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TELEPHONE-EXCHANGE SYSTEMI. 

1,075,430. 
Application filed July 23, 1910. Serial No. 578,517. 

7o (till ('llon, it muay concerni ; 
Be it known that I, FRANK. R. McBERTY. 

citizen of the United States, residing at 
New Rochelle, in the county of Westchester 
and State of New York, have invented a 
certain new and useful Improvement in 
Telephone-Exchange Systems, of which the 
following is a full, clear, concise, and exact 
description. 
This invention relates to telephone ex 

change systems of the type in which auto 
imatic switches or selectors are used for the 
interconnection of telephone lines, and it 
has for its object in general to provide im 
proved means associated with the selectors 
thereof for governing their operation. 
More particularly the invention has fer 

its object the provision of an improved ar 
rangement of apparatus associated with the 
final switches or selectors whereby various 
kinds of lines, such as ordinary and private 
branch exchange lines, may be intercon 
nected. 
In telephone systems of the kind to which 

this invention particularly relates, the lines 
of any private branch exchange may be con 
nected to successive terminals in a row on 
the final switch. the test terminals thereof 
being' connected differently from the test 
terminals of ordinary lines and the test cir 
cuit associated with the final switch being 
provided with responsive means adapted to 
liscriminate between the clifferent classes of 
lines. The apparatus should also be ar 
ranged in such a manner that if all of the 
lines leading to any private branch ex 
change to which connection is desired. are 
busy. the response of the final switch, upon 
connection being made with the terminals of 
the line following the last line of the group, 
will be the same as or similar to the re 
spouse thereof when connection is made 
with the terminals of an ordinary line. 
With such an arrangement the final switch 
will, if connection is made to any of the 
group of private branch exchange lines, test 
such line. making tonnection thereto if it 
is not busy bit passing on to the terminals 
of the next line if it is busy. If all the 
private branch exchange lines of the group 
are found busy, the switch will move on 
to the terminals of the line following the 
last rivate branch exchange line of the 

5 5. 
group and will then respond in the same 
ii) anner as though the connectiona had been 

specification of Letters Patent. Patented Oct. 14, 1913, 

made to a busy ordinary line, that is to say, 
it will set into operation the busy back 
signaling apparatus to notify the operator 
or the calling stubscriber that the desired 
connection cannot be secured. . 
One feature of the present invention con 

templates improved a means of selectively 
signaling the several substations of party 
lines, this means being combined and op 
erating in harmony with the means for dis- 65 
criminating betweën ordinary lines and pri 
vate branch exchange lines. 
Another feature of the invention contein 

plates improved Hans for controlling the 
“busy back 
cate that a line or group of lines to which 
connection may be desired is busy. 
These features of the invention and others 

to be described and pointed out in the 
claims, although capable of separate em- 75 
bodiment in telephrine exchange systems. 
are, in the particular system herein set forth 

60 

signaling apparatus to indi- 70 

combined in one system and embodied in 
the apparatus of a single final switch. 
whereby such switch may perform the sev 
eral functions required in an orderly and 
efficient manner. 
An arrangement of the apparatus at the 

final switch or selector in accordance with 
the above mentioned features of invention 85 
may be briefly set forth as follows: All of 
the test terminals of private branch ex 
change lines, inciding the last terminal in 

80 

each group, are connected to a source or " 
solices of current of the same character, 90 
and the test terminals (if all ordinary sub 
serie's' lines are connected to a source or 
sources of rurrent of a different character 
from that of the private ranch exchange, 
lines. The test circuit of the final switch95 
Gr selector is provided with electro-respon 
sive means, preferably in the form of a re 
lay controlling the selector. mechanism to 
cause hunting of the brushes over the ter 
minals of private branch exchange lines in 100 
succession. and if all of the lines represent 
ed thereby are busy, to cause the brushes to 
pass beyond the group of private branch 
exchange terminals and to make temporary 
connection to the line terminals next suc- 105 
ceeding the terminals of said group, the 
selector mechanism being thereupon caused 
to live a busy back signal to the operators 
or Waiting subscriber. The temporary con 
nection is made without disturbing in the 11th 
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least the circuit conditions already existing. 
at the terminals of that line, which may be 
busy or idle, the mechanism in either case operating as stated to give a busy signal, 
indicating in this case that all of the private 
branch exchange lines of the group tested 
are busy. 
The test terminals of private branch ex 

change lines are each connected to a source 
of current having a different characteristic 
from the source of current to which the 
test terminals of ordinary lines are connect 
ed. Preferably the sources of current of the 
two kinds of lines are characterized by a 
difference in polarity, that is to say, the test 
terminals of private branch exchange lines 
may be connected to negative battery and 

O 

5. 

the test terminals of ordinary lines to posi 
tive battery. This enables the testing ap 
aratus associated with the selector or final 

switch to discriminate between the two 
kinds of lines. . . . 
The connection to party lines and the 

means for selectively signaling over. Such 
25 lines are provided for in the system herein 

described in a manner which completely 
harmonizes with the uneans for discriminat 
ing between ordinary and private branch 
exchange lines. These, party lines may have 

80 four substations each, the signal bells at two 
of the stations being connected from one 
side of the line to ground, and those of the 
other two stations being connected from the 
other side of the line to ground; this being 

85 an arrangement well known in the art. 
Connections of these lines to the terminals 
of final switch mechanisms are made in such 
a manner that ech, Substation of a party 
line has its individual set of terminals. 

40 Each such set may be located at any point 
in the system, which corresponds to the num 
ber assigned to that substation. The ar 
rangement in this respect is similar to the 
well known “jack per station' arrange 

45 ment in manual switchboards. The termi 
nals of two of the sets of terminals of each 
four-party line are connected to the line 
wires in reverse order to that of the termi 
nals of the other two sets; and the test ter 

50 minals, of one of each of said two sets are 
connected to a source of current of the op 
posite polarity to that to which the test 
terminals of the other two sets are con 
nected. Thus the polarity of the test ter 

55 minals enables the testing apparatus of the 
final switch to determine which of two ring ing generator's (positive and megative pul 
sating) 
cuit; while the reverse connection of the 

60 line wires enables the selected generator to 
be applied to one side or the other of the 
telephone line. The arrangement is there 
fore one in which the selector may be caused 
to make connection with a set of terminals 

65 individual to each substation of a party line ! 

shall be connected in the line cir 

and upon, making such connection to con 
nect a ringing generator in circuit so as to 
operate the bell of the desired substation 
without operating the bells at the other sub 
stations of the line. The testing apparatus 
at the final sy,itch in the system of the in 
vention is thus required to distinguish be 
tween two kinds of lines only-those in 
which the test terminals are connected to 
positive battery and those in which the test 
terminals are connected to negative battery. 
The presence of positive battery means an 
ordinary line or either one of two of the 
substations of a party line, while the pres 
ence of negative battery means a special or 
private branch exchange line or either one 
of the other two substations of a party line. 
It will only be necessary in considering the 
operation of the final switch while hunting 
over private branch exchange terminals and 
testing at the line terminals, next succeed 
ing, to refer to ordinary and special or pri 
vate branch exchange lines. It will tend to 
avoid confusion if the party lines are dis 
regarded with respect to such operation. It 
will be understood, however, that the line 
terminals next succeeding the group of pri 
vate branch exchange terminals may be the 
terminals of an ordinary line or those of a 
party line which have positive battery con 
nected to the test terminals thereof. It will 
also be understood that when connection is 
made to a party line and at a test terminal 
thereof which is connected to negative bat 
tery, the operation of the final switch will 
be the same as that which follows the con 
nection to a private branch exchange line; 
that is, if the line is busy the brushes of the 
selector will be caused to advance to the 
line terminals next succeeding the terminals 
of the line desired just as the brushes are 
caused to hunt over terminals of busy pri 
vate branch exchange lines. The only re 
quirement in the connection of the various 
kinds of lines to the terminals at the final 
switch is that there shall be a positive test 
terminal next succeeding each negative test 
terminal of a party line and next succeed 
ing each row of negative test’ terminals; of a 
group of private branch exchange lines. 
The method employed of controlling the 

operation of the final switch mechanism to 
discriminate between private branch ex 
change lines and ordinary lines involves an 
arrangement of apparatus, whereby a dou 
ble test follows each selecting operation. 
This double test is provided for by main 
taining the test circuit closed during two 
periods, one preferably closely following the 
other, means being provided to change the 
mode of control so that the selector mecha 
nism is adapted with like line conditions to 
respond in a different manner under the in 
fluence of the second test tham under that of 
the first. 
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If the line selected is an ordinary sub 

scriber's line, the first test definitely deter 
mines the subsequent operation of the selec 
tor, but if the line selected is one of a group 
of private branch exchange lines, the second 
test instead of the first determines the sub sequent operation. The period of the sec 
ond test would in such case include the time 
in which the selector is hunting over the 
terminals of the group of private branch ex 
change lines. In case all of the lines of that 
group, are busy, the test circuit finally be 
comes closed (still during the second test 
period) to a line test terminal next succeed 

0. 

5 

tion of the selector, resulting from this clo 
sure of the test circuit, must necessarily be 
different from that which follows the first 

20 closure of the test circuit to the terminal 
of a selected ordinary subscriber's line. 
Considering the operation more in detail, 

the selector mechanism responds upon the 
first test, when an ordinary line is selected 
to stop the selector if that line is idle, with 
the brushes in contact with the terminals of 
that line, and to make. the connections re 
quired to signal the subscriber wanted; but 
if such line is busy, the selector will under 
the influence of the first test cause a “busy 
back” signal to be given to the operator or 
waiting subscriber. On the other hand, the 
selector mechanism will respond under the 
second test, when the line selected is one of 
a group of private branch exchange lines, to 
advance the brushes to the terminals of the 
first idle line of the group, or in case all 
of the lines of that group are busy to ad 
vance the brushes to the terminals of the 
next, succeeding line, whereupon, whether 
that line is idle or busy, the busy signal will 
be given. 
The testing means for securing the method 

of operation hereinbefore referred to may 
comprise a relay in the test circuit, which 
relay is responsive to current of a distinctive 
character and which controls the local cir 
cuit of a locking relay, which in turn deter 

25 

3. 

35 

45 

mines the operation of the selector mecha 
nism. And the mode of control of the local 
circuit of the locking relay by the relay in 
the test gircuit may be changed by a switch 
ing devicé in the local circuit in such a man 
ner that if the relay does not respond in the 
first test period, it will be irresponsive to the 
test relay in the second test period when it 
meets that condition at the test terminal 
which would have caused it to respond dur 
ing the first test period. This switching de 

66 vice may be a sequence switch which also 

50 

maintains the test circuit closed during the 
two test periods. 
. There are preferably two test relays in 

... the test circuit, each relay being responsive 
65 to current of a particular characteristic. It 

? 

ing the test terminals of the group of pri 
vate branch exchange lines, and the opera 

thus serve to discriminate between different 

to be returned to normal condition. 

has been found desirable to have one of these 
relays responsive to current of a given di 
rection, and the other to current of given 
strength. The first menti?.ned relay may 

. . . . - - 70 

kinds of lines, such as ordinary lines and 
private bi'anch exchange lines, while the sec 
ond relay may serve to discriminate between 
lines which are busy and those which are 
idle. The first mentioned relay may also 
serve as it docs in the system herein de 
scribed to determine the kind of generator to 
be connected for selectively signaling the 
subscribers of party lines. When the test 
circuit is equipped with two test relavs, the 
third or locking relay is made responsive 
under the first test only upon energization 
of both of the test relays anq responsive un 

75 

80 

der the second test i upon the energization of 
the current strength relay alone, but not 
upon the energization of both test relays, the 
local circuit of the locking relay being shifted 
between the two test periods to change the 
mode of control thereof for the purpose 
heretofore stated. The locking relay may 
serve to close a shunt path which is of low 
resistance in the test circuit, which path ill 
cludes a second winding of the current 
strength relay, the closing of this shunt path 
causing the line to which connection has 
been made to test busy thereafter to other 
selectors. The main function of this lock 
ing relay, however, is to control the opera 
tion of the selector mechanism. It does this 
when energized, in part by closing a circuit 
for the motor magnet of a sequence switch, 
the sequence switch being thereupon caused 
to advance to the “talking’ position. It 
furthermore serves as a means of testing the 
condition of the distant controlling appa 
ratus, so that under certain circumstances, if 
the call has not been properly or completely 
transmitted. Or if the operator should open 
the controlling circuit to “wipe out the 
connection which she had started... this lock- 10 
ing relay would respond by releasing its ar 
mattle and cause the selector mechanism 

To pro 
vide for this testing operation; the local cir 

85 

90 
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cuit of the locking relay is preferably con- 15 
nected to a switch spring of the sequence. 
switcl mechanism, this spring playing be 
tween contacts, one of which is connected in 
circuit, with a contact of a line relay in the 
controlling circuit. . If the controlling cir- 120 
cuit is open at any of the times when the 
locking relay circuit is thus switched, the 
locking relay will be released with the re 
sult stated, that is, the return of the mecha 
nism to normal. s 25 

A - furtler featre of til e present inven 
tion contemplates special means employed 
for automaticalls operating the signal bell 
of the called sibscriber and for actuating 
switching mechanisia Lipon the 'esponse of 33 
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, is intended to be released in a given opera 

tion. The shaft is first rotated to bring a particular finger into position to engage 
the latch in the same level therewith and 

5then the brush carriage is rotated. In pass 
ing, the outward edge of this latch strikes 
the end of the finger, allowing one set of 
three brushes to be released. Continued 
movement of the brush carriage brings the 

10 selected set of brushes into engagement with 
the rows of stationary terminals in the same 
level there with, these brushes trailing over 
í lle terminals and making contact therewith 
ill passing. The brush carriage is finally 

l5 (’a sed te » stol) with the selected brushes in 
contact with some one set of stationary ter 

iinals. The other brushes, not being re 
leased. are held out of contact with the ter 
minals over which they pass. A further 

20 hovement of the brish carriage in the same 
linection of rotation will carry the brushes 
pivoted to tine framme and which engages the 
free ends of the released set, causing them 

25 to be pushed back into their normal latched 
position. After naking a full revolution, 
the brush carriage is brought to rest in its 
normal position again. 
and the brush carriage of this switch mech 

36 anism are arranged to be moved une follow 
ing the other by suitable, motor mechanisms 
which will impart to each a continuous 
novement. . . / s VA positions taken by each movable member 35 may be stepped off or measuired, each is pro 
vided with an interrupte device adapted to 
nake and break a contact in the controlling 
circuit as the moving member passes the 
several positions at which it may be desired 

40 to cause said member to stop. This inter 
rupter device for the l'tish carriage coin 
prises a pair : of contact springs 48,49 se 
cured to the shaft 22, but insulated from 
said shaft, aid from each other. AThe outer 

45 ends of these springs are engaged by i 
wardly extending arms 44. and 45 of a pair 
of levers 42, 43. which are pivotally mount 
eil upon the rod 26. These lever's 42 and 43 
are inst lated fron the springs 48 and 49 

50 ly small insulating buttons at the ends of 
the arus 44 and 4:5, but are uninsulated from 
the rod 26 which is connected to ground 
through the fram of the selector mecha 
nisin. In the movement of the rush car 

55 riage a roller 51 on the free end of the lever 
42 engages the teet 3 of a cam plate 50. 
tlerolle engaging each tooth as the brushes 
are tra versing the space bet ween the succes 
sive terminals and dropping into the notches 

'30 yetween the teeth as the brushes are cen 
trally teate il conta't with said terminals. 
While the roller 51 is riding over the teeth 
of the plate 5() the curved end of the lever 
43 is in engage:nent with the smooth edge 

65 52 of that plate. A relative movement of 

over a restoring roller 69, which may be 

The brush selector 

In order that the successive 

5 

the levers 42 and 43 is thus obtained by 
their engagement with the edges of plate 
50 and this movement is, therefore, inde 
pendent of slight variations in the radial 
distance between the plate and the axis of 
movement of the brash carriage. By this 
construction the duration of contact between 
the interrupter springs 48 and 49 is made 
uniform 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 Iii (oriina l lpositi fil of the switc-il eclh - 
anish, as sh, Wn in Fig. 1, the levers 42 and 
4:3 restin a recess 47. (If a horni? stop plate 
46. The entering edge 55 of this plate is 
covered with insulating material in order to 
prevent the free ends of the levers 42 and 
43 from making electrical contact with the 
plate 46 before reaching the full normal 
position in which the ends of the levers drop 
int? the recess 47. 
The interripter for the brush selector 

comprises an ai'm 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 arm 56 is adapted in the ro 
tation of the shaft to engage two contacts 59 
and 60. These contacts may be springs, the 
free ends (inly of which are shown in the 
drawing. In its normal position the free 

?? 

58 which is ?leep enough to insure an open 
connection with contact 59. When the shaft 
is/away from its normal position, however, 
59. The connectie-in with contact (50 is in 
termittent, this contact being made when the 
arm 56 is lifted by each tooth of the can. 
There are as many teeth on the cam as there 
are finger's 41 on the spindle 40 and there 
fore as many as there are sets of rushes. 
tion of tle }}'Ish carriage (0:?niprises an an 
nular iron frictic disk 61 flexibly (Intel 
at the lower endl of the spindle 22. an eller 
tromagnet (32 which may be fixed in any 
silitable majner to the fra ne, and a con 
stantly retafing shaft (33 carrying at iron 
lriving roller (4: The disk 61 roller ( - 
thigugh the center of the electromagnet (32 
for in the magnetic circuit (if the electromag 
net 62. When therefore ?tirrent is passed 
through the winding of the Imagnet, the 
roller (34 attracts the disk 61 and causes the 
latter to rotate by frictional contact there 

| with... \ holding electromagnet 65 ha Ying 
a pole piece 66 extending upwardly beneath . 

| he disk 61 is adapted willén current iš passed 
though its wintling to engage the disk and 
hold it fro1 in ovement. The power shaft 
33 is extended as shown in the drawing to 
carry, a flexibly mounted driving disk O. 
which is adapted to engage a roller 67 car. 

and that part of the shaft (3 which extends 
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end of the arm 56 lies in a notch of the can 

100 
c(nnection is made contiuously with contact 

105 

The not ji' mechanism); for causing rota - 
O 
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ried by the spiricile 40. í An ejectromagnet 
68 controls the engagement of disk 70 and 
roller 67 in the saine manner that the elec 
tromagnet 62 controls the engagement of 
disk 61 and Iroiler 64. These devices are in 
fact electromagnetic clutches, one to cause 
movement of the brush carriage and the 
other to cause movement of the brush selec 
tor. 
The complete selector switch mechanism is 

not shown in the drawing, but the elements 
thereof appear in their proper relation to 
one another so as to make clear the manner 
in which the mechanism operates to inter 
connect lines. There may be as many sets 
of brashes and stationary terminals as de 
sired. For example, the switch mechanism 
imay, 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 diagraná 
there are shown only two sets of brushes, 

, the 8th and 9th counting from the top down, 
and six sets of stationary terminals in two 
levels corresponding to the two sets of 
brushes shown. 

Ahe circuits at the final switch, as shown 
iii. Fig. 1, and those at the controller and at 
the distant end of the trunk line, as shown 
in Fig. 2, are preferably governed in each 
case by a sequence switch. in general the 
function of the sequence switch is to estab 
lish in a definite order at successive stages 
of the operation the various circuits re 
quired to bring into service various devices 
or parts in proper Sequence. The sequence 
switch consists in its elements of a movable 
switch operating member, a number of cir 
cuit changers actuated in sequence as said 

a member is moved from one position to an: 
other, an electronagnet, and motor mecha 
nism operated or controlled by said magnet. 

n for advancing said movable member. 
each position to which a movable member of 
the sequence switch is advanced, a circuit or 
set bi circuits is established by which a given 
operation of the device under control is 
na de possible, and at the sau ne time ane: ther 
circuit is piaced it a condition whereby the 
moor magnet of the sequence. Switch may be 
subsequently actuated so that the sequence 
switch will then be automatically advanced 
to the next position, until a new set of cir 
cuits is established, bringing about a new 
operation or electrical condition of the de 
vice or devices under control, and so on. 

iza the form of sequence switch shown in 
Figs. 4 to 7 inclusive, the moyable member 
is a vertical rotary shaft, 76 carrying a num 
ber of switch operating cams 77, said shaft 
being arranged to be driven by power ap 
glieci (Twot. the agency of an electromag 

The constantly driven power 
?% 

:Rešic citutch. 
shaft '78 carries a friction driving disk 9 

iš wirici: is adapted tsi; ?be di rawn is tio engage- i no?ch of the cara 

edge of the cam 85. 
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meat Yith a friction rollier80, carried upon 
the shift '76, by the action of a clutch mag 
net 81. The roiller 80 and the disk 79 are 
of iron, and the motor magnet 81 is adapted 
when excited to magnetize said roller 80 
which serves as a rotary pole piece for sai 
magnet; whereby the driving disk 79 is at 
tracted into engagement, with said roller, 
the rotation of the shaft'6 thus continuing 
as long as the motor magnet 81 remains 
excited. . . 
The cams 77 carried by the rotary shaft 

76 are arranged to operate switch springs 
82, forcing said springs into engagement 
with outer contacts 83, or allowing them to 
engage their alternate inner contacts 84, ac 
cording to the positions of said cams. As 
many cams and switches may be provided 
as the particular apparatus to be controlled 
may require. 
tacts operated in the successive positions of , 
the movable switch elenent may control cir. 
cuits for the motor magnet 81. A special 
switch, such as shown in Fig. 7, is also pref 
erably provided to control a local circuit for 90 
said notor magnet, whereby after the initial 
energizing circuit is broken by one or the, 
other switches the motor magnet may still 
be excited by current in the local circuit 
until the next intended stopping position of 95 
the rotary element, is fully reached. As 
shown in Fig. 7, the cam 85 for operating 
the “local switch is adapted to be en 
gaged by a cam roiler 86 carried by a piv 
oted Switch lever 87. À spring 88 is ar 
ranged to act upon said pivoted lever 87 so 
as to press the can roller 86 against the 

When the roller 86 
rides upon a tooth or high part of the cam 
85, said lever 87 closes a contact 89 which 
controls the local circuit for the motor mag 
net. The teeth of the cam 85 have inclined 
edges, so that, the can roller 86, after riding 
over the point of a tooth, is forced down the 
opposite slope by the action of the spring 
88, and this tends to push against the cam 
to continue the rotation thereof until the 
role 86 reaches the bottom of the follow - - 
ing notch. The rotary element is thus 
brought to rest accurately in each of the 
positions where it is intended to stop. ii. 
the operation of the device, the circuit, will 
first be closed for the motor magnet 2 hrough. 
one of the springs 82 and one or the other 
of the contact anvils 83 or 84 of such spring. 
Then, as the moto: nagi &i, is excited and 
the shaft of the sequence switch begins to 
rotate, the contact thi'ough which the motor 
magnet was initially excited may be broken, 
but the local circuit will be maintained for 
the motor snagnet, through the contact 89 
closed by the cam 85, and the rotary element 
will thus, continue to advance tintil the cam 
collier 86 reaches the botton of the next 

35. 
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The switch springs of the sequence 
switches do not appear in their actual ar 
rangement in the circuit diagrams, but are 
so located as to give a clear arrangement of 
the circuits; and the operating cams are not 
shown. In Fig. 1 the clutch or motor mech 
anism S1, its driving disk 79 and friction 
roller 80 are shown in their structural ar 
rangement, while the contacts 101, 102, 111 
to 114, inclusive, and 201 to 227, inclusive. 
operated thereby, are shown merely in their 
proper circuit positions without regard to 
structural arrangement. The positions of 
the rotary elements of each sequence switch 
in which any of its contacts, except contact 
101, are closed, are indicated by numbers 
placed adjacent to such contacts; each con 
tact being open in all positions except those 
indicated by reference numbers. 
ple, contact 102 is closed in the 2nd, 5th, 
12th, 13th and 14th positions as indicated 

, bý the numbers 2, 5, 12, 13 and 14 placed 

25 

adjacent thereto. In the case of the special 
contact 101 operated by calm S5, the numbers 
are placed on the opposite side of the switch 
lever from its contact anvil and indicate the 

30 

35 

positions in which the contact is opened. 
said contact being closed continuously while 
the rotary element of the sequence switch is 
in transit between the positions indicated. 
It will therefore be understood that the spe 
cial contact 101 is closed continuously be: 
tween positions 1 and 2, 2 and 5, 5 and 9, 9 
and 11, 11 and 12, 12 and 13, 13 and 14, 14 
and 16 and 16 and 1. 
eighteen positions of the sequence switch 

40 

and the cams thereof will be caused to hiake 
one complete revolution in passing from 
normal through the eighteen positions, and 
back to normal again. . 
The sequence switch spring which oper 

ates contacts 221 and 222 is of slightly dif 
ferent construction from the others, in that 
it is adapted to make either of Said contacts 
efore the other is broken. It inay be called 

The reason for this 
continuity operation of these contacts will 
appear presently. 
a “continuity” switch. 

In addition to the sequence switch mecha 
hism there are associatel with the final 
switch of Fig. 1 the following relays: 103 is 
a line relay, the operation of which is co 
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trolled by current in the circuit of the trunk 
line 104. 105 leading to tlhe controlling apa 
ratt is of Fig. 2; 239 is a battery control relay. 
cine of the functions of which is to control 
the connection of battery 109 in the circuit 
of the trunk line; 228 is a supervisory relay 
which is included in that part of the truik 
line which leads from battery 229 through 
windings 107 of a repeating coil 108 to the 
Frushes 23 and 24 of the switch mechanish: 
2:30 is a ringing control relay, its function 
,cing to cause the operation of the sequence : 
switch upon the response of the called sub 

For exam 

There may be say 

|???? to a ringing signal; 231, 232 and 233 
| tire test relays, their main function being to 
discriminate between the different kinds and 
clifferent conditions of subscribers lines to 
which connection may be made by the switch 
mechanism. Relay 231 is of comparatively 
high resistance and is polarized. It is re 
sponsive to positive current only flowing 
from the test brush 25. Relay 232 is re 
sponsive only to current of a given strength, 
it has two windings 236 and 237, the former 
being of somewhat higher resistance than 
tle latter. The winding 236 is in a branch 
of the test circuit which includes the wind 
ing (of rela y 231, while winding 237 is in a 
branch adapted to shunt relay 231 and wind 
ing 236. Relay 233 is in a local circuit con 
trolled by relays 231 and 232. 
Contact 220 of the sequence switch con 

trols the connection of an interrupter 238, 
the function of which is to give a “busy 
back 
operator. It operates directly upon the bat 
tery control relay 239, which in turn alter 
nately closes the trunk line with and with 
out the inclusion of battery 109. 
1, in various positions merely for conven 
ience. The positive pole of the battery is 
connected to ground. Certain connections 
are made frolin the free or negative pole and 
in the battery which inity be called the neu 
tral terminal of te battery. 
The polarity test relay 231 is arranged to 

control the application of negative and posi 
tive pulsating current generator's 234 and 
235 to the connected line, a resistance 250 be 
ing interposed in the ringing circuit to r?gu 
late the flow of current therein. A resistance 
257 is i ciuded in a li) al circuit controlled 
by serie ("e switcly conta tºt 227. A condenser 
256 is placed in shu)}t of the line relay 103 
in older to eliminate the impedance of said 
relay in the taking circuit. 
The following are given as suitable re 

sistance values for the various relays and 
electromagnet windings shown in Fig. 1: 
line relayº 103, 1200 ohms; battery control 
25 ohms--preferably with a non-inductive 
shunt; ringing control relay 230, each wind 

| ing 250 ohms: polarity test relay 231, 250 
ohms: marginal current test relay 232, 100 
olumns in winding 236 and 50 ohms in wind 
ing 237; motor magnet 81 of the sequence 
switch 500 ohms; and the motor magnets (62 
and 68 of the switch mechanism and holding 
magnet 65, each 500 ohms. The resistances 
250 and 257 may each be of 300 ohms; tlie 
battery 109 may be of 48 volts potential. the 
two parts thereof on either side of the neu 
tral point being of 24 volts, and battery 229 
may be of 24 volts. These resistances and 
voltage may be widely varied in practice, the 

signal to the waiting subscriber or 

certain other conjections to a middle point 

relay 239, 1000 ohms; supervisory relay 228, 
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Battery 109 is shown in the diagram, Fig. 
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values given being merely those which, have 
proved suitable in practice. 

Referring to Fig. 2, it will be noted that the trunkline conductors 104, 105 are repre 
sented as extending through three sets of 
switch contacts. These are merely intended. 
to indicate selector mechanisms which, in a 
large telephone exchange system, would be 
operated in succession before the final switch 
of Fig. 1. The trunk line circuit at the dis 

* tant or controlling end includes windings 

5 

20 

25 

30 

35 

40 

45 

50 

321 of a repeating coil 320 and a relay 323. 
The coöperating windings 322 of this re 
peating coil may be connected in circuit 
with a battery 319 and through suitable 
mechanism to a calling telephone line. Asso 
ciated with the trunk line and controlling 
the comnections thereof is a sequence switch 
mechanism similar to that associated with 
the final switch. There are shown for this 
sequence switch a motor magnet 381, its 
driving disk 379 and friction roller 380 and 
contacts 301 to 31 inclusive. Contact. 301 
is a special contact operating similarly to 
contact 101 of the final switch; it is arranged 
to be closed while the sequence switch is be 
ing moved between the positions 1 and 6, 6 
and 10, 10 and 15, and 15 and 1, as indicated. 
In addition to the sequence switch contacts 
there are shown in the circuit contacts 313 
and 314 which may be manipulated in any 
desired manner to assist in the control of the 
sequence switch operation. Relay 323 has a 
back contact 315 leading to Sequence Switch 
contact 311 and a front contact. 316 control 
ling the operation of a lamp signal 818 
which is included in a local circuit with bat 
tery 319. Battery 312 serves as the source 
of current for various circuits associated 
with the trunk line controlling apparatus. 
A suitable arrangement of controlling ap 

paratus is shown in Fig. 2. This apparatus 
imay comprise a plurality of counting relays 
and a plurality of controlling switches or 
keys, together with a stepping relay for 

of sequence switch contact 405, winding of operating the counting relays in succession 
and a cut-off relay adapted, when its cir 
cuit is closed simultaneously at one of the 
counting relays and at the particular switch 
or key which is operated, to open the cont 
trolling circuit, and stop the movement of 
the selector. The circuits of the controlling 
apparatus may be governed by a sequence 
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switch, such a sequence switch being repre 
sented in Fig. 2 by a motor magnet 481, 
its driving disk 479 and roller 480 and con 
tacts 401 to 408 inclusive. Contact 401 is a 
Specia{, contact operating.similarly: tò con 
tact 101 of the selector sequence switch. It 
may be arranged as indicated to maintain 
the circuit of the motor magnet 48 closed 
continuously while passing from position 11 
to position 13 and then from position 13. 
to ition it. Only so much of the eon 
trolling apparatus is shown as enters into 

1,076,480 
tlhe operation of the final switch mechanism. 
In a large system employing a series of 
selector switches operated in succession, the 
sequence switch for the controller would be 
provided with various other contacts than 
those shown and the contacts shown would 
be arranged to be closed in other positions 
than those indicated. In the operation of 

70 

the final switch alone, however, but two 
selecting operations are required-one to 
govern the operation of the brush selector 
and the other to govern the operation of the 
of the sequence switches shown in Fig.2 
may have eighteen positions in all. 
Two series or strings of counting relays 

are shown in Fig. 2. One, the main series, 

brushes in moving over the terminals. Each 

75 

comprises relays 441 to 448 inclusive; these 
are adapted when energized to close contacts 
461 to 468 inclusive, each of which is in se 
ries with one of the switches or keys 451. to. 

85 

458 inclusive and also with one of the 
switches or keys 471 to 478 inclusive. Any 
one of these contacts of the main counting 
relays when closed conjointly with a corre 
sponding key or switch is adapted to com 
plete a circuit for a cut-off relay 423 and a 
sequence switch controlling relay 425. A 
second or auxiliary series of counting re 
lays 411 to 418 inclusive is arranged to co 
operate with the main counting relays; 
these are adapted under the control of the 
stepping relay 424 to be brought into cir 
cuit and energized in alternate succession 
with the main counting relays. The two se 
ries of counting relays may be extended in 
an obvious manner to include any desired 
number. - 

As will presently appear the stepping re 
lay 424 is adapted to be energize 
energized intermittently while the selector 
mechanisms of the final switch are being ad 
vanced from position to position. Upon the 

and de 

first energization of stepping relay 424, a 
circuit is completed from battery 312 by way 
auxiliary counting relay, 411, contact 428 
of main counting relay 441 and º front con: 
tact 432 of the stepping relay 424, where 
upon relay 411 is energized and, closes a 
locking circuit for its winding by way of 
contact 429. Relay 411 when energized also 
closes contact 430 which places the first. 
main counting relay. 441 in position to be 
operated by the stepping relay when it is de energized, a circuit being then completed 
from battery 312 through sequence, switch 
contact 404, relay 441, contact 433 of the sec 
ond åuxiliary, counting relay 412, said con 
tact 430 of the first auxiliary counting relay 
411 and back contact 431 of the steppin relay. Relay,441 is thereupon 
and it, like the relay 411, closes a locking 
circuit for its winding by way of contact 
461. As heretofore stated, contact 461 would 
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also be in circuit with relays 423 and 425 if 
the corresponding key or switch 451 was 
closed at this time, and the energization of 
relay 441 would in such case cause the cut 

10 

5 

off relay 423 to be operated and this relay 
in turn would open the circuit of the step 
ping relay 424 at its back contact 422. Re 
lay 425 would also be operated at this time, 
if key 451 were actuated, and close a cir 
cuit for the motor magnet 481 of the se 
Quence switch by way of its contact; 426 
and sequence Switch contact 402. The se 
quence switch may be considered as resting 
in the 11th position at this time and it 
would therefore be advanced to the 13th po 
sition. In passing the 12th position, the 
locking circuits for the counting relays 441 
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cuit before the circuit is opened at back con 
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and 411 would be opened at sequence switch 
contacts 404 and 405 and the circuit of the 
stepping relay 424 would also be opened in 
the 12th position at sequence switch contact 
403 but closed again in position i 13. Se 
quence switch contact 406, which was closed 
in the 11th position, is open in the 13th, 
while contact 407, which was open in the 
11th, is now closed in the 13th. The two 
strings of counting relays are therefore in 
position for operation again under the con 
trol of the stepping relay 424 and the second 
series of keys or switches 471, 478. It will be 
noted that the number of impulses of current 
for intermittently operating the stepping re 
lay 424 which may flow over the trunk cir 
tact 422 of the cut-off relay depends upon 
the particular key which is actuated. If, 
for example, key 453 had been actuated, the 
circuit of the cut-off relay 423 would not be 
closed until main counting relay 443 had 
been energized, and this would happen after 
three impulses of current in the trunk line 
circuit. . . . - 

It has been stated heretofore that the 
switch mechanism shown in Fig. 2 was ar 
ranged to make connection with various 
kinäs of subscribers’ lines. In Fig. 3, the 
circuits of such lines are shown in diagram. 
matic form. An ordinary single party line 
is indicated by line wires 501 leading to a 
substation 502. A four-party line is indi 
cated by conductor's 503 leading to four sub 
stations 504 to 507 inclusive. The signal 
bells at the substations of this party line are 
of high resistance and are connected in a 
well known way two from one side and two 
from the other side of the line to ground, 
one bell on each side of the line being re. sponsive to positive pulsating ringing cur 
rent and the other bell on each side of the 
line being responsive to negative pulsating 
ringing current. A private branch exchange 
is indicated at 508, this exchange being con 
nected with the switch mechanisms at the 
main exchange by lines 509, 510 and 511, 
terminating at suitable springjack switches 

535 and drop signals 536. A plug 537 may 
be used to extend the circtiii. of any one of 
said lines 509, 510, 511 to any one of the 
lbqal stations at the private braich exchange 
50?. The Ordinary single party iline and the 
private branch exchange lines are connected 
to apparatus at the main exchange accord 
lilg 
being provided with a springjack 534, a line 
relay 531, a lamp signal 532 and a cut-off re 
lay. 533, the latter being connected in a third 
wire connected to a test terminal 29 of the 
final switch mechanism. By reason of the 
usual multiple wiring, this test terminal and 
the line wire terminals would be connected 
also to other test terminals of other switches 
having access to such lines. It will be noted 
that the test wire of the ordinary single 
party line is connected through the cut-off 
relay 533 to the positive pole of battery 109, 
exchange lines are connected through cut 

· of relays to the negative pole of that bat 
tery. It is this difference in the manner of 
connecting the test terminals of these lines 
which enables the testing apparatus of the 
final switch mechanism to distinguish be 
tween ordinary lines and private branch 
exchange lines. 
A somewhat different arrangement of cir 

cuits is provided for party lines. It has 
already been stated that each substation of 
a party line has its own set of terminals at 
the final switch. The test terminals for two 
of the substations of the party line 503 are 
connected together by one test wire which 
leads through winding 512 of a cut-off relay 
514 to the negative pole of battery 109, 
while the test terminals for the other two 
subscribers of the party line are likewise 
connected together by a test wire but through 
a winding 515 of a cut-off relay 517 to the 
positive or ground pole of battery 109. The 
connections of the line terminals 27 and 28 
for the two substations whose signal bells 
are connected to one side of the line are 

terminals for the other two substations 
this in order that the ringing generators 
may, in each instance, be connected by way 
of the same brush 28 for ringing the bells 
at every one of the four substations. Either 
cut-off relay 514 or 517 is adapted to open 
the normal circuit of the line conductor 503 
to a line relay 518 and to ground. If con 
nection is made to a test terminal leading 
to either one of these cut-off relays, a local 
circuit will be closed by that relay which 
will reduce the potential at the test terminals 
leading to the other cut-off relay. This is 
accomplished without causing the energiza 
tion of said other cut-off relay. The local 
circuit referred to includes a second winding 
of said other cut-off relay. Let it be con 
sidered, for example, that connection is 
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while the test wires of the private branch 
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to a well known arrange}}nent, each line 
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made in reverse order to those of the line 
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made to the test terminal leading to wind 
ing 512 of cut-off relay 514. The energiza 
tion of this relay will open the circuit of the 
line at contacts 519 and 520, one on one side 
of the line and Cine on the other, and will 
& it the same time close contact 521, complet 
ing 8 local circuit from the neutral point of 
the battery 109 by way of normal contact 
522 of cut-off relaxy 517, saidi contact 521, 

5 

of the same relay to the ground pole of the 
battery. Current flows in winding 516 in 
this circuit in an opposite direction to that of the current flowing in winding. 515 and 
relay 517 is not energized. In the same 
Inanner, if connection should be mad: 
test terminal leading to winding 5i 
lay 517, this relay would open the lisis cir 
cuit at contacts 523 and 322 and closes ocai 
circuit at contact 524 which would i:lude 
windings 512 and 513 of relay 514. The 

istances of these windings which have been 
orind suitable in practice are as follows: 
*Windings 512 and 515, 100 ohms each, and 

s 

if re 

windings 513 and 516, 50 ohms, each. The 
number of turns is approximately the same 
in the two windings of each cut-off relay. 
Ët wil ihtis be seen that the local circuit 
closed by either cut-off relay through the 
windings of the other will materially change 
the potential at the test terrinals connected 
to said other cut-off relay. It may be stated 
lere that the Ywindings of the cut-off relays 
3 of the ordinary subscribers and private 
inch exchange lines may also be of 100 
is feach. - 

21: several sets of conciuctors leading to 
th: left in Fig. 3 are individual to the sev 
• subscribers of ordinary and party lines 

at to the several lines of a private branch 
ilange and may be considered as con 

ected to staccessive sets of terminals in a 
rex at the final switcih mechanism 

. The 2nd, 4th, 9th and 10th sets 
g from the top down, are connected party &eiephone line 503 and repre 

78 and 79. 

}{resent other ordinary single 
ines, sbscribers Ros. 70 and 77, the 
thereior being not shown in the 

However, the 5th, 6th and 7th 
coniecie i to the private branch 

} lines š{}{), ši.0 a od 5.1 i respectively, 
; ber No. 7d. The third wire of each 

st it conductoi's is connected :( (se of the 
it's: i. ternijas 29 at the final switch. It 
vil je 19ted thai each test terminal of a 

y telephone line which is connected to 
pagative pole of the battery. 10;) has a 
iminal beyond it in the line of travel 

lie test brush 25, which is connected to 
itive gle of the battery; also that 

,? 4. 

it (, 

winding 516 of relay 517, and winding 515 

to the 
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branch exchange lines are arranged in suc 
cession in a row on the final switch and 
are followed by a test terminal leading to 
positive battery. The test brush 25 of a 
final switch will accordingly be caused to 
make contact with negative test terminals 
of party lines and of private branch ex 
change lines, and if the party line or the group of private branch exchange lines is 
busy, the test brush will be caused imme 
diately thereafter to make contact with a 
positive test terminal of some other line, 
whereupon the signal will be given that 
such party line, or such group of private 
branch exchange lines is busy. 

Before describing in detail the operation 
of the system of Figs. 1, 2 and 3, it may be 
stated that the several positions which the 
sequence switches assume are characterized 
in each instance by a particular condition 
or operation of the mechanism governed 
thereby; and these positions may conven 
iently be defined by such conditions or op 
erations. Thus the selector sequence switch 
positions are as follows: 1, normai; 2, that 
in which the brush selector is advancin 
and transmitting impulses over the trun 
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line; 5, that in which the brush carriage is . 
advancing for line selection and is trans mitting 
the test is made for positive line; 9, that in 
which a retest is made for negative line and 
in which a further advance of the switch 
carriage may occur for private branch ex 
change hunting; 10, test of trunk line for 
wipe-out operation; i.1, that in which the 
sequence switch may run to "busy back' 
position; 12, the ringing position, 13, the 
talking position; 14, the busy back posi 
tion; and 16, that in which the selector is 
caused to return to normal. 
positions of the trunk line sequence switch 
may be defined as follows: 1, normal: 6, 
that in which the controller is connected to 
the trunk line for brush and line selection; 

impulses; 6 and 7, those in which 

Similarly the 
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O 10, the talking position; 11 and i5, positions 
in which the selector may be caused to re 
turn to normal; and 15, also that in which 
the trunk line sequence switch awaits the 
return of the selector. 
The controller sequence switch positions 

are: 11, brush selection, and 13, line selec tion. 
The operation of the system will be de 

scribed under several headings as follows: 
1. Selection of non-busy ordinary line. 
2. Selection of non-busy private branch exchange line. 
3. Selection of busy ordinary line. 
4. Selection of busy private branch ex change line, and 

5 

120 

25 

5. Return of mechanism on wipe-out or . knock-down operations. 
It will be understood that the operation illia is of the ihree private of the switch which occurs in the selection 30 
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ordinary line (subscriber No. 72), to which 

position in which contacts 303, 304 and 305 
are closed. A circuit is then completed oyer , 

net 81 of the selector sequence switch (Fig. 
and the front contact 124 of the line relay 

1,025,480 

of a piirty line subscriber is, either the same 
as that which occurs in the selection of an 
ordinary line, or as that which occurs in the 
selection of a private branch exchange line. 
This is because the test terminals of party 
line subscribers are connected either to posi 
tive battery, as are these of an ordinary 
line, or to negative battery as are those of 
a private branch exchange lines. 

8e?e????? of 
et it be assumed that the terminals of an 

connection is desired, are located in the 8th 
level from the top of the final switch, and 
in the 3rd range counting from left to right 
in the direction of the travel of the brushes. 
The operator, having received instructions 
from a calling subscriber to establish this 
connection, will first close switches 458 and 
473, the first (458) to control the impulses 
for brush selection and the second (473) to 
control the impulses for line terminal selec 
tion. Switch 313 may then be operated, 
closing a circuit for motor magnet 381 and 
starting the operation of the trunk line 
sequence switch, which thereupon advances 
from the first or normal position to the 6th 

the trunk line as follows: battery 109, back 
contact. 260 of the battery control relay 239, 
winding of relay 103, sequence switch con 
tact. 211, conductor 104, the trunk line se 
sequence switch contact 403; winding of 
stepping relay 424, back contact 422 of the 
cut-off relay 423, the trunk line sequence. 
switch contact 303, conductor 105, sequence 
switch contact, 212 and back contact 261 of 
the battery control relay 239 to the ground 
pole of the battery 109. This circuit causes 
the energization of the stepping relay 424 
at the controller and of the line relay 103 
at the final switch. The energization of the 
stepping relay 424 completes a circuit here 
to fore traced for auxiliary counting relay 
411, one-half step being thus taken in the 
Imívement of the controlling apparatus. 
The energization of line relay, 103 causes a 
circuit to be completed for the motor mag 

1) by way of sequence switch contact. 203 
103. The selector sequence switch there 
lipon advances to the 2nd position. 

In the second position of the selector se 
quence switch a circuit is closed for the 
notor magnet. 68 of the brush selector by 
way of sequence switch contact 204 and the 
front contact. 124 of the line relay, where 
upon the shaft 40 is rotated, causing an in 
termittent closing of its interrupter arm 56 
and contact, 60. This contact is closed once 
for each position in which the shaft 40 is 
adapted to be placed for selecting a set of 

non-busy ordinary line.- . 

brushes, Upon the first and each Sibsequent 
closure of this contact, a shunt circuit of the 
trunk line is completed by way of sequence 
switch contact 223. The stepping relay 424. 
is thus intermittently de&nergized in the 
movement of the shaft 40, while the line re 
lay 103 and motor magnet 68 remain ener gized continuously. At each de&nergization 
of relay 424 a circuit is completed for one 
of the main counting relays 441 to 448, these 
relays operating in succession in a manner 
already described. When relay 448 is ener 

70 

75 

gized a circuit is completed for the cut-off 
relay 423 and the sequence switch control 
ling relay 425 by way of sequence switch 
contact 406, key 458 and front contact 46S 
of counting relay 448. Relay 423 thereupon 

80 

opens the trunkline circuit at its back con 
tact 422 and the brush selector upon reach 
ing its 8th position from normal is caused 
to stop in that position, the circuit of the 
motor magnet 68 being opened at the front 
contact. 124 of the line relay 103, which is 
de&nergized upon the 8th interruption of the 
shunt path at contact 60. The controller se 
quence switch is now advancing to the 18th 
position and a circuit is completed for the 
motor magnet 81 of the selector sequence 
switch by way of sequence switch contact 
102, back contact. 243 of the battery control 
relay 239 and back contact 121 of the line 
relay 103. . In the position taken by the 
shaft 40, of the brush selector, one of its 
fingers 41-the 8th from the top in this in 
stance--is pointing inwardly in line to en 
gage a latch 32, holding the 8th set of 
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100 
brushes 23, 24 and 25 normally retracted. 
The selector sequence switch now advances 
from the 2nd to the 5th position in which a 
circuit is completed for the notor magnet (52 
of the brush carriage by way of sequence 
switch contact 111 and front contact. 124 of 
the line relay, the line relay having been en 
ergized again by reason of the reclosing of 
-the trunk circuit at contacts 403 and 422, 
while the selector sequence switch was ad 
vancing to the 5th position. În the first 
stage of rotation of the brush carriage, the 
inwardly projecting finger 41 on the shaft 
40 engages the edge of the latch 32 and re 
leases the set of brushes 23, 24, 25, which are 
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in line with the row of terminals that in 
cludes the terminals of the wanted line. As 
the brushes approach the first set of termi 
inals the levers 42, 43 of the brush carriage 
interrupter engage the team plate 50, and 
when the roller 51 at the free end of the lever 
42 engages the first tooth 53 of said cam 
plate, a short circuit of the sender circuit. 
and its stepping relay 424 is closed by Way 
of sequence switch contact. 223, interrupter 
contact springs 48 and 49 and sequence 
switch contact 225. A series of interrup 
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tions between contact springs 48 and 49 fol 
low as roller 51 drops into the notches be: 30 
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tween teeth on the plate 50, the brushes at 
the same time engaging successive sets of line 
terminals. The controller key 473 having 
been depressed, three such interruptions will 
foi low before the circuit of Irelays 423 and 
425 is again closed, the circuit being Com 
pleted in this instance by the energization 
of relay 443. Relay 425 is energized as be 
fore and the controller sequence switch is 
thereupon caused to advance from the 13th 
position around to the lith position again; 
and the line relay 103 being decinergized, its 
front contact 124 is opened and its back 
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contact 121 is closed again, whereupon the 
circuit of the motor magnet 62 is opened and 
a circuit for the holding magnet 65 is closed 
by way of sequence switch contact. 112, back 
contact, 243 and said back contact 121 of line 
relay 103. The brush carriage is thus caused 
to stop with the brushes in contact with the 
third set of terminals in the 8th level. The 
sequence switch motor magnet 81 is ener 
gized at the same time in a circuit completed 
by way of sequence switch contact 102, back 
contact 243 and back contact 121, and the 
sequence switch moves from the 5th to the 
9th position. The controller sequence switch 
in passing the 14th position in the mean 
time closes contact 408 which completes a 
circuit for the motor magnet 381 of the 
trunk line sequence. Switch, this circuit being 
completed from battery 312 by way of the 
winding of said motor magnet 381, sequence 
switch contact 305 and sequence switch con 
tact 408. The trunk line sequence switch 
thereupon advances to the 10th position. It 
will be noted that the trunk line circuit is 
closed, however, as soon as the sequence 
switch reaches the 8th position and remains 
closed in the 9th and 10th positions. 

In advancing from the 5th to the 9th po 
sition the selector sequence switch intro 
duces various changes in the circuit by 
which the selected line is given a double 
test. In passing the 6th and 7th positions 
the first test is made, the circuit being closed 
from the neutral point of battery 109 
through winding 236 of the harginal cur 
rent test relay 232, sequence switch contact 
209, winding of polarity test relay 231, test 
brush 25, test terminal 29 and cut-off relay 
533 of the ordinary subscriber's line 501 to 
the positive or ground pole of battery 109. 
Under the present assumption that this line 
is not busy, this circuit will receive eur 
rent from the full potential of the positive 
portion of battery 109 and relays 232 it ind 
231 will be energized, whereupon a circuit 
is closed for onergizing relay 233, this fir 
cuit being by way of battery 109, winding 
of relay 233, front contact 244 of 'ei:y 232. 
sequence switch contact2(7 and Freint co 
tact. 245 of rely 231. Reay 233 then be 
comes locked in a circuit from lattery 109, 
winding of 'elay 233 contact 246 (if said contact, 
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relay and Sequence switch contact 222. Re 
lay 283 also closes a pathin the test circuit 

- ???? by way of its contact, 247 and winding 237 
of relay 232, this path shunting windings 
236 of relay 232 and the winding of relay 
231. By Feason of the low resistance of the 
shunt path just referred to the potential 
at the test, terminal 29 of the selector and 
other test terminals of other selectors con 
nected in multiple therewith will be sub 
stantially loweréd, thus creating a condition 
under which the line to which connection is 
now made will test busy to other selectors. 
The second test takes place while the se 
quence switch is in the 9th position, but, as 
lander the present assumption, the locking 
relay 233 was operated in the first test 
period, nothing further happens during the 
second test period to determine the opera 
tion of the selector mechanism. In passing 
out of the 6th position the sequence switch 
opens the circuit of the holding magnet 65 
of the selector, which circuit had been closed 
in the 5th position through the back con 
tact. 121 of the line relay. Before the 9th 
position is reached by the selector sequence 
switch, the trunk line is closed at contacts 
306 and 307 so that line relay 103 is ener 
gized. Relay 233 having been locked in 
circuit as stated, a circuit is closed in the 
9th position for the motor magnet 81 by 
way. of sequence switch contact 201 and con 
tact. 248 of relay 233, the sequence switch 
thereupon advances to the 12th position, 
the circuit just traced being the neans also 
of moving the sequence switch past the 11th 
position. in the i2th position of the se 
quence switch, the circuit for relay 231 is 
again closed at Sequence switch contact 
209-this in order to determine the polarity 
of ringing current when selection is made 
to a party telephone line. Under the pres 
ent assimption this relay 231 would be en 
ergized in the 12th position, opening con 
tact. 259 and closing contact. 249 connected 
to the positive pulsating current generator 
235. A circuit is now completed from the 
positive pulsating generator 235 through 
saidi contact 2:49, resistance 250, sequence 
switch contact, 217, brush 24, terminal 28, 
one wire of line 501, the signal bell and con 
de?1So; at Station 502, th? return wire of Said 
line, tertainal 27, brush 23, sequence switch 
contact 214 and winding 251 of the ringing 
control relay 230. Current from this gen 
erator will operate the signal bell, but is too 
'eeble to cause the energization of said re 

230. poin the response of the sub 
s: riber to this signal, however, the current 
is strengthened by the closing of the low re 
sistance path through the telephone appa 
ratis at the suhstation and relay 230 is 
energized, vihereupon a circuit is ciosed 
front hattery 109 through sequence switch 

225, 
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ing winding 253 of said relay, supervisory 
relay 228, winding 107 of the repeating coil 
109 and battery 229 to ground, relay 230 
remains energized in ? circuit until the 
sequence switch passes out of the 12th posi 
tion. The supervisory relay 228 is ener 
gized, completing a circuit for the motor 
magnet 81 of the sequence switch by way, 
of sequence switch contact 218 and contact. 
264 of the supervisory relay 228. The se 
quence switch thereupon moves out of the 
12th position and into the 13th or talking 
position, the supervisory relay 228 remain 
ing energized in the circuit of the called 
line which is closed in the 13th position at 
contacts 216 and 113. 

In the 13th position of the sequence 
switch, contact 219 is closed, thereby com 
pleting a circuit for the battery control re 
lay 239, which removes battery 109 from 
the circuit of the trunk line and closes this 
circuit again without battery through its 
front contacts 262 and 263. The circuit of 
the trunk line being now free from battery, 
line relay 103 is deönergized. In fact, re 
lays 239 and 103 /are practically operated 
together, the former opening contact. 243 
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the siaft { reacies 

lows: One section leads from battery 
35 

and closing contact 255, while the latter. 
opens contact 124 and closes contact 121. 
The circuit of the motor magnet 81 is, there 
fore, not affected and the sequence switch 
remains in the 13th position. 
The talking circuit may be traced as ? 

19. 
through windings 322 of repeating coil 320 to 
the calling telephone line (this line not be 
ing shown); the trunk section includes re 
lay 323, winding 321 of repeating coil 320, 
conductor 105, winding 106 of repeating coil 
108, contacts 263 and 262 of battery controll 
relay 239, line relay 103 shunted by con 
denser 256, another winding 106 of repeat 
ing coil, 108, sequence switch contact 210, 
conductor 104, another winding 221 of re 
peating coil 320 and sequence switch con 
facts 306 and 307, this section being free 
from any source of steady current, but in 
ductively united by repeating coils with the 
other sections. The third section of the talk 
ing circuit may be traced as follows: battery 
229, winding 107 of repeating coil 108, super 
visory relay 228, sequence switch contact 
216, brush 24, terminal 28, one wire of line 
501, telephone apparatus at substation 502, 
return wire of line 501, terminal 27, brus 
23, sequence switch contact 113 and another 
winding 107 of repeating coil 108 to ground. 
In this 13th position of the sequence switch, 
the brush selector is returned to normal position, a circuit being completed for the 
motor niagnet 68 through sequence switch 
contact 205, contact, 59 and arin 56. When 

a position the free 
chil of the ar; 56 drops into the deep notch 
} is he sia' is heel and opens the circuit at 

3 

contact 59, whereupon the shaft comes to 
rest. 
When the called subscriber replaces his 

receiver on its switch hook at the end of the 
conversation the line circuit is opened, caus-, 
ing supervisory relay 228 to be de?nergized, 
whereupon the circuit of the battery control 
relay 239 is opened at contact. 264 of said 
supervisory relay, battery 109 is again in 
clusled in the circuit of the trunk. line, and line relay 103 is energized. Relay 323 at the 
contreller end of the trunk line is also ener 

70 

75 

gized and closes the local circuit of the 
supervisory lamp signal 318. This indicates 
to the operator that the called subscriber 
has hung up his telephone. In response to 
the lighting of supervisory lamp signal 318, 
the operator may cause switch 314 to be 
closed, which completes a circuit for motor 
magnet 381 by way of sequence switch con 
tact 308. The sequence switch for the trunk 
line thereupon moves out of the 10th posi 
tion and advances to the 15th. In passing 
out of the 10th position the circuit of the 
trunk line is opened at contacts 306 and 307, 
whereupon line relay 103 at the selector is 
deemergized. The battery control relay 239 
being also detšnergized at this time, a circuit 
is completed for the motor magnet S1 of 
the selector sequence switch by way of se 
quence switch contact. 102, back contact. 243 
of the battery control relay 239 and back 
switch thereupon advances to the 16th posi 
tion, the circuit for the motor magnet 81 
just traced being the means also of causing 
the sequence switch to pass by the 14th posi 
circuit for the locking relay 283 will be 
opened at sequence switch contact 222. It 

no path completed for relay 233 by way of 
will be noted that, although contact 221 is 
closed before contact 222 is opened, there is 
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contact 121 of line relay 103. The sequence 
100 

tion. Upon entering the 14th position, ther 

05 

contact: 221 in this instance, for the reason . 
that line relay 103 is deónergized and its 
front contact 124 is at this time spen. The deénergization of relay 233 causes the open 
ing of the test circuit through winding 28? 
of relay 232 so that this relay is also de 
energized. The immediate result, of the 
opening of the test circuit is the removal of 
the busy test condition at the line of the 
connected subscriber. Upon reaching the 
16th position, the sequence switch closes a 
circuit for the selector motor magnet 62 by 
way of sequence switch contact 114, back contact 25 of relay 232, sequence switch 
contact 208 and contact. 258 of relay, 281. 
The brush carriage of the Selector i? there; upon moved around to normal position and 
when this position is reached a circuit i? 
closed for relay 232 from neutral point of 
battery 109, winding 236 of reday 282, se 
quence switch contact 215, the normal stop 
late 46 of the selector and levers 42 and 43. 
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purpose of causing the final Switch mecha- busy private brai 

to ground through the frame of the selector, 
whereupon relay 232 is energized, opening 
the circuit of the motor magnet 62 at its 
back contact. 252 and closing a circuit for 
the helding magnet (33 at its front contact 
244, this latter circuit being completed by 
way of sequence switch contact 206. The 
energization of relay 232 also completes a 
circuit for relay 233, this circuit including 
battery 109, front contact 244 of relay 232, 
sequence switch contact 20S and contact, 258. 
of relay 231. Relay 233 thereupon closes a 
circuit for the motor magnet 81 of the se 
quence switch by way of sequence switch 
contact. 20i and contact. 248 of relay 233. 
The sequence switch is thus caused to move 
out of the 16th position and to be returned 
to normal. The holding magnet remains 
energized in the 16th and 17th positions of 
the sequence switch. In passing out of the 
17th position, the circuit for relay 232 is 
opened at sequence switch contact 215. Re 
lay 233 is released in the 18th position by 
the opening of sequence switch contacts 208 
and 222. 

It will be noted that the sequence switch 
contacts 211 and 212 maintain their circuits 
about the windings 106 of repeating coil 108 
during the periods (positions 2 and 5) in 
which the impulse sending operations oc 
cur. The trunk line conductor's 104 and 105 
are closed by way of windings 106, while the 
sequence switch is in positions 6 to 14 in 
clusive, one side, conductor 104, being closed 
during this period by way of contact 210. 
Upon leaving the 4th position, a short 
circuit of the trunk line is closed at sequence 
switch contact, 213. This short-circuit 
serves to prevent the closure of contacts 309 
and 310 of the trunk line sequence switch 
from causing the operation of line relay 
103 at the selector. Upon leaving the 18th 
position, the short circuit is removed and 
relay 323 at the controlling end of the trunk 
line is energized, whereupon a circuit is es 
tablished for motor magnet 381 of the trunk 
line sequence switch by way of sequence 
switch contact 311 and the back contact 315 
of said relay 323. The sequence switch 
thereupon moves out of the 15th position 
and returns to normal. When the selector 
sequence Switch reaches the 17th position, 
a lozai test wire circuit is closed at sequence 
switch contact 227, this circuit including re 
sistance 257 and certain electromagnetic de 
vices 490 which may be associated with a 
selector immediately preceding the final 
switch and which may be the means of start 
ing the restoring operation for such selec. 
tors. • 

Selection of non-busy private branch. eas:- 
(?tange line.–Let it now be assumed that 
the operator had caused the actuation of 
cOntroling switches 458 and 475 for the 
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nism to make connection with one of a plu 
rality of lines, say line 509 leading to pri 
vate branch exchange 508 (subscriber No. 
74). The terminais for this line are lo 
cated in the 8th level and in the fifth range 
on the final switch and the mode of ope'a- 
tion of the nechanism up to the time that 
the selector sequence switch leaves the fifth. 
position is the same as that is already die 
scribed except that the brushes 23, 24 and 25 5 
will be caused to move to the fifth set of 
line terminais in the 8th level instead of the 
third set as under the previous assumption, 
The test terminal 29 of this set is connected 
to the negative pole of battery 109 and as it. 
is assimed that the line is not busy, the po 
tential existing at that terminal when the 
test brush 25 makes connection there with is 
high. Therefore, as the sequence switch is 
passing the 6th and 7th positions (the first 
test period), in which the test circuit, is 
closed at contact. 209, relay 232 is energized, 
but relay 231 is not energized, the latter be. 
ing unaffected by negative Currerit. "The 
local circuit for lockii)g relay 233 is tiere 
fore noti cose. Vler, however, šie sé 
quence switch reaches the 9th pesition the 
second test period begins the test eit'ctif };É. 
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ing again closed at contact. 209, and a cii'. 
cuit is completed for relay 233 jy way Ff 
front, contact, 244 of relayº 232, se 'k: 
switch 208 and normal contact. 25S 3. 
lay 231. Relay 233 is therefore e1ergi 
and becomes locked in a circuit, clos: 
front contact 246 of said relay 233 aici se 
quence switch contact. 222. The connect 
line 509 is now caused to test busy to other 
selectors by reason (if the closure of the low 
resistance shunt path in the test circuit by 
way, of contact: 245 or reiay 233 and wir) - 
ing 237 of relay 232. The opening of baci: 
contact 257 of relay 232 prevents the tack.): 
magnet 62 of the Selector from being er er 
gized to advance the selector. for hai 
over the terminals of the other lines leading 
tc; the private brainch exchange 508. The se 
quence switch is now caused to ieave the 9th 
position by reason of the closure of contaci, 
248 of elay 233 and the mode of operation 
which follows is the same as that previously 
described, when the connection had bee; a 3 
su med to be made to a non-busy ordinary 
line, except that in the 12th, the ringing po 
sition of the sequence switch, the polarity 
test relay 23i is not energized and the nega 
tive puisating generator 234 instead of the 
positive pulsating generator 235 is included 
in the ringing circuit of the called line. It 
may be noted in this connection ti: it he 
modes of operation of the switch. 3- 25 
nism which word occ;r tipon sele:' 
non-bot sy ? suiseribers arepre , 
the same as it is, risieh occupol the skie 
tion of non- criinary lines and . 

gih g?change lites, becaus: 
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the test terminals for certain subscribers 
(for example Nos. 73 and 79) of party lines 
are connected to positive battery like the 
test terminals of ordinary lines and the test 
terminals of certain other subscribers (for 
example, Nos. 71 and 78) of party lines are 
connected to negative battery like the test 
terminals of private branch exchange lines. 
The operation or non-operation of the po 
larity test relay 231 in the 12th position of: 
the sequence switch is made use of in party 
line ringing to connect a generator adapted 
to operate selectively the signal bell of the 
wanted party line subscriber. - .? -: - 

Selection of busy ordinatrij subscriber’s 
fet it nowy be assumed that the select 

ed line is that of a busy ordinary subscriber. 
The test terminal 29 would therefore have a 
low positive potential, and when the test 
circuit is closed in the 6th and 7th positions 
(the first test period) and the 9th position 
(the second, test period) of the sequence 
switch, relay 232 does not receive sufficient 

Relay 
231, however, is energized and when the 
sequence switch reaches the 9th position, a 
circuit is closed for the motor magnet 81 of 
the sequence switch by way of contact 201 
and front contact. 245 of relay 231, whereupon 
the sequence switch advances from the 9th to 

front contact 244, sequence switch contact 
208 and normal contact. 258 of relay 231. 
The switch carriage is thereupon caused to 
stop in its normal position, the function of 
the holding magnet being as before to check 
the movement of the brush carriage stad 
denly upon the removal of motor power for 
driving it. The circuit of the holding mag 
net 65 remains closed while the sequence 
switch is passing positions 11 and 12. A 
circuit for the motor magnet S1 being closed 
by irelay 233, the sequence switch. advances 
from the 11th to the 14th position in which 
a busy back signal is given to indicate that 
the line desired is busy. In the 12th and 
13th positions of the sequence switch, the 

is 

86 

circuit of relay 232 is open at sequence 
switch contact 215. This relay is therefore 
de?nergized when the sequence switch leaves 
the 11th position. Relay 233, however, re 
mains energized in its locking circuit by 
way of its front contact 246 and sequence 
switch contact 222 until the sequence switch. 
arrives at the 14th position wherein relay 
233 may remain eiergized for a moment in 
the circuit completed by way of its front 
contact 246, sequence switch contact 221 and 
front contact 124 of line relay 121. Upon 
reaching the 13th position, the sequence 
switch closes co: tact. 205 to return the brush 

the lith position. In the 10th and 11th selector tò Kormal. : in the 14th position 'e- 
positions of the sequence switch the circuit || 
of relay 231is open at Sequ:ence Switch con 
tact, 209 and said relay 231 is therefore de 
energized so that in position 11, a circuit is 
completed for the motor magnet 62 of the 
brush carriage by way of sequence switch 
contact 114, back contact. 252 of relay 232, 
sequence Switch contact 208, and normal con 
tact 25S of relay 231. The brush carriage 
of the selector is thereupon caused to move 
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around to its normaal position, a circuit then 
being closed for relay 232 from the neutral 
pole of battery 109, through winding 236 
of relay 232, sequence switch contact 215, 
the normal stop plate 46 of the selector and 
eyers 42 and 3 thereof to ground through 
the frame of the switch mechanism. Relay 
232 is energized in this circuit and operates 
to complete a circuit for relay 233 by way of 
its front contact 24, sequence switch con 
tact 208 and norinai contact 258 of relay 231. 
Relay 233 is therefore energized and closes 
its locking circuit by way of contacts 246 
and 222. Contact. 248 of relay 233 is also 
closed, whereupon a circuit is completed for 
the motor magnet S1 of the sequence switch 
by way of sequence switch contact 201. 
The opening of back contact. 257 of relay 
232 breaks the circuit for the notor magnet 
62 of the brush carriage and the closing of 
front contaet 244 of said relay 232 closes at 
the same tiu he : circº tit fotº the holding Irinag 
net 65, this latter circuit being completed. 

trank line conductors 104 and 105. 

lay .232 is again energized in the circuit 
heretofore traced, which is completed by 
way of Sequence switch contact 215. Fi 
nally, in the 14th position of the sequence 
switch, the busy back interrupter 238 is 
brought into circuit with the battery een 
trol relay 239 by the closing of sequence 
switch contact 220. This interrupter causes 
intermittent energization of said 'e! ay 3:). 
whereupon current from battery 1:09 is in 
termittently applied to the circuit of the 

it. 
battery control relay 239 and the iline relay 
103 are affected practically in : nison so that 
the operation of the sequence switch is not 
effected to cause its advance 'on the 14th 
position. The intermittent application of 
current in the trunkline merely causes fiash 
ing of the supervisory lamp signal 318, 
The local circuit for test relay 233 will be 
opened at the front contact 124 of the line 
relay 103 and said relay 233 will be de 
energized as soon as the busy back inter-. 
rupter closes the circuit of the battery con 
trol relay 239. . 

In response to the fashing of the Super 
visory lamp signal 318 the operator may 

è- apparat11s by . 
causing switch contact. 814 at the controller. 
bring about restoration of the 

end of the trunk lime to be closed. This 
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completes a circuit for motor magnet,381 by . 
way of sequence switch contact 308. and 
causes the sequence Switch associated witir : : 

by way of sequence switch contact 206, said the trunk line to be moved from the 10th to 30. 
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the 15th position thereof. Upon leaving 
the 10th position, the circuit of the trunk 
line is opened at contacts 306 and 307, where 
upon line relay 103 at the selector end of 
the trunk line will not be energized by cur 
rent from battery 109 when the busy back 
interrupter 238 next opens the circuit of 
battery control relay 239, and a circuit will 
be established for motor magnet, Si of the 
selector sequence switch by say of Sequence 
switch contact, 102, back contact, 243 of relay 
239 and back contact 121 of line relay 103. 
The selector sequence switch is this caused 
to move out of the 34th positio) and js re 
turned to normal. 

In passing the 16th position, a circuit is 
closed for the notor naginet S1 by way of 
Sequence Switch contact 291 and contact 248 
(of 'elay 233, this relay being energized at 
{} at time in a circuit completed by way of 
front, contact. 244 of relay 232, sequence 
switch contact 208 indi normai corªx fact 258 
of relay 
in the 4th positioia by '84 son of the clo- i 

25. The sure of sequence switch ce); fact, 
restoration of the selence switci mecha 
inist at the controller eiti of £he trunk line 
follows in the n:liar ere£4 fore described. 

???eo???? of ????? ?r? ?i yra: 6 h. eaechange 
line.—Let it be assi 2 juned 23 GY ia? selection 
is made to connect, the or:sil es NT; itin the ter 
minals of the first, line 5(9 of a group of 
lines leading to private i'ailcl; exchange 
508 and that ihis line is lusy. The poten 
tial at the test ei' initial 29 would therefore 
be low negative aid the closing of the test 
circuit in the 6th, 7th, and 9th positions of 
tle sequence switch would fail Ée cause the 
energization of either of the t 
232. Therefore in the 9th positi is 
is established for the Imotor Iraag 
the lish carriage by way of set; i.e. 
coil tact 114, back contact. 252 it ra: 
sequence Switch contact. 208 a J'nia con 
tact 258 of relay 23i. The 3:... is carriage 
thereupon oves tille bris lºs Gªre: tlhe next 
succeeding terminals of the great of pri 
rate branch excha tige lines. ''his occurs 
while the seguecº Switcia reains in the 
9th position and therefore during the sec 
oud test peris d, the operation 12-is: 'eferred 
to as "private 3rtineh excha ige atliati ig.” 
The test circuit jer: i ins fast 

: it 30 in (; ; 
tested as its 25 talkes contact 'wit 
terminai 2) of such line, i he no Yºnnet of 
the british ca 'ritage conti ining Li til a noia 
busy dine is reached. Suci a line would 
have luigh negative potenii: at the test ter 
minal so that relay 232 Youli bé einer 
gized and case th: rush carriage io stop, 
ity opening the circuit. of hio; ) ignet (32 

its back contact 2:52 a) (: )» ; : circi. 
if the hoi?ting magnet (35 at it: 
{act 'fi. Thus if any one of the lines lead. 

231. Said Felay 232 was eNeigized. 

'': it con 

, be rei 
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ing to the private branch exchange is ille, 
connection will be made to that line. 'ihe 
mode of operation which follows is the same 
as that which occurs when collection is 
made to the first private branch (exchange 
line. In case all of the lines leading to a 
private branch exchange to which c{}nnec 
tion is desired are bussy, the lumo veinment of 
the brush carriage will continue (1:til the 
brushes pass beyond the last set of private 
branch exchange terminals, whereupon con 
nection will be made by said brushes to the 
terminals of a line leading to some other 
substation. According to the arrangement 
heretofore outlined and represented in Fig. 
3, the terminals next sticceeding a group of 
private branch exchange terminals will be 
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those of an ordinary line or those of a party 
line, the test terminal of which is connected 
to the ground or positive pole of the battery. 
Obviously the line to which connection is 
thus made may be in the busy or idle con 
dition, but it either case it is necessary and 
the appai’atus is so arranged that the switch 
carriage will be caused to stop momen 
tarily with the brushes resting upon said 
termilials, but without causing a disturb 
ance in the circuit of Said line. And the 
apparatus is arranged so that the brush 
carriage will almost immediately, however, 
be returned to normal position and the busy 
back signal given to indicate that the group 
of private branch exchange lines are busy. 
Let it be assumed first that the potential at 
the line test terminal next succeeding the 
terminals of a group of busy private branch 
excharge lines is high positive, this being 
the constition when the line is idle. It will 

bered that the test circuit is closed 
at contact. 209 in the 9th position of the 
sequente switch. Relays 231 and 232 will 
therefore se energized the moment the test 
brush 25 touches the test terminal 29 of 
such a line. IRelay 233; however, is not en 
ergized because contact 258 of relay 231 is 
open. The energization of relays 231 and 
232 will caise he brush carriage to be 
stopped monentarily by opening the circuit 
of the motor Jagnet 62 at contacts 252 and 
258. And the energization of relay 231 will 
als) cause a circuit to be closed for the 
motor magnet 81 of the sequence switch by 
way of contact 201 and contact 2:; of relay 
:3i, wheret (): the Scenence switch is caused 
to move from the 9th to the 11th position, 
in which a circuit is again closed for the 
lot or magnet (32 of the sequence switch by . 
vYay of back contact 252 of relay 232, se 
gii’nce Switch contact 20S and normal con 
tast: 258 of relay 23l. Relays 2:31 and 232 

- deónergized upon the opening of the 
'cilitat (; ) {}ict 2(9 when the sequence 

s. . . . . . .af, is 1. The brush car 
' .S ROW ' 

; }' : ; riven, the relain 
* } {}rmal position, 
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line. Ef the test terminal next succeeding 
the terminals of the group of busy private 
branchexchange lines should have allow posi 
tive potential, which condition, would exist. 
'' the line were busy, relay 232 would not be 
gnergized upon the closing of the test circuit, 
but relay 231 would be energized, opening 

0. 
... carriage at contact 258 and closing the cir 
the circuit of motor magnet 62 of the brush 
cuit for motor magnet 81 of the sequence 
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80 

switch at contact 245. The sequence switch 
would therefore be caused to move out of 
the 9th position and the remaining opera 
tions would be the same as those which occur 
upon the selection of a busy ordinary line. 
The apparatus associated with the final ”k ? ? ?? - ? cuit will be closed for relay 233 by way of switch is arranged not only to cause restora 

tion of the switch in the event of a selected 
line being busy, or after a successful con 
nection has been obtained, but also to cause 
restoration under certain other conditions 
which will be considered under the follow 
ing headings: ' ’ . - 

1. Restoration before ringing. . . 
2. Restoration during ringing period. . . 
3. Restoration during conversation period. 
festoration, before ringing.--If the oper 

ator, after setting up a condition at the 
cÖntroller adapted to cause a particular se 
lecting operation to take place, should de 
sire to reset the controller, for the purpose, Say of correcting the nistake, she may pre 
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102. 

vent the final switch mechanism from com 
pleting the operation which had been start 
ed and cause the switch and its apparatus 
to be returned to normal condition; in other 
words, she may “wipe out ' a connection 
already set up and establish a new condi 
tion at the controller adapted to cause a 
new series of selecting operations to take 
place. The simple act of opening the trunk 
Iilie circuit under the several conditions to 
be considered will accomplish the restora 
tion desired. Let, it be assuined, for ex 
ample, that the operation at the final switch. 
had floceeded up to the time that the brush 
Selector was in motion and that the oper 
ator then caused switch contact 314 to be. 
closed, thereby causing the sequence switch 
to leave the 6th position and to open the 
circuit of the trunk line at contacts 303 and 
304. The immediate result will be the de 
energization of line relay 103, whereby the 
circuit of the motor magnet (38 of the brush 
carriage will be open at front contact 124 
of the line relay and the circuit of the motor 
magnet 81 of the sequence. Switch will be 
closed by way of back contact 121 of said 
relay, back contact 243 of the battery con 
trol relay 239 and sequence switch contact 

It will be remembered that the se quence switch was in the second position 
during brush selection, so that it will now be 

ing operations being the same as those which 
oecur upon the selection of a busy ordinary 

7 

circuit for the motor magnet 81 will remain 
closed by way of contacts 102, 243 and 121, 
the line relay 103 not being energized again 
while the sequence switch is moving ???om 
the 2nd to the 5th position, as it is under 
normal operating conditions. The sequence 
switch will therefore not stop at the 5th 
position, but will advance to the 9th. In the 
6th position, relay 232 is energized in a 
circuit from the neutral pole of battery 109, 
winding. 236 of said relay 232, sequence 
and levers 42 and 43 to ground, and relay 
232 will remain energized in this circuit 
until the sequence switch leaves the 11th 
position. In the 9th position, a cir 

front contact 244 of relay 232, sequence 
switch contact 208 and normal contact. 258 
of relay 231. Relay 233 will thereupon be 
energized and close a circuit for the motor 
magnet 81 of the sequence Switch by way of 

of said relay 232, 

sequence switch contact 201 and contact. 248 
of said relay 233. The movement of the 
sequence switchy ill thus continue past the 
9th position and in the same way it will be 
caused to move past the 11th position. In 
the 12th and 13th positions, the circuit for 
relay 232 is open at Sequence Switch con 
tact 215 so that this relay closes its 
back contact 257 and the sequence switch. 
is caused to move past the 12th and 13th 
positions by the closure of a circuit for mo 
tor magnet 81 through contact 202, back 
contact 252 of relay 232, sequence switch 
contact. 208 and normal contact 258 of relay 
231. It will be noted that a second path 
may be closed for motor magnet 81 in the 
12th and 13th positions, this path being com 
pleted by way of sequence switch contact 
102 and back contacts 243 and 121 of re 
lays 
circuit is the means of causing the sequence 
switch to move past the 14th position. In 
positions 14 to 17 inclusive the circuit pre 
viously traced for relay 232 is closed by se 
quence Switch contact 215. In the 16th po 
sition, relay 233 is again energized in a 

moved out of that 2nd position and into the 
5th. Upon reaching the 5th position, the 
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switch contact 215, normal stop plate 46 
30 

85 

90 

105 

239 and 103 respectively. This latter 
110 

5 
circuit closed by way of front contact 244. 

sequence switch 208 and 
contact 258 of relay 231. The sequence 
switch is therefore moved past position 16 
by the closing of a circuit for its motor mag 120 
net S1 as sequence switch contact. 201 and 
contact 248 of said relay 233. After pass ing the 16th position, the sequence switch 
runs to normal under the control of the 
special contact 101. It should be noted that 
the brush selector was sent to normal in 
the nanner before described when the se 
quence switch reached the 13th position. 
Under the condition assumed, the brush car riage did not leave its normal position. 
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It may be that the circuit of the trunk 
line is opened at contacts 303 and 304, while 
the brush carriage is in motion. In such 
event the brush carriage may be caused to 
stop with the brushes resting in contact with 
the terminals of any one of the several kinds 
of subscribers’ lines; and these lines may be 
either idle or busy. The test terminal of 
such a line may therefore be under one of 
four conditions. Its potential may be high 
positive, high negative, low positive or low 
negative. If the potential is high positive, 
the operation will be as follows: The open 
ing of the trunk line circuit causes line re 
lay 103 to be de?nergized and as the sequence 
switch is in the 5th position during the 
movement of the switch carriage, a circuit 
will be closed for the motor magnet 81 of 
the sequence switch by way of sequence 
switch contact 102, k contact. 243 of re 
lay 239 and back contact 121 of relay 103 
and the sequence switch will advance to the 
9th position. The test circuit is closed at 
contact 209 in the 6th, 7th and 9th positions 
and the testing operations follow in the same 
manner as in the normal operation of select 
ing an idle ordinary subscriber's line. In 
the 9th position, a circuit is closed for mo 
tor magnet 81 of the sequence switch by way 
of sequence switch contact 201 and contact 
248 of relay 233. In the 10th position the 
locking circuit of relay 233 would ordinarily 
remain closed by way of sequence switch 
contact 22i and the front contact 124 of line 
relay 103, but in the present instance line 
relay 103 is deénergized, its front contact 
124 being open, and relay 233 is therefore 
released. Relay 232 is also released by the 
opening of-contact. 247 of relay 233 and 
when the sequence switch reaches the 11th 
position a circuit is completed for motor 
magnet 62 of the brush carriage by Way of 
sequence switch contact 114, back contact. 
257 of relay 232, sequence switch contact 208 
and hormal contact. 258 of relay 231. The , 
switch carriage is thereupon caused to move 
around to normal position, the remaining. 
operations being the same as those which 
follow the testing of a busy line, except that 
when the sequence switch reaches the 14th 
position, it does not stop to give a busy back 
signal, but continues its advance movement 
to normal. The circuit of this motor mag 
net S1 is closed in the 14th position by way 
of the circuit previously traced, including 
the back contact 121 of line relay 103. Sub 
stantially the same sequence of events occurs 
in case the brush carriage is prematurely 
stopped with the test hrush in contact with 
a test terminal having high negative poten 
tial. On reaching the 9th position, the mo 
tor magnet 81 of the sequence switch remains 
energized in a circuit closed at contact 248 
of relay 233 and the whole apparatus is re 

65 stored to normal in the manner already de 

| scribed. If the brush carriage had been 
caused to stop prematurely with the test 
brush in contact with a test terminal hav 
ing low positive potential, the motor magnet 
81 of the sequence switch would remain eno 
ergized in a circuit including contact 245 
of relay 231 and sequence switch contact 
201. The sequence switch would then ad 
vance to the 11th position wherein the cir 
cuit for the motor magnet 62 of the brush is 
carriage would be closed as before and the 
apparatus restored to normal. If the brush 
carriage has been stopped prematurely with 
the test brush in contact with a test terminal 
having low negative potential, this being the so 
condition which would ordinarily cause pri 
vate branch exchange hunting, the sequence 
switch will advance to the 9th position as 
before. Relays 231 and 232, will not be en 
ergized, however, and a circuit for the motor is 
magnet 62 of the brush carriage will be 
closed by way of sequence switch contact 
114, back contact 252 of relay 232, sequence 
switch 208 and normal contact 258 of relay 
231. The result will be a movement of the 
brushes over the terminals just as in private 
branch exchange hunting, the brush car 
riage presently being stopped with the test 
brush thereof in contact with a test termi 
nal which has one of three conditions, viz., is high positive, high negative and low posi 
tive. The sequence switch will thereupon in 
any case be caused to move out of the 9th 
position, because either relay 232 or relay 
231 or both will be energized and a circuit 
will be established for the motor magnet 81. 
In the 10th position, relay 233 will be de 
energized by reason of the open front eon 
tact-124 of line relay 103. The restoration 
of the apparatus follows in the manner al 
ready described. 

lestoration during ringing period.-If 
the ringing generator is connected in circuit 
with the called line but the subscriber has 
not answered the call, the sequence switch 
being at the time in the 12th position, resto 
ration of the apparatus will follow the clos 
ing of switch contact 314 at the controller 
end of the trunk line in the following man 
ner: A circuit is closed for the motor magnet 1 
381 of the trunk line sequence switch and 
said sequence switch will be advanced from 
the 10th to the 15th position. The opening 
of the trunk line at contacts 306 and 30 
when the sequence switch leaves the 10th 
position will cause line relay. 103 to be de 
energized, whereupon a circuit will be closed 
for motor magnet 81 by way of sequence 
switch contact 102, back contact. 243 of re 
lay 239 and back contact 121 of line relayi 
103. The sequence switch will then adv 
to the 16th position in which the switc 
carriage will be returned to normal, in the 
usual way. 

Restoration during the conversation pe- is 
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riod.--During the conversation period the 
sequence switch of the selector is in the 13th 
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position, battery controll relay 239, is ener 
gized and line relay 103 is de&nergized, the 
circuit of the trunk lines 104 and 105 being 
free from flow of battery current. If at this 
time switch contact 314 is closed to restore 
the apparatus, the trunk line Sequence 
switch will run from the 10th to the 15th po 
sition. Upon leaving the 10th position noth 
ing will happen at the final switch, but when 
the 14th position is reached, current from 
battery 312 will flow oyer the trunkline by 
way of the following circuit: from battery 
312, through contact 310, winding of relay 
323, winding 321 of repeating coil 320, con 
ductor 105, winding 106, repeating coil 108, 
contacts 263 and 262 of battery control relay 
239, winding of relay 103, winding 106 of 
repeating coil 108, sequence switch contact 
210, conductor 104, winding 321 of repeat 
ing coil 320 and sequence switch contact 309 
to the ground 
lay 103 will thereupon be energized and a 
circuit will be closed for the motor magnet 
81 by way of sequence switch contact/102, 
front contact 255 of relay 239 and front con 
tact 124 of relay 103. The restoration of the 
apparatus will follow in the manner already 
describ?d. . . . 

claim: 
1. The combination with a selector, a test 

circuit therefor, means for closing said test 
circuit during two periods to make a double 
test, and mechanism for controlling said se 
lector adapted to respond in a different man 
ner to current flow in said circuit during 
said two periods. . . . ?? 

2. The combination with a selector, a test 
circuit therefor and a responsive device in 

- cluded in said circuit, ofan, apparatus con 
trolled in two modes by said responsive de 
vice, means for closing said test circuit, and 
means for governing the mode of control of 
said apparatus by said responsive device. 

3. The combination with a selector, a test, 
circuit therefor and a responsive device in 
cluded in said circuit, of an apparatus con 
trolled by said responsive device, means for 
maintaining said test circuit closed during 
several periods, and means operating to 

, change the mode of control of said appa 
ratus by said responsive device in one of said 
periods. - - 

14. The combination with a selector, a test 
circuit therefor and two responsive devices 
included in said circuit, of an apparatus 
jointly controlled by said responsive devices, 
means for maintaining said test circuit 

60 closed during several periods, and means op 
erating to vary the mode of control of said 
apparatus by said responsive devices in said 
periods. - . 

5. The combination with a selector, a test 
circuit therefor and two responsive devices 

ole of battery 312. Line re- Switch a . . . . " a E. said local circuit during the closure of said 

9 . 

included in said circuit, each of said devices being responsive to current of a particular 
characteristic, of an apparatus-controlled jointly by said responsive devices, means för i 
closing said test circuit, and means adapted 
ratus by said responsive devices. . . ., , 

6. The combination with a selector, a test 

' ' ' w to 

to change the mode of control of said appa- t 

circuit therefor and two responsive. devices . . 
included in said circuit, each of said, revices. 75 being responsive to current of a particular 
characteristic, of a local circuit controlled 
jointly by said responsive devices, an appa 
ratus included in said local circuit, means 
for closing said test circuit and switching 
mechanism adapted to change the condition 
of said local circuit to vary the mode of con 

80 

trol of Said apparatus by said responsive de 
W16?, 

7. The combination with a selector and a 
test circuit therefor including a relay, of a 
local circuit controlled by said relay, and a 
switch adapted to change the condition of 
test circuit to vary the mode of control of 
said local circuit by said relay. 

85 

90 

8. The combination with a selector, a test 
circuit therefor and two. relays included in 
said circuit, of a switching device adapted 
in its operation to maintain said test circuit 
closed during several periods, a local circuit 
jointly controlled by said relays, and means 
operating in unison with said switching de 
vice and adapted to change the condition of 
said local circuit during the closure of said 
test circuit to vary the mode of control of 
Said local circuit by said relays. r - 

9. The combination with a selector, a test 
circuit therefor and two relays included in 
said circuit, of a switching device adapted in 
its operation to maintain said test circuit 
closed during two periods, a local circuit 
jointly controlled by said relays, and means 
operating in unison with said switching de; vice adapted to change the condition of said 

95 

O 

110 
local circuit in one of said periods to reverse 
the mode of control thereof by one of said 
relays. 

10. The combination with a selector, a test 
circuit therefor and two relays included in 
said test circuit, one of said relays being re 
sponsive to current of one direction and the 

5 

other to current of a given strength, of a 
switching device adapted to maintain said 
test circuit in operative condition during 
Several periods, and a local circuit jointly 

20 

controlled by said relays, said switching 
device having an element adapted in its 
movement to change the condition of said 
local circuit. . . . . . 

11. The combination with a selector, a test 
circuit therefor and two relays included in 
said circuit, of a device jointly controlled . 
by said relays, and switching mechanism 
adapted in its movement to maintain said 
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test circuit closed during several periods and 
to change the mode of control of said device 
by one of Said relays in One of said periods. 

12. The combination with a selector, a 
test circuit for said selector and two test 
relays included in said circuit, of a sequence 
switch adapted in its operation to main 
tain said test circuit, closed during se veral 
periods, a local circuit jointly controlled by 
said relays, and a third relay controlled by 
said local circuit, said sequence switch hav 
ing an element adapted in the movement of 
the switch to change the condition of said 
local circuit in said periods, whereby the 
mode of control of said third relay by said 
test relays is different in the several periods. 

13. The combination with a selector hav 
ing stationary test terminals and a movable 
test terminal, of a source of current of posi 
tive potential connected to some of said sta 
tionary terminals, a source of current of 
negative potential connected to other of said 
stationary terminals, a test circuit conduc 
tor connected to said movable terminal, a 
polarized relay included in said circuit, 
switching mechanism adapted to maintain 
said conductor closed during several test pe 
riods, a device controlled by said relay, and 
means adapted to change the operative rela 
tion of said relay to said responsive device, 
whereby the mode of control of said device 
is different in said test periods. 

14. The combination with a selector and 
a test circuit therefor including a relay, of 
a second relay, a sequence switcl and an op 
erating magnet for said sequence switch, 
said second relay and said operating magnet 
being arranged to be controlled in local cir 
cuits closed by the energization of the first 
mentioned relay, and said sequence switch 
'being adapted to change the condition of 
said local circuits to shift the control of said 
second relay from said first mentioned relay 
to said operating magnet. 

15. The combination with a selector, a mo 
tor magnet therefor and a test circuit, of 
two test relays in said circuit, a sequence 
switch, a motor magnet for said sequence 
switch, a locking relay, a local circuit for 
said locking relay adapted in one position 
of said sequente switch to be closed upon 
the joint energization of Said two test re 
lays, a local circuit for the selector motor 
magnet and a local circuit for the sequence 
switch motor magnet, said last mentioned 
local circuits being adapted in other posi 
tions of said sequence switch to be closed 
through alternate contacts respectively of 
one of said test relays. - 
... 16. The combination with a selector, a 
test circuit therefor and a test relay in said 
circuit of a local circuit controlled by said 
relay, said local circuit having a plurality 
of branches, a locking relay in one branch 
of said local circuit, a sequence Switch, a 

i,075,430 

lmotor magnet for said sequence switch in 
another branch of said local circuit, said 
sequence switch being arranged to close said 
test circuit and to change the local circuit 
during said closure to reversé the mode of 
control of said locking relay by said test 

70 

relay and also to place said motor magnet 
under the control of said test relay and of 
said locking relay. 

17. The combination with a selector, a test 
circuit of high resistance, a polarity test 
relay and a marginal test relay, each of said 
relays having a winding included in said cir 
cuit, of a locking relay jointly controlled 
by said test relays, and a low resistance 
path controlled by said locking relay adapt 
ed to be placed in shunt of said test circuit. 

18. The combination with a selector, a 
test circuit of high resistance, a polarity test 
relay and a marginal current test relay, each 
of said relays having a winding included in 
said circuit, a locking relay.jointly con 
trolled by said test relays, and a low resist 
ance path controlled by said locking relay 
adapted to be placed in shunt of said test 
circuit, said low resistance path including 
a winding of said marginal test relay. 

19. The combination with a selector, a test 
circuit therefor and two test relays, each of 
said relays having a winding included in 
said circuit and each being adapted to re 
spond to current of a particular character 
istic, of a third relay in a local circuit jointly 
controlled by said test relays, a ringing gen 
erator, means under the control of said third relay adapted to bring into operation said 
ringing generator, a “busy back” device, 
and means under the control of one of said 
est relays adapted to bring into operation 
said busy back device. 

20. The combination with a selector, a test 
circuit therefor and two test relays, each 
having a winding included in said circuit 
and each being responsive to current of a 
particular characteristic, of a locking relay 
in a local circuit jointly controlled by said 
test relays, a “busy back” device and a ring 
ing generator, means actuated by one of said 
test relays when energized adapted to bring 
into operation said busy back device, and 
energized to prevent the operation of said 
busy back device and to bring into operation 
said ringing generator. 

21. The combination with a trunk line, a 
selector for extending the circuit of said 
trunk line to other lines, a test circuit for 
said selector and a relay included in said 
circuit, of a restoring device for said selector. 
controlled by said relay through a back con 
tact thereof, a sequence switch adapted to 
be controlled by a circuit including the front 
contact of said reday, and a busy back sig 
maling apparatus adapted to be brought into 
operation by said sequence switch. 
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22. In a telephone exchange system, the 
combination with a selector adapted to make 
connection with ordinary and special lines, 
of means for causing said-lines to test busy 
to said selector, a busy signal and means 
adâpted to bring said busy signal into op 
eration upon connection being made by the 
selector to an idle ordinary line after a test 
of a group of busy special lines. 

0. 
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23. In a telephone exchange system, the 
combination with a selector adapted to make 
connection with ordinary and special lines, 
of test terminals for said lines, the connec 
tions to the test terminals of all ordinary 
lines being of one kind and of all special 
lines of another kind, a test conductor and 
test brush associated with the selector, said 
conductor being arranged to form a test cir 
cuit with any of said connections upon contact 
of said test brush with the corresponding test 
terminal, means for causing the selector to 
test in succession and to move the test brush 
by the test terminals of a group of busy spe 
çial lines, and means for preventing the se 
lector from completing a connection with, an ordinary line after testing said group of spe 
cial lines. 

30 

24. In a telephone exchange system, the 
combination with a selector adapted to make 
connection with ordinary and special lines, 
of test terminals for said lines, the con 
nections of the test terminals of all ordi nary lines being to a source of current of ?? 
posite potential to that of the test terminals 

2. 

of all special lines, a testing device adapted 
to be brought into circuit with the test ter 
minals of said lines, motor mechanism for 
said selector, said testing apparatus being 
adapted upon connection being made to a 
busy ordinary line to operate said busy sig 
nal and upon connection being made to a 
busy special line to operate said motor mech 
anism to cause the selector to hunt for an 
idle special line, and means under the con 
trol of said testing apparatus upon connec 
tion being made to either a busy or an idle 
ordinary line, after hunting for an idle spe 
cial line, to operate said busy signal. 

25. In a telephone exchange system, the 
combination with a selector adapted to make 
connection with the terminals of subscribers' 
lines and terminals of a group of trunk lines 
leading to a sub-exchange, of means for 
causing said lines to test busy to said se 
lector, a busy signal, and means adapted to 
bring said busy signal into operation upon 
connection being made by the selector to 
the terminals of an idle one of said subscrib 
ers' lines after the terminals of said group. 
of trunk lines have been tested and the 
trunks found busy. 

. In witness whereof, I hereunto subscribe 
my name this 22nd day of July A.D. 1910. 

EFRANK R. McBERTY, 
Witnesses: 

MoRGAN WASHBURN, Jr., 
GUY.M. CAMPBELL. 
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