which position a new operation or an 
other stage of the same operation will be 
brought about and so on. Finally the se 
?ilence switch establishes a condition where 
by the apparatus under controi is returned 
to its normal condition, and also establishes 
a circuit whereby the sequence switch will 
be returned to its normal position. In each 
such position, the apparatus and its asso 
ciated sequence switch may be and are pref 
erably so related that local reciprocal con 
trolling circuits will be progressively estab 
lished by said devices in their operation, in 
such a manner that when a normal oper:- 
tion of either is started both devices will be 
progressively carried throtigh a complete 
cycle of operations which may be controlled 
and checked at different stages through the 
agency of energizing circuits estailished by 
Some other portion of the apparatus for this 
purpose, but which unless so checked will 
terminate in the automatic return of both 
the sequence switch and its associated appa 
ratus to normal condition. In case of a fail 
ure of current in such checking or control 
ling circuit, even immediately after a se 
quience Swich and its associated apparatus 
iaye started in operation, such sequence 
Switch and apparatus cannot become per 
manently displaced or stailed in an of nor 
mal condition but will coni picte their cycle 

they of operations and be 320sitively returned to 
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normal under control of circuits which are 
purely local. 

In the circuit diagram herein illustrating 
my invention, the switch springs of the se 
quence switches are not shown in their ac 
tual arrangement, but are so located as to 
give the clearest arrangement of circuits. 
Furthermore, the operating cams are not 
shown. The positions of the rotary element 
of each sequence switch, in which any of its 
contacts are closed, are indicated by num 
bers placed adjacent to such contacts, each 
contact, except the special contacts which 
will be hereinafter referred to, being open 
in all positions except those indicated by the 
adjacent numbers. For convenience, the se 
quence switch contacts may be identified 
with their sequence switch power apparatus, 
indicated upon the diagrammatic showing, 

in by the fact that the hundreds digit of the 
reference character applied to each sequence 
switch contact is the same as the hundreds 
digit of the reference character applied to 
the sequence switch of which it forms a 
part. It will furthermore be observed that 
the sequence switch contacts on any sheet 
are all controlled and operated by the se 
uence switch power apparatus shown upon 

the same sheet; for example, all sequence 
switch contacts the hundreds digit of whose 
reference character is 2, form a part of the 
sequence switch 201 which is shown upon 
the same sheet. 

Each sequence switch has, however, as 
has been before noted, a special contact gov 
erning the local circuit of its motor magnet. 
As these special contacts, which are repre 
sented by the contacts 202, 302 and 402 on 
the respective sequence switches 201,301 and 
401, are closed only while the rotary element 
of the sequence switch is in transit from one 
stopping position to the next, the numbers 
are placed on the side of the switch lever 
opposite from the contact and indicate the 
positions in which such contact is open, such 
contact being closed at all times while the 
rotary element is in transit between the po 
isitions indicated by the numbers. The num 
bers adjacent to these special contacts of the 
various sequence switches indicate, therefore, 
the only positions in whichi their associated 
sequence switches are arranged to stop. 
Since, however, sequence switches of the 
character described are well known to the 
art, the particular structure and arrange 
ment of the form used and shown in the pre 
ferred form of my invention need not be 
particularly described and any form thereof 
which may be suitable or convenient may be 
used. - 

Selector 8witches.--In the form of auto 
matic switch shown in Fig. 4, the switch car 
riage or movable element is provided with 
a number of sets of multiple brushes, any 
particular set of which may be selected for 

fingers.41 arranged 

service and the switch carriage then ad 
vanced over a series of sets of line termi 
nals until the selected brushes are brought 
into engagement with the terminals of a de 
sired line. 
The switch carriage or brush carrying 

member is of the rotary type, the frame 21 
of which is mounted upon a central stand 
ard or shaft 22. At the outer end of the 
frame a number of sets of contact brushes 23, 
24, 25 are pivotally mounted upon but insu 
lated from a rod 26, and from each other, in 
position to sweep over sets of line terminals 
27, 28, 29. The brushes have inwardly ex 
tending arms 30, bearing against which, one 
for each brush, are springs 31. Latches 32 
one for each set of three brushes, are piv 
otally mounted upon a rod 36 and arranged 
to normally hold the brushes from being 
rocked outwardly into line with the station 
ary terminals. Bearing against the inner 
ends of the latches are springs 34 which hold the latches firmly against a stop rod 33. 
This stop rod 33 serves to prevent the latches 
from being moved forward too far after the 
brushes have been released. A stop bar 35 
serves to limit the outward movement of the 
brushes when the latches are withdrawn. 
The latches 32 and stop bar 35 are of insulat 
ing material so that the circuits connected 
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with the brushes will not be crossed thereby. 
The springs 31 make electrical connection 
with the brushes; they are of sheet metal and 
form the teeth of combs which connect cor 
responding brushes in the several sets in 
multiple. Suitable wire clip terminals 37, 
38 and 39 are provided for the circuit con 
nections to the springs and brushes. 
As the brush carriage is rotated to cause 

the brushes to sweep over the fixed terminals, 
the latches first pass by a tripping device or 
brush selector, by which any desired set of 
brushes may be released and caused to Swing 
outwardly. This tripping device comprises 
a shaft 40 provided with radially extending 

spirally about the sur 
face of the shaft. This shaft is adapted 
by mechanism, to be presently described, to 
be rotated so as to bring the fingers one 
after another into the line of travel of the 
several latches on the brush carriage. Only 
one set of brushes is intended to be released 
in a given operation. The shaft is first 
rotated to bring a particular finger into 
position to engage the latch in the same 
level therewith and then the brush carriage 
is rotated. In passing, the outward edge 
of this latch strikes the end of the finger, 
allowing one set of three brushes to be re 
leased. Continued movement of the lyriush 
carriage brings the selected set of brushes 
into engagement with the rows of stationary 
terminals in the same level therewith, these 
brushes trailing over the terminals and mak 
ing contact therewith in passing. The 
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brush carriage is finally cased to stop with 
the selected brushes in contact with some 
one set of stationary terminals. The other 
brushes not being released, are held out of 
contact with the terminals over which they 
pass. A further movement of the brush car 
riage in the same direction of rotation will 
carry the brushes over a restoring roller 69, 
which may be pivoted to the frame and 
which engages the ree ends of the released 
set, causing them to be pushed back into 
their normal latched position. After mak 
ing a full revolution, the brush carriage is 
brought to rest in its normal position again. 
The brush selector and the brush carriage 

of this switch mechanism are arranged to 
c moved one following the other by suit 

able motor mechanisms winich will impart 
to each a continuous movement. In order 
that the successive positions taken by each 
movable member may be stepped off or 
measured, each is provided with an inter 
rupter device adapted to make and break a 
contact in the controlling circuit as the nov 
ing member passes the several positions at 
which it may be desired to cause said mem 
ber to stop. This interrupter device for the 
birush carriage comprises a pair of contact 
springs 48, 49 sectired to the shaft 22, but 
insulated from said shaft and from each 
other. The outer ends of these springs are 
engaged by inwardly extending aims 44 and 
45 of a pair of levers 42, 3, which are piv. 
otally mounted upon the rod 26. These 
levers 42 and 43 are instated from the 
springs 48 and 49 by Sinai insulating bit 
tons at the ends of the arms 44 and 45, but 
are uninsulated f'olm tile rod 26 which is 
connected to ground tha'oligh the frame of 
the Seleciol mechanisin. in the movement, 
of the brush carriage a roller 51 on the free 
end of the lever 42 engages the teeth 53 of it 
can plate 50, the roller engaging each tooth 
as the brushes are traversing the space be 
tween the successive terminals and dropping 
into the notches between the teetin as the 
brushes are centraliv located in contact with 
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said terminals. While the rollier 51 is riding 
over the teeth of the plate 30 the carved end 
of the lever 43 is in engagement, with the 
smooth edge 52 of that pate. A relative 
movement of the level's 42 and 43 is thus 
obtained by their engagement with the edges 
of plate 50 and this movement is, therefore, 
independent of slight variations in the ra 
dial distance between the plate and the axis 
of Inovement of the brush carriage. By this 
construction the duration of contact, between 
the interrupter springs 48 and 49 is made 
unifolu in the movement of the brush car 
riage, each make and each break correspond 
ing to a particular position of the brushes 
with respect to the terminals." 

In the normal position of the switci. 
mechanism, the ievers 42 and 43 rest in a 

t 

tact 59. 
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A. ...d and 43 from mak 
ing electrical contact with the plate 46 be 
fore reaching the full normal position in 
which the ends of the levers drop into the 
Refess 47. 
The interrupter for the brush selector 

comprises an arm 56 pivoted to the frame 
at 57, engaging at its free end a toothed 
wheel or cam 58 which rotates with the shaft, 
40. This arni. 56 is adapted in the rotation 
of the shaft to engage two contacts 59 and 
60. These contacts may be springs, the free 
ends only of which are shown in the draw. 
ing. In its normal position the free end of 
the arm 56 lies in a notch of the cam 58 
which is deep enough to insure an open con 
nection with contact, 59, When the shaft, is 
away from its normal position, however, 
connection is made continuously with con 

The connection with contact 60 is 
intermittent, this contact being made whea 
the arm 56 is lifted by each tooth of the cam. 
'ihe'e are as in any teeth on he cam as there 
are fingers 41 on the spindie 40 and there 
fore as many as there are sets of brushes. 
The notor mechanism for causing role 

tion of the brush carriage conprises an an 
nular iron friction disk 61 flexibly mounted 
at the lower end of the spindle 22, an elec 
tromagnet 62 which may be fixed in any 
suitable manner to the frame, and a con 
stantly rotating shaft, 63 carrying an iron 
driving roller (34. The disk 61, roller 64. 
and that part of the shaft 63 which extends 
through the center of the electromagnet 62 
form the magnetic circuit of the electromag 
net (32. When therefore current is passed 
through the winding of the magnet, the 
l'oel 64 attracts the disk 61 and causes the 
iatter to 'otate by fictional contact there 
with. A holding electromagnet 65 having a 
pole iece (36 extending upwardly beneath 
the disi (31 is adapted when current is 
i}assed through its winding to engage the 
disk and hold it from movement. The power 
shaft, 63 is ext&ided as shown in the draw 
ing to Carly a flexibly moii inted driving disk 
70, which is adapted to engage a' roller 67 
carried by the spindle 40. An electromag 
ne. 68 controls the engagement of disk 70 
and 'oller 67 in the same manner that the 
electromagnet 62 controls the engagement 
of disk 6 and roller 64. These devices are 
in fact electromagnetic flutches, one to cause 
lavement. of the brush carriage and the 
(ther to callse in ovement of the brush se 
lector. 

ille complete selector switch mechanism 
is not shown in the drawing, but the ele 
neints thereof appear in their proper rela 
tion to one another so as to make clear the 
manner in which the nechanism operates to 
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interconnect lines, There may be as many 
sets of brushes and stationary terminals as 
desired. For example, the switch mecha 
nisin may, as a whole, have ten sets of three, 
brushes each and two hundred sets of fixed 
terminals arranged in ten levels of twenty 
sets each. For simplicity in the diagram 
thei'e are shown inly two sets of brushes, 
the 8th and 9th counting from the top down, 
and six sets of stationally terminals in two 

two sets of 
brushes shown. 
The selector switch structure shown in 

Fig. 2 is precisely the Same as that shown in 
Fig. 4 with the exception of the interrupter 
apparatus shown at the top thereof, the 
structure and operation of which is as foll 
ows: 
in the normal position of the brush car 

riage, as shown in Fig. 2, a pair of levers 
82, 83 engage at their free ends a normal 
stop plate 46. At the end of lever 82 is 
a rollet' 71 which lies in a recess of plate 46, 
and at the end of lever 83 is a right angle 
extension arm 72 which makes electrical 
contact with said piate 46. A coil spring 
S{3. acting upon an inwardly extending airn 
S. serves to press the roler 71 with con 
siderable force against plate 46 and thereby 
holds the brush carriage securely in its nor 
unal position. A fiat spring 78 engages an 
inwardly extending arm 85 of the levg: 83 
and serves to press this lever outwardly but 
with less force than that of the coil spring 

The spring 73 also makes electrical 
contact with lever 83; it is secured to but 
is lated from the shaft 22 of the brush 
'a'riage and terminates in a wire clip S7. 
As the brush carriage is moved to carry 

the rushes over the stationary terrulinals, 
the relier it and the extension ari 72 en 
gage the teeth of a cam plate 90. The roiler 

rides over the teeth while the brushes are 
passing Jetween terminals and drops into il 
neitch as any released set of brushes is cent 
trally located in direct contact with a set of 
terminals. The extension arm 72 follows 
vein the rolle1 one tooth or notch and 
likewise engages a tooth as the brushes are 
passing between successive terminals. It 
ass's through the space between teeth, 

ilowever, without touching the plate 90, as 
the released set of brushes is centrally lo 
'ated in contact with the terminals. The 
step a 35 engages the in Wardly extending 
ari S5 it ist as it does the ai'ins 30 of the 
irishes and this prevents the extension arm 
72 of the lever $3 from touching the bottom 
of the notches between the teeth of plate 90, 

it permitting said tria 72 to touch and ink contact with the top of the teeth. 
The teeth and notches of plate 90 are SO 
spacect and arrangel with respect to the con: 
tact lever 83 that the extension arm 32 will 
not reak contact with a tooth of plate 90 

s 

until after the brushes make contact with 
the stationary terminals and the roller 71 is 
ready to drop into a notch. The circuit ar 
rangement, as will presently appear, is such 
that the motive power for driving the brush 
carriage cannot be cut off until the contact 
is thus broken between lever 83 and plate 90 
and therefore not until the brushes are in 
position to make good contact with the sta 
tionary terminals. 
Sender of primary controller.--The 

sender or primary controller forming a part 
of the system embodying my invention 
shown herein and which is located at the 
subscriber's station upon a calling line may 
be of any desired structure or arrangement 
which will perform the desired functions 
hereinafter to be described. The preferred 
form, however, which form is well known 
to the art and will not therefore be described 
in detail, co-prises a series of circuit break 
ing dials and a master switch. The circuit 
breaking dials or digit dials, of which there 
are three shown, are adapted to be manually 
set by the subscriber to indicate when taken 
together the designation of the desired line. 
When such dials have been set a powerle 
ver, not shown, will be operated to supply 
power for operating such digit dials. The 
first of the digit dials, herein shown as the 
h in dieds dial will then stait to rotate and 
in such rotation will open and close the in 
pulse sending circuit as the contact level 
shown in association with such dial rides 
over the notches on sich dial. The number 
of innes that the impulse sending circuit 
will be opened will depend upon the set po 
sition of the dial and the circuit will be 
opened briefly a varying number of times 
according to the set position of the dial and 
ten once (pelled for a comparatively longer 
period. The dial when it reaches its normal 
osition will then stop. As s?ion as the 
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hundreds dial has reached its normal posi-. 
tion, the tens digit. dial will begin to move 
breaking the circuit briefly for a varying 
number of times according to the set posi 
tion of the dial and then lyreaking the cir 
cuit for a comparatively longer period once 
just before reaching its normal position. As 
soon as the tens dial connes to rest in its nor 
mal position the units dial will operate in a 
precisely similar manner. 
The master switch above referred to may 

be and is preferably controlled by the power 
lever which, as is above noted, is operated 
to furnish power for the operation of the 
respective digit dials. The first moverilent 
of the power lever will operate the master 
switch in such a manner that it will include 
the impulse sending circuit which passes 
through the various contact devices of the 
digit dials in the line circuit of the asso 
ciated telephone line. The structure of this 
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(iit will be closed through the impulse 
sending circuit before the line conductor is 
opened as is plainly indicated upon the 
drawings. 

it should be observed that the digit nu 
merals are placed upon the digit dials in 
such positions that the number of impulses 
sent {}ve the in pse sending circuit is the 
complement of sitch illnerals. That is to say, 
if one of the digit dials is set for the No. S, 
two impulses will be sent over the impulse 
sending circuit, one short and one long. 
Similarly, if one of the digit dials is set at 
zero. ten itses will be sent over the im 
pulse sending circliit, nine of Sich impulses 
being short ind the last one long. The ob 
ject of this arrange inent will clearly appear 
in the description of the operation of the 
system emb; flying lily invention and de 
pends in a word on the fact that the register 
senders herein shown operate upon what is 
lknown as the compleinentary system of con 
trol. 

in connection with the operation of the 
subscriber's slibstation apparatus including 
his sender or primary controller, the instruc 
tions given such subscriber for the proper 
operation of the system require that he 
should in inaking a call first reimove his re 
ceiver from its switch hook and then pro 
ceed to set the sender or primary controller 
mechanism to the designation of the desired 
line. Then having set his primary con 
troller, he will operate the power lever above 
referred to. During the interval between 
the removal of his receiver from its switch 
hook and the operation of the power lever, 
ample time will elapse for the connection to 
his line of a finder device and of a register 
sender or secondary controller hereinafter 
to be described. 

it should be ful ther noted that due to the 
presence of the naster' switch, the novement 
of the digit dials y the subscriber in setting 
them will not in any way affect the line cir 
cuit and no illupulses will be sent to the cen 
tral station during such movement, When, 
however, the Inaster switch is operated, the 
digit dials will move one after another and 
translit intilses to the central station, as 
has been he reinbefore referred to and as will 
be hereinafter more fully described. 

legister sentic or secondary controller. 
The secondary controller shown herein, of 
which there will be two associated with each 
groit) of lines and connecting circuits and 
whose association with a connecting circuit 
taken for use will sufficiently appear in the 
description of the operation of the systein 
embodying my invention, comprises a slow 
release relay indicated at 321, a stepping re 
lay 322, a sequence switch 301 and three 
register-senders 3-41, 361 and 381. Of this 
apparatus the register-sendel's need only be 

5 desci'ibed in detail. Each of these register 8to 
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senders--the one indicated at 341, for ex 
ample, which will be hereinafter referred to 
as the hundreds register - Sender, partakes 
sonewhat of the nature of a sequence 
Switch; that is to say, it comprises a shaft 
349 which, like the shaft of the sequence 
switch hereinbefore described, is rotated 
when the register sender magnet 350 is ener 
gized. On this shaft are located the three 
switching operating disks 342, 345 and 347. - g O s s 

Considering first the switch operating 
disk 345 it will be observed that the periph 
ery of this disk is divided into twenty-two 
parts. Each of twenty-one of these parts is 
recessed in such a manner that the contact 
aim of the switch 346, when it rests in such 
recesses, will not make contact with its back 
contact, but when passing from One recess 
to the next will so ride upon the periphery 
of the disk that it will make contact with 
such back contact. The one remaining por 
tion of the periphery of this disk which is 
not recessed is, as shown, immediately adja 
cent to the recess in which the contact airin 
346 is designed to rest when the register 
sender is in its normal position. The con 
tact arm 346 associated with this disk 345 is 
sinhilar in its operation to the special con 
tacts 202,302 and 402 heretofore referred to 
and well known to the art, such contact ai'in 
being so connected to the operating magnet 
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350 of the hundreds register - Sender that 
when the shaft 349 is moved out of a posi 
tion in which the contact arm 346 rests in a 
recess, its movement will continue until the 
contact arm 346 again rests in a recess of 
the disk 345. 
The disk 342 of the hundreds register 

sender is provided with eleven recesses simi 
lar to those on the disk 34.5 and located with 
relation to the shaft correspondingly with 
the alternate recesses upon the disk 345. A 
contact arm operating contacts 343 and 344 
is adapted to ride over the periphery of this 
disk and when resting in one of the recesses 
thereon to close the contacts 344 and when 
resting upon the periphery of such disk be 

00 

10 . 

tween two of the recesses thereon to close 
the contact 343. 
The third disk 347 of the hundreds reg 

ister is provided with but one 'ecess which 
is elongated and is located with relation to 
the shaft 349 to correspond with the unre 
cessed portions of the disk 345. This disk 
also has a contact arm coöperating there 
with and adapted to ride over its periphery, 
such contact arm maintaining the contacts 
348 closed except when it rests in the elon 
gated recess above referred to. . 
The hundreds register is adapted to stand 

normally in the position in which it is shown 
in Fig. 3 and will be moved from such posi 
tion and restored to its normal position in 
the unauer which will be hereinafter (le 
scribed in the description of the operation 
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of the system embodying my invention. 
The tens register sender and the units reg 
ister sender are of precisely similar form to 
the hundreds register sender just described. 

General description and operation.-Inde 
scribing the operation of the system em 
bodying my invention, we will assume that 
the calling subscriber desires connection 
with a line of the exchange the designation 
of which is, for example, 629. To accom 
plish this connection the subscriber first re 
moves his receiver from its switch hook, 
which act closes a circuit from the battery 
149 through the armature 111 and its back 
contact of the multiple cutoff relay 112, 
armature 113 and its back contact of the cut 
of relay 114, line conductor 101, the now 
closed switch hook 115 of the subscriber's 
apparatus 116, line conductor 102, master 
switch-171, line conductor 102, back contact 
and armature 117 of the cutoff relay 114, 
back contact and armature 118 of the multi 
ple cutoff relay 112, line relay 119 to ground 
and back to battery. The closure of this 
circuit energizes the line relay 119 which at 
tracts its armature and closes a circuit from 

149 at its middle or neutral 
point, through the cutoff relay 114, front 
contact and armature of the line relay 119, 
starting relay 251 to ground aid back to 
battery. Current from battery 149 alone, 
through relays 114 and 251 in series, is in 
sufficient to energize relay 114. It is only 
when current from battery 249, in Fig. 2, is 
added to the current from battery 149, that 
relay 114 will be energized, as will be here 
inafter described. The closure of this cir 
cuit energizes the starting relay 251, which 
controls the primary selector sequence switch 
starting circuit and is common to the lines 

I of the group of lines of which the calling 
line is one. The energization of this start 
ing relay closes a circuit from battery 
through the primary sequence switch 201, 
sequence switch contact 203, sequence Switch 4. 

contact 204, sequence switch contact 505 of 
the first connecting circuit and primary se 
lector common to this group, which at this 
time is assumed to be busy, front contact 
and armati?e of the starting relay 251 to 
ground and back to battery. 

IBefore describing the operation of the 
priniary sequence switch shown in response 
to the closure of the circuit just traced, at 

5 tention is directed to the arrangement of 
this circuit whereby the first idle connecting 
circuit and its associated selector apparatus 
will be pickel (p and operated tipon the 
closure of the starting relay 251. This cir 
cuit normally is closed to the first primary 
science switch through the Sequence switch 
contact 504 of sitch sequence switch. When, 
however, this secluence switch noves from 

i 5 
its idle position it opens the sequence switch 
contact 504 and closes in its third position 

finder control relay will 

7 

the sequence switch contact 505 so that the 
starting circuit is extended to the second 
primary sequence switch so long as it is idle, 
through the sequence switch contact 505 of 
the first primary sequence switch, and the 
sequence switch contact. 204 of the second 
primary sequence switch. When now the 
second primary sequence switch reaches its 
third position in its operation, it has opened 
the sequence switch contact 204 and has 
closed the starting circuit to the third pri 
mary sequence switch and its associated ap 
paratus through the sequence switch contact 
238. In this way the first idle primary se 
quence switch will be picked up upon the 
energization of the starting relay 251. It 

7 s 
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will be furthermore observed in this connec 
tion that in the operation of the exchange 
each primary sequence switch when once . 
started will rapidly pass to its third position 
and no appreciable delay can occur owing to 
the circuit being open in the second position 
of any primary sequence swit h. 
The primary sequence switch 201 having . 

been energized by the starting circuit, as 
traced, moves into its second position, in this 
position closing a circuit for the finder con 
trol relay 252 so long as the brushes of the 
finder rest upon the terminals of an idle or non-calling line, which circuit may be traced 
from battery 149 at its middle or neutral 
point through the cutoff relay 114, test con 
(luctor 103, test brush of the finder, sequence 
switch contact 205, finder control relay 252 
to ground and back to battery. It should 
be explained at this time that current 
through the circuit traced will energize the 
finder control relay 252 only so long as 
there is no shunt to ground upon such cir 
cuit. It should be E. noted that the 
current through the circuit traced will not 
energize the cutoff relay 114. When, how 

9) 
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ever, the test brush rests upon the test con 
ductor 103 to which there is aiready con 
nected a circuit to ground through the arma 
ture and front contact of a line relay 19, 
insufficient current will pass through this 
finder control relay 252 and such relay will 
be deinergized. 
As will be hereinafter pointed out, the 

nd full battery 
potential for its energization on the test 
terminal of every line whether idle or busy, 
except calling lines. Upon the energization 
of the finder control relay 252 it attracts its 
armature and closes a circuit from battery 
through the finder power magnet 253, se 
quence switch contact 206, front contact and 
arnature of the finder control relay 252 
to ground and back to battery. The ener 
gization of the finder power magnet 253. 

i10 
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will cause the various brushes of the finder 
to rotate to make contact with the sets of 
terminals of the various lines terminating 
in this particular finder. It will be recallei 
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that the fest brush is of such form that, it 
makes coniaci, with the test terniinal f one 
set of terrail:ais before breaking contact, 
with the preceding test terminal, and there 
fore the circuit, if the fill dei control relay 
will be maintained and the power magnet 
therefor energized so long as the in le: 
brushes are in contact with the terminals 
of idle or non-calling lines. When, how 
ever, the finder brushes corne in contact 
with the terrainals of a line, the tie re 
lay 119 of which is energized, insufficient 
current will pass through he finder control 
relay to maintain it clergizgi and such l'ei ay 
will retract is a riniature ?pelling cir 
cuit of the power magne: 253, thereby 
stopping the finder brushes in contact with 

. 

the terminals of the caiting line and also 
closing a circuit for the plinary sequence 
switch through the sequence switch contact. 
207 and the back contact and almature of 
such relay 252. The plinary sequence 
switch now moves into its third position. 
While the primary sequence switch was 

passing from its second to its third position 
it caused a momentary closure of the Se 
quence switch contact. 208, this closure be 
ing indicated upon the di'awings by the 
characters “2 adjacent the said contact. 
The closure of this sequence switch contact. 
was for the purpose of testing the busy or 
idle condition of the first register-Sender or 
secondary controller associated with the 
group of connecting circuits of which the 
circuit shown is one. For the time being we 
will assume that... the first secondary con 
troller so tested was idle and that therefore 
no change took place due to the closure of 
this sequence switch 208. As soon as the 
primary sequence switch reaches its third 
position it closes the sequence switch con 
tacts 210 and 211 to prepare the in pulse 
circuit for the receipt of the seilding in 
pulses from the subscriber's substation. 
This circuit will be traced hereii after. As 
soon as the riliary sequence switch reaches 
its third position it also closes the sequence 
switch catact 22, which places : 
potential tip on the test oductor of the 
E. with which the finder irishes are now 
in contact, which will take slich test coll 
ductor of sufficiently high potential to 11ain 
tain energized the finder coati'oi relay 252 
of any other finders which solid pass (yer 
the terminals of this line. This will make 
the line test non-calling. The ciosure of the 
sequence syich coiliact, 22 his further note 
placed sufficient battery in circuit to ether 
gize the cut of relay 14, it being (bscryed 
that in the circuit of this eitoff relay the 
atteries 149 and 249 are of the Saine po 

larity. The clitoff i'elay 114 still therefore 
pill up in line liately that the primary Sc 
quence switch reacles its third position, and 
will by the atti'action of is a 'natures i3 

lattery 
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and IT open the circuit of the line relay 
119 which in turn will by the retraction of 
its at nature open the circuit of the starting 
'ei ay 231. The energization of the cutoff 
relay it has furthern re, by the attraction 
()f its arm:ture 120, closed a circuit for the 
cutoff relay 12 which will make this line 
test busy at all of the final selectors in which 
it apers, as will be hereinafter explained. 
The inse circuit over which the im 

pulses iron the };inary controller or sender 
at the suijscribei's station will be received 
and which is how established may be traced 
as follows:-From battery through the sec 
Gildary controller sequence switch contact 
303, conductor 331, arnature 256 of the re 
lay 25i, primary sequence switch contact 
211 coilsluctor i02, naster swith 171, which 
is as yet unoperated, conductor 102, receiver 
Switch hook 115, conductor 101, sequence 
switch contact 210, al'mature 25 of the relay 
254, conductor. 332, stepping relay 322, slow 
release switching relay 321, contacts 348, 
363 and 3SS, Yyhich are closed in the normal 
position of the register-Seiders, sequence 
switch contact 311 to ground and back to 
battery. The closi'e of this circuit will 
energize the stepping relay 322 aid the slow 
release l'elay 321. This eiei'gization of the 
stepping relay 322 is without effect at this 
tille, but the slow release relay 321 by the 
atti'action of its art nature has closed a cir 
cuit for the Secondary controller sequence 
switch 30 from battery through such se 

tence switch, Sequence switch contact 304, 
front coli tact and arniature of the slow re. 
itse relay 321 to ground and back to bat 
:ly. The Secondary controller sequence 

sy itch 19W moves into its second position 
closing the sequence switch contact 307 to 
place a busy guard upon this secondary con 
troller and also closing the sequence switch 
colltacts 305 and 306 to prepare the second 
try controller for the receipt of the impulses 
f'oin the subscriber's station. 
When how the Subscriber by the opera 

tion of the power lever referred to starts 
the loverent of the various digits dials 172, 
174 and 16, the master, switch 171 is op. 
'lated so that it stead of the two portions 
of the conductor 102 being directly connect 
el tigether, thei'e ai'e inserted in the circuit 
(of this conductor, the three switches 173, is and it. Before the (peration of the 
switch the St. Scriber has set the vari 
()us digits, dials to indicate the designation 

the desired lie, in the case assumed, 629, 
that is to say, the end of the movable por. 
tion of the switch 173 is resting between 
the teeth on that portion of the digits dial 
172 indicated at 3, the ent of the movable portion of the switch 175 is resting between 
the teeth on tha' portion of the digits dial 
rf ! indicated at 2, and the end of the mov 
able portion of the switch 17 is resting be 
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tween the teeth on that portion of the digits 
dial 176 indicated at 9. When therefore 
upon the operation of the power lever and 
the master switch 171 the hundreds digits 
dial 172 begins to move, it will first inter 
rupt its impulse circuit, briefly, three times 
and then interrupt it once for a compara 
tively longer time. 
When the switch 173 is first operated by 

the movement of the hundreds digits dial 
172 to open the circuit, the stepping relay 
322 is in mediately deemergized and closes. 
a circuit from battery through the power. 
magnet 350 of the hundreds register-sender 
341, sequence switch contact 306, contacts 

, 344, back contact and armature of the step 
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ping relay 322 to ground and back to bat 
tery. The hundreds register-sender now 
moves the disks 342, 345 and 347 in a clock 
wise direction until the movable portion of 
the contacts 346 rest in the second recess 
upon the disk 345. It will be noted that 
immediately the hundreds register-sender 
began to move the contacts 344 were opened 
and the contacts 343 were closed, the move 
ment of the register-sender into the proper. 
position being accomplished by the closure 
of the switch. 34:6. Before the slow release 
relay 321 can retract its amature, the con 
tacts 173 are again closed by the movement 
of the hundreds digits dial i72 and the 
stepping relay 322 is again energized. This 
causes a renewed energization of the power 
magnet of the hundreds register-sender 341, 
this time through the contacts 343 which are: 
now closed. The hundreds register.sender thereupon moves, a second step opening the 
contacts £43 and closing the contacts 844; 
and coming to rest with the movable por 
tion of the switch 346 in the third, recess 
upon the disk 345. The continued move 
ment of the hundreds digits dial 172 again 
opens and closes after a brief interval the impulse circuit, and in the manner just de 
seribed the hundreds register-sender is 
moved until the movable portion of the 
switch 346 is in the fifth recess upon the 
disk 345. The third brief opening of the 
switch 173 due to the continued mogement 
of the hundreds digits dial 172 in a precisely 
similar manner brings the hundreds register 
sender into a position where the movable 
portion of the switch 346 rests in the Seyenth 
recess of the disk 345. The continued 
movement of the hundreds digits dial now 
opens the switch 173 for a comparatively 
longer period. Upon the opening of the 
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switch 73 the stepping relay 322 is de&ner 
gized, and as before noves the hundreds reg 
lister-sender one step so that the contacts 344 
are opened and the contacts 343 are closed 
and the movable portion of the switch 346 
rests in the eighth recess of the disk 345. 
At this time, however, the prolonged, open 
ing of the circuit which, it may be noted, 

O 

is only long in the sense that it is longer 
than the openings heretofore described, 
causes the release of the slow release switch 
ing relay 321 which retracts its armature 
and closes a circuit for the secondary con 
troller sequence switch 301 through these 
equence, Switch contact 305 and the back con 
tact and armature of the slow release relay. 
This starts the secondary controller se 
'quence switch in motion which now, under 
the control of its special contact. 302, moves 
until it reaches its fourth position. It 
should be noted, however, that the sequence 
Switch contact 306 is maintained closed in 
the third position of the secondary control 
ler sequence switch, and the time relation be 
tween the movement of the hundreds digits 
dial 172, the slow release relay 321 and the 
sequence switch contact 301 is such that the 
impulse sending circuit will be closed again 
after the long opening thereof before the 
secondary controller sequence switch has 
passed through its third position, the step 
ping relay 322 being thereby energized,and 
imoving the hundreds register sender 341: 
another step by a circuit through the cor 
tacts 343 so that the movable portion the 
switch 346 now rests in the ninth recess 
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upon the disk, 345. The sequence switch on . 
coming into its fourth 
find a circuit for itself closed through the 
front contact and armature of the slow re 
lease relay 321 and the sequence switch-con 
tact. 304 and will therefore continue to 
move until it reaches its fifth position, hav 
ing opened the sequence switch contact 306 
on leaving the third position and closing 
the sequence switch contact 308 on reach 
ing the fifth position. 

The hundreds digits dial having com 
pleted its movement, the tens digits dial will 
now begin to move. This dial in its move 
ment will open the circuit briefly seven times 
as is quite apparent and then Once for a com 
paratively longer period. These openings 
and closures of tens digits dial will drive the 
tens register-sender 361 sixteen steps and 
bring this register sender to rest with the 
nowable portion of the switch 366 in the sev 
enteenth recess upon the disk 365. It will 
be observed that the control of this tens reg 

osition will now. 95 
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ister-sender is alternately shifted to the 
front and back contact of the stepping relay 
322 by the contacts 363 and 364 in a manner 
precisely similar to the way in which the . 
control of the hundreds.register sender, was 
shifted by the contacts 343 and 344. Upon 
the eighth opening of the impulse circuit by 
the tens digits dial .174, which opening it 
will be remembered is for a comparatively 12: 
longer period, the slow release switching re 
lay 321 is definergized and a circuit estab 
lished through its back contact and the -se 
quence switch contact 305 for the secondary 
controller sequence switch 301 to drive such si-3 

  



sequence switch inder the control of its spe 
citi contact. 302 into its seventh position, it 
being again observed that the closure of the 
in pulse circuit at the end of the longer tooth 

if the tens digits dial 174 will occur before 
y controllei' sequence switch has 

8 

3. in position, colleting by the en 
ergization of the stepping 'elay the setting 
nevement of the tens register-Seider. Upon 
it is cissile of the impulse c t, after all 

i.e. circuit; ii) terruptions cle to the nove 
of the tens digits dial 174 have been 

coapleted, the slow release switching relay 
321 will be again energized and close at its 

5 frent C. it, 
i 

S 

law 

i! pen the impulse 
is for a compara 

register-sender to rest with the 
, i it the switch 383 in the 

in disk. 385. It Xi be 
ase also that the controi 
sidei has ileen shifted 

front contact of the 
ing reig as required by the con 
383 and 384, and that inartheriore 

sequence switch 
tfired closed in the ninth 
e of the inpuise seating 

in paratively gig opening 
to coin plete the novetaent 
er-siender before the se 
act, 309 is opened. Dur 

ig by the units digits 
e switching relay 321 

e?"Eiged and a cir 
rough its back contact and the 

it 305 for the scor 
e systitch 30i, driving 

ition. Upon reaching 
she iupuise circuit hav. 

controiler se 
it in; itsei 
Of the sloty 
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ifierce of its 
3 ches is thir 
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s t i. 

ich 
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the relay 254, conducto 
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sequence Switch contaci 3 
circuit for the primary sc 
from battery through sici 
sectence switch costs 

troller sequence switch 
and lack to battery. 

S fourtin position. This move: i) eit (): the pro- ; 
mary sequence St.Vici, ie is thi y 
switch contacts :2. 
original imprise circ 
quence Switc. Cota. 
ing thereby the taki 83 
line. Furthermore, 

ici cutti - 
will be hereinaite' i'eferred to, prepairing 
the disconnect control circuit which is inder 
the control of the supervisory relay 253 now 
included in the calling line, and which is at 
this time energized due to the fact, ti at the 
Suiscriber's recei'er has been moved fron 
its switch hook. The in ovement of the pri 
mary sequence switch into its forth posi 
tioi has also closed the sequence switch coin 
tacts 217, 21S,29, 220 and 2: ... then now 
the secondary controller sequence switch 
comes into its thirteenth position and closes 
the sequence switch contact, 312 tie hun 
dreds selection controiting circuit is now es 
tallished, which circuit 

closes the sequence Sw 

3. 5 

9 () 

it may be traced from 
battery through the primary set ertti line re 
lay 260, sequence switch contact 219, Se- ; go 
quence switch contact. 217. arnatire 25 of 
the line relay 25%. it (t(r. 3:32, steping 
relay 322, slow reieise switching relay 3:21, 
switch 348, switch 33S. switch 38S, sequence 
switch contact 312, conductor 331, arnhatti'e 
356 of relay 254, sequence switch contact 
sequence switch contact 220 to g 
i)ack to battery. The closire (if 
energizes the line relay 26, ties 
lay 322 and tie slow release swii 
321, which all therefore attra:t. ii. 
tures: it will be observed at tilis 
owing to the fict, ihat the se 
troiler sequence swit. 

3 

(5. 

time th;it 
dary con 
')igh its 
S{Ret 

)sition re 
- . 

SWC 
enth position, 3rd 

secondii is c 
- w into its {i}; 

position the sc relay 33 
stepping clay 332 will be energize 
their baci roniacts and the serite 
contacts 305 and 306 a ively wi: ) {}i lie 
closed at this time, 

Referring now to il 
par'it is the ainergiziiier of 

inInediately 
S: i 2 t 

2 5 
is selector ip 
the iTie reav 

260 has closed the ci : 'inary 
sequence switch; 20 throi the Secence 
switch contact, 2:21 and tie front c intact 3 

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

    

  

  

  

  

    

  

  



and arrnature of such line re 
causes the primary seqience 3 
to its fifth losition, in yhi 
closes the sequence switci. cil 
233. A circuit, is now clos 
through the brizsi Seiici 
68, Sequence switch contact. 
tact and a natire of the line relay 
ground and a y. 

to energization of this brish. SelecÉor 
Imagnet, 68, the latch-selec 3p}} { 
move out of its normal position, first 
the official contacts 59 3rd then 
the interrupte; r 

e inaggiei, 
it: C. v. 

co-Etacts {0.35 ii., ins", C. 
its portaal position into the position in 
which it will seleci, and tanlaici, the first 
set of selecto' brushes. When these ite 
rupter contacts 60 are closed, a sh:I at 
be placed on the selection controlling 
at the sequence switch contact, 233 which is 
callse the dießnergization of the stepping 
lay 322, but will maginiain the line rela: 2 
energized. It will be furthers)re oisi's 
tihat, the closure of the inteir 
60 s.1d the consequent shini 
tion of the hundred 
circuit, in:iitiing the sie; 
the slow release relay 32: 
selecting spindie is 
tion to the next, will not be to cause the deemergization oi 

5 

20 re 
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322 upon its de&nergization 
cuit, through its back contact, tie 
344 and the sequence switch contac 
the power magnet of the hundred; 
sender, which will thereupon liaoye one 
opening the contacts 344 &nd closing Ei. 
contacts 343 and coming to rest, if the 
movable portion of the switch 346 in the 
tenth recess on the disk. 345. When, as the latch-selecting spindle reaches the position 
in which it will select the first set of se 
lector brushes, the shunt on the hundi'eds selection controlling circuit is agaii opened, 
the stepping relay 322 will be again ener 
gized and close through its front contact, the 
contacts 343 and the sequence switch coil 
tact. 306, a circuit for the power magnet, of 
the hundreds register-render 341. This: 
register-sender thereupon moves another 
step, opening the contacts 343, closing the 
contacts 344 and coming to rest, with the 
movable portion of the switch 346 in the 
eleventh recess upon the disk 845. For each 
subsequent closure of the contacts 60 by the 
rotation of the latch-selecting spindie, there 
fore, the stepping relay 322 will be briefly 
deenergized, moving the hundreds register 
sender a step in a clockwise direction iii on 
its deemergization and another step Un 
its energization. This will continae intil 
upon the seventh closure of the shunting 
contacts 60 the hundreds register-sender in 

65 moving raises the movable portion of the 
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switch 34.6 out of the twenty-first of iast re 
as cr: the disk 345 when the register-Sender, 

the closi'e of the switch 346, will ninterruptedly into its 
C. 
i it. 

i{}{e 
position. While this register sender i)i&i oving to its ornal position, the nov 

le portion of the switch 348 will move 
along the ecligated recess on the disk. 347. 

as s 283'eby opening the Switch 348. When, 
harefore, the ground is rein oved from the 
selection controiling circuit by the opening 
of the shunting contacts (30, the line relay 

s Zeii, the shunt being re 
Ingved and the Selection controlling circuit 
being Cien at the switch 348. This de&ner 

tion of the line 'elay 260 will close a 
'gui; for the primary sequence switch 

224 and 4. 

r s 23G will be detšiharg 

- through the sequence switch contact 
tise back contaci and armailure of the line 

lay 230 and drive the primary sequence 
iich into its tenti, position. Before describing thic subsequent opera 

ioi (); the saieg to apparatus, it should be 
observed that the opening of the selection 
coil roi ig circuit by the switch 34S has 

ii) to cause the de 
sity release switching 
here 20 in retracted its 

by a circuit established 
back contact and the sequence 

aci, 304 drives the secondary con 
e Switch into its fourteenth 

- 

:Y. 
troiie. S 

position, the hundreds se 
circuit is again closed, 

the relay 260, the stepping 
he slow release relay 321, 

tihei armature. The energization of the 
stepping relay 322 is without effect at this 
time aid the energization of the line relay 
280 is villoit, effect at this time except fo 
prevet, the closure of a circuit for the 
prinary sequence switch through its back 
contact when such sequence switch reaches 
its tenth position. Howevel', the energiza 
tion of the slow release relay 321 has closed 

circuit for the secondary controiler se ii; 

and the sequence switch contact 304 which 
drives stich sequence switch into its fifteenth 
position and the register-Sender is now 
ready to control tens selection. The hur 
dreds selection controlling circuit, however, 
is maintained, first through the sequence 
switch contact 220 and then through the se 
quence switch contact. 225 and the front coul 
tact, and armature of the line relay 260, 
until the trunk hunting operation of the 
primary selector has been completed and the 
circuit has been extended to an idle finalise 

time in the secondary controller apparatus. 
When the primary secle)ce switch reaches 

- 

quence switch 301 through its front contact 

3. 

70 

3) 

95 

100 

0. 

120 

5 2 

lector, no change being effected during this 
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Emake contact with the 

its tenth position, a circuit is closed from 
battery through the carriage rotary magnet 
62, sequence switch contact 226, back contact 
and a nature of the test relay 26i to ground 

lack to ilatery. The brish carriag 
row nove, is the first portios of its 

govement, assing the brush latches by the 
iateh-selecting spindle which, by its project 
s 

e 

f th the sais of terri 
iais a. 39 rating bank of terminals 
in the selector. , the further movement of 
the brush carriage, the released brushes will 

of their ceisperating bank of erminals. ii 
at this tirae the finai selector connected to 

s set of termina is is ide, the final sequence 
ei contact 427 will be closed and the test 

circuit, iroia battery through the sequence 
switch contact 427, resistaice 481, conductor : 
499, the test brush 25 gf the selected set of 
rushes, sequence switch contact 328, right 

winding of the test, i. i* 
sequence switci contagt 22 to ground and 
back to battery, it will be noied, however, 
that, if some Gile selector 
oisily made contact with the terminals lipon 
the test terminai of this selector at a 
other primary selectors in which it ap 
it will prevent, the energization of the 
relays 263 and 26 of subsequent primary 

f 3. 

f 

selectors which may later make contact with 
the terminals associated with this particular 
final selector. Of course if the selector asso 
ciated with this first set of terminals is in 
use, that is, its sequence switch is out of its 
first position, there will be no battery pon 
this tast termiral and consei: eity thei'e can 
be no energization of the test relays 262 Rid 
261 at this time. if therefoie, this fest ter 
minal tests bitsy. the relay's 263 and 251 will 
remain Linenergized and the brish cai'i'i: 
will continue to move to hiring the selecte 
brushes into contact with the next set (i ter 
minals of their coöperating i: 
ills. The movement of the SY, 
will therefore contin i? until the test, braisi, 
of the selected set connes into contact with a 
test terminal to which the fill potential hat 
tery is connected, in ficating that the final 
sciector to which it is individia is ide. As 
Soon as the test, brush 25, therefore, comes in 
contact with such a test terminal, the circuit 
will be closed as heretofore traced to ener 
gize the test relay 262, which thereupon at 
tracts its arm attire and ciosas a ioW resist 
since circuit thi'ough its cit wilding to place 
the test, condition heretofore referred to 

With syllic the test tipon the test terminai 
brush is now connected. 
however, will not be 
the selected brushes 

The test relay 261, 
energized until, when 
are centrally located 

--- 

relay 262, test, relay 26i 

sequence switch contact. 229 

ninth position. 

primary sequence s 

upon the terminals of the selected 
lector, the extension 2 on the ari 
ionger in contact with the grouad plate is 
The ground shunt around the test reiay 281 
will then be renoved and such relay will be 
energized, attracting its armature and ill 
mediately opening the circuit of the carriage 
rotary magnet 63 at its back contact. This 
moveme: it of the arnature of the test relay 
261 has also closed at its front, contact a cir 
cuit for the holding magnet. 65 through the 

and a cire it for 
the primary sequence switch 201 which will 

1. 

teenth position, the test relay 261 is 
maintained energized through the locked 
anature of the test relay 262 williie the 
mary sequence switch is passing throug 
eleventh position. 
As the primary sequence switch reaches 

its eleventh position it closes a restoring cir 
cait for the latch-selecting rotary magilet 
68 through the sequence switch contact, 230, 
aid the spindle will thereupon be moved 
again into its inorinal position, stopping in 
stach position on account of the opening of 
the off-roximal contacts 53. As the Sequence 
switch cane into its twelfth position the 
sequence switch contacts 23i and 232 (See 
eiosed and on eaving its twelfth position the 
sequence switch contacts 219 and 225 were 

- 

opened. It may be noted at this point, that 
the sequence switch contaet 220 was opened 
when the prinary sequence Switch left its 

A circuit is now closed and 
was giosed before he hundreds selection 
controijing circuit was opened from battery 
through the armature 460 and its back con 
tact of the battery control relay 439, through 
the finai line relay 474, final sequence switch 
contact 451, line condictor 48, selector 
brush 23, primary sequence switch contact, 
23, sequence switch contact. 21, altinature 
257 of the reiay 254, conductor 332, siepping 
relay 322, stow release switching relay 323, 
switch 348, switch 3GS, Switch 3.SS, secondary 
controller sequence switch contact, 312, co 
ductor 331, arnati' 

quence switch coil 
line cold ictor 
contact 412, ai'inati lie 461 and back con 
tact of the battery control relay 439 to 
ground and back to battery. 

4. 
its 

This is the 
tens selection conti'olling circuit. Upon the 
establislelment of this tens selection control 
ling circuit the sii) is 'eterise relay 3:21 ailet 
the stelling relay 3:22 will 'eillain energized 
and the final line "city 47-4 will be energized 
to attract its all atte. Circl it will there 

on be established fruin battery through 
the final sequence switch 40i, Sequence 
Switch contact 403, iront contact, and arma 
ture of the final iiie relay 474 to ground and 
back to battery. The final sequence switch 

70 
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now moves into its second position, opening 
the sequence switch contacts 403 and 427. 
In this second position of the final sequence 
switch a circuit is established from battery 
through the latch-selecting rotary magnet 
(38, sequence switch contact 404, front con 
tact and armature of the line relay 474 to 
ground and back to battery, and the latch 
selecting spindle will begin to rotate, closing 
its off-normal contacts 59 and intermittently 
closing the contacts 60. When the contacts 
(30 are closed by the movement of the latch 

30 

40 

45 

50 

55 

60 

65 

selecting spindle a shunt is placed upon the 
tens selection controlling circuit from 
ground through such contacts 60 and the 
sequence switch contact 423 which will cut 
off battery from that portion of the tens 
selection controlling circuit including the 
stepping relay 322 and the slow release relay 
321, but will maintain the final line rela 
474 energized. The stepping relay 322 will. 
thereupon retract its armature and since the 
secondary controller sequence switch 301 is 
in its fifteenth position and the sequence 
switch contact 308 is closed, close a circuit 
through the contacts 364 to the power mag 
net of the tens register-sender to step such 
register sender one step in a clockwise direc 
tion, opening the contacts 364 and closing 
the contacts 363. As has been before noted 
in connection with the description of the 
operation of the primary selector, the shunt 
ing of the relays at the register-Sender appa 
ratus by the closure of the ground connec 

5 -tion including the contacts 60 will not be of 
sufficiently long duration to de?nergize the 
slow release relay 321, and when the Ilich selecting spindle has brought its first finger 
41 into latch-operating position the shunt 
will be again opened and the stepping relay 
322 again energized. The stepping relay 
322 will thereupon retract its armature and 
cause a second step of the tens register 
sender in a clockwise direction over a circuit 
including the contacts 363. It will be re 
called that in setting the tens register-sender 
this register-sender was driven eight steps 
due to the retraction of the armature of the 
stepping relay 322 and eight steps due to 
the attraction of the armature of the step 
ping relay 322. When therefore tens selec 
tion control began, the movable portion of 
the switch 366 rested in the seventeenth re 
cess on the disk 365. Therefore when the 
shunt through the contacts 60 is connected 
for the third time to the tens selection con 
trolling circuit, the tens register-sender will 
start to move and will continue to move un 
interruptedly into its normal position where 
it will again stop. When now again the in 
terrupter contacts 60 opened the switch 368 
will he also opened and the final line relay 
47 k will find itself without current and there 
fore be de?nergized. 
Immediately upon the deemergization of 

8. 

the final line relay 474 circuit is established 
for the final sequence switch 401 through 
the sequence switch contact 473, arnature 
443, and its back contact of the battery con 
trol relay 439 and back contact and arma: 
ture of the final line relay 474. The final 
sequence switch thereupon moves into its fifth 
position and is ready for units selection. 
When the switch 368 opened as above de 

scribed, it remained open sufficiently long 
for the slow release relay 321 to deemergize. 
Circuit was ther fore closed for the second 
ary controller sequence switch 301 through 
the back contact of such relay and sequence 
switch contact 305 and secondary controller 
sequence switch was driven into its sixteenth 
position. As soon as the Secondary con 
troller sequence switch comes into its six 
teenth position and the switch 36S has ciosed 
the selection controlling circuit, which will 
now be termed the units selection controlling 

83 

35 

circuit, is again closed and the final line 
relay 474, the stepping relay 322 and the 
slow release relay 321 are again energized, 
the energization of the slow release relay 321 
attracting its armature and by a circuit 
through its front contact and a sequence 
switch contact 304 driving the secondary 
controller sequence switch into its seven 
teenth position. It may here be noted that 
this will occur by the time the final sequence 
switch is coming into its fifth position. 
When the final sequence switch reaches its 

fifth position a circuit will be closed from 
battery through the brush-carriage rotary 
magnet 62 through the sequence switch con 
tact 477, front contact and armature of the 
final line relay 474 to ground and back to 
battery. The closure of this circuit will 
cause the brush carriage to move, in the first 
portion of its movement, bringing the brush 
latches past the latch-selecting spindle and 
thereby causing the unlatching of the select 
ed set of brushes by the movement of their 
coöperating latch when it contacted with the finger 41 upon the latch-selecting spin 
die. In the second portion of its movement, 
that is, as the selected brushes began to pass 
Over the sets of terminals in their coöperat 
ing bank of terminals, the interrupter appa 
iratus at the top of the selector will inter 
mittently connect ground to the units selec 
tion controlling circuit through the sequence 
switch contact 423 thereby, as before, shunt 
ing that portion of the units selection co 
trolling circuit including the stepping relay 
322 and the slow release relay 321, but main 
taining the final line relay 474, energized. 
This shunt will be placed on the units selec 
tion controlling circuit once before the se 
lected brushes come in contact, with each of 
the respective sets of terminals in their co 
operating bank of terminals. Each time 
that this shunt is placed upon the units se 
lection controlling circuit the units regis 
ter-sender will be stepped one step over a 
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he step- Inlay ie utilized 
iiid the 

icii is n(\v 
is reinovel 

sel will i? ved a ; : 
... ysis; iii'ect it is Ver th;'Ough its eight 

et (if the eeat () iri to 1:01 at 
closed a circuit t the seqience swich. 
contact, 30 fo: ; : y settlei (2 : Wiki: 
2ft visiti i v as follois's: iroa 75. 

2}ce switch 
213, armišure 

W of 3:33, Seieice 
in its | switch contact 310 to ground and back to 

loyabie portion battery. The closure of this circuit causes 
it'd recess ution the primary sequence switch to love out of 
ore require, nine its seventeenth position and colle to rest 

ive the units 'eg. in its eighteenth position. in this move 
i’s positio; and inent of the primary sequence switch the 

tion by the inter- sequence switch contacts 20:) and 213 are 35 
I drive the tin its leg- opened. The connecting circuit, with which 

Greatising this primary sequence switch 201 is associ 
the switch ated need now (; longer be associated 

in any : Ysay with the seconday c{}}t; silei’ 
apparagus vicii has controle {{... } 
sired connection iner'eir describeci. 
fore, by this site movealent of 
sequence switci, the 't') facis 2i. . . . 
have been opened and the contacts 22:3 and 
234 have been ciosei. The opening of the 95 
sequence switch contacts 21 and 21S has de 
stroyed the selection controlling circuit and 
closure of the contacts 223 and 234 has coli 

ilattery throttg 
lence swi 

... . 
ti 

s\sic 3 
8 O 

ge switch 388 on 
has calised the re 

nature, opening iii.ine. . 
tely the circuit beretofore traced to the 
sh carriage rotary imagnet 62 so that the 

. 

i brashes low stop ind Festin contact pleted the talking circuit at the prisis sc 
35 he desired line. The ector end of the trili) is lilae, and so fair as iO3 

('in illie of the final line the primary selector is concerned the a 
losed a circuit for the paratus is now ready for conversation, it 

through the back will be further observed tist, for purposes 
art nature i43 of the battery con- to be hereinafter described tie sequence 

43 and the sequence switch con- switch contacts 233) and 240 have been closed 305 
sequence switch 40 now to include a retardation coil 263 in shil it 

i lositioi i of the codeser" 26- this ci?silie vil 
have taken p filii set: '. 

is fira; seque switch switch has reached its welfth position, 
i Je (; Seiyski th: JReferring again to the operation (); the ll () 

{) of the story are final selector and is associated apart tits. 
ceiling of it will be recalled that the final sexicnce 
Sed for the secondary con- switch 401 is how moving from its fifth 

i&il 301 by the back con- to its ninth position. In this movement the 
Ric sequence switch con- desired line is tested first in the sixth a c 113 
s this sequence switch in seventh positions of the final sequence switc. 

ii is love under the iu?iuence and again in the ninth position of the final 
i. 302 iitii it reaches its sequence switch. The first test is nate hoal 

s s ouri, of its sev- the riddie or neitra oil: E of the ilattery 

5. 

‘. . . . . . 

3 (raia p(3 
alieeth p3.si 
switc. cont:l. 
the set 

the sequence through the right winding of the test relay 
e opeiing of 432, polarity test relay 

arently the test terminai of ti 
the desired line is an ordii: 
busy, it will be noted by } 
that fail fotential of positis 

5 2 O 

-: , , , ; 4. : 3: . 
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will be here noted that fine polarity test re 
lay to mally stands in the position show i 
in Fig. 4 and wheir einergized by positive 

5 

0. 

2 

3. 

46 

50 

431 which circuit is of 

5s more the multiple cut-off re 

battery upon the test terminal of the desired 
line its ariatures nove in a clockwise direc 
tio1), 'eturning to the position shown upon 
the deine'gization of the relay. The ener 
gization of these two test, relays 43:2 and 43i 
has closed a circuit for the test relay 433 
which may be traced from lattery tirough 
such relay, front contact and trinature of 
the test, relay 432, sequence switch contact. 
40, back contact and a 'nature it.5 gf the 
test 'clay 431 to grouild aid iiick. to battery 
The test relay 433 is there; on energize 
and (establishes for itself a locking circuit. 
including its front contact and a 'naattire 44t. 
and the sequence switch {:}liae: i.33. ... }. 
be here observed that the sequence : Yitch. 
contacts d21 and 422 are ai'i'a (aged in sci: a 
lmainier that the sequence Switch contact 421 
will be closed as the primary seque; ce. 
switch comes into its enth position be 
fore the sequence switch contact 423 is 
opened by the primary sequence Switch. 
401 leaving its ninth position. Similarly 
the sequence switch contact 422 will be close 
as the sequence switch comes it to is eley enth 
position before the Sequence switc. contact 
t:21 is opened by the sequence switch teay. 
ing its tenth position, and sk} {}} is clear 
indicated upon the drawing. The energize. 
tion of the test l'elay 
closed a circuit to the test 

44 

flirth: 'no's 

its a ranhat it'e aid the ef 
test, relay 432, in shint of 
of test, relay 432 and the p 

- Stails 

resistance than the circuit, which heretofore 
existed to the test brush and yiaces a tes: 
guard upon the test terminai of tie 
with which the selected :tishes ai'e now 
contact, in all the final selector's is villic: 
the termina is of such line appear. its 

ity is: {}i & 

winting 
{, , , , i. 

ty 
callied line will now be - 
establishment of this circuit, aid 
armatures iii and i8, thereby (geniils. 
circuit of the lite iii. 
iiie and renoying aii iri 
transmission circuit of such 
Wher the final saquence sw 

its ninth position no furtie: { 
sary, in the ease asslined, sic 
lay 433 has already been lock SY 

final 
through the sequence Svital contact 
and the front contact a iiii ai'i: iure 4-8 of such test relay 433. The final sequence 
switch therefore continues to ino'e and vil 
again coine to rest in its twelfth positi in he 
ing evergized and its motion theirely cor 
tinued in the eleventh position by the Sane 

is 25 liggin 

.. 

& started it froxi. its ninth posi 
Coning into the twelfth posi 

the final sequence switch 40i again 
hai, was heretofore described as the 

431 by means of tie sequence switch contact 
- {}. is relay agait operates, in spite of 

tie if the circuit through the left 
is of tile test relay 432, and closes a 
circuit from ground through the 

of positive prisating current 4:35, 
act and a 'nattire 439 of the test 
resistance $50, sequence switch 
Selected biasih 23, selected e 
itiple line conductor 3.07, line 

}{2, i: sie, Switzeh it i, the con 
i}{2} {f the called subscriber's 

; : Fatlis i{ 101, 
i.eriainai. 27 (all 

line, selected brish s 23, Se 
contact 4:44, winding V - 45i of 

ig 23 introl relay 430 to ground and 
ly is + 

\sili calise the ringing of the bell at the 
cited Sui-scriber's sit-station, bit on account 

the natire of the circuit, in that it; ii 
ies the con?ieiser and jell at the substa 

cient eatient will ass to ener 
is: conii i relay 430, 3 - - 

*R, ii). Cilisec (e. e tied it 
', ; } }} }. 
t is is iii:iii)n of Ray invention 

iiie sh: Yi} on Fig. 
i le ('ailed This i line. 

lini, and it will 
i.e. still-scriber reimoves his 

receive switch hook he 
oy resis failee circuit around 

at le; o; ii iation appa 
cient citri'ent will now pass 
g circuit () energize the ring 
ity 38. This relay thereupon 

'e and closes for itself a 
i. the traced from 

3 winding 494 of 
:d supervisory 

the ringing con 
Contact and 
2 switch co 

battery. 
control 

it super 
ature 

-- " - SE St 

it is thi: 
::it: )(3sitici () 

ig position of 
... is since switch 

i; a 'e ciosed collapleting 
the cit is lie and the 

'lit is in Yv c{aplete fron 
cling is is scriber ( the called sub 

... 

ircail through the polarity test relay 

The closure of this circuit. 

i. single still Sciber's line, 

g 5. 

8. 
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:e switch coniact 450 hay 
the sixth position of the 

it will be it thei 
ringing circuit was 
switch contacts 44. 

as the finai settience switch teft its 
th position. 

t, will be recallied that the circuit through 
airdation coii the primary Se 

re the final sequence 
elfia position. This 

izing the final 
including the 

i. scriber, the seq. 
ing ileen closed 
final sequence switch. 

served that 
.. 

8. t 

circuit, 

- - - - - This energization produced 

no effect. at that time. When now, however, 
w tience Switch comes into its thir 

38: M 

the called supervisory relay 428, this relay 
will be inaintailed energized in this position 
so long as the Switch hook of the callied Sui 

iber reinains closed. On coming into the 
inth position therefore the circuit, will 

:ased to) the battery control relay in 
claid to the irot contact, and armature of 
the called servisory relay 428 and the se 
Giece switch contact 419. The battery con 

i 

ti'o relay. 3 
its nergization opening the circuit of the 
final line relay it: at its arriatures $60 and 

The leinergization of the line 'elay 
iii therefore be substantially simul 
S 

'ol 'slay 439, and, it may be here noted, 
upon the cle&nergization of the battery con 
trol relay 39 the final line relay 474 will be 
practically simultaneously energized. So 
iong therefoi'e as these two relays are not at 
the sane time either in a deemergized condi 
tion or at the same time in an energized con 
dition, the final sequence switch 401 will re 
intain in its thirteenth position. As above 
described therefore, in the thirteenth posi 
{iji of tie in a sequence switch the battery 
ceni:' 'elay 339 is energized and the finai 
line l'ei ay 47 - is de&nergized. Conversation 
Yii new take place. 

it may is here anoted that on coming into 
is tilirteel in position the final sequence 

it closed a restoring circuit for the 
iitish-Selecting rotary magnet, 68 through 
the selece switch contact di)5 and the off 
(at (,) it: ( 8. ha a tah ... caeaii thoral (4) tacts 59. The latch selecting 

spindle Yili therefore he retired to its nor 
n: osition where, due to the opening of 
the (if-lit) 'inal contacts 59, it will come to 

is ersation is over it will be as 
sheet that the calling subscribe: returns 
is 'ective to its switch hook. The imme 

- 1 it of this act, is a deter'sization. 
or disco 

1g of its el 
in switch hook. 

- it ie to 
gizing circuit at sl! 

3 3 X. 

i.eenergiz, 

nary serience Switch 2 

circuit. 

closed which places the battery 265 in 
he airinatures 460 and 46i 

:k contacts of the battery con 
r 

45 for purposes which will ie hercin after 
s tion due to the energization of 

9 will tierefore be energized, in 

The 

gization of this relay closes at the 
back contact of its arnate a circuit, throug 
the sequence switch coi 

priiniairy serience sy 
eenth position inot, only is the 
switch contact. 216 opened but the Selfrience 
SYYitch contacts 239 and 230 a 1's aisk opened 
renoving the retai'dition cois 263 'on the 
shunt around the condenser 284 in the trunk 

As the primary s 
comes into its nineteenth po 

trunk circuit to energize the final line rei 

described. As the primary sequence switch 
comes into its twentieth position it opes 
the trunk circuit at the sequence switch con 
tacts 223, 234, 231 and 232. It also at thi 
time cioses the sequence switch contacts 
229 and 227. By the closire of the sequence 
switch contact, 226 a circuit, is established 
for the carriage rotary insignet 32 through 
the jack contact and it 'inaiti's of the test, 
relay 26. It may be here observel that, tile 
test relays 26 and 262 were definergized as 
the primary sectilence 
eenth position by the operling 
clience Switch contacts 227 and 228, and tilis, 
when the sequence switch contact 2:27 closed 
in the twentieth position of the final se 
fence switch no energizing circuit, was 
ci)sed through these relayS. in response to 
tle energization of the carriage rotary nag 
net (32 the brush carriage now returns to its 
normal position, at which time a circuit is 
closed froin battery through the sequence 
Switch contact 237 through the piate 46, airin 
72, contact spiring 73, test relay 261, Sequence 
switch contact, 227 to ground and back to 
lattery. The closure of this circuit causes 
the energization of the test relay 231 which 
by the atti'action of its ai'i nature opens the 
"energizing circuit for the carriage rotary 
imagnet 62 and closes tie circuit of the hold 
ing magnet (35 through the seculence switch 
contact. 229. In this mannel' the brush car. 
riage is brought positively to a stop il its 
Tormal positics:. . - 
The energization of the test, relay 261 has 

furthermore closed a circuit through its 
armiiture and front contact for the primary 
sequence switch 201 which now moves out 
of its twentieth position and comes to a stop 
in its first or normali position, in this move. 
ment of the primary sequence switch all of 
the apparatus associated with this sequence 
Switch and this primary. Selector is l'estored 
to its normal condition and is ready to be 
(yeated in connection with fi'oin 

f same other line or a subsequi fig3. 
3 3.S. S. W 
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with the final selector shown in Fig. 4, it 
wift he recaiied that while the primary se 
quience switch was passing through its nine 
teenth position, battery was connected in the 
trunk circuit to energize the final line relay 
3, ... it will also be recalled hit in the hir 
teenth position of the final sequence switch 
the battery control relay 439 was energized. 
is oth of these relays therefore were either. 
gized through such nineteenth position of 
the primary sequence switch and a circuit 
was closed for the final sequence switch 
through the sequence switch contact 473, 
ai'raature 443 and its front contact of the 
battery control relay 439 and the front con 
tact and arnature of the final line relay 474. 
When the final sequence switch reaches its 
fourteenth position, as soon as the called 
subscriber replaces his receiver upon the 
hook the called stpervisory relay 428 will 
ise dételgized and the battery control relay 
439 will be deÉnergized. At this time, how 
ever, the circuit of the trunk line has been 
opened at the primary selector and the final 
line relay 474 will be de?nergized. A cir 
cuit, will herefore be completed for the final 
sequence switch 401 through the sequence 
switch contact. 48, the arnhature 443 and its 

s G 

back contact of the attery control relay 439 
and back contact and armature of the final 
line relay 44, moving the final sequence 
Switch from its fourteenth position to cone 
to rest in its sixteenth position. in passing through the fifteenth position 
it wifi e observed that no circuit, exists at 

for the test, relay 433, the final 
eity and the battery control relay both 

-- deinergized. The test relay 433 
therefore 'etracks its armatures and the test, 
condition upon the test terminal of the 
called line is "ennoyed and the nultiple cut 
of 'elay i. 12 is de&nergized. Furthermore 
the sequence Switch on leaving its fourteenth 
position has opened the sequence switch con 
tacts 479 &nd 436, and the called line is 
therefore free from all connection, which 
night in any way affect is further use, and 
it may be from Eilis time on Ised as either 
a calling or a called line without interfer 
ence from the apparatus which has been 
describeds as connected there with in the cali 
assumed. When this final sequietace switch 
reaches its sixteenth position a circuit is 
closed for the carriage rotary magnet 62, 
which includes the sequence switch contact 
478, back contact, and armature of the reiay 
432, which is now deemergized, sequence 
styitch contact 408 and front contact, and 
amature 345 of the polarity test relay 43i. 

beit 

This energizes the carriage rotary magnet 
82 and the brush carriage hereupon returns 
to its normal position, it which position 8. 

is ciosed for tie test, relay $32, winich 
through ther 

sequence switch. 

in: 5 ...a 

ing of such relay, sequence switch contact 
415, plate 46, levers 44 and A5 to ground 
through the frame of the switch carriage 
and back to battery. The test relay 432 
therefore attracts its armatuke, opening the circuit of the carriage rotary magnet and 
closing the circuit of the hoiding lagnet. 65 
through the front contact of its ariature 
and the sequence switch contact, $88. This 
causes the final selector positively to stop 
in its normal position. The energization of 
the test relay 432 at thistine has also ciosed 
a circuit through the sequence switch con 
tact 408 and the front contact and arnature 
445 of the polarity test relay 431 for the 
gest relay 433, which thereupon attracts 
is artinatures closing a locking circuit, for 
itself though its armature 446 aad the 
sequence Switch contact 422, and also closes 
through its armature 4.48 and the sequence. 
switch contact 471 a circuit, for the final 
sequence switch 401, which causes such se 
(uence switch to ieave its sixteenth posi 
tion coming to rest in its first or normal 
position, in such movement, closing the se 
quence switch contacts 41i, 42,427 and 

t 

S. 5 

403 and opening all the other sequence 
switch contacts associated therewith except 
the sequence switch contact '405, Thé final 
Selector apparatus and its associated Se 
quence switch are now in normal condition. 
Assuming now that at the end of conver 

sation, the called subscriber first replaces 
his receiver upon its switch hook. This viii. 
cause the battery control relay 439 to be de 
energized by the deénergization of the called 
Supervisory relay 428 and the final line re 
lay 474 will be at the same time energized. 
The apparatus will now await, the opening 
of the rank circuit at the primary selector 
apparatus in the wentieth position of the 
jiimary sequence swich, at which tine both 
if the are: 44 and 439 will be deßner Qi the reflays 444 and 439 will be creene 
gized and restoration will take place pre 
cisely as has been hereinbefore described. 
Assuming now that the line with which 
connection was desired had tested busy in 
the sixth and seventh positions of the final 

his being the case the 
test relay 482 will find insufficient potentiai 
on the test terminal of the desired line to 
cause its energization. The line, however, 
being an ordinary line, sufficient positive 
potential will exist upon the test terminai. 
of such line, even though it is now in use, 
to cause the operation of the polarity test 
relay 431. It may be here observed that 
whether the desired line is in use as a call 
ing or a called line, the potential will have 
been reduced in such use to Sugh an extent 
that the test reiay 232 will not fie energized. 
This result, is accomplished, if the line de 
sired is a cailed line, by the establishment, 

as the middle or neutral of a comparatively low resistance circuit 
* wind- from the tes, terminal of such ine through 
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the front coniae, and almature 44 of the 
it relay 433. if, on the other hand, the 

line desired is in use as a calling line, the 
energization of the cut-off relay 114 of such 
ine has connected the multiple cut-off relay 
112 of such line to ground through the ar 
nature 120 and its front contact of the cut 
of relay 114 and the resistance 121 reducing 
thereby the potential upon the multiple fest 
termitial of such line is aii tie final selectors 

which it appears to such an extent that 
the line will tesi, busy. 

Since the test relay 432 was not energized 
in the sixth and seventh positions of the 
final sequence switch the test reiay 433 will 
not be energized at this time. When now the 
final sequence switch comes into its ninth 
position the test relays 432 and 433 are still 
unenergized but the poiarity test relay 431 
will be again energized over the circuit in 
cluding the sequence switch contact 409 and 
the right winding of the test relay 432. A 
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5 quence switch 401 throu 

; the tenth position of the 

circuit is now established for the final se 
gh the sequence switch contact if and the back contact and 

armature 445 of the polarity test relay 431, 
and the final sequence switch low moves into 
its eleventh position. in passing through 

final sequence 
switch the energizing circuit for the polar 
ity test relay 431 was opened at the sequence 
switch contact, 4.09 and therefore when the 
eleventh positic.' of the finai sequence 
switch is reached a circuit is closed for the carriage-rotary magnet 62 through the Se 
quence switch contact 478, back contact and 
arnature of the test relay 432, sequence 
switch contact 408, and front contact and 
armature 445 of the polarity test relay 431. 
The brush carriage of the final selector, 
therefore, will move and will continue to 
move until it reaches its normal position. 
Upon reaching its normal position, however, 
a circuit is established from the middle or 
neutral point of the battery through the 
right winding of the test relay 432, sequence 
switch contact 415, plate 46, arias 42 and 43 
to ground through the frame of the brush 
carriage. This circuit being of low resist 
ance causes the energization of the test relay 
432, which thereupon attracts its armature 
opening the circuit, heretofore traced of the 
carriage rotary magnet 62, and closing the 
circuit for the holding magnet 55 through 
the sequence switch contact 406. The at 
traction of the test relay 432 has also closed 
a circuit for the test relay 433 through 
the front contact and armature of the test 
relay 432, sequence switch contact 408 and 
the front contact and armature 445 of the 
polarity test relay 431. This causes the en 
ergization of the test relay 433, which closes 
a locking circuit for itself through its ar 

1,109,386 

the right winding of the test relay 432 and mature 446 and the sequence switch contact 4. 
422, and also closes a circuit through its ar 
imature 448 and the sequence switch contact 
471 which moves the final sequence switch 
out of its eleventh position. On coming into 
its twelfth position the finai sequence switch 
will find closed for itself an energizing cir 
cuit through the sequence switch contact 472, 
back contact and armature of the test relay 
432, the circuit for which is now opened at 
the sequence switch contact 415, sequence 
switch contact 408, and front contact and 
a nature 445 of the polarity test relay 431. 
This circuit being also maintained in the 
thirteenth position of the final sequence 
switch, such sequence switch will move until 
it reaches its fourteenth position. This is 
the busy back position. in this position it 
will be observed that the sequence switch 
contact 420 has closed a circuit for the busy 
tone 457, which may be of any usual or pre 
ferred construction and such circuit being 
established from ground through such busy 
tone, Sequence switch contact 420, one wind 
ing 494 of the repeating coil 495 and back to 
ground. This tone will be transmitted over 
the trunk line by means of the windings 493 
of the repeating coil 495 and the repeating 
coil associated with the trunk line at the 
primary selector and will be heard by the 
calling party who will therefore know that his cil has been unsuccessful, it may at 
this time be noted that since the final selec 
tor has been before this returned to its nor 
Inal position the connection of the busy tone 
on the called side of the repeating coil. 495 
will in no way affect or interfere with the 
lines already busy appearing upon this final 
Selector. Upon the receipt by the calling 
Subscriber of this busy tone he will know. 
as stated, that his call is insuccessful, and 
will return his receiver to its switch hool. 
Disconnection will now take place precisely 
as before except that the disconnection of the 
final apparatus will await the opening of the 
trunk circuit at the primary selector, at 
which tiune the final line relay 474 and the 
attery control relay 439 will both be de 

energized and disconnection will proceed as 
has been descriled. It may be here noted 
tlat since collection has never been inade to 
the called line, the called supervisory relay 
428 has not been energized. 

it will be observed that the final selector. 
and its associated apparatus shown on Fig. 
4 of the drawings hereof are capable of vari 
ous (ther filletions and operations which have 
not been described. Since, however, these finc 
tions and operations fol'm no esseinitial part 
of my invention herein), and since farther 
more they have been described in my pend 
ing application Serial No. 573,517, filed 
July 23rd, 1910, it is not accessary that they 
should be described herein. It will also be 
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necessary to carry the traffic of such system. 

5 trollers in its idle condition. In the ordi 

5 trollers of the character described and shown 

tion that the conductor 334 and the sequence 

i,108,886 

observed that both the switching apparatus 
shown on Fig. 2 and the switching appa 
ratus shown on Fig. 4 are arranged to be positively and accurately returned to their 
normal condition upon any premature dis 
connection on the part of the calling sub 
scriber, such disconnection being accom 
plished by the retraction of the armature of 
the calling supervisory relay £39. In re 
sponse to the deónergization of this relay 
the disconnect circuit through the sequence 
switch contact. 216 will be closed and the 
primary sequence switch 201 will be moved 
to its twentieth position, from which posi 
tion the restoration to normal of the pri 
mary selector apparatus and the final selet 
tor apparatus will take place, as has been 
heretofore described. It will be further 
more observed that when the primary se 
quence switch had noved out of its Yeny: 
first position the busy potential will be re 
calling line, and the apparatus individual to 
such line as shown on Fig. 1 will be restored 

moved from the test conductor 103 of the 

5 to its normal position. 
It may be here observed that the appa 

ratus shown on Fig. 1 of the drawings.here 
in is all that is individual to the lines termi 
nating in the exchange, the rest of the ap 
paratus shown in the drawings hereof being 
common to groups of lines. It will be of 
course understood that the arrangement and 
number of lines in the groups of lines in an 
exchange embodying my invention may be 
according to any desired or preferred per 
centage basis, such as may be convenient or 
Furthermore, that the number of connecting 
circuits associated with the two secondary 
controllers whose leads terminate in the con 
tacts of the relay 254 may be such as will 
use these secondary controllers at their 
highest efficiency and still have a calling 
line always find one of these secondary con 

nary installations it will be found that two 
secondary controllers are sufficient in all 
circumstances to perform the necessary con 
trolling operations for a group of 100 lines 
and ten connecting circuits and still have 
each calling line find one of such secondary 
controilers in its idle condition. Under un 
usual circumstances, however, it may be 
necessary to associate two secondary con 
with a less number of connecting circuits, 
but such arrangement and construction is of 
course within the scope of my invention. 

It will be observed that the second sec 
ondary controller associated with the relay 
254 will be in all respects precisely similar 
to the one shown on Fig. 3 with the excep 

switch contact 30 are unnecessary. The 

opening sequence switch contact 209. 

R.g. 

conductors 331, 332' and 333 and their as Sociated apparatus are in all respects pre 
cisely similar to the conductors 331, 332 and 
333 and their associated apparatus. If when the primary sequenee Switch was passing 
from its second to its third position, in re 
sponse to the connection of the brushes of 
its associated line finder to a calling line, 
the sequence switch contact 307 of the first 
secondary controller associated with the re 
lay 254 had been closed indicating that this 
controller was busy, a circuit would have 
been established from battery through sich 
sequence switch contact 307, conductor 334, 
sequence switch contact 208, relay 254, se 
quence switch contact .209 to ground and 
back to battery. This relay would there 
upon have been energized and closed for 
itself a locking circuit from battery through 
the front contact and its armature 255, 
through the winding of such relay 254, se 
quence switch contact -209 to ground and 
back to battery. This relay 254 therefore 
would remain locked in its energized condi 
tion until the primary sequence switch 201 
had passed out of its seventeenth position 

At 
this time it will be observed the selecting 
operations are entirely complete and the 
connection of the secondary controller appa 
ratus with the trunk circuit...and the appa 
ratus associated with the primary sequence 
switch and primary selector is no longer 
necessary. Therefore if, as stated, the se 
quence switch contact 307 of the first sec 
ondary controller had been found closed, as 
the primary sequence switch passed from its 
second to its third position, the impulse cir 
cuit, hereinbefore traced would be connected 
to the conductors 331 and 332 through the 
armatures 256 and 257 and their front con 
tacts of the relay 254, and the sequence 
switch contact 213 would be connected to 
the conductor 333 through the armature 
258 and its front contact of the relay 254, 
instead of these respective conductors being 
connected to the conductors 331. 332 and 
333, ws hereinbefore described. The oper 
ation on the apparatus from this time on 
until the completion of the selection, success 
ful or unsuccessful, then takes place pre 
cisely as has been hereinbefore described. 

It will be observed that the final selector 
apparatus, shown on Fig. 4 will maintain 
the test terminals associated with the con 
ductor 499 individual thereto in all the 
primary selectors in which such terminals 
appear of such electrical character that this 
final selector will test busy until the final. 
sequence switch 401 upon coming into its 
first or normal position closes its sequence 
switch contact 427. This will prevent any 
primary selector from selecting and making 
contact with the terminals connected with 
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this final selector apparatus while the final 3. In a telephone exchange system, the 65 
selector is in any off-normal position. 
The particular system shown herein is of 

1000 lines capacity, but it will be obvious 
that my invention is not limited to use in 
connection with systems of such capacity 
but may be embodied in systems of any de 
sired capacity, such obvious changes only 
being necessary as an introduction into the 
system of such. additional selector switches 
and Corresponding register-senders and 
digits dials as inay be necessary to extend 
the system to the desired capacity. The 
system shown herein furthermore embodies 
what is known as the revertive impulse sys 
ten of selection control, but it will be ob 
vious that my invention is not limited to 
Such system of control and may be used in 
connection with any desired or convenient 
system of control. 
While there are shown in the drawings 

various sources of current as separate bat 
teries, it will be understood that this show 
ing is for convenience only and in the ac 
tual installation of a system embodying my 
'invention such separate batteries, where they 
are of the same character and potential and 
located in the same exchange may be and 
preferably are one and the same battery. 

it will be understood that the various pop 
tions of the apparatus illustrated as forming 
a part of the system embodying my opera 
tion may be operated at any desirable speed 
but are adapted to and will preferably be 
operated at high speed, such speed in no 
way detracting from their accuracy an 
efficiency. - 

Having described my invention what I 
claim is:- 

1. In a telephone system exchange, the 
combination of a plurality of lines terminat 
ing in a central exchange, a call-storing 
register at said central exchange, means for 
automatically connecting the same to a call 
ing line, of automatic switching apparatus 
at the central excluange for extending the 
calling line, sail autoluatic switching ap 
partus being controlled by said call-storing 
register, and means under the control of the 
autolinatic switching appa catus for return 
ing said call-storing device to normal. 

2. In a telephone exchange system, the 
combination with automatic switching ap 
paratus at a central station, of a primary 
controller at a distant station operating to 
send cirrent impulses over a connecting line 
to said central station, a secondary controller 
at said central station controlled in its ad 
justinent by such in pulses and when ad 
listed col trolling Said switching apparatus, 
and impulse sending means operated in the 
movement of said switching apparatus to re 
store said secondary controller to normal 
condition. 

combination with automatic switching ap 
paratus at a central station, of a primary 
controller at a distant station, a secondary 
controller at the central station controlled 
in its adjustment by said primary controller 
and when adjusted controlling said switch 
ing apparatus, and impulse sending means 
operated in the movement of said switching 
apparatus to restore said secondary controller 
to normal condition. - 

4. In a telephone exchange system, a plu 
rality of lines terminating at a central sta 
tion and provided with impulse sending 
mechanism, call-storing registers, less... in 
number than the number of lines, located at 
said central station and responsive to im 
pulses from said lines, means for automati 
cally connecting an idle one of said registers 
with a calling line, automatic switching ap 
paratus located at said central station, and 
controlled by the selected call-storing regis 
ter. - 

5. In a telephone systein, a central station, 
a plurality of lines each provided with im 
pulse sending means terminating thereat, 
automatic switching apparatus at said cen 
tral station for extending the calling line 
and a plurality of call storing registers com 
mon to said switching apparatus and ar 
ranged to be controlled by said impulse 
sending means, said switching appratus be 
ing controlled by an automatically selected. 
call storing register. . . . 

6. In a telephone system, a central station, 
lines provided with impulse sending mecha 
nism terminating thereat, automatic switch 
ing apparatus at Said central station, call storing registers controlled in adjustment by 
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impulses from said lines common to said . Switching apparatus, said registers being 
less in number than the number of lines, 
means for connecting an idle one of said 
registers to a calling line, and means where 
by said register controls the operation of 
said switching apparatus. 

7. In a telephone exchange systein, the 
combination with lines terminating in a 
central station, of a plurality of connecting 
circuits at such central station less in num 
ber than the number of said lines, a plural 
ity of controlling organizations at such cen 
tral station less in number than the number 
of said connecting circuits, automatic means 
for connecting one of said connecting cir 
cuits with a line taken for use, automatic 
leans for connecting one of said controlling 
organizations with a connecting circuit 
taken for use and subsequently disconnect 
ing it there from, and automatic switching 
apparatus controlled by such controlling 
organization when connected with one of 
said connecting circuits. 

8. In a telephone exchange system, the 
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ombination with lines terminating in a cen 
tral station, of a manually operable primary 
controller individual to each said line, a plu 
rality of connecting circuits at such cential 
station less in number than the number of 
said ines, a plurality of secondary control 
lei's at such central station less in number 
than the number of said connecting circuits 
and each controlled in its adjustment by the 
operation of a primary controller when con 
nected there with, automatic means for coin 
necting an idle one of said connecting cir 
cuits with a line taken for use, auton)atic 
means for connecting an idle one of said 
Secondary controllers with a connecting cir 
cit, connected with a line taken for use, and 
automatic switching apparatus controlled 
by such secondary controllier when con 
nected with one of said connecting circuits. 

9. In a telephone exchange system, the 
combination with lines terminating in a cen 
tial station, of a primary controller adapted 
{{), he associated with a line taken for use at 
the distant end thereof, a plurality of con 
necting circuits at such central station less 
in at Inber than the number of said lines, a 
plurality of secondary controllei's at such 
central station less in number than the num 
ber of Said connecting circuits and each con 
trolled in its adjustment by the operation of 
said primary controller when connected 
there with, means for connecting an idie 
connecting circuit with a line taken for use, 
means for connecting an idle secondary con 
troller with a connecting circuit connected 
with a line taken for use, and automatic 
switching apparatus controlled by said sec 
Ondary controllers. 

10. in a telephone exchange system, a 
sending device, a call storing register capa 
ble of being set to various adjusted positions 
and controlled in its adjustment by said 
sending device, and automatic switching 
mechanism controlled by said call storing. 
register according to its set condition. 

ii. In a telephone exchange system, a sub 
station, a sending device thereat, a call stor 
ing register at the central station controlled 
it: its adjustment by said sending device, 
Switching apparatus, and means for effec 
tively associating said Switching apparatus 
with said call storing register whereby con 
nection to a desired line is effected. 

12. in a telephone exchange system, a sub 
station, a sending device thereat, a call stor 

sing register at the central station controlled 

80 

in its adjustment by said sending device, 
and switching mechanism controlled in its 
operation by the return to normal of said 
call storing register. . 

33, in at automatic telephone system, a. 
central station, automatic switching appa 
raits thereas, a diséant station, a callinitiat 
isig tiewice therest, a call regisgering device 

'E' S) at 

at the central statio cois 3't 
justinent iny said call initiating 
ileans for ret'sing said cali registering 
device to normal i syncitonisi with the 
movement of said atomatic switching ap 
paratus and means fol' stepping the nose 
ment of said switching apparati is tip on the 
return to normal of said call registering 
device. 

14. In a telephone sysi eli, a central sta 
tion, a line terminating ther: it, a primary 
controlle' associated with :::::id title (2xternal 
to said cent'ai stati, n. circuit, 
at said certial station, in eans for initing 
said confecting circuit, is said i.e. a sec 
on day controlle: {r}1}}rising a jilality of 
call registel dev associate it saic 
connecting circiii. neals whe'eily said die 
vices may be set. By the operation of said 
primary controllen', and a series of switches 
for extending said connecting circuit, the 
switches of said series being controlled by 
said 'egister devices. 

i5. In a telephone systeil, a central sta 
tion, lines terminating therest, a primary 
controller associated with each of said lines 
external to said central station, a group of 
connecting cire its at Said central station, 
means for uniting a coilijecting circuit to 
one of said lines, a pillality of sec: ndary 
controllers associated with said group of 
connecting circuits and CGiannon thereto, 
each secondary controller comprising a pill 
rality of call register devices, means where 
by the devices of a secondary controller may 
be set by the operation of a primary con 
troller, and a series of switches for extend 
ing any one of said connecting circuits, the 
switches of said series being controlled by 
said register devices. 

16. In a telephone circuit. a central st:- 
tion, a group of subscriber's lies terminat 
ing thereat, a primary controller associated 
with each of said lines exterial to said ceil 
tral station, a group of connecting circuits 
at said central station, means for uniting 
one of said connecting circuits to a calling 
line, a secondary controller comprising 3. 
plurality of call register devices, means for 
associating said Secondary controller with 
any one of said group of connecting circuits. 
means whereby said register devices may be 
set by the operation of a primary controllier, 
and a series of switches for extending said 
connecting circuit, the switches of Said Series 
being controlled by the successive operation 
of said register devices, - 
i. in a telephone system, a cent'ai sta 

tion, a group of lines terminating thereat, a 
primary controller associated with each of 
said lines external to said centirai statioi), a 7. 
group of connecting circuits at said central. 
station, means foi' initing one of said coin 
necting circuits to a calling line, Secondary 
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controilers cominon to said connecting cir- said sifies being controlled by said register 10 
cuits, each secondary controller comprising devices. 
a plurality of cali register devices, means in witness whereof, , hereuato subscribe 
for associating a secondary controller with a my name this 9th day of November, A. D. 
connecting circuit united to a calling line, 1910. 
means whereby said register devices may be FRANK R. McBERTY, 
set by the operation of said primary con- Winesses: 
iroie, and a series of switches for extendi- F.T. WooDWARD, 
ing said connecting circuit, the switches of ERVN G if AcDoNAit. 


